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* Correspondence: antonio.raposo@ulusofona.pt

Healthy nutrition is considered a key factor in special diets, enhanced quality of life,
and sustainability. Nutrition involves eating, which concerns how people relate to food in
different contexts, with their food choices influenced by biological, social, cultural, economic,
and psychological factors, as well as food availability and access to food [1–3]. Adopting
dietary patterns such as the Mediterranean diet and plant-based diets is associated with the
optimal intake of some nutrients, the prevention and management of non-communicable
chronic diseases and cancer, and health promotion and sustainability [4–9].

Eating decisions can be conscious or subconscious and extend beyond basic physio-
logical and nutritional requirements. Despite being a long-standing international human
right, not everyone has access to adequate food; for instance, individuals from low-income
families, those who adopt different dietary patterns, and people with dietary restrictions
face challenges regarding food availability. Aside from these aspects affecting food choices,
people with dietary restrictions are also subject to constraints on food consumption for
disease prevention or treatment. Additionally, some individuals refrain from consuming
certain types of foods for ethical, moral, religious, health, and environmental reasons.
Health-related conditions (such as celiac disease, food allergies, surgeries, and others) may
impose lifelong or temporary food restrictions that might be challenging and negatively
affect the quality of life, diet quality, and sustainability; thus, health professionals should
provide recommendations and guidance to avoid or reduce their impact [8,10,11]. In
addition to health-related conditions, eating disorders and food neophobia may impact
food choices and nutrient intake, thus affecting health, quality of life, and the environ-
ment [12,13]. In this sense, special diets and other dietary patterns should support an
individual’s nutritional and energy needs with access to pleasing, accessible, and adequate
food. A lack of proper instructions on food choices and consumption, as well as a healthy
diet, may lead to the inefficacy of special diets or other dietary patterns and therefore can
impact sustainability.

Since food consumption involves a complicated amalgam of ingrained habits, so-
cial norms, and acquired attitudes and feelings toward food, enhancing nutrition literacy
and eating behavior through dietary interventions and strategies concerning food and
nutritional education is crucial in all ages to improve nutritional and health status and
avoid food waste [14,15]. Food waste is one of the leading causes of environmental de-
cline and has an economic and social impact considering sustainability [16]. Attention to
eating consumption and meal selection, variation in food and nutrient intake, avoiding
monotony, and the valorization of local food production contribute to sustainability as well
as health [16,17].
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Plant-Based Dietary Fibers and Polysaccharides as Modulators
of Gut Microbiota in Intestinal and Lung Inflammation:
Current State and Challenges
Yu Shen 1, Mingming Song 1, Shihao Wu 1, Hongbo Zhao 2,* and Yu Zhang 1,*

1 Heilongjiang Provincial Key Laboratory of New Drug Development and Pharmacotoxicological Evaluation,
College of Pharmacy, Jiamusi University, Jiamusi 154007, China; shenyu0406@126.com (Y.S.)

2 College of Rehabilitation Medicine, Jiamusi University, Jiamusi 154007, China
* Correspondence: 368583501@163.com (H.Z.); zhangyu@jmsu.edu.cn (Y.Z.)

Abstract: Recent research has underscored the significant role of gut microbiota in managing various
diseases, including intestinal and lung inflammation. It is now well established that diet plays a
crucial role in shaping the composition of the microbiota, leading to changes in metabolite produc-
tion. Consequently, dietary interventions have emerged as promising preventive and therapeutic
approaches for managing these diseases. Plant-based dietary fibers, particularly polysaccharides and
oligosaccharides, have attracted attention as potential therapeutic agents for modulating gut micro-
biota and alleviating intestinal and lung inflammation. This comprehensive review aims to provide
an in-depth overview of the current state of research in this field, emphasizing the challenges and
limitations associated with the use of plant-based dietary fibers and polysaccharides in managing in-
testinal and lung inflammation. By shedding light on existing issues and limitations, this review seeks
to stimulate further research and development in this promising area of therapeutic intervention.

Keywords: dietary fibers; plant polysaccharide; prebiotics; lung inflammation; intestinal inflammation;
gut–lung axis; phytotherapy

1. Introduction

Chronic inflammatory diseases affecting mucosal sites, such as the intestine and
lungs/airways, are becoming increasingly prevalent worldwide [1,2]. These diseases en-
compass inflammatory bowel disease (IBD), including ulcerative colitis (UC) and Crohn’s
disease, as well as lung conditions such as asthma, bronchiectasis, chronic obstructive pul-
monary disease (COPD), and cystic fibrosis (CF). COPD, which includes chronic bronchitis
and emphysema, has been responsible for 3.23 million deaths in 2019 and emerged as the
third leading cause of death globally [3]. Similarly, IBD has witnessed a global increase in
prevalence over time and has emerged as a significant health concern [4].

Recent studies focusing on gut and lung inflammatory diseases have revealed a close
relationship between the gut and lung microbiota, which is referred to as the gut–lung axis
(GLA) [5]. The GLA operates in a bidirectional manner, where lung inflammatory diseases
impact the gastrointestinal system, and vice versa [5]. For instance, long-term smoking
not only degrades lung tissues and causes inflammation but also leads to the infiltration
of circulating immune cells in the gut, resulting in gut dysbiosis and an increased risk of
intestinal diseases such as IBD [6]. Likewise, a recent cross-sectional cohort study called
Respiratory Health in Northern Europe (RHINE), conducted among participants from
North European countries, found an increased risk of asthma in IBD patients, particu-
larly among women [7]. Moreover, it is important to note that genetic susceptibility to
inflammatory bowel disease (IBD) can also increase the risk of interstitial lung disease,
a condition characterized by inflammation and fibrosis [8,9]. Several factors have been

Nutrients 2023, 15, 3321. https://doi.org/10.3390/nu15153321 https://www.mdpi.com/journal/nutrients3
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proposed to explain the link between gut and lung diseases, including their shared embry-
ological origin and the influence of gut microbiota and their metabolites on the regulation
of lung immunity and inflammatory responses [7]. As a result, the lung and gut exhibit an
intricate interconnection, and both should be carefully considered in individuals affected
by either disease.

The current management of IBD involves the use of various medications, including cor-
ticosteroids, aminosalicylates, immunosuppressive agents, antibiotics, oral small molecules,
and biologics such as anti-tumor necrosis factor TNF-α [10]. However, these medications
come with a range of side effects, ranging from mild symptoms, like headaches, nausea,
and abdominal pains, to more severe complications, such as infertility, photosensitization,
opportunistic infections, diabetes mellitus, hemolytic anemia, hypertension, granulocytosis,
and osteoporosis [10]. Similar observations have been made in the case of COPD and
asthma, where many potential drugs have failed to demonstrate efficacy in clinical trials
or have limited application due to side effects such as headaches, nausea, diarrhea, and
dose-limiting effects [11].

Due to the intricate connection between the gut and the lungs, and the undesirable
side effects of current medications used for gut and lung inflammatory diseases, researchers
have shifted their focus towards exploring traditional and alternative medicinal approaches,
particularly those based on plant dietary fibers (DFs) and plant polysaccharides. These
plant-derived compounds have demonstrated promising potential for preventing and
alleviating gut and lung inflammation through their ability to modulate the microbiota.
Notably, plant-based polysaccharides exhibit diverse biological functions, including antiox-
idative, anti-inflammatory, immunomodulatory, antitumor, hypoglycemic, and microbiota
modulation capabilities [12]. Such findings hold significant promise for the development
of novel therapeutic interventions to address gut–lung-axis diseases.

DFs consist of polymers of monosaccharides that are indigestible and not absorbed in
the gastrointestinal tract due to the lack of proper hydrolyzing enzymes. They are primarily
found in plants (grains, fruits, and vegetables), fungi, and algae [13–15]. Dietary fibers can
be categorized into non-starch polysaccharides (NPSs), such as cellulose, hemicellulose,
pectin, beta-glucans, resistant starches, and lignin [15]. Additionally, low-molecular-weight
non-digestible oligosaccharides such as fructooligosaccharides (FOSs), galactooligosac-
charides (GOSs), xylooligosaccharides (XOSs), and inulin are sometimes included in the
definition of dietary fibers [15]. Non-carbohydrate components like lignin, cutin, saponin,
and suberin can also function as dietary fibers [14].

This review critically discusses the utilization of plant-based polysaccharides and
dietary fibers for ameliorating gut and lung inflammatory diseases, primarily through
microbiota modulation. Table 1 provides a summary of alterations in microbial composi-
tion associated with intestinal and lung inflammatory diseases within the gut–lung axis.
Table 2 presents recent studies on the effects of plant dietary fibers and polysaccharides
on intestinal inflammatory diseases through gut microbiota modulation. Furthermore,
Table 3 lists examples of plant dietary fibers and polysaccharides that have demonstrated
the amelioration of lung inflammation via gut microbiota modulation. Figure 1 provides
a summarized mechanism of action for plant-based dietary fibers and polysaccharides
against gut and lung inflammatory diseases.

4
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Table 1. Alteration in microbial composition associated with intestinal and lung inflammatory
diseases in gut–lung axis.

Gut Microbiota Lung Microbiota

IBD

↓ Bifidobacterium longum, ↓ Eubacterium rectale,
↓ Faecalibacterium prausnitzii,

↓ Roseburia intestinalis, ↑ Bacteroides,
↑ Ruminococcus torques, ↑ Ruminococcus,
↓ Christensenellaceae, ↓ Coriobacteriaceae,
↓ Clostridium leptum, ↑ Actinomyces spp.,
↑ Veillonella spp., ↑ Escherichia coli,

↓ Eubacterium rectum, ↓ Akkermansia muciniphila

— [16]

COPD
Streptococcus parasanguinis_B and

Streptococcus salivarius, Streptococcus vestibularis,
Streptococcus sp000187445, Lachnospiraceae

↓ Veillonella, ↑ Actinomyces, ↑ Actinobacillus,
↑Megasphaera, ↑ Selenomonas, ↑

Corynebacterium, ↑ Streptococcus pneumoniae,
↑ Gemella morbillorum, ↑ Prevotella histicola,

↑ Streptococcus gordonii

[17,18]

Asthma ↑ Haemophilus, ↑ Streptococcus, ↑Moraxella,
↑ Lactobacillus

↑ Haemophilus spp., ↑Moraxella catarrhalis,
↑ Streptococcus spp., Tropheryma [19]

Cystic fibrosis

↑ Escherichia, ↑ Shigella, ↑ Enterobacter,
↑ Clostridium, ↑ Veillonella, ↑ Enterococcus,

↑ Staphylococcus, ↓ Lachnospiraceae, ↓ Ruminococcu,
↓ Roseburia, ↓ Faecalibacterium, ↓ Eubacterium,
↓ Prevotella, ↓ Eggerthella, ↓ Alistipes

Pseudomonas aeruginosa, Staphylococcus aureus,
H. influenzae, Burkholderia cepacia,

Actinobacteria, Proteobacteria
[19,20]

Abbreviations: ↑, increased in abundance; ↓, decreased in abundance; COPD, chronic obstructive pulmonary
disease; IBD, inflammatory bowel disease.
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Table 2. Effect of plant polysaccharides on intestinal inflammatory diseases via gut microbiota modulation.

Natural Source Model Effects on Inflammation
Related Biomarkers Intestinal Microbiota Modulation References

Buckwheat TNBS-induced colitis ↓ IL-6, IL-1β, and TNF-α ↑ F/B ratio, ↑ Oscillospiraceae, ↑ Oscillibacter,
↑ SCFAs [21]

Rosa roxburghii Tratt
polysaccharide HFD-induced colitis ↓ TNF-α, IL-6 and IL-1β,

↑ tight junction proteins
↓ Desulfovibrionaceae, ↓ Enterobacteriaceae,
↑Muribaculaceae, ↑ Bacteroidaceae [22]

Rubus chingii Hu unripe fruit
polysaccharide HFD-induced colitis ↓ IL-6, ↓ IL-1β, ↓ TNF-α ↑ gut microbial diversity,

↓ Erysipelatoclostridium, ↓ Negativibacillus [23]

Cyclocarya paliurus polysaccharide DSS-induced colitis ↑ IL-10, ↓ IL-1β, ↓ TNF-α
↓ Akkermansia, ↓ Sutterella, ↓ AF12,

↓ Clostridiaceae_Clostridium, ↓ Helicobacter,
↓ Prevotella, ↑ Lactobacillus, ↑ Coprococcus

[24]

Smilax china L. polysaccharide DSS-induced colitis ↓ TNF-α, ↓ IL-6, ↓ IL-1β,
↑ IL-10

↑ Lachnospiraceae, ↑Muribaculaceae, ↑ Blautia,
↑ Mucispirillum, ↓ Akkermansiaceae,
↓ Deferribacteraceae, ↓ Oscillibacter

[25]

Chinese yam polysaccharide
LPS-stimulated

co-culture of
Caco-2/Raw264.7 cells

↓ NO, ↓ IL-1β, ↓ TNF-α ↑ Bifidobacterium, ↑Megasphaera. [26]

Fuzhuan brick tea polysaccharide DSS-induced colitis

↓ IL-6, ↓ IL-1β, ↓ IFN-γ,
↓ TNF-α, ↑ tight junction

proteins (Occludin, Claudin-1,
and ZO-1), ↑ intestinal barrier

function

↑ Bacteroides, ↑ Parasutterella, ↑ Collinsella [27]

Fuc-S (a sulfated
α-L-Fucooligosaccharide) DSS-induced colitis ↓ TNF-α, ↓ IL-1β, ↓ IL-6,

↓ IL-17A

↓ F/B ratio, ↑ Akkermansia,
↑ Prevotellaceae_UCG_001,

↓ Eubacterium xylanophilum, ↓ Intestinimonas,
↓ Ruminococcaceae UCG-014, ↓ Oscillibacter

[28]

Polysaccharide conjugates derived
from dried fresh tea leaves, green

tea, and black tea
DSS-induced colitis ↓ IL-6, ↓ IFN-γ, ↓ IL-1β,

↓ TNF-α, ↑ IL-10
↑ Bacteroides, ↑Muribaculaceae, ↓ Helicobacter,

↓ Enterococcus [29]

Pectin with various
esterification degrees DSS-induced colitis — ↑ Lactobacillus, ↑ Bifidobacterium [30]

Rosa roxburghii Tratt
HFD-induced intestinal
barrier dysfunction and

inflammation

↓ TNF-α, ↓IL-6, ↓IL-1β;
↑ tight junction proteins

(ZO-1, claudin-1, and
occludin); ↓ intestinal

permeability; ↓ colonic
oxidative stress

↓ F/B ratio, ↑ Ruminococcaceae,
↑Muribaculaceae, ↑ Akkermansiaceae [22]

Dendrobium fimbriatum Hook DSS-induced colitis

↓ IL-1β, ↓ IL-6, ↓ IL-17A,
↓ IL-17F, ↓ IL-21, ↓ IL-23,
↑ IL-5, ↑ IL-10, ↑ IL-22,

↑ IFN-γ, ↑ TNF-α, ↑ TGFβ

↑ Romboutsia, ↑ Lactobacillus, ↑ Odoribacter,
↓ Parasutterella,

↓ Burkholderia-Caballeronia-Paraburkholderia,
↓ Acinetobacter

[31]

Pectin LPS-induced
inflammation in piglets ↓ TNF-α, ↑ IL-10 ↓ Helicobacter, ↑ Olsenella, ↑ Bacteroides,

↑ Proteus, ↑ Eubacterium [32]

Rehmannia glutinosa
polysaccharide DSS-induced colitis

↑tight junction proteins,
↓ IL-10, ↓ IL-6, ↓ TNF-α,

↑ IL-10

↓ Bacteroidaceae, ↑ Lactobacillus, ↑ Alistipes,
↑ Lachnospiraceae_NK4A13 [33]

Polygonatum sibiricum
polysaccharide Aged mouse model

↓ IL-23, ↓ IL-6, ↓ IL-1β,
↓ TNFα, ↓ IL-17, ↓ IL-12,
↓ IL-6, ↑ IL4, ↑ IL-10

↑ Bifidobacterium, ↑ Lactobacillus,
↓ Escherichia coli [34]

Rhinacanthus nasutus and okra AA-induced colitis ↓ IL1β, ↓ IL-2, ↓ IL-6, ↑ IL-10 ↑Muribaculaceae, ↓ Bacteroidaceae,
↓ Tannerellaceae [35]

Houttuynia cordata polysaccharides DSS-induced colitis ↓ TNF-α, ↓ IL-1β, ↓ IL-6 ↑ Firmicutes, ↑ Bacteroides, ↓ Proteobacteria [36]

Lonicera japonica Thunb DSS-induced colitis ↑ IL-2, ↑ TNF-α, ↑ IFN-γ ↑ Bifidobacterium, ↑ Lactobacilli,
↓ Escherichia coli, ↓ Enterococcus [37]

Crataegus pinnatifida DSS-induced colitis ↓ IL-1β, ↓ IL-6, ↓ TNF-α ↑ Alistipes, ↑ Odoribacter [38]

Morinda citrifolia L. DSS-induced colitis ↓ TNF-α, ↓ IL-17

↑ Dubosiella, ↑Muribaculaceae,
↑ Ruminococcaceae_UGG-014,

↑ Ruminococcus_1, ↓ Bilophila, ↓ Campylobacter,
↓ Escherichia-Shigella, ↓ Ochrobactrum, ↓ Vibrio

[39]

Scutellaria baicalensis Georgi. DSS-induced colitis ↓IL-6, ↓IL-1β, ↓TNF-α ↑ Bifidobacterium, ↑ Firmicutes, ↑ Lactobacillus,
↑ Roseburia [40]

Abbreviations: ↑, increased; ↓, decreased; AA, acetic acid; DSS, dextran sulfate sodium; F/B ratio, Firmi-
cutes/Bacteroidetes ratio; HFD, high-fat diet; IL, interleukin; IFN, interferon; LPS, lipopolysaccharide; TGFβ,
transforming growth factor β; TNBS, 2,4,6-trinitrobenzene sulfonic acid; TNF, tumor necrosis factor; ZO-1, zonula
occludens-1 (also known as Tight junction protein 1).
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Table 3. Effect of plant polysaccharides on lung inflammatory diseases mediated via gut micro-
biota modulation.

Polysaccharide Intervention Disease Anti-Inflammatory Outcomes in
Lungs Effects on Intestinal Microflora Reference

Pear extract
Preclinical asthma mouse
model and randomized,

double-blind clinical studies

↓ pro-inflammatory cytokines,
including IgE, IL-4, IL-5, and IL-13 ↑ Bifidobacterium and Eubacterium [41]

Inulin (10%) OVA- and Al (OH)3-induced
asthma in SD rats

Attenuation of the asthmatic
inflammatory response in the

offspring

↑ SCFA-producing bacteria (mainly
Bifidobacterium) in maternal intestinal

microflora; alteration in intestinal
microflora composition of offspring

[42]

Astragalus membranaceus
polysaccharide (25, 50, and

100 mg/kg)

Bleomycin-induced
pulmonary fibrosis

↓ damage and collagen deposition
in lung tissue; ↓ inflammatory

cytokines TNF-α, IL-6, and IL-1β
levels; ↓ apoptosis

Restoration of gut microbiota
homeostasis; ↑ Lactobacillus and
Akkermansia; ↓ Lachnoclostridium,

Clostridium, and Erysipelatoclostridium

[43]

Houttuynia cordata
polysaccharides (80 mg/kg)
and flavonoids (100 mg/kg)

either alone or in combination

Influenza virus
H1N1-infected mice

Combined therapy showed more
potent effect than monotherapy;
inhibition of inflammatory-cell
infiltration and production of

chemokines or pro-inflammatory
cytokines such as MCP-1, IL-8,

TNF-α, IL-6, and IL-1 β;

Restoration of microflora composition,
↑ Bacteroidetes-to-Firmicutes (B/F) ratio [44]

Cellulose-rich diet (30%) OVA- and Al(OH)3-induced
asthma in C57BL/6J mice

↓ inflammatory cell infiltration
around the bronchus and blood
vessels; normalization of airway
epithelial structure; ↓IL-4; ↓ IgE

↑ Peptostreptococcaceae [45]

Houttuynia cordata
polysaccharides (40 mg/kg)

H1N1-induced pneumonia in
antibiotic-treated BALB/c

mice (termed
BALB/c-ABX mice)

Significant amelioration of
inflammation in lungs of

BALB/c mice

Attenuation of pathological change in
intestine; ↓ Bacteroidetes at phylum level;
↓ Bacteroides and ↑ f_Lachnoospiraceae at
genus level, ↑ gut microbial diversity;

↑ acetate

[46]

Astragalus polysaccharides Lipopolysaccharide-induced
inflammatory lung injury

Alleviation of histopathological
abnormalities in lung tissues;
↓ neutrophils infiltration;

inhibition of LPS-induced lung
inflammation

Change in colonic microbiota
composition; ↑ short-chain fatty acid

(SCFA)-producing genera such as
Oscillospira, Akkermansia, and Coprococcus

[47]

Platycodon grandiflorus
polysaccharide (75, 150, and

300 mg/kg) and platycodin D
alone and together

Chronic bronchitis in SD rats
induced via smoking

Improvement in histopathological
abnormalities; ↓ excess mucus

secretion; improved
immunological imbalance in lungs

of CB model rat

— [48]

Ephedra sinica polysaccharide PM- and OVA-induced
asthma in mice

↓ eosinophils in BALF; ↓ serum
Ig-E, IL-6, TNF-α, and IL-1β;
↓ airway inflammation

↑ Bacteroides, Lactobacillus, Prevotella,
Butyricicoccus, and Paraprevotella;

↓ Enterococcus and Ruminococcus; ↑ acetic
acid, propionic acid, butyric acid,

isobutyric acid, valeric acid, isovaleric
acid, and isohexanic acid

[49]

Polysaccharides from
Tetrastigma hemsleyanum

Diels et Gilg

LPS-induced ARDS in Balb/c
mice

↓ IL-6, ↓ TNF-α, inhibition of
pulmonary inflammation via

TLR2/TLR4 pathway
— [50]

Polysaccharide-rich ethanol
precipitate fraction of

black tea

Particulate matter
(PM)-induced lung injury in

BALB/c mice

↓ oxidative stress and
inflammation in the lungs; ↓ IL-6,

CXCL1, CXCL15, and MDA
↑ Lachnospiraceae, ↓ Lactobacillaceae [51]

High-cellulose (20%) or
high-pectin diet (20)

Cigarette-smoke
(CS)-exposed C57BL/6

mouse emphysema model

↓ Alveolar destruction and
inflammation in BALF;

↓macrophages and neutrophils in
BALF; ↓mRNA expression of
IFN-γ, IL-1β, IL-6, IL-8, IL-18,

TNF-α, TGF-β

↑ SCFAs, bile acids, sphingolipids;
↑ Bacteroidetes; ↓ Lactobacillaceae;
↓ Defluviitaleaceae; ↓ Oscillospiraceae

[52]

Cellulose- or
pectin-enriched diet

Ozone-induced airway
hyperresponsiveness in

C57BL/6 mice

↓ ozone-induced AHR,
neutrophilic airway inflammation,

and airway injury in female but
not male mice; cellulose-based

diets ameliorated ozone-induced
airway hyperresponsiveness in

male but not female mice

↓ Firmicutes, ↑ Proteobacteria and
Verrucomicrobia in pectin-fed mice;
↑ Proteus and Lactobacillus, and
↓ Parabacteroides, Clostridiales, and
Lachnospiraceae in pectin- versus

cellulose-fed mice

[53]

Houttuynia cordata
polysaccharides

H1N1-induced acute lung
injury in C57BL/6 mice

Restoration of Th17/Treg cells
balance in the lung, ↓ CCL20

expression

Restoration of Th17/Treg-cell balance of
gut mucosa-associated lymphoid tissue

(GALT)
[54]

Lycium barbarum
polysaccharide

Asthma (OVA-induced
mouse model)

↓ lung injury; ↓ TNF, IL-4, IL-6,
MCP-1, and IL-17A in plasma

and BALF

↑ Lactobacillus and Bifidobacterium;
↓ Firmicutes, Actinobacteria, Alistipes,

and Clostridiales
[55]
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Table 3. Cont.

Polysaccharide Intervention Disease Anti-Inflammatory Outcomes in
Lungs Effects on Intestinal Microflora Reference

Soluble fiber (inulin
12 g/day), soluble

fiber + probiotic (inulin
12 g/day + multi-strain

probiotic >25 billion CFU)

Randomized, double-blind,
three-way cross-over trial

involving asthmatic patients

No differences between groups in
asthma control or airway

inflammation

No differences between groups in
SCFA levels [56]

Houttuynia cordata
polysaccharide

(40 mg/kg/day)
H1N1 virus-infected mice

↓ lung inflammation via inhibition
of TLR signaling pathway, and

IL-1β production and promotion
of IL-10 production

↓ intestinal barrier damage; ↑ ZO-1
expression; ↓ relative abundance of
pathogenic bacterial genera Vibrio

and Bacillus

[57]

Houttuynia cordata
polysaccharide (20 mg/kg;

40 mg/kg)

Influenza A virus (IAV)
H1N1-mediated pneumonia

in BALB/c mice

Amelioration of pulmonary injury;
inhibition of TNF-α, IL-6, IFN-α,
RANTES, MCP-1, MIP-1α; and

IP-10 production

↓ intestinal goblet cells; ↑ intestinal
physical and immune barrier; ↑ tight
junction protein (ZO-1) in intestine

[58]

Pectin (30%) Asthma (ozone-exposed
mice)

↓ ozone-induced airway
hyperresponsiveness ↑ serum short-chain fatty acids [59]

GOS (1 or 2.5 w/w%) alone or
with budesonide

HDM-induced asthma in
BALB/c mice

Budesonide or GOS: ↓ eosinophils
in BALF

GOS + budesonide: ↓ CCL17,
CCL22, and IL-33 protein levels;
↓ allergic inflammatory response

— [60]

Soluble-fiber meal containing
probiotic yoghurt; inulin
(3.5 g); and the probiotics
Lactobacillus acidophilus,
Bifidobacterium lactis, and
Lactobacillus rhamnosus

Human subjects with
stable asthma

Airway inflammation biomarkers,
including sputum total cell count,

neutrophils, macrophages,
lymphocytes, sputum IL-8, and
eNO, significantly decreased; no
decrease in airway eosinophils

— [61]

Soluble pectin/insoluble
cellulose (4%)

Asthma (female BALB/c
mice; OVA induction)

↓ eosinophil inflammation,
↓ frequency of allergic symptoms,
↓ BALF and NALF total cells and

eosinophils, ↓ IL-4 in BALF,
↑ IFN-γ and IL-10 in BALF

↑ Bifidobacteria [62]

Houttuynia cordata Thunb.
polysaccharides (40, 80, and

160 mg/kg)

Lipopolysaccharide-induced
acute lung injury in Balb/c

mice

↓ pro-inflammatory cytokine
(TNF-α, interleukin-6, and
interleukin-1β) production

— [63]

Citrus pectin-derived acidic
oligosaccharides (5%)

Pseudomonas aeruginosa lung
infection in BALB/c mice

↑M1 macrophage activation,
↑ IL-10 release, ↓ TNF-α release

↑ Escherichia coli, Allobaculum species,
Sutturella wadsworthia, Bacteroides vulgatus,
Bifidobacterium species, Clostridium difficile,

Clostridium ramosum,
Clostridium sphenoides; ↑ production of

butyrate and propionate

[64]

GOS (1%) HDM-induced asthma in
BALB/c mice

↓ AHR development, ↓ BALF
eosinophils, ↓ BALF leukocytes,

↓ CCL5 and IL-13
— [65]

scGOS/lcFOS (in 9:1 ratio)
OVA-induced asthma in

female BALB/c and male
C57BL/6

↓ OVA-induced AHR; no
significant change in the

concentrations of IFN-γ, IL-4, IL-5,
IL-10, IL-12(p70), IL-13, IL-17, and
TNF-α in BAL fluid and plasma

— [66]

High-fiber diet
HDM-induced asthma in

female C57BL/6 and
BALB/C mice

↓ total BALF leukocytes,
eosinophils, macrophages, and

lymphocytes; ↓ IL-4, -5, -13, −10,
and IFN-γ; ↓ airway
hyperresponsiveness

↑ Bacteroidetes; ↓ Firmicutes [67]

Apple pectin (30%) HDM-induced asthma in
BALB/c mice ↓ allergic airway inflammation

Changes in intestinal and lung
microbiota; increment in SCFAs;

↑ Bacterioidetes; ↑ Bifidobacteriaceae;
↓ Firmicutes

[68]

Chitosan oligosaccharides OVA-induced asthma in mice
↓mRNA and protein levels of IL-4,
IL-5, IL-13, TNF-α in lung tissue

and BALF
— [69]

FOS (2.5%)
HDM-induced airway
inflammation in male

C3H/HeN mice
↓ BALF eosinophils, ↓ IL-5 — [70]

1% w/w of 9:1 scGOS: lcFOS;
1% w/w of 83% sc-

GOS/lcFOS + 17% pAOS

OVA-induced asthma in male
BALB/c mice

↓ OVA-induced airway
inflammation and

hyperresponsiveness, ↓ BALF
inflammatory cells

— [71]
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Table 3. Cont.

Polysaccharide Intervention Disease Anti-Inflammatory Outcomes in
Lungs Effects on Intestinal Microflora Reference

Raffinose (50 g/kg) and GOS
(50 g/kg)

Allergic airway eosinophilia
(OVA-sensitized brown

Norway rats)
↓ IL-4, ↓ IL-5 ↑ total anaerobic bacteria in the colon [72]

Asian pear pectin (100 µg) Asthma (OVA-sensitized
murine model)

↓ asthmatic reactions in sensitized
mice, ↓ IFN-γ, ↓ IL-5 — [73]

Raffinose (50 g/kg)
Allergic airway eosinophilia

(OVA-sensitized brown
Norway rats)

↓ IL-4 and IL-5 mRNA expression,
↓mucus-producing cells, = IFN-γ

mRNA expression
↑ bifidobacteria [74]

Abbreviations: ↑, increased; ↓, decreased; =, no change or no effect; ARDS, acute respiratory distress syn-
drome; BALF, bronchoalveolar lavage fluid; HDM, house dust mite; TNF-α, tumor necrosis factor alpha; IL-1,
interleukin-1; IFN-α, interferon-α; IL-6, interleukin-6; IL-10, interleukin-10; RANTES, regulated on activation,
normal-T-cell-expressed and -secreted; IP-10, interferon-inducible protein-10; LPS, lipopolysaccharide; MCP-1,
monocyte chemotactic protein-1; MIP-1α, macrophage inflammatory protein-1α; ZO-1, zonula occludens-1, also
known as Tight junction protein 1; SD, Sprague–Dawley.

2. Plant Dietary Fibers and Polysaccharides against Gut and Lung Inflammation
2.1. Different Plant Dietary Fibers and Polysaccharides Shape Gut Microbiota and Affect SCFA
Production Differently

Despite the availability of various drugs that offer relief for lung inflammation and
intestinal inflammatory diseases, tackling gut dysbiosis, a common feature of many gut
and lung diseases, as discussed above, remains a significant challenge for these medi-
cations. However, dietary fibers (DFs) and polysaccharides have emerged as potential
candidates for effectively modulating the gut microbiota and playing a vital role in the
prevention and treatment of these conditions. Their ability to target and positively influence
the gut microbiota holds promising implications for addressing gut–lung axis diseases
more effectively.

A study by Jang et al. [52] demonstrated that different types of DF have differential
effects on gut microbial composition and short-chain fatty acid (SCFA) production. In
the study, emphysema mice were fed either non-fermentable cellulose or fermentable
pectin-rich diets. Both cellulose and pectin lowered pro-inflammatory mediators, including
IFN-γ, IL-1β, IL-6, IL-8, IL-18, TNF-α, and TGF-β. However, pectin supplementation
(fermentable fiber) exhibited higher anti-inflammatory action than non-fermentable-fiber
(cellulose) supplementation in emphysema mice. Regarding gut microbiota composition,
at the phylum level, Bacteroidetes were the most abundant in the high-pectin diet group. At
the family level, Lactobacillaceae and Defluviitaleaceae were the lowest in the high-pectin diet
group compared with the high-cellulose diet group or control.

In addition to the type of dietary fiber (DF), the structural modifications of DF also
play a crucial role in its ability to shape the gut microbiota and its preventive effects on lung
and gut inflammation. For instance, pectin, a plant-derived water-soluble DF primarily
composed of linear chains of galacturonic acid that can be esterified, has been studied in
relation to its impact on ulcerative colitis. Research by Fan et al. [75] demonstrated that
pectin with a degree of esterification below 50% exhibited a higher preventive potential
against ulcerative colitis than pectin with a degree of esterification above 50%. In another
study conducted by the same research group, they explored the effects of pectins with
different degrees of esterification and dosages on gut microbiota and serum metabolites in
a colitis mouse model. These findings highlight the significance of considering structural
variations in DF to harness its full potential for modulating gut microbiota and preventing
inflammation-related diseases.

The composition changes of major genera, including Lactobacillus, Bifidobacterium,
Akkermansia, Prevotella, Ruminococcus, and Oscillospira, vary widely depending on the
degree of esterification and pectin dosage. Another comparative study examined three
polysaccharide conjugates derived from dried fresh tea leaves (FTPS), green tea (GTPS), and
black tea (BTPS) [29]. These conjugates were tested for their capacity to regulate intestinal
homeostasis in DSS-induced colitis mice. While all tea polysaccharide conjugates increased
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the abundance of Bacteroides and Muribaculaceae and reduced Helicobacter and Enterococcus
abundance, only FTPS and BTPS exhibited inhibitory effects on Mucispirillum. Moreover,
the production of SCFAs differed among the three conjugates, with FTPS showing the
highest SCFA production, followed by BTPS and GTPS. Overall, FTPS demonstrated better
efficacy than BTPS and GTPS in preventing colitis.

Cystic fibrosis (CF) is associated with gut dysbiosis and intestinal inflammation. In
a pilot study, Wang et al. [76] investigated whether CF patients’ depleted microbiota had
the potential to utilize a prebiotic substrate, such as high-amylose maize starch (HAMS),
for increased SCFA production. Various techniques, including metagenomic sequenc-
ing, in vitro fermentation, amplicon sequencing, and metabolomics, were employed to
examine the HAMS fermentation capacity of the gut microbiome in adults with CF and
controls. CF patients exhibited low abundances of taxa associated with HAMS fermenta-
tion (Faecalibacterium, Roseburia, and Coprococcus) and lower levels of acetate production
compared to controls. However, there was no difference in the production of butyrate and
propionate between CF patients and controls. The study reported that high butyrate pro-
duction in healthy controls was associated with a high relative abundance of the commensal
genus Faecalibacterium. Interestingly, in the absence of butyrate-producing Faecalibacterium
in CF patients, another bacterium, Clostridium ss1, competitively fermented HAMS and
biosynthesized butyrate. This finding suggests that despite alterations in gut microbiota,
the prebiotic effect of DF can be mediated by different taxa, which is in contrast to the
notion that the presence of commensal bacteria is necessary to produce the prebiotic effect
of DF.

2.2. Plant Dietary Fibers and Polysaccharides Alter the Intestinal Barrier in Both Gut
Inflammation and Lung Inflammation

The intestinal barrier serves as an important defense mechanism that maintains a
healthy balance of inflammatory factors to prevent the entry of pathogens into the body.
It consists of four main barrier systems: mechanical, chemical, immune, and biological
barriers [77]. Gut dysbiosis, among other factors, can disrupt the integrity of the intesti-
nal barrier by affecting tight junctions in epithelial cells. This disruption can allow the
translocation of gut microbes to other body sites, such as the lungs, and promote lung
inflammation [54,78].

Plant polysaccharides have been shown to improve lung inflammation by repairing the
intestinal barrier. Zhu et al. [58] extracted Houttuynia cordata polysaccharide (HCP), which
mainly consists of glucose, galactose, arabinose, and rhamnose in a ratio of 3.40:2.14:1.17:1.
The inclusion of HCP in the diet of influenza A virus-infected mice not only repaired
the intestinal barrier by increasing secretory immunoglobulin A (sIgA) and the tight
junction protein zonula occludens-1 (ZO-1) but also reduced proinflammatory cytokines
and chemokines such as TNF-α, IL-6, and IFN-α. Furthermore, the anti-inflammatory
properties of HCP in the lung and gut were mediated through the inhibition of toll-like
receptor 4 (TLR4) and phosphorylated NF-κB p65 in the lung [58]. However, this study did
not explore the effect of HCP on gut microbiota and its role in lung inflammation.

In another study, it was observed that the oral administration of high-amylose corn-
starch (HCP) to mice infected with influenza A virus led to improvements in intestinal
barrier integrity and alleviated gut inflammation. This effect was attributed to the increased
levels of intestinal tight junction proteins and secretory IgA (sIgA) in mice. These findings
suggest that HCP may have potential therapeutic benefits in managing gut inflammation
and enhancing intestinal barrier function during viral infections. Moreover, HCP corrected
the alterations in gut microbiota by reducing the relative abundances of pathogenic bacteria
Vibrio and Bacillus [57].

The protective effects of plant polysaccharides on the intestinal barrier have also been
demonstrated for polysaccharides extracted from sources other than Houttuynia cordata. These
sources include Chinese yam [26], Rhinacanthus nasutus and okara [35], Scutellaria baicalensis
Georgi [40], Polygonatum sibiricum [34], Cyclocarya paliurus [24], Rehmannia glutinosa [33],
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Rosa roxburghii Tratt [22,79], Dendrobium fimbriatum Hook [31], and tea [29] in animal models
of ulcerative colitis and inflammatory bowel disease (IBD).

2.3. Plant-Dietary-Fiber and Polysaccharide Supplementation in Gut and Lung Inflammation in
Human Adults (Clinical Studies) and Adult Mice (Preclinical Studies)

Park et al. [80] in a prospective human cohort study (n = 219,123 men and 168,999 women,
aged 50–71 years, 9-year follow-up) evaluated the effect of dietary-fiber intake on health
outcomes. The study reported that the consumption of dietary fiber was associated with a
reduced risk of mortality from respiratory diseases in both men and women. In a three-
way, cross-over, double-blind, randomized controlled trial, adults with stable asthma were
administered a soluble fiber, inulin (12 g per day), for 7 days, leading to improved asthma
control and reduced airway inflammation. Additionally, inulin supplementation was found
to modulate the gut microbiome, as evidenced by an increase in the relative abundance
and absolute numbers of bifidobacteria [56]. These findings suggest that dietary fiber,
particularly inulin, may play a beneficial role in improving respiratory health and gut
microbiota composition.

In another randomized, double-blind, placebo-controlled, crossover study, soluble-
fiber supplementation in healthy people did not only reduce the levels of pro-inflammatory
factors such as TNF-α, IL-6, and IL-8 but also improved gut microbiota composition and
increased the production of butyrate [81]. The effect of a soluble-fiber meal (containing 3.5 g
of inulin and probiotics) on airway inflammation and free fatty acid receptor activity in
adults with stable asthma was examined in a pilot study [61]. Soluble-fiber supplementation
alleviated airway inflammation, as shown by reductions in total cell count, neutrophils,
macrophages, lymphocytes, and IL-8. Further, the observed anti-inflammatory effect of the
soluble-fiber meal was found to improve lung function via the upregulation of free fatty
acid receptors, GPR41 and GPR43 gene expression.

In a preclinical study conducted on adult mouse models with allergic airway disease
(AAD), a pectin-rich diet was found to alleviate allergic airway inflammation. The pectin-
rich diet led to alterations in gut microbiota homeostasis, increasing the abundance of the
Bacteroidaceae and Bifidobacteriaceae families. These bacteria have the capacity to ferment
soluble fiber into short-chain fatty acids (SCFAs) such as acetate and propionate. The
protective effects of the pectin-rich diet were primarily mediated by SCFAs, which promoted
dendritic-cell hematopoiesis and functionality. This, in turn, resulted in reduced Th2-cell
response, attenuation of allergic inflammation, and improved lung function [68].

Similarly, SCFAs fermented from an inulin-rich diet have been shown to protect against
influenza-induced pathology in adult mice. This protection was achieved by altering
macrophage hematopoiesis and functionality and preventing the entry of neutrophils
into the airways, thereby ameliorating tissue destruction [82]. These findings indicate that
dietary fibers, such as pectin and inulin, can modulate gut microbiota and SCFA production,
leading to beneficial effects on respiratory health and inflammation.

Among various plant DFs and polysaccharides, Houttuynia cordata-extracted polysac-
charide has been frequently used as a gut microbiota modulator to alleviate anti-lung
inflammatory agents in lipopolysaccharide-induced acute lung injury [63] and influenza
virus infection-induced lung injury [44,46,54,57,58]. Other than Houttuynia cordata, polysac-
charides derived from Lycium barbarum [55] and Ephedra sinica [49] can also ameliorate
lung inflammation in mice by modulating gut microbiota composition. Polysaccharides
extracted from Platycodon grandiflorus [48] and Tetrastigma hemsleyanum [50] have also been
reported to possess lung anti-inflammatory response. Tetrastigma hemsleyanum polysac-
charides could correct antibiotic-induced intestinal mucosal barrier dysfunction and gut
inflammation in mice, thus showing an important role in the management of the gut–lung
axis [83].
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2.4. Plant-Dietary-Fiber and Polysaccharide Supplementation in Maternal Rodent Models

Dietary fibers (DFs) or polysaccharides have also been investigated for their potential
in preventing asthma in offspring by feeding asthmatic mother mice a DF-rich diet during
pregnancy and/or lactation. Thorburn et al. [67] fed a high-fiber diet to female mice with
house dust mite (HDM)-induced asthma and observed decreased susceptibility to allergic
airway disease (AAD) in their offspring. This effect was mediated indirectly through
alterations in the gut microbiota, specifically an increase in Bacteroidetes and a decrease
in Firmicutes, as well as directly through the production of short-chain fatty acid (SCFA)
metabolites. The intestinal microbiota fermented the high-fiber diet into SCFAs, which
inhibited histone deacetylase 9 (HDAC9) and led to epigenetic modifications of the forkhead
box P3 (Foxp3) promoter, resulting in increased Foxp3 expression. Foxp3, in turn, led to
an increase in the pool and function of T regulatory cells (Tregs), ultimately ameliorating
airway inflammation.

In two separate studies conducted by Hogenkamp et al., mice were supplemented
with different mixtures of non-digestible oligosaccharides. One study involved a diet
supplemented with short-chain galactooligosaccharides (scGOSs) and long-chain fruc-
tooligosaccharides (lcFOSs) in a ratio of 9:1, while the other study used a diet supplemented
with scGOSs, lcFOSs, and pectin-derived acidic oligosaccharides (pAOSs) in a ratio of
9:1:2 [66,84]. Both studies reported a reduction in allergic asthma in male offspring. How-
ever, no significant differences were found in the production of cytokines such as IL-13,
IL-4, IL-5, IL-10, IL-17, IFN-γ, and TNF-α between the control group and the non-digestible-
oligosaccharide diet group in either study. Additionally, neither study explored whether
the therapeutic effect of the oligosaccharide-rich diet on offspring was mediated by the
gut microbiota.

However, a recent study by Yuan et al. [42] demonstrated that supplementation
with inulin, a soluble dietary fiber, significantly altered the composition of maternal gut
microbiota by increasing SCFA-producing Bifidobacterium. This supplementation also
attenuated the asthmatic inflammatory response in the offspring. The study employed
drinking water containing 10% inulin for supplementation.

2.5. Sex Differences in Lung Anti-Inflammatory Effect of Plant DFs and Polysaccharides

Many lung inflammatory diseases, such as asthma, COPD, CF, and acute pneumo-
nia, exhibit sexual dimorphism, with differences in disease susceptibility, severity, and
prognosis between males and females [85]. Additionally, sex differences can also impact
the microbial populations present in various body parts, including the gut microbiome
and lung microbiome, and this is referred to as microgenderome [85]. Therefore, it is
possible that dietary interventions involving dietary fiber (DF) against lung inflammation
may also show sex-based differences in effectiveness. This hypothesis was recently tested
by Tashiro et al. [53] using an ozone-induced airway hyperresponsiveness (AHR) mouse
model, where cellulose and pectin were included in the diet. The study found that only the
cellulose-rich diet reduced ozone-induced AHR in males, but increased AHR, neutrophilic
airway inflammation, and airway injury in females. The sex difference in the efficacy of DF
against pulmonary response was attributed to differences in diet-related changes in gut
microbiota composition between male and female mice.

Sex-specific effects of DF have also been observed in mouse models of gut inflam-
mation. Isomaltodextrins (IMDs) are starch-based soluble dietary fibers prepared using
α-glucosyltransferase and α-amylase enzymes [86]. An interleukin (IL)-10-deficient colitis
mouse model was treated with IMDs to examine their effect on colitis and gut microbiota
and to assess whether the impact of IMDs was sex-specific [86]. IMD supplementation in
female mice reduced alpha diversity and Coprococcus abundance, while in male mice, it
increased alpha diversity, community richness, and evenness and showed a lesser reduction
in Coprococcus abundance. These studies highlight the sex-dependent response to DF sup-
plementation of gut microbiota in both gut and pulmonary inflammation, indicating that
the therapeutic application of plant DF requires careful adaptation for males and females.
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2.6. Combination of Plant Polysaccharides with Other Phytochemicals

There have been only a few studies that have explored the therapeutic effects of plant
dietary fibers or plant polysaccharides in combination with other phytochemicals. In an
interesting study by Ling et al. [44], the efficacy of polysaccharides and flavonoids isolated
from Houttuynia cordata was tested either alone or in combination against H1N1-induced
pneumonia in mice. The combined administration of polysaccharides (80 mg/kg) and
flavonoids (100 mg/kg) demonstrated excellent ability to regulate pulmonary homeostasis
compared with either therapy alone.

Budesonide is a corticosteroid drug commonly used for airway and gut inflamma-
tion [87]. However, long-term use of this drug can lead to several side effects, such as
tuberculosis infection, hypersensitivity reactions, and an increased risk of infections. To
enhance the efficacy of budesonide and reduce its side effects by lowering the required
dose, Verheijden et al. [60] investigated the use of galactooligosaccharides (GOSs) as a
dietary adjunct therapy against pulmonary inflammation in a murine model of house
dust mite-induced allergic asthma. The combination of budesonide and GOSs exhibited a
more potent anti-allergic inflammation effect than budesonide or GOSs alone. However,
one limitation of the study was that the authors did not assess the impact of the various
treatments on gut microbiota composition.

2.7. Mechanisms of Polysaccharides and Dietary Fibers in Reducing Intestinal and
Lung Inflammation

The underlying mechanisms responsible for the anti-inflammatory effects of plant DFs
and polysaccharides on the lungs remain poorly understood. However, among various
mechanisms proposed for the lung and intestine anti-inflammatory properties of plant
polysaccharides, mostly are mediated via either changes in gut microbiota composition
or SCFAs.

T helper type 17 (Th17) and regulatory T (Treg) cells are important subsets of effector
cells derived from CD4 T cells, having an important function in maintaining immune home-
ostasis in the body. Th17 cells are pro-inflammatory in nature, produce pro-inflammatory
molecules, such as IL-17, IL-17A, IL-17F, IL-21, and IL-22, and recruit neutrophils; on the
other hand, Treg cells help suppress inflammatory and immune responses by produc-
ing anti-inflammatory cytokine IL-10 and transforming growth factor (TGF)-β1 [88,89].
Therefore, Th17-/Treg-cell balance is an important factor in determining inflammatory
homeostasis in the body, and gut dysbiosis can affect the Th17-/Treg-cell balance in intesti-
nal and lung inflammatory diseases, such as in IBD and asthma [90,91]. Plant-based DFs
and polysaccharides can regulate this Th17-/Treg-cell imbalance and improve gut and lung
inflammation by modulating gut microbiota and consequently SCFA production [46,54,67].
For example, Houttuynia cordata polysaccharide treatment corrected Th17-/Treg-cell im-
balance both in gut-associated lymphoid tissue (GALT) and lungs by increasing the total
number of Treg cells, reducing the expression of chemokine CCL20 in the lung, and pro-
moting the migration of Treg cells in Peyer’s patches–mesenteric lymph nodes–lung axis in
H1N1-infected mice [54]. SCFAs, particularly acetate, have been reported to be involved in
correcting the balance between Th17 and Treg cells in the gut–lung axis [46]. SCFAs can
maintain the Th17-/Treg-cell balance via the following mechanism: SCFAs increase the
expression of forkhead box P3 (Foxp3) transcription factor via epigenetic modifications of
the Foxp3 promoter by inhibiting the histone deacetylase 9 (HDAC9) enzyme; the increased
expression of Foxp3, in turn, leads to an increase in the pool and function of T regulatory
cells (Tregs), ultimately ameliorating airway inflammation [67].

However, some studies present an alternative view, suggesting that the allevia-
tion of asthmatic symptoms with high-fiber diets, such as those rich in cellulose, may
not be always mediated through increased production of intestinal SCFAs but also via
the regulation of intestinal microflora composition, which can affect the body’s lipid
metabolism [45]. Similarly, Lai et al. [92] showed that oral administration of commensal bac-
teria Parabacteroides goldsteinii MTS01 could significantly inhibit a cigarette-smoke-induced
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COPD murine model by correcting disturbed amino acid metabolism, reducing intestinal
inflammation, improving ribosomal and mitochondrial functions in the intestines, and
ameliorating lung inflammation. Therefore, diets rich in plant polysaccharides that can
increase the relative abundance of such beneficial bacteria have the potential to ameliorate
lung inflammatory diseases.

Interestingly, other studies highlighted that plant DFs’ and polysaccharides’ lung and
intestinal anti-inflammatory mechanisms were not dependent on either gut microbiota or
microbial fermentation of DFs into SCFAs. For example, Sonoyama et al. [72] reported a
reduction in eosinophilic infiltration in the lungs and a reduction in the levels of IL-4 and
IL-5 mRNA in ovalbumin-sensitized rats supplemented with raffinose (RAF) and α-linked
galactooligosaccharide (GOS) diets. These effects were retained even after cecectomy
and antibiotic treatment, which led researchers to suggest that the therapeutic effects of
RAF and GOS were not due to their fermentation by bacteria. Similarly, for fructan DFs
with β2→1 linkage, such as inulin and fructooligosaccharides, it was observed that their
immunomodulatory effect was mainly dependent on their chemical structure, and this
effect was mediated not by the gut microbiota but via increases in the number of type 1
T helper (Th1) cells in Peyer’s patches and in the number of dendritic cells and Tregs in
mesenteric lymph nodes in mice [93].

As we already discuss above, the gut barrier is an important defense system that
prevents the entry of pathogens into the body. The lack of plant DF in diet can increase
the permeability of the intestinal barrier to pathogenic microbes and bacterial lipopolysac-
charides (LPSs), which, by binding to TLR4, lead to the activation of NF-κB signaling and
inflammatory cytokine production [94,95]. Plant DFs and polysaccharides could suppress
the expression of TLR4 and p-NF-κB-p65 in the lungs and ultimately inhibit lung inflam-
mation [43,58]. Although bacterial LPSs generally act as activators of TLR4 and play a
role in downstream inflammatory activation, in an interesting study, the LPS derived from
an intestinal commensal bacterium, Parabacteroides goldsteinii, was found to be the main
component that ameliorated a cigarette-smoke-induced COPD murine model by acting as
an antagonist for TLR4 and consequently reducing the over-expression of proinflammatory
cytokines such as IL-1β and TNF-α in the lungs and colon in COPD mice [92].

3. Issues and Challenges

The gut–lung axis represents a bidirectional communication pathway between the
respiratory and gastrointestinal tracts. Despite the bidirectional nature of this axis, current
research primarily focuses on the impact of gut microbiota on lung diseases, with limited
studies investigating the influence of lung microbiota on inflammation and whether dietary
interventions using plant-based dietary fibers (DFs) and polysaccharides can affect lung-
microbiome diversity. This exploration is necessary, because while the gut and lung
microbial populations are similar at the phylum level, they differ significantly at the species
level [96].

Another challenge lies in accurately defining plant DFs and polysaccharides. While
many studies have demonstrated the therapeutic effects of carbohydrates such as inulin,
fructooligosaccharides, and galactooligosaccharides in gut and lung inflammation (re-
fer to Tables 2 and 3), it has been suggested that these low-molecular-weight (LMW)
non-digestible carbohydrates should not be considered DFs. Their rapid fermentation
in the proximal colon can cause side effects, including flatulence, abdominal distention,
and abdominal pain [15]. Therefore, interventions involving polysaccharides should be
preferred over oligosaccharide supplementation to maximize the benefits for lung and
gut inflammation.

Despite the similarity at the phylum level, the species composition of gut microbiota
varies widely among individuals of different races and ethnicities [97]. Generally, studies
investigating the therapeutic potential of plant DF and polysaccharide supplementation in
gut and lung inflammation have not taken individual variations in microbiota into account,
nor have they included an individual’s response to such supplementation. It is crucial to
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understand these variations, because DF supplementation in individuals with gut dysbiosis
may inadvertently worsen the dysbiosis. Therefore, prebiotic recommendations cannot be
generalized and require proper safety evaluations of plant-based DFs and polysaccharides
in populations with gut and lung inflammation.

Compared with research on probiotics and short-chain fatty acids, research exploring
the use of plant polysaccharide-based prebiotics against gut and lung inflammation is
limited, especially in clinical studies. High-quality, large-scale, well-designed randomized
trials are necessary before plant DFs and polysaccharides can be recommended as gut
modulator therapies for individuals with gut and lung inflammatory diseases.

4. Conclusions

Plant dietary fibers (DFs) and polysaccharides have shown promising results in pre-
venting gut and lung inflammation by influencing gut microbiota, as supported by both
clinical and preclinical studies. This highlights the potential of DFs, including plant polysac-
charides, as a prebiotic dietary approach to managing gut and lung inflammation. However,
it is essential to address the current research focus, which has been primarily centered
on the gut microbiota in the gut–lung axis, with limited attention given to the effects of
DFs and plant polysaccharides on the lung microbiome. This knowledge gap is further
exacerbated by the predominant emphasis on the bacterial components of the microbiota,
while the fungal and viral microbiota of the gastrointestinal tract have been less explored.
This limitation hinders a comprehensive understanding of gut and lung inflammation.

Furthermore, there is a scarcity of research on the use of plant polysaccharides, as many
studies have predominantly focused on low-molecular-weight (LMW) carbohydrates such
as inulin, fructooligosaccharides, and galactooligosaccharides. Therefore, substantial efforts
are required to fully explore and harness the prebiotic potential of plant polysaccharides.
Addressing these research gaps could not only enhance our understanding of the gut–lung
axis but also open new avenues for the development of effective therapeutic interventions
using plant-based dietary fibers and polysaccharides to manage gut and lung inflammation.

In conclusion, the modulation of gut microbiota with the administration of plant DFs
and polysaccharides shows promise in preventing gut and lung inflammation. However,
more research is needed to better understand the effects of DFs and plant polysaccharides
on the lung microbiome and to expand our knowledge beyond bacterial microbiota. Addi-
tionally, the exploration of plant polysaccharides as prebiotics requires more attention to
fully unlock their potential. Advancing our understanding in these areas could facilitate
the development of effective dietary strategies for managing gut and lung inflammation.
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Abstract: Food neophobia (FN), a frequent disorder in childhood, profoundly impacts the quality of a
diet, restricting the intake of nutrients to maintain proper nutrition. Therefore, using the appropriate
tools to assess FN in children to promote healthy eating habits is essential. The study aimed to
develop an integrative review with a systematic approach to identify the instruments to measure FN
in children and analyze their differences. The included studies (n = 17) were more concentrated in
Europe, demonstrating the possible lack of dissemination of the topic at a global level. Among the
18 tools, 6 were represented by adaptations of the Food Neophobia Scale (FNS) and the Children’s
Food Neophobia Scale (CFNS), and one was the CFNS itself, demonstrating the relevance of these
pioneering tools. The need to meet mainly cultural and cognitive criteria led to the creation of other
instruments (n = 11). A diversity of approaches concerning the respondents, age range, items, scales,
and validation methods was revealed. Modifications to the tools in some nations highlighted their
adaptability and effectiveness in addressing regional variations. The instruments can contribute to
additional research to help us better understand the prevalence of FN in children, resulting in their
health and well-being.

Keywords: food neophobia; children; instruments; evaluation

1. Introduction

Food neophobia (FN) is a frequent disorder in childhood, defined as a behavior related
to the reluctance to eat new foods and accept newly introduced flavors or those with a
different consistency [1]. FN is a considerable factor in determining food choices that
profoundly impact the quality of a diet and plays a significant role in determining food
preference [2]. All ages have an impact of FN on food preferences; although it is primarily
researched in children, there is growing evidence linking fear of food to unhealthy eating
habits in adults [3]. In the case of children, if they do not receive adequate treatment, the
FN can follow them into adulthood. FN can be reduced in adulthood with successful
management in childhood, such as using cooking-related activities or promoting flexibility
and adaptation in food-related situations [4,5].

The adverse impacts of FN on children’s daily food intake [6] involve an increase in
foods rich in calories but poor in nutrients [7]. Children who show neophobic behavior
are more likely to be overweight because they generally eat less variety and quantity of
fruit and vegetables [7]. The lack of variety in the diet, caused by FN, restricts the intake of
nutrients to maintain proper nutrition in the body. When the imbalance is severe and/or
long-lasting, it tends to affect various body systems, such as the nervous system, impairing
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the child’s cognitive and physical abilities [8]. Therefore, it is essential to choose and use
the appropriate tools to assess FN [9].

The Food Neophobia Scale (FNS), created by Plinner and Hobden in 1992, was the first
successful attempt to create an instrument specifically dedicated to evaluating the levels of
FN in humans [10]. With ten items and evaluated by a 7-point Likert scale, the scale was
validated in Canada with a sample of psychology undergraduate students [1]. The FNS
has been widely used and has produced reliable results [11–13]; however, it consists of ten
items that were created over 30 years ago [9].

Later, Pliner [14] evaluated neophobic behavior in 5-, 8-, and 11-year-old children
and adjusted the FNS, developing the Food Neophobia Scale for Children (CFNS). Since
1994, the CFNS has been adjusted for many scenarios and used to assess FN levels in
children [7,11,15,16]. However, other tools to measure FN in children have been created
over the past decade. Some examples are the Instrument to Identify Food Neophobia in
Brazilian Children by Their Caregivers [7], the Child Food Rejection Scale [17], the Trying
New Foods Scale [18], and the Food Neophobia Test Tool [9]. These differ according to
the respondents (child or caregiver), age group, number of items and response scale, and
cultural issues.

Research into FN in children is necessary in order to understand and manage the
complexity of this issue in the child development process. A previous review by Damsbo-
Svendsen, Frøst, and Olsen [9] evaluated thirteen reviews of designs to assess food neo-
phobia and willingness to try unfamiliar foods. However, the limitation was that the
search was carried out in only two databases, and may have missed important information
about the FN assessment tools available in other databases. Therefore, there is a need for a
recent review of tools to access FN in children to provide a more complete and updated
understanding of this topic.

Understanding the prevalence of FN in children is critical for promoting healthy eating
habits. However, no studies have combined the available tools for assessing childhood FN.
Thus, it is essential to analyze the different existing instruments, considering their partic-
ularities, because examining these differences increases the precision and comparability
of research results. Moreover, understanding the characteristics of the different available
instruments can help to choose the appropriate instrument according to different realities,
leading to a better understanding of the impact of FN on nutrition and child development.

2. Materials and Methods

This is an integrative review with a systematic search. It is a thorough review of
the body of literature that combines the integrative methodology of multiple sources of
evidence with the systematic method of an organized and rigorous search process. To
ensure openness and repeatability, this hybrid strategy involves carefully designing study
questions, using well-defined inclusion and exclusion criteria, conducting exhaustive litera-
ture searches across different databases, and implementing systematic review protocols.
The phases followed for the elaboration process of the integrative review were elaboration
of the guiding question, search or sampling in the literature, data collection, critical analysis
of the included studies, and discussion of the results.

2.1. Inclusion and Exclusion

Inclusion criteria were studies that included data on instruments used to identify
food neophobia and its prevalence in children. It is worth mentioning that the age group
varies among the studies, and all studies on food neophobia instruments for children were
included independently of the age group. Exclusion criteria were: (1) letters, conferences,
books, review studies, editorials, undergraduate works, and case reports; (2) studies
whose target population did not involve children; and (3) studies that did not contemplate
original instruments for the assessment of food neophobia in children. In the selection of
studies, instruments developed for a specific population (originals) and their adaptations
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for children from other countries were considered as long as they met instrument validation
criteria.

2.2. Database

Individual search strategies were developed for each database: Embase, Lilacs, Scopus,
Pubmed, and Web of Science. The search for gray literature was performed on Google
Scholar and ProQuest, with dissertations and theses. In addition, reference lists of studies
were consulted to read the full texts of any potentially pertinent studies. The last search
across all databases was performed on 24 January 2023.

2.3. Search Strategy

The search in each database was customized using the food neophobia and children
keyword combinations and the Boolean operators OR and AND. All references were
managed by Mendeley Reference Manager v2.103.0 software, and duplicate publications
were excluded using Rayyan software (Qatar Computing Research Institute-QCRI; https:
//rayyan.ai/cite, accessed on 11 November 2023).

2.4. Study Selection

The process of screening the studies was performed in two phases: In Phase 1, two
researchers (JNF, PCA) separately reviewed the titles and abstracts of all references detected
in the databases. Only those who met the inclusion criteria were included in the next
phase. In Phase 2, the same reviewers (JNF and PCA) evaluated the full texts of the articles
included in Phase 1. The third reviewer (EBS) gave the final opinion in disagreement
cases. The EBS researcher carefully analyzed the reference list of the selected articles.
Disagreements between JNF, PCA, and EBS were resolved by expert investigators RBAB
and RPZ.

2.5. Data Extraction

Of the selected studies, two reviewers (JNF and PCA) collected the following character-
istics of the publications: research country, authors, year of publication, title, objective, type
of study, sample, method used, variables, results, and conclusions. To ensure consistency
between reviewers, calibration activities were performed before the review. Disagreements
were resolved through discussion, and the third reviewer (EBS) decided on issues that
could not be resolved by the two reviewers (JNF and PCA). Data were systematized in
tables by the reviewers.

3. Results and Discussion

The search strategies are presented in Appendix A. A total of 6510 articles were found
in the databases. After excluding 3558 duplicates, 2952 articles were reviewed through their
titles and abstracts. Of these, 2665 were excluded because they did not meet the eligibility
criteria. Therefore, 287 studies were selected for complete reading. Of these, 17 studies
were included. The selection process is described in the flowchart of the integrative review
with a systematic search (Figure 1).

3.1. Instruments

The selected studies (n = 17) included children from 1 to 16 years old and were
developed between 1994 and 2021 in the following countries: Brazil (n = 1), Canada (n = 2),
China (n = 1), Denmark (n = 1), France (n = 3), Italy (n = 1), Portugal (n = 2), South Korea
(n = 1), Spain (n = 1), Turkey (n = 1), United Kingdom and France (n = 1), and United States
(n = 2), as shown in Figure 2.
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Figure 1. Flowchart of the integrative review with a systematic search. Adapted from PRISMA
protocol [19].
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Figure 2. Instruments to assess food neophobia in children worldwide, 1994–2021, in chronologi-
cal order.

Childhood FN has seen a remarkable transformation in understanding and treatment
over the years, reflecting the global attention and concern on this issue. However, the
importance of this phenomenon expanded over time, and it has caused a gradual spread of
these instruments to other nations.

Figure 2 represents the availability of instruments to assess FN in several countries
from 1994 to 2021. The image highlights the geographic diversity of research on FN and con-
firms how this phenomenon crosses cultural and geographic borders and how assessment
methods have been developed throughout time precisely because of the complexity of this
behavior in children. Few nations initially developed specialized tools to assess childhood
FN; for example, no studies have been conducted on Oceania and Africa. Furthermore,
the developed tools are concentrated in the United States, Canada, and some European
countries. The illustration demonstrates the evolution of the research on FN, its global
dissemination, and the continued need for updated assessment tools to understand and
address this challenge.

3.2. Instruments and Features

The original instruments and their corresponding adaptations for children from differ-
ent countries and the original instruments that were not adjusted were divided into groups
to highlight the results better. The characteristics of the analyzed studies are shown in
Table 1.
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3.2.1. Child Food Neophobia Scale (CFNS) and Its Adaptations

The Children’s Food Neophobia Scale (CFNS) comprises 10 items and were developed
in 1994 by Pliner [14], and emerged from the adaptation of the Food Neophobia Scale
for Adults (FNS) by Pliner and Hobden [1]. Believing that FN corresponds to a human
personality trait, Pliner and Hobden [1] developed this paper-and-pencil measure of FN,
which showed a high correlation with the measure of behavioral neophobia in laboratory
situations. The measure presented satisfactory internal consistency (α = 0.88) and test–retest
data results when applied to adults.

Previous research has shown evidence of different motivations for children (compared
to adults) to reject familiar foods, motivations that also differ according to the child’s age
group. Given this, Pliner proposed adapting the behavioral and paper-and-pencil measures
initially intended for adults [1]. Using these new measures, the author sought to identify
whether there were differences in the degree of FN concerning the age group and sex of
the children, and to investigate whether child FN levels differed between foods of animal
and non-animal origin and whether there were similarities between the FN of parents
and children [14]. Like the FNS, the CFNS is composed of 10 items using a 7-point Likert
scale, but the terms and pronouns of the FNS were modified to refer to children’s behavior
reported by their caregivers. The CFNS was intended to assess the FN of Canadian children
aged 5, 8, and 11 years old. The FN level is identified from the sum of the responses to
each item by inverting the classifications of the neophilic items. The score can range from
10 to 70. The CFNS obtained evidence of convergent validity since the willingness to try
new foods ratio and FN were correlated (r101 = 0.38, p < 0.001). The willingness to try new
foods ratio was developed to assess behavioral neophobia.

Since its development, CFNS has been widely used worldwide [30–33]. However, in
some countries, the instrument was validated for its respective population, undergoing
modifications in the number of items or the response scale due to local cognitive and
cultural aspects [6,9,15,20–22]. In the present study, adaptations aimed at children of both
FNS and CFNS were identified in the continents of Europe [6,9,15,20] and Asia. Table 1
presents details of these adaptations in different countries.

Filipe [20] used the CFNS to assess FN among Portuguese children aged 5 to 6. Al-
though the author did not make any changes to the wording or number of items of the
original instrument, the author modified the response scale from 7 to 5 points on the
Likert scale (“I completely agree”, “I agree”, “I neither agree nor disagree”, “Disagree”,
and “Completely disagree”) and the total score varied between 10 and 50 points. In the
factor analysis, the organization was maintained in one factor because the second factor
included only one item, whose content was not differentiated from the first factor. The
author determined the percentage of responses to the alternatives for each item (there was
no need to eliminate items, as no alternative had a proportion of responses > 95%, and all
alternatives were completed). They analyzed the item–total correlation (no value presented
<0.20), with internal consistency (α = 0.872). Removing any item did not increase this value,
and the correlation between items (items moderately correlated with each other and no
value above 0.8/0.85, indicating that all items evaluated different questions).

Still in Portugal, [6] validated a Portuguese version of the CFNS for children aged 2
to 6. The authors, in addition to changing the Likert scale to 5 points (to better adapt to
the characteristics of the population), excluded 2 of the 10 items of the original Canadian
version due to issues related to the exploratory factor analysis, which also revealed a
two-factor structure (food neophobia and food neophilia). The removed items were 5,
“Ethnic food looks too weird to eat,” and 9, “I will eat almost anything”. According to the
authors, the two subscales presented satisfactory internal consistency—Food Neophobia
(α = 0.81; inter-item correlation mean = 0514) and Food Neophilia (α = 0.68; inter-item
correlation mean = 0354)—and the subscales were significantly, moderately, and negatively
correlated (rs = −0.451; p < 0.01). The authors described excellent test–retest reliability
coefficients (rs = 0.92, p < 0.01 for Food Neophobia; and rs = 0.91, p < 0.01 for Food
Neophilia). Regarding the invariance analysis, the food neophobia construct had the same
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structure for the two analyzed age groups. However, only partial metric invariance was
found between the sexes, and concerning the convergent and discriminant validity, weak to
moderate associations were found between the two subscales and other analyzed variables.

Zou [21] cross-culturally adapted the CFNS for Chinese children aged 12–36 months.
The authors informed that the CFNS was translated and adapted into a Chinese version
(CFNS-CN) through a forward translation, reconciliation, back-translation, expert review,
and pretesting. The adaptation of this instrument, completed by caregivers, involved
removing 4 of the 10 items from the original Canadian version, which were considered
inappropriate by the authors for the sample’s age group. The instrument presented good
internal consistency (α = 0.91) and substantial-to-good agreement between the test and
retest (kappa coefficients ranged from 0.616 to 0.834).

In Italy, Laureati, Bergamaschi, and Pagliarini [15] developed and validated a self-
report measure of FN for children aged 6 to 9 years old based on the adaptation of the FNS.
The authors made several modifications, including the number of items, the format of the
response scale, and the respondents (by the children themselves). The Italian version of
the instrument (ICFNS) contains eight items (four related to neophilic attitudes and four
related to neophobic attitudes). Concerns about children not understanding terms such
as “ethnic” resulted in the removal of three items, replaced by one new item “I like trying
new food and tastes from other countries”. The authors also changed the answer options
from 7 to 5 points on the Likert scale, justifying that younger children might have difficulty
discriminating between the seven options. Furthermore, they added facial figures in each
answer option to help children express their opinions.

The internal consistency of the ICFNS was satisfactory (α = 0.71), and the instrument
had good repeatability over the two sessions, except for younger children (6 years old).
The ICFNS predicted the children’s willingness to taste and like novel food, but the ICFNS
scores for the 6- and 7-year-old children were not significantly correlated with either
willingness to taste or liking one of the two tested novel foods. Therefore, the authors
informed that the ICFNS can be reliably used with Italian primary school children starting
from eight years and most likely as early as seven years.

Aiming to develop new tools to measure FN in children aged 6 to 13 in Denmark,
Damsbo-Svendsen, Frøst, and Olsen [9] presented a shortened 6-item version of the FNS [1].
In this tool, answered by the children, the exclusion of 4 items also resulted from problems
with the target audience understanding terms such as “ethnic”, as well as “trust” and
“particular”. The authors also changed the answer options from 7 to 5 points on the Likert
scale. The results of the behavioral validation suggested that scores in 6- and 10-item
versions of FNS were predictive of neophobic behavior. The authors informed that, when
administered to children, the original 10-item version of FNS appeared reliable (α = 0.80)
and valid (item–rest correlations, r = 0.41–0.57), but comprehension issues were evident.
The shortened 6-item version of the FNS was sufficiently reliable (α = 0.72) and valid
(item–rest correlations, r = 0.35–0.55). The authors found evidence for the usefulness of this
shortened version to measure food neophobia without leading to comprehension issues
related to items.

The most recent identified adaptation was conducted in Turkey, adapting the FNS for
Turkish children aged 9 to 11 [22]. This instrument remained with 9 of the 10 items in the
original version since item 10, “I like to try ethnic restaurants,” was excluded because the
analysis demonstrated that it was repetitive. The response scale was modified from 7 to
5 points, using emojis to keep children’s attention. Furthermore, unlike the original version
for adults, this version had children themselves as respondents. Regarding the test–retest
reliability and internal consistency, the authors informed that there was no difference
between the first and second test scores of all items (p > 0.05), and the Cronbach alpha was
found to be very good for the first (α = 0.890) and for the second stage (α = 0.885).
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3.2.2. Food Neophobia Test Tool—FNTT

The Food Neophobia Test Tool (FNTT) was developed by Damsbo-Svendsen, Frøst,
and Olsen [9] in Denmark in a study that proposed creating valid, reliable, and currently
relevant tools to measure the food neophobia trait among children aged 9 to 13 years. The
initial items were selected from a literature review of 13 designs created to measure food
neophobia and willingness to try unfamiliar foods (134 items). The next step involved
deleting items because they were not relevant to children, they were too long, or they
assessed multiple topics in a single item. New items were also added by the authors, and
the version at this developmental stage consisted of 19 items.

The questionnaire applied to children contained the FNTT tool and the FNS, items
about willingness to try novel foods in different surroundings and a behavioral test.
The questionnaire was initially developed in English, translated into Danish, and back-
translated into English, so inconsistencies between words were evaluated to generate the
final version in Danish. After conducting a pilot, 3 of the 19 questions of FNTT were
deleted, and 3 new ones were included because the authors observed that certain aspects
of food neophobia were not covered by the remaining items. Total FNTT19 scores could
range from 19 to 95.

To reduce the number of items in the FNTT in order to not make it more compli-
cated and time-consuming compared to the FNS, the authors developed three versions
of the tool, containing 10, 9, and 6 items. The criteria for excluding items involved the
evidence of prominent comprehension issues (in >58% of 12 classes), item–rest correla-
tions r ≤ 0.5, a decrease in Cronbach’s α, and/or few significant item–item correlations
(≥2 non-significant). The reliability of the FNTT (Cronbach’s alpha) and its validity (item–
item and item–rest correlations, behavioral validation, and correlations between FNS and
FNTT) were evaluated.

The authors reported that the FNTT10 and the FNTT9 were the most reliable (α = 0.91)
tools, and the FNTT6 was the most valid (item–rest correlations, r = 0.67–0.80). Furthermore,
they found evidence of the construct and criterion validity of the FNTT. It is important
to highlight that, in the FNTT9 and FNTT10, items included led to comprehension issues
in 8–75% of 12 classes, while the FNTT6 led to comprehension issues in only 8–17% of
12 classes. Therefore, the authors pondered that the latter may be a more appropriate tool,
as it potentially leads to less bias than the FNTT9 and FNTT10, recommending its use
in measuring food neophobia in children. In circumstances where more information is
requested, they suggested the use of the FNTT9 [9].

3.2.3. Food Situation Questionnaire (FSQ) and Its Adaptation

The Food Situation Questionnaire (FSQ) was developed and validated in Canada by
Loewen and Pliner [23]. Before its creation, no tools measured the level of FN through
children’s self-reports. Previous experiences by the authors and other groups of researchers
had already demonstrated that the CFNS had some limitations due to the presence of items
that addressed unusual situations and expressions not understood by children. Reports of
difficulties using the 7-point Likert scale were also common. The FSQ arose from the need
to address this gap, providing an easy-to-complete, self-reported measure of FN, in which
the items described familiar situations and a vocabulary suitable for children.

The FSQ is an instrument comprising 10 items, which begin by describing a hypotheti-
cal situation in which new foods could be presented to children and end with a general
question about the affective response, addressing different situations that may vary in
terms of how to describe the food, the occasion, and who presents it. Factor analysis gener-
ated two factors that were moderately correlated (all children: r = 0.42; younger children:
r = 0.39; and older children: r = 0.52) and which were retained as the following subscales:
1—Willingness to Try Novel Foods in Stimulating Circumstances (HI-STIM) represents the
willingness to try new foods in highly stimulating circumstances, such as festive occasions,
eating out, and accompanied by adults other than parents; and 2—Willingness to Try Novel
Foods in Non-Stimulating Circumstances (LO-STIM) refers to the willingness to try new
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foods in non-stimulating circumstances, such as in the presence of family members, on
non-festive occasions and involving “mundane” foods in meals, instead of treats.

Five facial expressions can respond to the instrument, ranging from “very sad” to “very
happy”. Scores are obtained by adding the score for each subscale and the overall score
of the instrument, ranging from 5 to 25 in the case of subscales and from 10 to 50 for the
total scale. Higher scores indicate less neophobia as the items were described considering
the willingness to try the foods. The FSQ could predict children’s real willingness to try
new foods in a laboratory situation better than parents’ reports. Furthermore, it presented
satisfactory reliability properties. The mean internal consistency coefficient was 0.80, and
the correlation between the first and second administrations of the whole scale was 0.64.

To develop and validate a self-reported FN measurement tool for Spanish children
and adolescents, Maiz, Balluerka, and Maganto [24] translated the FSQ into Spanish using
the back-translation procedure. The Spanish Food Situations Questionnaire (SFSQ) was
administered to a sample of 831 participants between 8 and 16 years old. The SFSQ
maintained the same number of items, and factor analysis revealed a two-factor structure
(as in the original instrument), but, for cross-cultural adequacy, some foods and situations
described in the Spanish instrument differ from the original version (examples: cassava
chips versus umami flavored chips; Halloween versus carnival; and lunch box versus
afternoon snack). Furthermore, the order of the response scale was changed, starting
from “very good” to “very bad”. Therefore, the higher the score, the higher the FN level,
unlike the original instrument, in which the higher the score, the lower the FN level. The
instrument presented satisfactory results concerning internal consistency (α = 0.77 for
both the low- and high-stimulation subscales) and moderate temporal stability (Pearson
correlation indices: 0.52 for the low-stimulation and 0.45 for the high-stimulation subscales).
Furthermore, the Pearson correlation coefficients were used to investigate the instrument’s
convergent and external validity. Total food neophobia, as measured by the Spanish version
of the CFNS, had a moderate and positive correlation with the total SFSQ score (r = 0.49;
p < 0.001) and with high-stimulation situations (r = 0.31; p < 0.001), and a high and positive
correlation with low-stimulation situations (r = 0.57; p < 0.001). Concerning the external
validity, the dimensions of the SFSQ were negatively correlated (in a low way) with the
two subscales of the Sensation Seeking Scale.

3.2.4. Questionnaire on Food Neophobia among French-Speaking Children—“QENA”

Rubio et al. [25] developed a questionnaire on food neophobia among French-speaking
children (QENA). This self-reported image-based instrument has 13 items aimed at children
aged 5 to 8 years old. The authors justified the need to create the instrument due to the
differences in the eating habits of French children compared to those in other Western
countries, for which tools such as the FSQ were created. Furthermore, they cited children’s
difficulties understanding specific terms in the FSQ.

According to the authors, QENA brings together a series of unique characteristics
that favor its use among French children. It uses pictures to represent foods, facilitating
understanding for young children and activating brain regions that produce conceptual
inferences to prove. Furthermore, the administration method (self-reported questionnaire),
different consumption contexts, and the response scale (based on different types of FN) are
also highlighted as strengths of the tool.

In developing the questionnaire items, the authors considered methods known to alter
neophobic behavior (imitation, information, taste principle, and external stimulation). To
validate the QENA, two steps were necessary. Children also completed a food task to assess
the predictive validity of the questionnaire based on Pliner’s [14] methodology. In the final
version of the instrument, two items use general statements about reluctance to try new
foods, answered on a 4-point scale ranging from “strongly disagree” to “strongly agree”.
Six items assess children’s willingness to try new foods, and five assess the FN typology.

This typology varies between without FN (referring to the child who shows a desire
to try new foods), flexible FN (a child who agrees to consume the new food after trying a
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small piece), rigid FN (a child who consumes the new food under a pressure situation), and
strong FN (a child who refuses to consume the new food). Factor analysis demonstrated a
single-factor structure. The score to assess each child’s FN is obtained by averaging the
item scores so that a high score indicates a strong FN. The QENA achieved satisfactory
internal consistency (α = 0.84), test–retest results (r = 0.74, p < 0.001), and predictive validity,
with scores moderately correlated with the choice of new foods (r = −0.34, p < 0.001) and
willingness to try them (r = −0.47, p < 0.001). These results suggest that it is an efficient
instrument for measuring NA among French children aged 5 to 8 years old.

3.2.5. Children’s Eating Difficulties Questionnaire

This instrument was created by Rigal et al. [26], in a study that had the objective to
validate measures of young children’s eating difficulties and maternal feeding practices in
a French sample (children aged 20 to 36 months). The same study validated three other
questionnaires: The Feeding Style Questionnaire, The Feeding Strategy Questionnaire, and
the questionnaire relating to parental motivations when buying food for children. The
study still assessed the links between maternal practices and children’s eating difficulties.

To prepare the items that made up the Children’s Eating Difficulties Questionnaire,
answered by parents, and the other study questionnaires, a sample of mothers of French
children aged 20 to 26 months were interviewed to investigate their children’s possible
difficulties during meals and the strategies used to overcome these difficulties.

The final version of the Children’s Eating Difficulties Questionnaire, with 12 items,
covers four dimensions: neophobia, pickiness, low appetite, and low enjoyment in food,
but the high correlation between neophobia and pickiness and enjoyment and appetite
suggested the existence of two underlying dimensions, namely, “Narrow food repertoire”
and “Low drive-to-eat”. The answer options range from 5 points, “very wrong” (1) to “very
true” (5) for the child. The scores of six items were reversed to enable comparison.

The questionnaire was validated using a structural equation modelling (SEM) ap-
proach (with four constructs) and underwent internal consistency analysis, with a Cronbach
alpha greater than 0.70 for all dimensions. The neophobia dimension, especially, presented
α = 0.85.

3.2.6. Fruit and Vegetable Neophobia Instrument—FVNI

The Fruit and Vegetable Neophobia Instrument (FVNI) was developed by Hollar,
Paxton-Aiken, and Fleming [27] to measure students’ attitudes toward new fruits and
vegetables. The study sample was students aged 8 to 10 years old, from the third to the
fifth grade, collected from two evaluations of the Farm-to-School program in the United
States. The FVNI, an 18-item self-report questionnaire, was adapted from the FNS. The
FVNI has two subscales: a fruit subscale that asks about the child’s willingness to try new
fruits in different circumstances and an analogous vegetable subscale.

Questions from Pliner and Hobden [1] were used to design the FVNI and to meet
the needs of the Farm-to-School assessment [1]. Based on the FNS, two subscales, each
consisting of nine items, were created in which “fruit” and “vegetable” replaced “food” in
the original scale. The FVNI was scored on a scale of 1 to 4 for each item, with a higher
score indicating greater FN.

The items dealing with foods from other countries and “constantly trying new foods”
were not used because the children in the study sample had limited control over their expo-
sure to culturally varied foods. Pliner’s [14] FN guided the development of additional items
that asked about tasting or experiencing fruits and vegetables in various settings [14]. The
study suggests that separate fruit and vegetable subscales should be employed according
to the fit indices of the modified two-factor FVNI model to assess childhood neophobia.
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3.2.7. Assessment Tool to Evaluate the Multifaceted Characteristics of Picky Eating Habits
in Children Aged 1 to 5 Years

The instrument developed by Shim et al. [28] in South Korea does not exclusively
assess FN, expanding the analysis to the components of picky eating habits. However, one
of these components refers to the refusal of new foods. The authors’ objective in the study
that originated the tool was to evaluate the relationship between picky eating habits and
the growth status of South Korean children aged 1 to 5 years old.

The authors argued that most instruments for measuring FN extracted the components
through factor analysis, resulting in the union of highly related items through the subjects’
similar responses, which often had no conceptual relationship. Furthermore, they cited the
existence of a study that evaluated the presence of picky eating habits in babies and young
children, in which the “lack of intake” component was not evaluated and where the other
components were evaluated through a question, highlighting, therefore, the need for an
instrument that could solve these gaps.

The tool presents 21 items answered by parents, referring to specific eating habits re-
ported in previous studies. Four constructs are covered: “eating a small amount” (3 items),
“neophobic behavior” (2 items), “refusal of specific food groups” (9 items), and “preference
for foods with specific preparation methods” (7 items). As the questions related to neo-
phobic behavior were worded with negative words, they were scored inverted. The items
referring to FN are described as “How willing is your child to enjoy new and unfamiliar
food when offered?” and “How often does your child try new and unfamiliar foods at
home?”. The authors use a 7-point response scale for all items. The higher the instrument
score, the greater the degree of picky eating habits.

The instrument underwent a facial validity analysis, being submitted to a panel of
experts in children’s eating habits, and an internal consistency assessment (α = 0.79 for
questions related to the reluctance to try new foods). The authors highlighted that the tool
could reflect well the multifaceted aspects of picky eating habits in children.

3.2.8. Child Food Rejection Scale—CFRS

The Child Food Rejection Scale (CFRS) was developed by Rioux et al. [17] to assess
FN in French children aged 2 to 7 years old. A combination of instruments was used:
FNS [1], Questionnaire of Eating and Weight in Spanish Children—QENA [25], Child Eating
Behavior Questionnaire—CEBQ [34], and Children’s Eating Difficulties Questionnaire—
CEDQ [26]. The FN assessment instruments that existed before the creation of the CFRS
were primarily developed for adults and did not sufficiently address the age range of
children. As a result, the scientific literature lacked the correct assessment of FN in children.

The CFRS comprises 11 items, 6 for FN and 5 for food selectivity. The items are evalu-
ated using a 5-point Likert scale, with coded responses ranging from 11 to 55 points. Chil-
dren were presented with eight food images, four measuring selectivity and four measuring
NA. The images were fixed on a plate for better understanding by the target audience.

The instrument’s two-dimensional structure, internal consistency, test–retest reliability,
and convergent and discriminant validity were investigated to determine the instrument’s
validity. Convergent and discriminant validity were assessed using the methodology
of Pliner and Hobden [1] The results demonstrated that the CFRS scale presented good
psychometric properties, is brief and straightforward, and is useful for examining FN
tendencies in French children. It is essential to highlight that, in the final scale, half of the
items retained for the neophobia subscale were adapted from the FNS [1], while all items
retained for the selectivity subscale were explicitly created for this study.

Similar to the methodology used by Rioux et al. [17], Rioux et al. [29] validated the
CFRS for the English version with caregivers of children aged 2 to 7 years old and compared
the levels of selectivity and FN in children between France and the United Kingdom.
English caregivers rated each item based on their child’s behavior using a 5-point Likert
scale (ranging from “Strongly Disagree” to “Strongly Agree”). These responses were then
quantitatively coded. For each child, three distinct scores were calculated: a FN subscore

34



Nutrients 2023, 15, 4769

(ranging from 6 to 30), a food selectivity subscore (ranging from 5 to 25), and a total food
rejection score (ranging from 11 to 55).

The authors translated and back-translated the CFRS into English before moving on to
the validation and reliability assessment phases. They evaluated their construct validity,
convergent validity, and reliability and conducted a confirmatory factor analysis to verify
that the two-factor model found for the original CFRS by Rioux et al. [17] combined English
data to assess their construct validity. The authors calculated the correlation between the
CFRS and FNS points (Spearman correlation coefficient) to determine their convergent
validity. Cronbach’s alpha coefficient was used to measure its consistency and reliability.
The English version of the CFRS consists of 8 items, unlike the French version of the CFRS,
with 11 items.

The results demonstrated that the CFRS is valid outside of France, considering that
the 8-item English CFRS showed good convergent validity (CFRS scores and FNS scores
highly correlated, r = 0.79, p < 0.001) and also good reliability (Cronbach’s alpha of 0.85).
Interestingly, a reduction in the number of pertinent items is not uncommon after cross-
cultural adaptation and validation [15]. These cultural variations can help guide specific
actions to improve the eating habits of populations.

3.2.9. Trying New Foods Scale

The Trying New Foods Scale was created by Johnson et al. [18] in the United States.
This instrument assesses FN in children from the perspective of their self-competence in
trying new foods. Their proposition was justified by the fact that hitherto existing measures
were based, according to the authors, on the caregivers’ point of view, and the items related
to feelings of fear and disgust had their origin in observations of children’s behavior or
adults’ assumptions about the cause of reluctance to consume food. The authors argued
that the tool could perform this measure, eliminating the need to rely on reports provided
by caregivers (since it is a self-reported measure) and direct observations. The Trying New
Foods Scale was developed so children can report the challenges and experiences of trying
new foods.

Based on interviews with children aged 3 to 5 years old, the authors used playful
resources to investigate their experience when asked to try new foods using an instrument
containing a 9-item scale. The scale assesses various aspects of children’s experience,
including the reasons for rejection, feelings, and consequences of trying new foods.

The description of each item is through positive and negative propositions, represented
by figures that explain the content of that item (for example, “This girl likes the taste of new
foods. This girl does not like the taste of new foods. Which girl is more like you?”). Each
image is accompanied by a pair of circles (one large and one small) that represent the child’s
frequency of identification with the given situation, such as “Always” (the large circle),
“Normally” (the smaller circle) for the positive statements, and “Sometimes” (smaller circle)
or “Never” (large circle) for negative statements. Thus, the answer options vary between 4
points: less neophobic/more willing to try = 4; and more neophobic/less willing to try = 1).

The principal components analysis (PCA) results demonstrated a single component
with strong item–total correlations (mean ± s.d. = 3.08 ± 0.70). The instrument showed
strong internal consistency (α = 0.88) and initial evidence of criterion validity, but it did not
show significance in test–retest reliability (r = 0.52, p = 0.086). The authors attributed this
fact to the small sample size involved in the test.

3.2.10. Instrument to Identify Food Neophobia in Brazilian Children by Their Caregivers

The scarcity of information about FN in Brazilian children due to the lack of culturally
appropriate instruments for this population led Almeida et al. [7] to develop and validate
a tool capable of evaluating which types of food children are most reluctant to try. The
instrument to identify FN in Brazilian children was developed from an extensive literature
review, which allowed the identification and use of three tools as a basis for its preliminary
version: the FN scale for adults 1992 [1], the FNTT [9]. and the FVNI [27].
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After translation, these tools had their items carefully analyzed to adapt to the cultural
aspects of Brazilian children. Similar items were merged, and those that did not meet
the cultural issues or those not related to the age group of the sample were excluded.
The researchers developed additional items. Authors describe that these additional items
consider that the environment may influence eating behavior. The created items considered
if the child would taste foods in different ambiances such as a friend’s house, school,
or parties.

Intended to assess FN in children aged 4 to 11 years old, the instrument contains
25 items to be answered by caregivers. This has variables related to food neophobia in
different environments (home, friends’ houses, school, or social events) and situations
(birthday parties or friends’ meetings). Furthermore, it has three domains: general FN, FN
with an emphasis on fruits, and FN focusing on vegetables. Responses vary on a 5-point
scale, ranging from “Strongly Disagree” to “Strongly Agree”. The instrument’s overall score
can vary between 25 and 125, so the lower the score, the greater the neophobic behavior.

The instrument presented excellent internal consistency (α = 0.958, p < 0.001) and
reproducibility when answered by the caregiver who knows the child’s eating habits
(intraclass correlation coefficient = 0.987, p < 0.001). Furthermore, the reproducibility
analysis showed that both caregivers can also answer the instrument (intraclass correlation
coefficient = 0.712, p = 0.003). The three domains have a similar number of items, which
allows for an adequate analysis of the general score and those domains. The instrument is
valid and reliable for assessing FN among Brazilian children.

3.3. Instrument Approach: Respondents, Age Range, Items, Scales, and Validation Methods

The discussion of the instruments used to assess FN in children revealed a diversity of
approaches concerning the respondents, the studied age range, and the validation methods.
The descriptors were previously studied, so the search reflected the largest number of
studies with children as the target audience.

Most of the instruments (n = 14, 78%) were built to assess FN exclusively [6,7,9,14,
15,18,20–25,27]. However, it is important to highlight that there is variability in how FN
is measured through these different instruments. An example of these differences is that
some tools have subscales specific for fruits and vegetables [7,27], differing from others like
CFNS, and adaptations [14], which evaluate the general FN.

Besides that, four tools did not evaluate FN exclusively. The Children’s Eating Dif-
ficulties Questionnaire [26] involves, in addition to FN, the assessment of other possible
difficulties during meals (pickiness, low appetite, and low enjoyment of food). The instru-
ment from Shim et al. [28] evaluates, besides FN, three other dimensions: eating a small
amount, refusal of specific food groups, and preference for foods with specific prepara-
tion methods. The instruments of Rioux et al. [17,29] evaluate FN and pickiness. These
instruments were included because they evaluated, although not exclusively, the FN.

It is crucial to distinguish “picky eating habits”, “avoidant restrictive food intake
disorder (ARFID)”, and “food neophobia” when discussing children’s eating habits [26]. A
child’s selective preferences for particular foods, frequently motivated by flavor, texture, or
familiarity, are considered picky eating. It is a typical stage of childhood development that
most kids outgrow later. Contrarily, FN extends beyond basic fussiness [13]. It is defined
by a dislike of tasting new or strange foods, frequently accompanied by apprehension or
dread of unusual tastes or components. According to the Diagnostic and Statistical Manual,
5th Edition (DSM-5), ARFID is a more serious eating disorder characterized by significant
dietary restrictions that can negatively impact health and development [35]. It is a disturbed
pattern of feeding or eating that needs one of these characteristics to be diagnosed: failure to
achieve growth in children, significant nutrition deficiency, dependence on tube feeding, or
interference with an individual’s psychosocial functioning. The FN can be more enduring
and hinder a child’s openness to new foods, which may impact their dietary diversity and
nutritional intake [7]. Some instruments assess FN and picky eating, probably because FN
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is one constituent part of picky eating [36]. Recognizing and effectively resolving feeding
issues in children requires understanding these variances.

Respondent-related questions are important because parents play a crucial role in
feeding their children, but evaluating FN from the perspective of children has been the justi-
fication for the development of some instruments in recent years [9,15,18,25]. Relying solely
on parents’ reports of their child’s FN underestimates the child’s role in the process [15,36].
Even so, half of the analyzed instruments chose to evaluate the perspective of parents or
caregivers, which reflects the perception of only one side. This can be explained, in part,
by the fact that some of these tools are old, such as CFNS (which, despite being widely
used, is approximately 30 years old), and others are products of its adaptations [6,14,20].
Furthermore, some instruments were applied to babies, and very young children [21,26]
and, in some cases, the online method was used to obtain answers, situations that would
make it difficult for the children themselves to fill out the instruments [7]. It should be
noted that, when creating questions for children, some attention should be taken, such
as changing items to describe situations that children are likely to be familiar with, using
age-appropriate language, and providing a clear response format [15,23]. In addition, there
are concerns about how different groups and cultures might perceive and understand
specific FN statements [15,37].

As a result of the search and data analysis, the children’s age ranged between 1
and 16 years old since one of the instruments was built to evaluate FN in children and
adolescents. In this sense, the study that included adolescents was selected since the
authors also evaluated children’s FN. Concerning the age group, we observed an emphasis
on instruments that investigated children of preschool and school ages (3 to 10 years old),
predominantly among children aged 5 [6,7,14,17,18,20,25,28,29] and 9 [7,9,15,22–24,27].
This concentration can be attributed to the perception that these age groups are more
susceptible to the understanding and cognitive manifestation of FN, given their stage of
development and food exploration [2].

In the review, 70% of the studies evaluated the effect of age on FN. Among the included
studies, 67% observed no difference concerning the age groups assessed [6,9,14,17,18,20,28,29].
Zou [21] and Rigal [26] evaluated children aged 1 to 3 years and observed that children
from 2 years were more neophobic. For older age groups, Loewen and Pliner [23] described
greater neophobia among children aged 7 to 9 than those aged 10 to 12, and Elmas and
Kabaran [22] identified that children aged 10 were less neophobic than those aged 9 and 11.
Even though some studies have presented differences in age groups, as the present review
did not aim to evaluate the prevalence of FN among children, it is impossible to affirm that
the prevalence of FN varies according to age because most studies showed equal behavior
regardless of age group.

Some studies (n = 4; 23%) presented the prevalence of FN varying from 21% to
56% [15,20,21,28]. However, it is impossible to compare the prevalence since the authors
used different instruments and forms of classification.

Sex differences were also explored in 70% of the studies. Among these, 83% did not
find different levels of FN between sexes [6,9,14,17,20–23,29]. Among the studies that
found some difference, FN was higher among boys aged 1 to 3 years [26] and higher among
girls aged 3 to 5 years [18]. Not all studies explicitly included data that would allow an
exploration of FN prevalence based on sex or age.

This lack of pattern regarding sex or age with higher degrees of FN represents an
important consideration for the conclusions of our study [23]. There was no standard
classification among the studies, whether in percentage or degree of FN. We suggest it is an
important gap in research and providing valuable information about possible variations
in FN between different demographic groups would offer a favorable avenue for future
investigations on the topic.

The acceptance or rejection of food can be strongly influenced by the culture and
context in which the child grows up [8]. Some foods may be considered taboo in certain
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cultures, while others may be celebrated. It is essential to consider the cultural context
when creating an assessment tool and adapt it, if necessary, to reflect cultural specificities.

Authors like Maiz et al. [24] modified items of the instrument to make them more
appropriate to Spanish culture. The foods listed in items 7 and 10 of the original FSQ
are cassava and chayote, respectively; they are translated as “cassava” and “chayote” in
Spanish. Because the purpose of these items is to introduce new and unfamiliar foods,
and because some Spanish-speaking children may be familiar with these two foods, the
“umami flavor” is replaced with “cassava” (cassava) and “chucander” (an Indian flavor
vegetable) to “chayote”. The review revealed a variety of options for the most popular
rating scales, including 4-, 5-, and 7-point rating scales.

In the Brazilian instrument, categories that were not representative of the Brazilian
scenario or had no influence on assessing children’s FN were eliminated. There were
no synonyms because Brazil is a country with a wide variety of cuisines and strong
cultural influences, so items that mentioned ethnic foods or restaurants, for example, were
excluded [7].

The study by Rubio et al. [25] emphasized the influence of cultural factors on food selec-
tion and highlighted differences in rules, consumption conditions, beliefs, meal preparation,
and meal preferences between cultures. The instrument included items that described
various contexts of food consumption, aiming to integrate the context in which children
can find new foods and increase the instrument’s validity.

The most common scale was the 5-point scale (67%) [6,7,9,17,20,22–24,26,29], followed
equally by the 4-point [18,25,27] and 7-point scales [14,18,21] with 16.5% each. Some scales
also had facial expressions to facilitate comprehension by the children (28%) [15,18,22–24].
Regarding the number of items to measure FN, there was a notable variation, with a
predominance of scales with ten items, totaling 25% [9,14,20,23,24]. Other instruments
present few items, with the predominance of six items of FN assessment (20%) [9,17,21], and
others, such as Brazil, use more extensive instruments, with 25 items [7]. This highlights
the need to balance the breadth of assessment with the practicality of use while considering
each research situation’s unique characteristics.

All instruments included in the present study showed evidence of validity and re-
liability. The most common validation steps in the instruments included construct and
convergent validation, but other approaches were described as criterion, external, content,
discriminant, predictive, and facial validation. Regarding reliability, the most evaluated
properties were internal consistency and reproducibility, usually temporal stability.

Both validity and reliability are considered important factors to guarantee the quality
of measurement instruments. Therefore, their rigorous evaluation is necessary [38,39].
Validity concerns the instrument measuring precisely what it purports to measure [40].
Construct validity assesses the degree to which an instrument can measure a concept that
cannot be measured directly, the construct. Predictive validity (the ability of the instrument
to predict an evaluated criterion) and concurrent validity (where scores of the measure
under evaluation are correlated with the scores of another measure that evaluates the same
construct) are categories of criterion validity. All evidence of validity leads to evidence of
construct validity [38].

Classical test theory emphasizes the importance of reliability in measurement, assert-
ing that any measurement result comprises both the “true” score and measurement error.
Achieving a perfect score requires eliminating measurement errors, making instrument
development crucial [38]. Test–retest reliability and internal consistency are key aspects of
reliability assessment, evaluating item equivalence and interrater reliability [41,42].

Higher reliability coefficients (ranging from 0.00 to 1.00) signify more excellent reliabil-
ity. Internal consistency, often assessed with Cronbach’s alpha, gauges item comparability
and accuracy, with increased items improving measurement precision. Employing multiple
items enhances measurement reliability and accuracy [38].

It is important to highlight that, despite all tools evaluating FN and most of them
being developed based on the same previous tool, they differ among the number of items
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and scales, and some use different domains and types of items. In this sense, studies that
used different tools cannot be compared since they evaluate FN in different ways.

Finally, it is essential to emphasize that this review has some limitations, including
language barriers, as studies written in languages other than English were translated on
virtual platforms, which may have led to the loss of some information. Furthermore, the
focus of the study was to present the tools available for assessing FN in children, not includ-
ing a set of studies that used these tools and their respective results. Future research could
focus on gathering evidence on the results of applying these tools to different populations.
As strengths, the study provides the first comprehensive and critical view of the tools
used to measure children’s dietary FN, highlighting their strengths and contributions to
understanding this issue. Future research can benefit from reviews such as this one by
exploring the causes of childhood FN, improving the assessment tools already available to
deal with it more effectively, and expanding the foundation for building future instruments,
especially in countries that do not have this type of study.

4. Conclusions

This study presented a complete overview of the tools used to measure children’s FN
by an integrative review with a systematic approach. The geographic distribution of these
studies, more concentrated in Europe, demonstrated the possible lack of dissemination of
the topic globally, making it challenging to identify the prevalence of FN in children in
countries where validated tools are unavailable.

Among the 18 tools found in this study, six were represented by adaptations of FNS
and CFNS [1,15], demonstrating the relevance of this pioneering tool in detecting FN.
However, there is a need to make more current instruments available, capable of being
answered by children, involving appropriate language and experiences common to this
audience. Instruments that consider this group’s specificities include different age groups
(from babies to older children), considering the cultural characteristics specific to each
country. It is essential to highlight that cultural issues must be considered when producing
an instrument to assess FN. Modifications made in the tools in many nations highlight their
adaptability and effectiveness in addressing regional variations in cognition and culture.

The preponderance of measures reported by caregivers highlights the importance
of parents and other caregivers in this situation. Nevertheless, it is also important to
emphasize the value of considering children’s views. We can understand more about FN if
we consider age-related differences, as well as the wide range of rating scales and items of
the instruments.

The review also highlighted the value of using standardized tests to identify children’s
FN. Even with the effort made to detect only validated instruments in the literature, it is
noteworthy that it is impossible to list the best or most appropriate instrument to measure
FN, because this choice will depend on specific conditions, such as information relating
mainly to the age group to be studied, the country, and the individual who will respond to
the instrument (child/caregiver).

Considering the study’s objective of identifying instruments to measure FN in children
and analyzing their differences, the importance of considering cultural influences in the
development and adaptation of such assessment tools should be considered. The impact
of culture on the acceptance and rejection of foods is evident, as different societies may
have different attitudes towards different foods. This requires careful consideration of the
cultural context when developing instruments to assess food consumption, especially FN.
In summary, this study highlights the importance of incorporating cultural adaptations in
developing assessment instruments to ensure their relevance and effectiveness in diverse
cultural contexts.

Childhood FN is significantly complex, needing special attention and care for a thor-
ough and accurate assessment. Thus, using validation approaches ensures the quality of
instruments to obtain diagnostic measures that support the treatment. Healthcare profes-
sionals, especially nutritionists, must keep up with the most recent assessment techniques
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as understanding the subject improves the design of effective feeding patterns and support
systems for kids with FN. The studied instruments can contribute to additional research
to help better understand and address the prevalence of FN in children, resulting in their
health and well-being.
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Appendix A

Table A1. Databases and terms used to search reference instruments used in the world to identify the
prevalence of FN in children.

Database Search (24 January 2023)

MEDLINE via Pubmed

(“Avoidant Restrictive Food Intake Disorder”[MeSH Terms] OR
“Avoidant Restrictive Food Intake Disorder”[Title/Abstract] OR

“food neophobia”[Title/Abstract] OR “choosy eating”[Title/Abstract]
OR “food refusal”[Title/Abstract] OR “food

rejection”[Title/Abstract] OR “food aversion”[Title/Abstract] OR
“feeding neophobia”[Title/Abstract] OR “picky

eating”[Title/Abstract] OR “picky eaters”[Title/Abstract]) AND
(“child”[MeSH Terms] OR “child”[Title/Abstract] OR

“children”[Title/Abstract] OR “infant”[Title/Abstract] OR “child
preschool”[Title/Abstract] OR “schoolchildren”[Title/Abstract] OR
“child nutrition”[Title/Abstract] OR “child feeding”[Title/Abstract]

OR “parent”[Title/Abstract] OR “parents”[Title/Abstract] OR
“guardian”[Title/Abstract] OR “guardians”[Title/Abstract] OR
“caregiver”[Title/Abstract] OR “caregivers”[Title/Abstract] OR

“mother”[Title/Abstract] OR “mothers”[Title/Abstract] OR
“father”[Title/Abstract] OR “fathers”[Title/Abstract] OR

“son”[Title/Abstract] OR “sons”[Title/Abstract] OR
“daughter”[Title/Abstract] OR “daughters”[Title/Abstract] OR

“sibling”[Title/Abstract] OR “siblings”[Title/Abstract] OR
“family”[Title/Abstract] OR “families”[Title/Abstract])

Embase

‘(‘avoidant restrictive food intake disorder’/exp OR ‘avoidant
restrictive food intake disorder’ OR ‘food neophobia’:ti,ab,kw OR

‘choosy eating’:ti,ab,kw OR ‘food refusal’:ti,ab,kw OR ‘food
rejection’:ti,ab,kw OR ‘food aversion’:ti,ab,kw OR ‘feeding
neophobia’:ti,ab,kw OR ‘picky eating’:ti,ab,kw OR ‘picky

eaters’:ti,ab,kw) AND (‘child’ OR ‘child’/exp OR child OR
children:ti,ab,kw OR infant:ti,ab,kw OR ‘child preschool’:ti,ab,kw OR

schoolchildren:ti,ab,kw OR ‘child nutrition’:ti,ab,kw OR ‘child
feeding’:ti,ab,kw OR parent:ti,ab,kw OR parents:ti,ab,kw OR

guardian:ti,ab,kw OR guardians:ti,ab,kw OR caregiver:ti,ab,kw OR
caregivers:ti,ab,kw OR mother:ti,ab,kw OR mothers:ti,ab,kw OR

father:ti,ab,kw OR fathers:ti,ab,kw OR son:ti,ab,kw OR sons:ti,ab,kw
OR daughter:ti,ab,kw OR daughters:ti,ab,kw OR sibling:ti,ab,kw OR

siblings:ti,ab,kw OR family:ti,ab,kw OR families:ti,ab,kw)
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Table A1. Cont.

Database Search (24 January 2023)

Web of Science

TS = (“School Feeding” OR “Nutrition Programs and Policies” OR
“School Meal” OR “School Meals” OR “School Meal Quality” OR

“School Lunch” OR “School Lunches” OR “School Food Service” OR
“School Food Services” OR “Brazilian National School Feeding

Program” OR “National School Food Program” OR “School Feeding
Program” OR “School Feeding Programs” OR “School Feeding
Programmes” OR “School Nutrition” OR “School canteens” OR

“School canteen”) AND TS = (“Sustainable development” OR “Waste
management” OR “Sustainable” OR “Sustainability” OR

“Environmental Sustainability” OR “Economic Sustainability” OR
“Social Sustainability”)

Scopus

(TS = (“Avoidant Restrictive Food Intake Disorder”) OR TS = (“food
neophobia”) OR TS = (“choosy eating”) OR TS = (“food refusal”) OR
TS = (“food rejection”) OR TS = (“food aversion”) OR TS = (“feeding

neophobia”) OR TS = (“picky eating”) OR TS = (“picky eaters”))
AND (TS = (child) OR TS = (children) OR TS = (infant) OR

TS = (“child preschool”) OR TS = (schoolchildren) OR TS = (“child
nutrition”) OR TS = (“child feeding”) OR TS = (parent) OR
TS = (parents) OR TS = (guardian) OR TS = (guardians) OR
TS = (caregiver) OR TS = (caregivers) OR TS = (mother) OR

TS = (mothers) OR TS = (father) OR TS = (fathers) OR TS = (son) OR
TS = (sons) OR TS = (daughter) OR TS = (daughters) OR TS = (sibling)

OR TS = (siblings) OR TS = (family) OR TS = (families))

Lilacs

‘((“Avoidant Restrictive Food Intake Disorder”) OR (“food
neophobia”) OR (“choosy eating”) OR (“food refusal”) OR (“food

rejection”) OR (“food aversion”) OR (“feeding neophobia”) OR
(“picky eating”) OR (“picky eaters”) OR (“transtorno da evitação ou
restrição da ingestão de alimentos”) OR (“neofobia alimentar”) OR
(“Trastorno de la Ingesta Alimentaria Evitativa/Restrictiva”) OR

(“F03.400.157”)) AND ((child) OR (Niño) OR (children) OR (infant)
OR (“child preschool”) OR (schoolchildren) OR (“child nutrition”)
OR (“child feeding”) OR (parent) OR (parents) OR (guardian) OR

(guardians) OR (caregiver) OR (caregivers) OR (mother) OR
(mothers) OR (father) OR (fathers) OR (son) OR (sons) OR (daughter)
OR (daughters) OR (sibling) OR (siblings) OR (family) OR (families)
OR (criança) OR (crianças) OR (“M01.060.406”) OR (“pré-escolar”)

OR (“pré-escolares”) OR (escolar) OR (escolares))
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Abstract: Food waste is considered to be a social, environmental, administrative, and economic
problem. Given the large-scale production and distribution of food, food waste in food services
has been widely discussed by experts, professors, and scientists in the field. This systematic review
aimed to understand which food service has the highest percentage of plate food waste. A systematic
review and meta-analysis were conducted until January 2024 in ten electronic databases: MEDLINE,
Embase, IBECS, BINACIS, BDENF, CUMED, BDNPAR, ARGMSAL, Cochrane Library, Sustainable
Development Goals, and the gray literature. The protocol was previously registered with PROSPERO
under the code CRD42024501971. Studies that have assessed plate food waste in food services were
included. There were no restrictions on language, publication location, or date. The risk of bias
analysis was carried out using the JBI instrument. A proportion meta-analysis was carried out
using R software (version 4.2.1). This systematic review with meta-analysis showed that the type of
distribution and the food service are the factors that have the greatest impact on the percentage and
per capita of plate food waste. In the face of increased waste, interventions should be targeted by
type and distribution system, diners, and meals in order to lessen the impact of these factors.

Keywords: food waste; food services; sustainability; collective feeding

1. Introduction

Food services include commercial and institutional establishments, and they aim to
manage the production of nutritionally balanced meals with good hygienic and sanitary
standards for consumption outside the home. They may contribute to maintaining or
recovering the health of groups and help to develop eating habits [1,2].

The success of a food service operation lies in the precise definition of its objectives,
its administrative structure, its physical facilities and human resources, and, above all, the
standardization of all the operations carried out, which must be supported by the five
elements of the administrative process: forecasting, organization, command, coordination
and control. Processes are a set of inter-related activities designed to optimize quality
customer service. For a process to take place, the transformation of food and drink (input)
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into products/meals (outputs) must occur [3]. Given the production process carried out on
a large scale in food services, the waste of food, water, materials, and energy, among other
things, has been one of the biggest problems due to leftovers and food scraps [4].

In the area of food, the impact of waste is a social, environmental, administrative, and
economic problem, leading to an annual global cost of USD 2.65 billion, so that almost a
third of all food produced is wasted annually [5]. This not only represents a huge waste
of natural resources such as water, energy, and land, but also contributes significantly to
greenhouse gas emissions associated with food production. Studies show the relationship
between waste and the reallocation of wasted food to cover hunger in various nations [6–8].
According to the data described by some studies, 10 tons of food that have been wasted
could feed 12,470 people [9–11].

In this way, reducing food waste worldwide is directly associated with the amount
of wasted food that could feed countless families in situations of hunger and food and
nutritional insecurity. At a global level, food and nutritional insecurity affect not only low-
and middle-income countries but also high-income countries such as the United States of
America [12,13].

To quantify food waste, the percentage of leftovers, i.e., the ratio between the leftovers
returned on the trays by the diner and the amount of food and food preparations offered, is
used and expressed as a percentage. The control of leftovers aims to assess the adequacy
of the quantities prepared concerning consumption needs, portioning in distribution,
and acceptance of the menu. In healthy groups, less than 10% rates are acceptable as a
percentage of leftover intake [14]. Food waste in food services can serve as a measure of
the quality of the service. The variables of food seasonality and handler training should be
considered in any food service that aims to optimize its actions in the use of food [15].

Considering that leftover food interferes in many social, environmental, and economic
areas, resulting in significant impacts on sustainability, this systematic review aimed to
understand which food service has the highest percentage of plate food waste. The data
from this study will be important for adopting specific campaigns and actions according to
the frequency of waste.

2. Materials and Methods

A systematic review and meta-analysis were carried out according to the recom-
mendations of the Cochrane Collaboration [16] and written according to the PRISMA
checklist [17]. The study protocol was previously registered on the PROSPERO platform
under the code CRD42024501971.

2.1. Search Strategy

To answer the question “Does the frequency of food waste differ by type of food
service?”, we searched ten different independent databases: MEDLINE (PubMed), Em-
base; Cochrane Library Collaboration; Índice Bibliográfico Espanhol em Ciências de la Salud
(IBECS), Bibliografía Nacional en Ciencias de la Salud Argentina (BINACIS), Base de dados de
Enfermagem (BDENF), Committee on Undergraduate Medical Education (CUMED), Base de
Datos Nacional del Paraguay (BDNPAR), Revista Argentina de Salud Pública (ARGMSAL), and
Sustainable Development Goals (SDGs). In addition, a manual search was carried out in
the included reference lists to understand local studies published in journals not indexed
in the databases evaluated.

There were no language, date, document type, or publication status restrictions to
including records. The search for studies was carried out in January 2024 and included
studies up to this date. The descriptors were identified in Medical Subject Headings
(MeSHs), Health Sciences Descriptors (DeCSs), and Embase Subject Headings (Emtree).
Subsequently, the descriptors were combined with the Boolean operator AND, while their
synonyms were combined with the Boolean operator OR. The search strategy adopted for
each database is presented in Table S1.
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2.2. Outcomes

The primary outcomes were plate food waste (or leftover food intake) (%) and per capita
plate food waste (or per capita leftover food intake) (kg), following Equations (1) and (2) [10]:

% plate food waste =
weight of plate food waste × 100

weight of meal distributed
(1)

Per plate food waste(kg) =
weight of plate food waste(kg)

number of served meals
(2)

2.3. Eligibility Criteria

Observational studies (cross-sectional, case-control, or cohort) and intervention studies
were included. Studies at food services such as hospital food service, school canteens,
restaurants, university restaurants, and popular restaurants that evaluated plate food waste
were included. Experimental studies, case series or case reports, trials, reviews, in vitro or
experimental animal studies, cost-effectiveness analyses, letters, comments, or editorials
were excluded.

2.4. Study Selection and Data Extraction

The studies found in the electronic search of the databases were exported in “ris”
format to the Rayyan Qatar Computing Research Institute application for systematic
reviews [18]. Two reviewers (NSG, MGR) screened the studies independently to determine
whether they met the inclusion criteria.

Two reviewers (NSG, MGR) independently examined the titles and abstracts to de-
termine whether they met the inclusion criteria. After this stage, a textual analysis of
the studies was carried out independently. An independent reviewer analyzed any dis-
crepancies. To create the extraction table, the following data were collected: reference
(author, year, title), study location, research design, follow-up period (weeks), population
characteristics (type of food service, diners, distribution method, and system), type of
menu served, number of served meals, definition plate food waste, and main results for the
outcomes assessed.

2.5. Quality Assessment

The Joanna Briggs Institute (JBI) tool was used to assess the methodological quality of
the systematic prevalence review [19]. Two researchers independently assessed the risk of
bias in the chosen studies. Disagreements between reviewers regarding potential bias in
specific studies were resolved through discussion, occasionally involving a third review
author. Studies were classified as having a low risk of bias if the total score was up to 49.0%,
moderate risk of bias if the score fell between 50.0% and 70.0%, and high risk of bias if it
was above 70.0%. The risk of bias in each study is described in Table S2 [20].

2.6. Meta-Analysis

This meta-analysis estimated the proportion of food waste using the crude proportions
(PRAW) method with random effect. We chose this method because it corrected for overes-
timations of the weight of studies with estimates very close to 0% or 100% [21]. Subgroup
analyses were carried out by type of food service, diners, distribution method, food service
management, type of meal, and distribution system. The random effects model assessed
heterogeneity, the chi-squared test was applied with a significance of p < 0.10, and its
magnitude was determined by the I-squared (I2). In the all analyses, a p-value < 0.05 was
considered statistically significant. The analyses were carried out using the ‘Meta’ packages
in the Rstudio software, version 4.2.1 (R: A Language and Environment for Statistical
Computing, Vienna, Austria).
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3. Results

A total of 4459 studies were found. After excluding 4379 duplicates, 80 titles and
abstracts were examined. Of these 80 records evaluated by full text, 49 were excluded
according to the eligibility criteria, as described in Table S3. Further, 31 were included
in the review studies via electronic database and 12 studies were added after a manual
search of the gray literature. For the meta-analysis, in total of 21 studies via the electronic
database and 9 of the gray literature were included. Therefore, 43 studies were included in
the systematic review, and 30 studies were eligible for meta-analysis (Figure 1).
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3.1. Characteristics of the Studies

Table 1 summarizes the main characteristics of the included studies. According to the
location of the study, 32 (74.4%) were carried out in America (Brazil and USA), five (11.6%)
in Asia (Indonesia, Taiwan, Libano, and China), five (11.6%) in Europe (Croatia, Denmark,
Latvia, Lithuania, and Finland), and one in South Africa (2.32%).
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ė,
20

19
[3

0]
Li

th
ua

ni
a

C
oh

or
t

R
es

ta
ur

an
t

D
in

er
s

Se
lf

-m
an

ag
ed

an
d

ou
ts

ou
rc

in
g

Pl
at

e
M

ix
ed

n.
i.

24

D
el

az
er

ie
ta

l.,
20

15
[3

1]
*

Br
az

il
C

oh
or

t
R

es
ta

ur
an

t
n.

i.
n.

i.
Tr

ay
s

Se
lf

-S
er

vi
ce

Lu
nc

h
1

G
al

eg
o

et
al

.,
20

14
[3

2]
*

Br
az

il
C

ro
ss

-s
ec

ti
on

al
n.

i.
Fo

od
Se

rv
ic

e
W

or
ke

rs
Se

lf
-m

an
ag

ed
n.

i.
n.

i.
Lu

nc
h

2

48



Nutrients 2024, 16, 1429

Ta
bl

e
1.

C
on

t.

A
ut

ho
r

an
d

Ye
ar

Lo
ca

l
D

es
ig

n
Fo

od
se

rv
ic

e
Ty

pe
D

in
er

s
Se

lf
-M

an
ag

ed
or

O
ut

so
ur

ci
ng

U
te

ns
il

s
D

is
tr

ib
ut

io
n

Sy
st

em
M

ea
l

Pe
ri

od
of

D
at

a
C

ol
le

ct
io

n
(W

ee
ks

)

Il
ic

et
al

.,
20

22
[3

3]
C

ro
at

ia
C

ro
ss

-s
ec

ti
on

al
Pr

im
ar

y
Sc

ho
ol

D
in

er
s

n.
i.

Pl
at

e
+

Tr
ay

s
A

la
ca

rt
e

Lu
nc

h
1

Li
u

et
al

.,
20

16
[3

4]
C

hi
na

Pi
lo

ts
tu

dy
Pr

im
ar

y
Sc

ho
ol

D
in

er
s

n.
i.

Pl
at

e
+

Tr
ay

s
A

la
ca

rt
e

Lu
nc

h
n.

i.

Lo
ns

ka
et

al
.,

20
22

[3
5]

La
tv

ia
C

ro
ss

-s
ec

ti
on

al
Pr

im
ar

y
Sc

ho
ol

D
in

er
s

n.
i.

Pl
at

e
+

Tr
ay

s
A

la
ca

rt
e

Lu
nc

h
1

M
ac

ha
do

et
al

.,
20

14
[3

6]
*

Br
az

il
C

as
e

re
po

rt
R

es
ta

ur
an

t
Fo

od
Se

rv
ic

e
W

or
ke

rs
n.

i.
Pl

at
e

n.
i.

Lu
nc

h
2

M
ar

ai
s

et
al

.,
20

17
[3

7]
So

ut
h

A
fr

ic
a

C
ro

ss
-s

ec
ti

on
al

R
es

ta
ur

an
t

D
in

er
s

+
Fo

od
Se

rv
ic

e
W

or
ke

rs
O

ut
so

ur
ci

ng
n.

i.
n.

i.
Lu

nc
h

+
di

nn
er

1 2

M
at

ze
m

ba
ch

er
et

al
.,

20
20

[3
8]

*
Br

az
il

C
oh

or
t

R
es

ta
ur

an
t

n.
i.

Se
lf

-m
an

ag
ed

Pl
at

e
M

ix
ed

Lu
nc

h
4

M
ed

ei
ro

s
et

al
.,

20
14

[3
9]

Br
az

il
C

ro
ss

-s
ec

ti
on

al
n.

i.
n.

i.
n.

i.
Pl

at
e

n.
i.

Lu
nc

h
1 2

M
el

lo
et

al
.,

20
11

[4
0]

Br
az

il
C

ro
ss

-s
ec

ti
on

al
R

es
ta

ur
an

t
n.

i.
O

ut
so

ur
ci

ng
Pl

at
e

M
ix

ed
Lu

nc
h

+
di

nn
er

3

N
on

in
o

Bo
rg

es
et

al
.,

20
06

[4
1]

Br
az

il
C

ro
ss

-s
ec

ti
on

al
H

os
pi

ta
lF

oo
d

Se
rv

ic
e

D
in

er
s

+
Fo

od
Se

rv
ic

e
W

or
ke

rs
n.

i.
n.

i.
Se

lf
-S

er
vi

ce
Lu

nc
h

+
di

nn
er

2

O
fe

ie
ta

l.,
20

15
[4

2]
D

en
m

ar
k

C
ro

ss
-s

ec
ti

on
al

H
os

pi
ta

lF
oo

d
Se

rv
ic

e
D

in
er

s
Se

lf
-m

an
ag

ed
Pl

at
e

A
la

ca
rt

e
Lu

nc
h

+
Su

pp
er

5
da

ys

Pi
st

or
el

lo
et

al
.,

20
15

[4
3]

Br
az

il
C

ro
ss

-s
ec

ti
on

al
R

es
ta

ur
an

t
D

in
er

s
n.

i.
Pl

at
e

n.
i.

Sn
ac

ks
9

Po
nt

es
et

al
.,

20
22

[4
4]

Br
az

il
C

ro
ss

-s
ec

ti
on

al
R

es
ta

ur
an

t
D

in
er

s
n.

i.
Pl

at
e

M
ix

ed
Lu

nc
h

+
di

nn
er

+
Sn

ac
ks

40

Q
ue

m
el

li
et

al
.,

20
20

[4
5]

Br
az

il
C

ro
ss

-s
ec

ti
on

al
H

os
pi

ta
lF

oo
d

Se
rv

ic
e

Fo
od

Se
rv

ic
e

W
or

ke
rs

O
ut

so
ur

ci
ng

Pl
at

e
M

ix
ed

Lu
nc

h
2

R
ab

el
o

et
al

.,
20

16
[4

6]
Br

az
il

C
oh

or
t

R
es

ta
ur

an
t

Fo
od

Se
rv

ic
e

W
or

ke
rs

Se
lf

-m
an

ag
ed

Pl
at

e
+

Tr
ay

s
+

lu
nc

hb
ox

M
ix

ed
Lu

nc
h

4

49



Nutrients 2024, 16, 1429

Ta
bl

e
1.

C
on

t.

A
ut

ho
r

an
d

Ye
ar

Lo
ca

l
D

es
ig

n
Fo

od
se

rv
ic

e
Ty

pe
D

in
er

s
Se

lf
-M

an
ag

ed
or

O
ut

so
ur

ci
ng

U
te

ns
il

s
D

is
tr

ib
ut

io
n

Sy
st

em
M

ea
l

Pe
ri

od
of

D
at

a
C

ol
le

ct
io

n
(W

ee
ks

)

R
od

ri
gu

es
et

al
.,

20
15

[4
7]

Br
az

il
C

ro
ss

-s
ec

ti
on

al
Po

pu
la

r
Fo

od
Se

rv
ic

e
n.

i.
n.

i.
Tr

ay
s

n.
i.

Lu
nc

h
13

Sa
bi

no
et

al
.,

20
16

[4
8]

Br
az

il
C

ro
ss

-s
ec

ti
on

al
H

os
pi

ta
lF

oo
d

Se
rv

ic
e

D
in

er
s

+
Fo

od
Se

rv
ic

e
W

or
ke

rs
n.

i.
Lu

nc
hb

ox
n.

i.
n.

i.
2

Sa
nt

an
a

et
al

.,
20

19
[4

9]
Br

az
il

C
ro

ss
-s

ec
ti

on
al

H
os

pi
ta

lF
oo

d
Se

rv
ic

e
Fo

od
Se

rv
ic

e
W

or
ke

rs
O

ut
so

ur
ci

ng
Tr

ay
s

M
ix

ed
Lu

nc
h

1

Sa
pu

tr
ie

ta
l.,

20
19

[5
0]

*
In

do
né

si
a

C
ro

ss
-s

ec
ti

on
al

U
ni

ve
rs

it
y

R
es

ta
ur

an
t

D
in

er
s

+
Fo

od
Se

rv
ic

e
W

or
ke

rs
n.

i.
n.

i.
n.

i.
n.

i.
1

Sc
ho

lz
et

al
.,

20
19

[5
1]

*
Br

az
il

C
ro

ss
-s

ec
ti

on
al

R
es

ta
ur

an
t

Fo
od

Se
rv

ic
e

W
or

ke
rs

O
ut

so
ur

ci
ng

Tr
ay

s
n.

i.
Lu

nc
h

8

Si
lv

a
et

al
.,

20
10

[5
2]

*
Br

az
il

C
oh

or
t

H
os

pi
ta

lF
oo

d
Se

rv
ic

e
Fo

od
Se

rv
ic

e
W

or
ke

rs
Se

lf
-m

an
ag

ed
Tr

ay
s

Se
lf

-S
er

vi
ce

Lu
nc

h
8

Si
lv

en
no

in
en

et
al

.,
20

15
[5

3]
*

Fi
nl

an
d

C
as

e
st

ud
ie

s

Sc
ho

ol
s,

da
y-

ca
re

ce
nt

er
s,

U
ni

ve
rs

it
y

R
es

ta
ur

an
ts

,
R

es
ta

ur
an

ts
.

C
af

es
an

d
pe

tr
ol

st
at

io
ns

n.
i

n.
i

Pl
at

e
+

Tr
ay

s
+

lu
nc

h
bo

x
M

ix
ed

St
ra

pa
zz

on
et

al
.,

20
16

[5
4]

*
Br

az
il

C
ro

ss
-s

ec
ti

on
al

n.
i.

n.
i.

n.
i.

Tr
ay

s
n.

i.
n.

i.
n.

i.

So
uz

a
et

al
.,

20
22

[5
5]

Br
az

il
C

ro
ss

-s
ec

ti
on

al
H

os
pi

ta
lF

oo
d

Se
rv

ic
e

D
in

er
s

+
Pa

tie
nt

co
m

pa
ni

on
Se

lf
-m

an
ag

ed
Tr

ay
s

Se
lf

-S
er

vi
ce

Br
ea

kf
as

t,
m

or
ni

ng
sn

ac
k,

lu
nc

h,
af

te
rn

oo
n

sn
ac

k,
di

nn
er

,a
nd

ni
gh

ts
na

ck

5
da

ys

Th
ia

ga
ra

ja
h

et
al

.,
20

13
[5

6]
*

U
SA

C
oh

or
t

U
ni

ve
rs

it
y

R
es

ta
ur

an
t

D
in

er
s

+
Fo

od
Se

rv
ic

e
W

or
ke

rs
Se

lf
-m

an
ag

ed
Pl

at
e

Se
lf

-S
er

vi
ce

Lu
nc

h
+

di
nn

er
17

V
ia

na
et

al
.,

20
16

[5
7]

Br
az

il
C

ro
ss

-s
ec

ti
on

al
H

os
pi

ta
lF

oo
d

Se
rv

ic
e

D
in

er
s

+
Fo

od
Se

rv
ic

e
W

or
ke

rs
n.

i.
Pl

at
e

Se
lf

-S
er

vi
ce

Lu
nc

h
1

50



Nutrients 2024, 16, 1429

Ta
bl

e
1.

C
on

t.

A
ut

ho
r

an
d

Ye
ar

Lo
ca

l
D

es
ig

n
Fo

od
se

rv
ic

e
Ty

pe
D

in
er

s
Se

lf
-M

an
ag

ed
or

O
ut

so
ur

ci
ng

U
te

ns
il

s
D

is
tr

ib
ut

io
n

Sy
st

em
M

ea
l

Pe
ri

od
of

D
at

a
C

ol
le

ct
io

n
(W

ee
ks

)

V
ia

na
et

al
.,

20
17

[5
8]

Br
az

il
C

ro
ss

-s
ec

ti
on

al
Sc

ho
ol

C
an

te
en

s
Fo

od
Se

rv
ic

e
W

or
ke

rs
n.

i.
Tr

ay
s

M
ix

ed
Lu

nc
h

1 2

Z
an

do
na

di
et

al
.,

20
12

[5
9]

Br
az

il
C

ro
ss

-s
ec

ti
on

al
R

es
ta

ur
an

t
Fo

od
Se

rv
ic

e
W

or
ke

rs
n.

i.
Pl

at
e

M
ix

ed
Lu

nc
h

2

Z
ei

ne
dd

in
e

et
al

.,
20

21
[6

0]
*

Le
ba

no
n

Ec
ol

og
ic

st
ud

y
R

es
ta

ur
an

t
D

in
er

s
Se

lf
-m

an
ag

ed
an

d
ou

ts
ou

rc
in

g
Pl

at
e

M
ix

ed
D

in
ne

r
76

W
an

g
et

al
.,

20
17

[6
1]

*
C

hi
na

Su
rv

ey
st

ud
y

R
es

ta
ur

an
t

D
in

er
s

Se
lf

-m
an

ag
ed

an
d

ou
ts

ou
rc

in
g

Pl
at

e
M

ix
ed

D
in

ne
r

52

N
ot

e:
n.

i.
=

no
ti

nf
or

m
ed

.M
ix

ed
is

se
lf

-s
er

vi
ce

an
d

th
er

m
al

co
un

te
r.

*
A

rt
ic

le
s

ex
cl

ud
ed

fr
om

th
e

m
et

a-
an

al
ys

is
.

51



Nutrients 2024, 16, 1429

3.2. Meta-Analysis

In the analysis of plate food waste (%), 30 studies were included, evaluating 117,819 meals
and per capita plate food waste (kg). In the final column of Table 2, we have included the
percentage of interpretation of the most frequent case within the subgroup evaluated in the
meta-analysis to make it clearer. Studies not included in the meta-analysis due to lack of data
are described in Table S3.

Table 2. Food waste and total waste by type of food service, type of diners, type of distribution of
meals, and distribution system.

Number of Meals
Offered (Absolute

Number)
Plate Food Waste (kg) * Weight of

Studies

Plate Food Waste (%)
by Subgroup

Categories

Food Service Type: Hospital Food Service

Chaves et al., 2019 [28] 152 7.76 2.9%

77.7%

Nonino Borges et al., 2006 [41] 650 24.0 3.8%

Ofei et al., 2015 [42] (1) 142 8.62 2.7%

Ofei et al., 2015 [42] (2) 114 6.1 2.6%

Quemelli et al., 2020 [45] 184 7.15 3.2%

Sabino et al., 2016 [48] 505 39.62 3.4%

Santana et al., 2019 [49] 221 7.25 3.4%

Souza et al., 2022 [55] 1472 7.7 4.0%

Viana et al., 2016 [57] 67 3.0 2.2%

Total 3507 111.2 28.1%

Food Service Type: School Canteens

Byker et al., 2014 [26] 304 45.3 2.6%

10.5%

Ilic et al., 2022 [33] 17,163 21 4.0%

Liu et al., 2016 [34] 923 11.99 3.9%

Lonska et al., 2022 [35] 7064 28.75 4.0%

Viana et al., 2017 [58] 2329 13.74 4.0%

Total 27,783 120.78 18.6%

Food Service Type: Restaurant (Commercial Food Service)

Augustini et al., 2008 [10] 4803 6.45 4.0%

7.3%

Carvalho et al., 2013 [11] 5849 6.87 4.0%

Chang, 2021 [27] 360 0.93 4.0%

Dagiliūtė and Musteikytė, 2019 [30] 174 14.74 2.6%

Marais et al., 2017 [37] 586 16.90 3.8%

Mello et al., 2011 [40] 3500 10.71 4.0%

Pistorello et al., 2015 [43] 8389 30.71 4.0%

Pontes et al., 2022 [44] 7997 6.67 4.0%

Rabelo et al., 2016 [46] 440 9.45 3.8%

Zandonadi et al., 2012 [59] 1646 4.39 4.0%

Total 33,744 101.15 38.2%

Food Service Type: University Restaurant

Bicalho et al., 2013 [24] 193 10.67 3.0%

2.7%
Borges et al., 2019 [25] 1150 8.68 4.0%

Coimbra et al., 2019 [29] 23,195 7.51 4.0%

Total 24,538 26.86 11.0%
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Table 2. Cont.

Number of Meals
Offered (Absolute

Number)
Plate Food Waste (kg) * Weight of

Studies

Plate Food Waste (%)
by Subgroup

Categories

Food Service Type: Popular Food Service

Rodrigues et al., 2015 [47] 26,110 18.97 4.0% 1.7%

Total overall 1,115,682 378.96 100.0% 100.0%

Diners type: Diners and food service workers

Borges et al., 2019 [25] 1150 8.68 4.5%

69.95%

Marais et al., 2017 [37] 586 16.9 4.3%

Nonino Borges et al., 2006 [41] 650 24 4.2%

Sabino et al., 2016 [48] 505 39.62 3.8%

Viana et al., 2016 [57] 67 3.0 2.6%

Total 2958 92,2 19.3%

Diners type: Food Service Workers

Augustini et al., 2008 [10] 4803 6.45 4.5%

9.41%

Bardini et al., 2014 [23] 1125 8.67 4.5%

Carvalho et al., 2013 [11] 5849 6.87 4.5%

Chaves et al., 2019 [28] 152 7.76 3.3%

Quemelli et al., 2020 [45] 184 7.15 3.6%

Rabelo et al., 2016 [46] 440 9.45 4.3%

Santana et al., 2019 [49] 221 7.25 3.8%

Total 12,774 53.6 28.4%

Diners type: Diners

Byker et al., 2014 [26] 304 45.3 3.0%

8.96%

Chang, 2021 [27] 360 0.93 4.5%

Dagiliūtė and Musteikytė, 2019 [30] 174 14.74 2.9%

Ilic et al., 2022 [33] 17,163 21 4.5%

Liu et al., 2016 [34] 923 11.99 4.4%

Lonska et al., 2022 [35] 7064 28.75 4.5%

Ofei et al., 2015 [42] (1) 142 8.62 3.0%

Ofei et al., 2015 [42] (2) 114 6.1 2.9%

Pistorello et al., 2015 [43] 8389 30.71 4.5%

Pontes et al., 2022 [44] 7997 6.67 4.5%

Viana et al., 2017 [58] 2329 13.74 4.5%

Zandonadi et al., 2012 [59] 1646 4.395 4.5%

Total 46,605 186 47.8%

Diners type: Diners and patients’ companions

Souza et al., 2022 [55] 1472 7.7 4.5% 11.65%

Total overall 63,809 339.77 100.0% 100.0%

Type of distribution: Lunch Box

Sabino et al., 2016 [48] 505 39.62 3.6% 72.82%

Type of distribution: Lunch Box + Plate + Tray

Rabelo et al., 2016 [46] 440 9.45 4.0% 19.94%

Type of distribution: Plate

Bardini et al., 2014 [23] 1125 8.67 4.2%

3.33%Bicalho et al., 2013 [24] 193 10.67 3.2%

Borges et al., 2019 [25] 1150 8.68 4.2%
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Table 2. Cont.

Number of Meals
Offered (Absolute

Number)
Plate Food Waste (kg) * Weight of

Studies

Plate Food Waste (%)
by Subgroup

Categories

Byker et al., 2014 [26] 304 45.3 2.8%

3.33%

Chaves et al., 2019 [28] 152 7.76 3.1%

Coimbra et al., 2019 [29] 23,195 7.51 4.2%

Dagiliūtė and Musteikytė, 2019 [30] 174 14.74 2.8%

Mello et al., 2011 [40] 3500 10.71 4.2%

Ofei et al., 2015 [42] (1) 142 8.62 2.9%

Ofei et al., 2015 [42] (2) 114 6.1 2.8%

Pistorello et al., 2015 [43] 8389 30.71 4.2%

Pontes et al., 2022 [44] 7997 6.67 4.2%

Quemelli et al., 2020 [45] 184 7.15 3.4%

Souza et al., 2022 [55] 1472 7.7 4.2%

Viana et al., 2016 [57] 67 3.0 2.4%

Zandonadi et al., 2012 [59] 1646 4395 4.2%

Total 49,804 181.71 56.7%

Type of distribution: Tray

Aranha et al., 2018 [9] 152 8.73 3.0%

1.85%

Medeiros et al., 2014 [39] 896 9.96 4.1%

Rodrigues et al., 2015 [47] 26,110 18.97 3.6%

Santana et al., 2019 [49] 221 7.25 4.2%

Viana et al., 2017 [58] 2329 13.74 4.2%

Total 29,708 58.65 19.1%

Type of distribution: Plate + Tray

Augustini et al., 2008 [10] 4803 6.45 4.2%

2.13%

Ilic et al., 2022 [33] 17,163 21 4.2%

Liu et al., 2016 [34] 923 11.99 4.1%

Lonska et al., 2022 [35] 7064 28.75 4.2%

Total 29,953 68.19 16.7%

Total overall 110,410 357.62 100.0% 100.0%

Management Mode: Self-Management

Borges et al., 2019 [25] 1150 8.68 14.8%

87.40%

Carvalho et al., 2013 [11] 5849 6.87 15.1%

Marais et al., 2017 [37] 586 16.9 12.8%

Mello et al., 2011 [40] 3500 10.71 15.1%

Quemelli et al., 2020 [45] 184 7.15 8.4%

Santana et al., 2019 [49] 221 7.25 9.7%

Total 696 24.17 75.9%

Management Mode: Outsourcing

Ofei et al., 2015 [42] (1) 142 8.62 5.9%

12.60%
Ofei et al., 2015 [42] (2) 114 6.1 5.5%

Rabelo et al., 2016 [46] 440 9.45 12.8%

Total 11,490 57.56 24.1%

Total overall 12,186 81.73 100.0% 100.0%

Meal type: Lunch and Dinner

Augustini et al., 2008 [10] 4803 6.45 4.1%
5.24%

Borges et al., 2019 [25] 1150 8.68 4.1%
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Table 2. Cont.

Number of Meals
Offered (Absolute

Number)
Plate Food Waste (kg) * Weight of

Studies

Plate Food Waste (%)
by Subgroup

Categories

Marais et al., 2017 [37] 586 16.9 3.8%

5.24%

Mello et al., 2011 [40] 3500 10.71 4.1%

Nonino Borges et al., 2006 [41] 650 24 3.8%

Pontes et al., 2022 [44] 7997 6.67 4.1%

Total 18,686 66.74 24.0%

Meal type: Snacks

Pistorello et al., 2015 [43] 8389 30.71 4.1% 5.38%

Meal type: Lunch

Aranha et al., 2018 [9] 152 8.73 2.5%

2.91%

Bardini et al., 2014 [23] 1125 8.67 4.1%

Bicalho et al., 2013 [24] 193 10.67 2.7%

Byker et al., 2014 [26] 304 45.3 2.3%

Carvalho et al., 2013 [11] 5849 6.87 4.1%

Chaves et al., 2019 [28] 152 7.76 2.6%

Coimbra et al., 2019 [29] 23,195 7.51 4.1%

Ilic et al., 2022 [33] 17,163 21 4.1%

Liu et al., 2016 [34] 923 11.99 4.0%

Lonska et al., 2022 [35] 7064 28.75 4.1%

Medeiros et al., 2014 [39] 896 9.96 4.0%

Ofei et al., 2015 [42] (1) 142 8.62 2.4%

Quemelli et al., 2020 [45] 184 7.15 3.0%

Rabelo et al., 2016 [46] 440 9.45 3.8%

Rodrigues et al., 2015 [47] 26,110 18.97 4.1%

Santana et al., 2019 [49] 221 7.25 3.3%

Viana et al., 2016 [57] 67 3.0 1.9%

Viana et al., 2017 [58] 2329 13.74 4.1%

Zandonadi et al., 2012 [59] 1646 4395 4.1%

Total 62,559 124.12 65.5%

Meal type: Supper

Ofei et al., 2015 [42] (2) 114 6.1 2.2% 77.87%

Meal type: Small and large meals **

Souza et al., 2022 1472 7.7 4.1% 7.56%

Total overall 116,816 351.03 100.0% 100.0%

Distribution system: Self-Service

Bardini et al., 2014 [23] 1125 8.67 4.4%

61.42%

Bicalho et al., 2013 [24] 193 10.67 3.2%

Byker et al., 2014 [26] 30.10 45.3 2.8%

Carvalho et al., 2013 [11] 5849 6.87 4.4%

Chaves et al., 2019 [28] 152 7.76 3.1%

Nonino Borges et al., 2006 [41] 650 24 4.1%

Viana et al., 2016 [57] 67 3.0 2.4%

Total 13,143 112.72 24.5%

Distribution system: A la carte

Ilic et al., 2022 [33] 27.12 21 4.4%
22.14%

Liu et al., 2016 [34] 11.7 11.99 4.3%
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Table 2. Cont.

Number of Meals
Offered (Absolute

Number)
Plate Food Waste (kg) * Weight of

Studies

Plate Food Waste (%)
by Subgroup

Categories

Lonska et al., 2022 [35] 4.5 28.75 4.4%

22.14%

Ofei et al., 2015 [42] (1) 21.5 8.62 2.9%

Ofei et al., 2015 [42] (2) 23.4 6.1 2.8%

Souza et al., 2022 [55] 11.1 7.7 4.4%

Total 26,878 84.16 23.2%

Distribution system: Mixed ***

Aranha et al., 2018 [9] 152 8.73 3.0%

16.42%

Augustini et al., 2008 [10] 23.2 6.45 4.4%

Borges et al., 2019 [25] 1150 8.68 4.4%

Chang, 2021 [27] 25.12 0.93 4.4%

Coimbra et al., 2019 [29] 23,195 7.51 4.4%

Dagiliūtė and Musteikytė, 2019 [30] 22.6 14.74 2.8%

Mello et al., 2011 [40] 31.7 10.71 4.4%

Pontes et al., 2022 [44] 22.11 6.67 4.4%

Quemelli et al., 2020 [45] 184 7.15 3.5%

Rabelo et al., 2016 [46] 440 9.45 4.2%

Santana et al., 2019 [49] 221 7.25 3.7%

Viana et al., 2017 [58] 2329 13.74 4.4%

Zandonadi et al., 2012 [59] 1646 4.39 4.4%

Total 41,348 93.28 52.3%

Total overall 81,369 290.16 100.0% 100.0%

Note: * Weight of plate food waste is total weight for the amount of people; ** Breakfast, snacks, lunch, dinner,
and supper. Small meal is snacks + supper. Large dinner is breakfast + lunch + dinner. *** Mixed is a self-service
and thermal counter.

3.3. Plate Food Waste (in Percentual)

Table 2 summarizes the analysis of the included studies. Analyzing the percent-
age of plate food waste according to the type of food service, hospital food service
(n = eight studies) is the type of service with the highest rate of plate waste (77.7%) and
popular restaurants has the lowest rate (1.7%). The second highest percentage of plate
food waste was observed in school canteens (n = five; 10.5%), commercial food service
(n = ten studies; 7.3%), and university canteens (n = three studies; 2.7%), respectively.

Concerning the diners’ groups, diners and food service workers (n = five stud-
ies) had the highest percentage of plate waste, 69.95%, followed by diners and patient
companions, 11.65%.

According to the forms of distribution, the study that only analyzed the distribution
of meals in lunchboxes (n = 1 study) obtained a percentage approximately 3× higher,
with 72.82% of plate waste, compared to the second highest type of waste, which would
be distribution by plates, trays, and lunchboxes (n = 1 study) with 19.94%. With even
lower percentages are distribution on plates (n = 15 studies; 3.33%), followed by trays
(n = 4 studies; 1.85%), and the lowest percentage represented by the trays and plates
subgroup (n = 4 study; 2.13%).

According to the type of management, they were classified as self-management
(n = two studies) and outsourced (n = six studies). Self-management had the highest
percentage of leftover food, with 87.40%, followed by outsourced management (12.60%).

According to the meal type, we used data from lunch (n = 19 studies), large meals
(n = 6 studies), small and large meals and supper (n = 1 study), and snacks in general
(n = 1 study). Supper accounted for the highest percentage of leftovers (77.87%), followed
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by small and large meals (7.56%), and lunch had the lowest percentage of plate waste
food (2.91%).

According to the distribution system, they were classified as self-service (n = 8 studies),
a la carte (n = 5 studies), and mixed (n = 12 studies), with the former having a higher
percentage of plate waste (61.42%) and the latter a lower percentage of plate waste (16.42%).

3.4. Per Capita Waste (kg)

When analyzing the per capita number of leftovers according to the type of food
service, it was possible to see that hospital food service and university canteens are the
types of service with the highest per capita waste of leftovers (0.03 kg/per capita/meal).
However, the other services, such as popular restaurants, school canteen food service, and
commercial food service, obtained a per capita equal to zero, given the lower waste in
their analysis (Table 3). The study by Chang and collaborators (2021) evaluating buffet
restaurants [27] did not present per capita value.

Table 3. Number of meals offered, plate food waste per capita (kg and %) by type of food service,
type of diners, type of distribution, type of meal, and distribution system.

Number of Meals
Offered (Absolute

Number)

Per Capita (kg) Plate Food Waste
in the Period of the Study

Plate Food Waste per
Capita (%)

Food Service Type
University Restaurant 37,788 9.92 0.03
Hospital Food Service 4222 0.95 0.02

Restaurant 54,685 4.00 0.01
School Canteens 20,415 0.08 0.00

Popular Food Service 26,110 0.09 0.00
Type of diners

Food Service Workers 25,175 2.37 0.01
Diners and Food Service Workers 16,208 0.57 0.00

Diners 38,621 0.23 0.00
Diners and Companies 1472 0.03 0.00

Type of distribution
Lunchbox 505 0.17 0.03

Plate + Tray 22,889 0.74 0.00
Plate 69,546 3.92 0.01

Lunch Box + Plate + Tray 440 0.06 0.01
Tray 40,498 1.01 0.00

Distribution Modality
Self-Management 15,005 3.77 0.03

Outsourcing 16,078 0.54 0.00
Type of Meal

Lunch 102,599 5.52 0.01
Lunch and Dinner 27,866 1.11 0.00

Snacks 8389 0.07 0.00
Small and Large meals * 1472 0.03 0.00

Distribution System
Mixed ** 45,335 4.05 0.01

Self-Service 28,246 1.55 0.01
Assisted service 19,558 0.03 0.00

Note: * Breakfast, snacks, lunch, dinner, and supper. Small meal is snacks + supper. Large dinner is breakfast +
lunch + dinner. ** Mixed is self-service and thermal counter.

Concerning the diners’ groups, the food service workers group obtained a per capita
leftovers (per capita waste) of 0.01 kg, and the other subgroups, such as customers and
employees as well as only customers, obtained a per capita equal to zero, given the lower
waste in their analysis (Table 3).
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According to the forms of distribution, the distribution in lunch boxes had a per capita
leftover intake of 0.03 kg, followed by the trays and plates subgroup (0.02 kg), and 0.01 kg
of the plates subgroup, and the distribution on plates, trays, and lunch boxes. It is worth
noting that distribution on trays, due to their lower waste, accounted for zero kg in the
analysis (Table 3). According to the management method, only the self-management had
a per capita leftover different from zero (0.03 kg). For the type of meal, only lunch and
large meals had a per capita different from zero (0.01 kg), while the snacks had zero kg/per
capita. Even so, regarding the distribution system, both self-service and mixed service had
0.01 kg/per capita.

4. Discussion

Food waste is not only ethically unacceptable but has essential impacts on human
health, food safety, and the environment. Plate food waste can be avoided, and its preven-
tion is fundamental, but it depends on an individual’s awareness [61]. Studying data about
plate food waste is essential to raise public awareness about the need for change.

This systematic review aimed to understand which food service has the highest plate
food waste. It is estimated that in developing countries, food loss occurs mainly during the
first stages of the food supply chain (post-harvest production and distribution due to lack
of financial, technical, and management resources), while food waste in consumption tends
to be lower than that of developed countries [61]. Despite not being studied, it probably
occurs due to the food insecurity experienced in some developing countries and the concern
about food waste in this context. Therefore, it is expected that there will be more studies on
food waste in countries that suffer from food insecurity, as seen in this systematic review,
in which around 70% of the studies were carried out in Brazil (Table 1).

This systematic review showed that hospital food service (n = nine studies) is the
type of service with the highest rate of plate food waste (4.9%), and popular restaurants
presented the lowest rate (0.07%). Hospital food service also has the highest per capita
plate food waste (0.03 kg), which is justified by patients’ health conditions, the menus
served, service, and hospital environmental issues [42]. These results can also be expected
since hospital consumers are generally affected by illness or taking medications that can
impair their appetite [28,41,45,48,49,52,57]. It is important to mention that five studies
only evaluated the lunch meal, and others evaluated lunch and dinner or supper or all
the meals. On the other hand, popular restaurants (or community restaurants) are part
of a Brazilian assistance program that offers cheap and healthy meals to low-income
populations. They mainly attend to people at risk of food insecurity, who are expected to
eat all the food on their plates [62]. One study in this review was conducted in popular
restaurants and evaluated just lunch. Therefore, it is difficult to compare studies because
they served different types of meals, and the attending population is not the only criterion
to be analyzed. The second highest percentage of plate food waste was observed in the
school canteen food service (0.43%), which was also expected to be high since, in childhood,
there is frequent food neophobia and a lack of sustainable and health knowledge, which can
determine food choices, impact the quality of a diet, and influence unfinished plates [63].
Also, children are exposed to a greater variety of food in school canteens as part of the
nutrition education process. Exposure to new ingredients and preparations is expected to
cause more plate food waste.

Meal distribution in lunchboxes presented the highest percentage of plate food waste
compared to distribution by plates and/or trays. Considering that lunchboxes are pre-
prepared and do not allow the client to choose the dishes (and quantity) composing their
meal, lunchbox food waste is expected to be higher than the distribution system in which
clients may select dishes among served options and the amount that will compose their
plate. Three studies evaluated lunchboxes in commercial restaurants, university restaurants,
and school canteens.

Self-management food services presented a higher percentage of plate food waste
(3.47%) than outsourced management (0.50%). Outsourced restaurants, that do not
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have their own management, need to comply with the criteria established by the con-
tract manager, which are often associated with the menu’s quality aspects (nutritional,
sensorial, microbiological, and economic). Furthermore, for a restaurant to make a profit,
it needs to reduce waste in general, which involves good acceptance of the dishes by
consumers. These aspects may explain the data from studies comparing outsourced and
self-management restaurants.

According to the type of meal, supper accounted for the highest percentage of left-
overs (5.35%). However, it is important to consider that the only study evaluating sup-
per [42] and the study evaluating small and large meals [55] were performed in hos-
pital restaurants, in which consumers are generally affected by illness or taking medi-
cations impairing their appetite in addition to being in the hospital environment [42].
Lunch presented the lowest percentage of plate waste food (0.27%). It is essential to high-
light that only 26% (n = 5) of the studies only evaluated lunch and were performed in
hospitals [28,45,49,52,57]. Almost half of the studies evaluating lunch were performed in
restaurants in Brazil [11,23,31,38,42,46,47,51,59]. In Brazil, lunch is considered the main and
largest meal during the day. It mainly comprises traditional and well-accepted dishes such
as rice, beans, meat, and some vegetables. Considering the importance of lunch in Brazil
and the food insecurity experienced in this country, these factors probably impacted the
small percentage of lunch plate waste in this review.

Self-service restaurants had a higher percentage of plate food waste (0.86%), and
mixed-service restaurants had a lower percentage (0.23%). A study showed that buffet
(self-service) restaurants cause more plate food waste than other food services [64], which
is similar to the findings in our review. Self-service restaurants can charge by plate weight
or charge per person (regardless of the amount they will eat). When a meal is charged
per person there tends to be greater waste, as the value is the same no matter how much
food is put on the plate. When charged according to plate weight, consumers tend to be
more attentive when choosing food and put less food on the plate, tending to create less
food waste. However, many studies do not specify the type of self-service analyzed, which
impairs discussion of this topic. However, the type of distribution service is a critical topic
in plate food waste prevention, since this review showed it has the second greatest impact
on the percentage of plate food waste.

It is important to highlight that most of the studies included in this review are from
Brazil, which might skew the general applicability of the results to other global contexts,
especially in countries with different eating habits and food service operations. It is also
essential to note that the studies used different methodologies, which may affect the overall
analysis, so the data must be analyzed cautiously. However, the knowledge about the type
of food service, meal distribution system, and dinners that produce the most plate food
waste may help managers plan educational actions to prevent and correct waste, as well
as to identify the dishes that are most wasted (whether due to low acceptance, excessive
portion size, or for another reason), allowing them to make changes to the menu to reduce
plate food waste.

5. Conclusions

Plate food waste causes high financial waste, lower valuable nutrient intake by con-
sumers, and a negative environmental impact. Several individuals’ factors may influence
plate food waste, such as age, serving size, sex, food preferences, eating behaviors, com-
petitive foods during meals, how long meals last, and educational and economic levels,
among others. However, this review showed that aspects of food service also impact plate
food waste. The type of distribution and the food service are factors that have the greatest
impact on percentage and per capita of plate food waste. In contrast, the type and system
of distribution, the types of diners, and the types of meals have less impact, but they are
still relevant factors that need to be analyzed. Therefore, this review highlights the need for
targeted interventions that reduce plate food waste and for understanding of the specific
conditions of each food service type to help design effective waste reduction strategies.
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Abstract: Background: The purpose of our systematic review was to examine the effects of any
physical activity/exercise intervention combined with any diet/nutrition intervention on any bio-
logical/biochemical index, quality of life (QoL), and depression in breast, lung, colon and rectum,
prostate, stomach, and liver cancer patients and/or cancer survivors. Methods: A systematic re-
view and meta-analysis were undertaken, using PRISMA guidelines and the Cochrane Handbook.
The systematic review protocol can be found in the PROSPERO database; registration number:
CRD42023481429. Results: We found moderate-quality evidence that a combined intervention of
physical activity/exercise and nutrition/diet reduced body mass index, body weight, fat mass, in-
sulin, homeostatic model assessment for insulin resistance, C-reactive protein, triglycerides, and
depression, while it increased high-density lipoprotein, the physical component of QoL, and general
functional assessment of cancer therapy. Conclusions: We conclude that a combined intervention
of physical activity/exercise and diet/nutrition may decrease body weight, fat mass, insulin levels,
and inflammation, and improve lipidemic profile, the physical component of QoL, and depression
in cancer patients and survivors. These outcomes indicate a lower risk for carcinogenesis; however,
their applicability depends on the heterogeneity of the population and interventions, as well as the
potential medical treatment of cancer patients and survivors.

Keywords: nutrition; exercise; cancer indices

1. Introduction

Cancer is a group of diseases that can affect almost all organs and tissues in the human
body. It is characterized by the rapid creation of abnormal cells that grow unusually
and spread around the body, which causes a cascade of unfavorable health effects [1].
Potential reasons for the development of cancer cells include exposure to ultraviolet and
ionizing radiation, certain chemicals (e.g., asbestos, tobacco smoke, and alcohol), nutritional
contaminants, and certain infections [1]. The most common types of cancers that appear
in humans are breast, lung, colorectal, prostate, skin, and stomach cancers [1]. Cancer is a
leading cause of human deaths worldwide, with approximately 10 million deaths in 2020;
the most lethal cancers are lung, colon and rectum, liver, stomach, and breast cancer [1].
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Cancer is also a major health burden, given its remarkable physical, emotional, and
financial stress on patients, communities, and national health systems, especially those in
low-income countries [1]. Recent evidence from 29 types of cancers and 204 countries and
territories shows that the economic cost of cancers between 2020 and 2050 will be USD
25.2 trillion [2]. This is a substantial burden for national health systems, indicating the
need for countermeasures to prevent and treat cancer. To date, several initiatives have
been undertaken to reduce the cancer health burden and subsequently economic cost, such
as the United Nations Sustainable Development Goal target 3.4 [3], the European Code
Against Cancer [4], and the World Health Organization (WHO) Global Action Plan for the
Prevention and Control of Noncommunicable Diseases [5].

The main pillars to consider for cancer prevention are as follows: (i) factors of cancer
risk, namely smoking and tobacco use, infections, radiation, immunosuppressive medicines,
and organ transplant; and (ii) factors that may pose a risk of cancer, namely nutrition,
alcohol, physical inactivity, obesity, diabetes, and environmental factors [6]. Evidence on
the contribution of several diets to cancer development is controversial, given that there
are foods that reduce the risk of cancer and foods that increase the risk of cancer [7]. For
instance, consumption of >1 sugar-sweetened beverage per day increases the incidence of
liver cancer [8], while consumption of green-yellow and cruciferous vegetables reduces
cancer risk [9]. Furthermore, evidence from systematic reviews [10–12] showed small or
uncertain effects of red meat consumption, or a reduction in its consumption, on cancer
prevalence and mortality. Also, there is no association between animal protein or plant
protein consumption and cancer mortality [13]. Alcohol consumption is associated with an
increased risk of breast cancer, whereas consumption of fruits and vegetables is inversely
associated with lung cancer [7]. Regarding physical activity, there is solid evidence that
increased levels are associated with a 20% reduced risk of breast cancer and a 40–50%
reduced risk of colorectal cancer [7]. This evidence suggests that physical activity is a very
promising intervention to reduce cancer incidence. Cancer patients also have a poor quality
of life (QoL) [14] and depression [15]. It was found that only 5.02% of cancer patients
displayed high QoL and 12.54% displayed average QoL [14]. Evidence has shown that
increased physical activity reduces depression levels, whereas high intensities of physical
activity cause euphoria due to increased production of β-endorphin in the brain, indicating
decreased levels of anxiety and depression [16].

There is a growing interest in exploring the effects of combined dietary and physical
activity interventions on cancer patients. Indeed, several randomized controlled trials
explored this issue [17–20]. To the best of our knowledge, there is no relevant systematic
review that has summarized this evidence. Therefore, the purpose of our systematic review
was to examine the effects of any physical activity/exercise intervention combined with any
diet/nutrition intervention on any biological/biochemical index, quality of life (QoL), and
depression in breast, lung, colon and rectum, prostate, stomach, and liver cancer patients
and/or cancer survivors.

2. Materials and Methods

A systematic review and meta-analysis were undertaken, using the Preferred Re-
porting Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines [21] and
the Cochrane Handbook [22]. We registered a systematic review in the International
Prospective Register of Systematic Reviews (PROSPERO) database; registration number:
CRD42023481429 [23].

2.1. Searching and Selection Processes

PubMed, EMBASE, and SportDiscus were explored from their inception to November
2023. We applied no limitations in the search for the date, language of publication, and
study design. The search algorithm for PubMed is shown in Supplement S1 (pages 1–2).
The co-authors shaped the keyword algorithm, and the search was completed by PCD and
tested by GSM. Seven teams of co-authors were created to execute the selection procedure.
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Each team assessed an equal number of retrieved publications according to the eligibility
criteria. The results of the selection procedure were tested by PCD, and any disagreements
were resolved by a referee (GSM). Finally, PCD screened the reference lists of eligible
publications to identify any additional eligible publications.

2.2. Inclusion and Exclusion Criteria

The eligible studies included the following:

1. Population: Adult human (>18 years) breast, lung, colon and rectum, prostate, stom-
ach, and liver cancer patients, and/or cancer survivors. Patients at any cancer stage,
with any comorbidity, at any body mass index (BMI), or under any pharmacological
treatment were included.

2. Intervention: Any physical activity/exercise intervention combined with any
diet/nutrition intervention, as well as physical and/or remote counseling, behavioral
models, education as a combined physical activity/exercise, and diet/nutrition inter-
vention, as long as this intervention was specific and measurable. Interventions took
place for at least two weeks.

3. Comparator: As a control condition, we included randomized controlled trials
(RCT) with a control group (i.e., usual care) and RCT with a cross-over design con-
trol condition.

4. Outcome: Measurement of biological/biochemical indices, QoL, and depression.
5. Study design: RCTs with parallel or cross-over design.
6. We rejected studies that involved animals, reviews, letters, congress papers, maga-

zines, and gray literature.

2.3. Risk of Bias Assessment

The Risk of Bias 2 (RoB2) Cochrane library tool was incorporated to assess the eligible
RCTs [24]. Each team of co-authors evaluated an equal number of eligible papers. PCD
coordinated the process, and GSM acted as a referee in the case of conflicts.

2.4. Data Extraction

The following data were extracted: (a) first author name and year of publication,
(b) participants’ anthropometric characteristics (i.e., age, gender, and BMI), (c) can-
cer type and cancer stage, (d) physical activity/exercise interventions/measurements,
(e) diet/nutrition interventions/measurements, and (f) outcomes. The study characteristics
are displayed in Supplement S1 (Table S1, pages 3–17). An initial data extraction calibra-
tion was performed to determine the type of data and format that should be extracted.
Each team of co-authors extracted data from an equal number of eligible publications.
PCD coordinated the data extraction procedure, and GSM acted as a referee in the case
of conflicts.

2.5. Data Synthesis

We incorporated a narrative data synthesis for eligible studies that offered no data for
meta-analyses. To conduct our meta-analyses, we used a random-effect model due to the
heterogeneity of the eligible studies in characteristics, such as populations, type of cancer,
physical activity/exercise, and diet/nutrition interventions and duration. We used the
RevMan 5.4.1, 2020 software (The Cochrane Collaboration, London, UK) [25] to perform
the meta-analyses. An inverse variance continuous method was incorporated to test the
mean differences (MD) between a combined intervention of physical activity/exercise and
diet/nutrition and a control group/condition. A standardized mean difference (SMD)
method was used for different units of the variables included in the meta-analysis [22].
The following variables were used in our meta-analyses: BMI, body weight (kg), fat
mass (kg), fat-free mass (kg), insulin levels, homeostatic model assessment for insulin
resistance (HOMA-IR), glucose, C-reactive protein, high-density lipoprotein (HDL), low-
density lipoprotein (LDL), triglycerides, bone mineral density, components of QoL (physical,
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mental, social, and bodily pain), and depression. Standard errors were converted into
standard deviations (SD) using the equation: SD = standard error ∗ √n [22]. Similarly, in
the case of medians and if the 1st–3rd quartiles were provided, we calculated the mean
and SD using the following equation: mean = (q1 + m + q3)/3; SD = (q3 − q1)/1.35 [22,26].
Overall, from the 38 eligible RCTs, 30 offered data for a meta-analysis [17–20,27–52]. For all
meta-analyses, we created forest plots, but we produced funnel plots when a meta-analysis
included >10 studies [22].

2.6. Quality of Evidence

We evaluated the quality of evidence for each meta-analysis using the Grading of
Recommendations Assessment, Development, and Evaluation (GRADE) analysis [22,53].

3. Results
3.1. Searching and Selection Processes Results

The search procedure yielded 4337 publications. We removed 306 duplicate publica-
tions, and 848 were ineligible by screening their titles. The remaining 3183 publications
were screened for eligibility (titles, abstract, and full texts), and 2037 of them were excluded,
given that they were reviews, editorials, case reports, consensus papers, and conference
proceedings. We also excluded 1113 publications that did not fulfill the eligibility criteria.
Thus, 33 publications were included as eligible. We then screened the reference lists of these
33 publications (overall 1594 citations) and we identified five more eligible publications
that did not appear in the initial search procedure. In total, 38 publications were finally
included as eligible for our systematic review. A PRISMA flow diagram can be found in
Supplement S1 (Figure S1, page 18).

3.2. Risk of Bias Assessment Results

In total, 30 (79%) out of 38 eligible studies displayed an overall high risk of bias, mainly
due to a high risk of bias in the “measurement of the outcome” (55% of the studies) and the
“selection of the reported results” (37% of the studies). Two (5%) eligible studies [27,31]
showed an overall low risk, and six (16%) eligible studies [18,30,38,45,48,54] overall dis-
played some concerns of bias. The detailed risk of bias assessment results can be found in
Table S2 in Supplement S1 (pages 19–20), and a summary of the risk of bias can be found in
Figure 1.
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3.3. Narrative Data Synthesis Results

Eight eligible studies [54–61] did not offer data for a meta-analysis; therefore, a nar-
rative data synthesis approach was used. The results of this synthesis can be found in
Table 1.
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3.4. Meta-Analysis Outcomes
3.4.1. Biological/Biochemical Indices

We found that the intervention reduced BMI [(MD = −0.67, confidence interval
(CI) = (−1.09)–(−0.25), Z = 3.14, I2 = 38%, and p = 0.002; Figure 2, Figure S2 in Supplement S1,
page 20]. Subgroup analysis revealed no differences between cancer types (p > 0.05;
Figure S3 in Supplement S1, page 20.
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We also found that the intervention decreased body weight [(MD = −2.88,
CI = (−4.30)–(−1.45), Z = 3.95, I2 = 86%, and p < 0.0001; Figure 3, Figure S4 in Supplement S1,
page 21]. Subgroup analysis (p = 0.001) revealed that the intervention was more effective
in breast cancer (MD = −3.50) than in prostate cancer (MD = −3.19) and in patients with
multiple cancers (MD = 0.07); Figure 3.

The fat mass of cancer patients and survivors was also reduced due to the intervention
[(MD = −2.85, CI = (−4.45)–(−1.25), Z = 3.49, I2 = 79%, and p = 0.0005; Figure 4, Figure S5
in Supplement S1, page 21]. Subgroup analysis showed no differences between cancer
types (Figure S6 in Supplement S1, page 22).

A meta-analysis of the effects of the intervention on fat-free mass showed that this
was reduced in the control group [(MD = −1.04, CI = (−1.84)–(−0.23), Z = 2.53, I2 = 74%,
and p = 0.01; Figure 5, Figure S7 in Supplement S1, page 22], with no differences between
cancer types (p > 0.05; Figure S8 in Supplement S1, page 23).

Six studies offered data for the meta-analysis of insulin levels. This revealed that
the intervention decreased insulin levels compared to the control group [(SMD = −0.41,
CI = (−0.74)–(−0.08), Z = 2.44, I2 = 45%, p = 0.01; Figure 6], with no differences between
cancer types (p > 0.05; Figure S9 in Supplement S1, page 23).

In line with insulin levels, a meta-analysis of HOMA-IR showed that the interven-
tion reduced insulin levels [(SMD = −0.55, CI = (−0.77)–(−0.33), Z = 4.98, I2 = 0%, and
p < 0.00001; Figure 7], whereas there was no effect on glucose levels (p > 0.05; Figure S10 in
Supplement S1, page 23).

Regarding the chronic inflammation indices of cancer patients and survivors, a meta-
analysis of C-reactive protein showed that the intervention reduced this [(MD = −0.97,
CI = (−1.88)–(−0.06), Z = 2.09, I2 = 69%, and p = 0.01; Figure 8], whereas a subgroup
analysis revealed that this occurs only in patients and survivors with breast cancer but not
in those with prostate cancer (p = 0.02 and I2 = 82.2%; Figure 8).
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Regarding the lipidemic profile of the participants, HDL increased due to the inter-
vention (SMD = 0.34, CI = 0.07–0.61, Z = 2.49, I2 = 29%, and p = 0.01; Figure 9), whereas
there were no differences between cancer types (p > 0.05; Figure S11 in Supplement S1,
page 24). Additionally, the intervention had no effect on LDL (p > 0.05; Figure S12 in
Supplement S1, page 24), whereas the intervention decreased triglycerides [(SMD = −0.38,
CI = (−0.62)–(−0.14), Z = 3.09, I2 = 0%, and p = 0.002; Figure 10], with no differences
between cancer types (p > 0.05; Figure S13 in Supplement S1, page 24). Finally, no effect of
the intervention was found in bone mineral density (p > 0.05; Figure S14 in Supplement S1,
page 25).
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3.4.2. Quality of Life Indices

Meta-analyses on QoL indices showed no effect of the intervention on the mental
health summary score (p > 0.05; Figure S15 in Supplement S1, page 25), social functioning
(p > 0.05; Figure S16 in Supplement S1, page 25), and bodily pain (p > 0.05; Figure S17 in
Supplement S1, page 25). On the other hand, the intervention showed an increase in the
physical component summary score (SMD = 0.20, CI = 0.09–0.31, Z = 3.70, I2 = 0%, and
p = 0.0002; Figure 11), with no differences between cancer types (p > 0.05; Figure S18 in
Supplement S1, page 26). Similarly, the intervention increased QoL physical functioning
(SMD = 0.18, CI = 0.06–0.29, Z = 2.99, I2 = 0%, and p = 0.003; Figure 12), with no differences
between cancer types (p > 0.05; Figure S19 in Supplement S1, page 26).
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Figure 14. Forest plot of the effects of physical activity/exercise and diet/nutrition intervention on 
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3.5. Quality of Evidence Results 
The GRADE analysis revealed 2 out of 13 meta-analyses as low-quality evidence, 

while 11 meta-analyses were rated as moderate quality, mainly because of the high risk of 
bias that the eligible studies displayed. The outcomes of the GRADE analysis can be found 
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Finally, the meta-analyses revealed that the intervention increased the general func-
tional assessment of cancer therapy (FACT-general) (MD = 4.41, CI = 1.34–7.48, Z = 2.81,
I2 = 0%, and p = 0.005; Figure 13), as well as decreased depression (MD = −0.99,
CI = (−1.92)–(−0.06), Z = 2.09, I2 = 47%, and p = 0.04; Figure 14) in cancer patients
and survivors.
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3.5. Quality of Evidence Results

The GRADE analysis revealed 2 out of 13 meta-analyses as low-quality evidence,
while 11 meta-analyses were rated as moderate quality, mainly because of the high risk
of bias that the eligible studies displayed. The outcomes of the GRADE analysis can be
found in Table 2, and the detailed GRADE analysis for each meta-analysis can be found in
Supplement S2.

Table 2. GRADE analysis outcomes: CI: confidence interval; BMI: body mass index; MD: mean
difference; SMD: standardized mean difference; HOMA-IR: homeostatic assessment mode for insulin
resistance; HDL: high-density lipoprotein; FACT: functional assessment of cancer therapy.

Outcomes No of Participants
(Studies/Entries)

Quality of the Evidence
(GRADE) Relative Effect (95% CI)

Exercise+Diet vs. Control BMI 2049 (11 studies/entries) Moderate ⊕⊕⊕# due risk of bias MD: −0.67, CI: −1.09, −0.25

Exercise+Diet vs. Control
Body weight 3014 (23 studies/entries) Low ⊕⊕## due to risk of bias

and inconsistency of results MD: −2.88, CI: −4.30, −1.25

Exercise+Diet vs. Control Fat
mass 697 (10 studies/entries) Low ⊕⊕## due to risk of bias

and inconsistency of results MD: −2.85, CI: −4.45, −1.25

Exercise+Diet vs. Control
Fat-Free mmass 739 (12 studies/entries) Moderate ⊕⊕⊕# due risk of bias MD: −1.04, CI: −1.84, −0.23

Exercise+Diet vs. Control
Insulin 322 (6 studies/entries) Moderate ⊕⊕⊕# due risk of bias SMD: −0.41, CI: −0.74, −0.08

Exercise+Diet vs. Control
HOMA-IR 238 (4 studies/entries) Moderate ⊕⊕⊕# due risk of bias MD: −0.55, CI: −0.77, −0.33

Exercise+Diet vs. Control
C-reactive protein 253 (5 studies/entries) Moderate ⊕⊕⊕# due risk of bias MD: −0.97, CI: −1.88, −0.06

Exercise+Diet vs. Control
HDL 360 (6 studies/entries) Moderate ⊕⊕⊕# due risk of bias SMD: 0.34, CI: 0.07, 0.61

Exercise+Diet vs. Control
Triglycerides 297 (5 studies/entries) Moderate ⊕⊕⊕# due risk of bias SMD: −0.38, CI: −0.62, −0.14

Exercise+Diet vs. Control QoL
physical component summary
score

1358 (9 studies/entries) Moderate ⊕⊕⊕# due risk of bias SMD: 0.20, CI: 0.09, 0.31

Exercise+Diet vs. Control QoL
physical functioning 1142 (5 studies/entries) Moderate ⊕⊕⊕# due risk of bias SMD: 0.18, CI: 0.06, 0.29

Exercise+Diet vs. Control
FACT general 244 (3 studies/entries) Moderate ⊕⊕⊕# due risk of bias MD: 4.41, CI: 1.34, 7.48

Exercise+Diet vs. Control
Depression 391 (3 studies/entries) Moderate ⊕⊕⊕# due risk of bias MD: −0.99, CI: −1.92, −0.06

4. Discussion
4.1. Summary of Main Findings

The current systematic review and meta-analysis revealed moderate-quality evidence
that combined intervention of physical activity/exercise and diet/nutrition reduced BMI,
insulin, HOMA-IR, C-reactive protein, triglycerides, and depression in the intervention
group, while it reduced fat-free mass in the control group. The meta-analysis also re-
vealed low-quality evidence that the intervention reduced body weight and fat mass,
while moderate-quality evidence showed that it increased HDL, QoL physical component
summary score, QoL physical functioning, and FACT general.

The narrative data synthesis showed that combined intervention of physical activ-
ity/exercise and diet/nutrition had no effect on sex steroid hormones and breast cancer-
related lymphedema. On the other hand, the intervention reduced oxidative stress and
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improved psychological, physiological, and behavioral outcomes, while it had an anti-
dysmetabolism effect, leading to telomere lengthening, delayed conventional treatment,
and modified dietary habits.

4.2. Completeness and Applicability of Evidence

We found an adequate number of studies with an adequate sample size (n > 5000) to
test whether the combined intervention of physical activity/exercise and diet/nutrition can
affect the body weight and body composition of cancer patients and survivors. Our results
showed that the intervention reduced BMI, body weight, and fat mass by 0.67 kg/m2,
2.88 kg, and 2.85 kg, respectively, within a period of 3–12 months. Considering that there
is a positive association between BMI, body weight, and fat mass [62], our findings are
particularly important given that excessive body weight and adiposity can enhance cancer
development [63]. Also, a reduction in fat mass is associated with a generally favorable
metabolic profile (e.g., reduced circulating insulin levels) [64] and an inflammatory pro-
file [65]. Indeed, excessive adipose tissue is associated with higher levels of insulin, which
may enhance the proliferation of cancer cells [64]. Our meta-analysis showed that a com-
bined intervention of physical activity/exercise and diet/nutrition reduced the insulin and
HOMA-IR levels. A potential explanation is that physical activity/exercise can increase
insulin sensitivity through increased expression of Glucose transporter-4 in the plasma
membrane of skeletal muscle cells [66], while a reduction in sweet drinks, sweets, and
consumption of low glycemic index food, as well as diets rich in fibers, may improve insulin
sensitivity [67]. Regarding inflammation, we found that a combined intervention of physi-
cal activity/exercise and diet/nutrition reduced C-reactive protein, indicating a reduction
in chronic inflammation, and thus, a reduction in carcinogenesis risk [63]. Collectively, a
combined intervention of physical activity/exercise and diet/nutrition has the potential to
reduce cancer development, which is particularly important in cancer survivors.

A previous systematic review showed that a combination of exercise and weight loss
through energy-restricted diets can effectively reduce fat mass in overweight and obese
individuals without posing a risk for sarcopenia [68]. In our meta-analysis, we found
moderate-quality evidence that the control group of cancer patients and survivors reduced
their fat-free mass during the period of the intervention. This is not a favorable effect,
given that fat-free mass, particularly muscle mass, may produce a number of myokines
with anti-inflammatory effects and increased insulin sensitivity, which is consequently
associated with a reduced risk of cancer development [65]. A possible explanation for
our finding is that cancer mortality is associated with decreased lean mass [69], indicating
that cancer patients display relatively low levels of lean mass, including muscle mass.
The extent to which we apply a combined intervention of physical activity/exercise and
diet/nutrition to cancer patients and survivors should be approached with caution to avoid
muscle mass reduction. One suggestion is to use a combination of resistance exercise and
diets rich in protein, known to increase muscle mass [70].

We also detected moderate-quality evidence that a combined intervention of physi-
cal activity/exercise and diet/nutrition reduced triglycerides and increased HDL levels.
Physical activity/exercise is associated with decreased levels of triglycerides and increased
levels of HDL [71], whereas several nutrient consumption and/or diets have decreased
triglycerides and increased HDL [72]. This beneficial effect may reduce cancer risk due
to the involvement of triglycerides in the pathogenesis of several cancers, including lung,
prostate, and rectal cancer [73]. We also detected moderate-quality evidence that a com-
bined intervention of physical activity/exercise and diet/nutrition reduced depression
in cancer patients and survivors. Depression results in higher rates of mortality among
cancer patients [15,74] and poor QoL [15]. Physical activity/exercise reduces depression
levels, while high intensities of physical activity/exercise cause euphoria due to increased
production of β-endorphin in the brain, indicating decreased levels of depression [16].
Furthermore, a 12-week aerobic exercise program decreased depression levels [75], whereas
a Cochrane systematic review showed that yoga exercise can reduce short-term symp-
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toms of depression, anxiety, and fatigue in breast cancer patients [76]. Also, certain fatty
acids (i.e., n-3 long-chain polyunsaturated, omega-3) consumption may improve depres-
sive symptoms [77,78]. Depression is closely associated with poor QoL [15]. We found
moderate-quality evidence that a combined intervention of physical activity/exercise and
diet/nutrition improved both general physical functioning and functional assessment of
cancer therapy in cancer patients and survivors. This outcome shows the already reported
beneficial effect of physical activity/exercise on QoL in clinical populations [79], whereas
the effect of dietary interventions on QoL is not well documented [80].

The narrative data synthesis offered limited data to answer our research question.
There was an opposite outcome between the two studies [56,58] regarding the effects of a
combined intervention of physical activity/exercise and diet/nutrition on telomere length.
A previous systematic review showed that higher adherence to the Mediterranean diet
is related to longer telomere length [81], whereas another systematic review showed that
various dietary interventions are not associated with telomere length [82]. This evidence
may partly explain the opposite outcome we observed in our systematic review, given that
the diet interventions in the included studies were not entirely related to the Mediterranean
diet (Table 1). Regarding exercise, the opposite outcome may be explained by the fact
that the study that found no effect of the combined intervention on telomere length [56]
used resistance along with aerobic exercise intervention. A previous systematic review
showed that only aerobic exercise may improve telomere length [83], which was used in
our included study [58] and showed a positive effect on telomere length. The rest of the
narrative data synthesis outcomes are general and disparate.

The overall applicability of the evidence is moderate, based on the quality of the
available evidence in the current systematic review and meta-analysis. However, given
the heterogeneity of the interventions included in our meta-analysis (i.e., different physical
activity/exercise types and modes and various diets and supplements), the outcomes of
our systematic review should be treated with specific analysis. For instance, considering
the specific characteristics of the populations and interventions involved in our systematic
review, to apply interventions in practice.

4.3. Strengths and Limitations

The strengths of our systematic review include the development of a search algorithm
using standardized indexing terms, which may capture papers that use another keyword
to describe the same term [22]. Screening of eligible studies, risk of bias assessment, and
data extraction were performed by two independent investigators. We accepted studies in
any language and from any time of publication. Finally, we evaluated the quality of the
meta-analyses using the GRADE analysis, which added value to their interpretation.

Limitations of our systematic review include the large heterogeneity of the populations,
especially in the type of measurements, physical activity/exercise, and diet/nutrition
schemes, which may have affected the interpretation of the results. Also, it was not possible
to consider potential medicine schemes that were received by the participants due to
missing information in the eligible publications. This may have affected the results of the
eligible studies and, consequently, our systematic review results.

4.4. Important Deviations from the Published Protocol

We report no significant deviations from the published protocol [23].

5. Conclusions

We conclude that a combined intervention of physical activity/exercise and diet/nutrition
may decrease body weight, fat mass, insulin levels, and inflammation and improve lipi-
demic profiles in cancer patients and survivors. We also conclude that a combined interven-
tion of physical activity/exercise and diet/nutrition may improve the physical component
of QoL, as well as depression levels, in cancer patients and survivors. These outcomes
indicate a lower risk for carcinogenesis; however, their applicability depends on the hetero-
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geneity of the population and interventions, as well as the potential medical treatment of
cancer patients and survivors.
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intervention on body mass index; Figure S4. Funnel plot on the effects of diet/nutrition and physical
activity/exercise intervention on body weight; Figure S5. Funnel plot on the effects of diet/nutrition
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of diet/nutrition and physical activity/exercise intervention on fat mass; Figure S7. Funnel plot of
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free mass; Figure S9. Subgroup analysis of the effects of diet/nutrition and physical activity/exercise
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physical activity/exercise intervention on glucose levels; Figure S11. Subgroup analysis of the
effects of diet/nutrition and physical activity/exercise intervention on HDL; Figure S12. Forest
plot of the effects of diet/nutrition and physical activity/exercise intervention on LDL; Figure S13.
Subgroup analysis of the effects of diet/nutrition and physical activity/exercise intervention on
triglycerides; Figure S14. Forest plot of the effects of diet/nutrition and physical activity/exercise
intervention on bone mineral density; Figure S15. Forest plot of the effects of diet/nutrition and
physical activity/exercise intervention on QoL mental health summary score; Figure S16. Forest plot
of the effects of diet/nutrition and physical activity/exercise intervention on QoL social functioning;
Figure S17. Forest plot of the effects of diet/nutrition and physical activity/exercise intervention
on QoL bodily pain; Figure S18. Subgroup analysis of the effects of diet/nutrition and physical
activity/exercise intervention on QoL physical component summary score; Figure S19. Subgroup
analysis of the effects of diet/nutrition and physical activity/exercise intervention on QoL physical
functioning; Table S1. Characteristics of eligible studies. BMI: body mass index; QoL: quality of
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Abstract: This systematic review aimed to find the tool that best predicts celiac individuals’ adherence
to a gluten-free diet (GFD). The Transparent Reporting of Multivariable Prediction Models for
Individual Prognosis or Diagnosis (TRIPOD-SRMA) guideline was used for the construction and
collection of data from eight scientific databases (PubMed, EMBASE, LILACS, Web of Science,
LIVIVO, SCOPUS, Google Scholar, and Proquest) on 16 November 2023. The inclusion criteria
were studies involving individuals with celiac disease (CD) who were over 18 years old and on a
GFD for at least six months, using a questionnaire to predict adherence to a GFD, and comparing
it with laboratory tests (serological tests, gluten immunogenic peptide—GIP, or biopsy). Review
articles, book chapters, and studies without sufficient data were excluded. The Checklist for Critical
Appraisal and Data Extraction for Systematic Reviews of Prediction Modeling Studies (CHARMS)
was used for data collection from the selected primary studies, and their risk of bias and quality was
assessed using the Prediction Risk of Bias Assessment Tool (PROBAST). The association between the
GFD adherence determined by the tool and laboratory test was assessed using the phi contingency
coefficient. The studies included in this review used four different tools to evaluate GFD adherence:
BIAGI score, Coeliac Dietary Adherence Test (CDAT), self-report questions, and interviews. The
comparison method most often used was biopsy (n = 19; 59.3%), followed by serology (n = 14;
43.7%) and gluten immunogenic peptides (GIPs) (n = 4; 12.5%). There were no significant differences
between the interview, self-report, and BIAGI tools used to evaluate GFD adherence. These tools were
better associated with GFD adherence than the CDAT. Considering their cost, application time, and
prediction capacity, the self-report and BIAGI were the preferred tools for evaluating GFD adherence.

Keywords: gluten-free diet; celiac disease; treatment adherence; laboratory test

1. Introduction

Celiac disease (CD) is a chronic autoimmune condition that affects the small intestine
with villous atrophy, causing intestinal and extraintestinal symptoms, and is triggered
by the ingestion of gluten in genetically predisposed individuals [1,2]. It can trigger se-
vere symptoms of malabsorption and nutritional deficiencies, such as anemia, diarrhea,
constipation, short stature, muscular atrophy, and dermatitis herpetiformis, among oth-
ers [1,3–5]. It is estimated that CD affects between 0.7% and 1.4% of the world population
and is predominant in females; however, it is considered a neglected and underdiagnosed
condition [5–7].
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A gluten-free diet (GFD) is the only current treatment for the disease [8–10]. It can
reverse the damage caused to the intestinal mucosa, primarily reducing morbidity and
improving the quality of life of individuals with CD. GFDs entail completely restricting the
consumption of gluten, a protein complex in wheat, rye, and barley, and its derivatives.
Given the widespread presence of gluten in confectionery, bakery, pasta, and other indus-
trialized products, adherence to a GFD can become a critical challenge for people affected
by CD [11].

Several factors are involved in GFD adherence, such as the level of education received,
the patient’s own perception and self-efficacy regarding the diet, knowledge, the duration
of the GFD, instruction from qualified professionals, social restrictions, and even food
labeling. The main reasons for GFD transgression are social events and changes in the
food consumption environment [12,13]. However, assessing GFD adherence in individuals
with CD is still challenging for researchers and health professionals, and how to monitor
patients with CD is not well defined [11].

The methods for assessing GFD adherence are diverse and may have advantages
and disadvantages. Despite being essential for adult diagnoses and the gold standard for
evaluating mucosal recovery, biopsy is an invasive and high-cost method for monitoring
the disease [14]. It is believed that it is possible to use alternative and less invasive methods
to assess GFD adherence, such as interviews conducted by qualified professionals, the use
of questionnaires, serological tests, or screening for gluten-derived peptides (GIPs) in feces
or urine [9,15,16]. The serological tests recommended for predicting GFD adherence are
tTG antibodies (tissue anti-transglutaminase), EMA (anti endomysium), and anti-DGPs
(anti-deamidated gliadin peptides) of the IgA and IgG classes. Their high levels indicate
low adherence, but negative values may not confirm strict adherence to the GFD and may
be inaccessible in practice due to the lack of testing in healthcare services, patients refusing
to have blood samples collected, and the cost [1,11,17]. The measurement of GIPs in feces
and urine is the most recently established method; therefore, it is not yet widely available.
It is expensive and has been rejected by patients [11].

GFD adherence must be guided and evaluated by health professionals with experi-
ence in CD, especially dietitians, through dietary interviews, food diaries, and question-
naires [11]. Questionnaires are simple, quick, and easy instruments that can be applied
in clinical practice. Some of them are validated and widely used in studies, with good
reliability [11,18–20]. However, there is no study that recommends the best tool to assess ad-
herence to the DSG or which tool best predicts the GFD adherence of CD individuals, which
is why this work is essential for contributing to the scientific literature and monitoring
people with CD.

GFD adherence is essential in preventing symptoms, improving the quality of life of
individuals with CD, and reducing health costs related to this condition [14]. However,
confirming GFD adherence via an unreliable method may pose a risk to individuals with
CD in terms of their diet [10]. Therefore, looking for a reliable, low-cost, and less invasive
tool can benefit CD individuals, the health professionals who monitor their treatment,
and researchers in the field. It is necessary to explore the literature on this topic better,
expose the criteria used to evaluate GFD adherence in CD individuals, and, consequently,
contribute to improving the monitoring of the dietary treatments used in CD and the
quality of life of CD individuals. In this sense, this systematic review aimed to evaluate the
non-invasive method that best predicts the adherence of individuals with celiac disease to
a gluten-free diet.
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2. Materials and Methods
2.1. Study Design

This systematic prediction review used the Transparent Reporting of Multivariable
Prediction Models for Individual Prognosis or Diagnosis (TRI-POD-SRMA) guidelines for
its construction. This type of review seeks to gather and summarize studies to predict
health outcomes and inform prognoses or diagnoses [21]. The review was registered on the
systematic review registration platform PROSPERO (International Prospective Register of
Systematic Reviews) and is being analyzed by it under opinion number CRD42024518034.

The first stages consisted of general research on the topic, a search for previous
systematic reviews, and the study feasibility study. The search question was “In adults
with celiac disease undergoing treatment (gluten-free diet) for more than six months, which
tool best predicts treatment adherence, compared to laboratory tests?”. A preliminary
search strategy was carried out using the main keywords, following the acronym PICOT (P:
person; I: intervention; C: comparison; O: outcome/result; and T: time), which is essential
to guide the viability of a systematic review. A definitive search strategy was developed for
each database, as well as the terms Mesh, DeCS, and Emtree (Table S1).

2.2. Eligibility Criteria

The following were included: (i) studies on adults older than 18 years old with a CD
diagnosis and (ii) who have been undergoing treatment with a GFD for at least six months
and (iii) studies which used questionnaires to predict adherence to the diet and compared
it with a direct assessment method (tTG, EMA, DGP, GIP, or biopsy). The exclusion criteria
were (i) studies carried out on people under 18 years old (ii) who had been on a GFD for
less than six months (iii) and had no diagnosis of CD; (iv) review articles, book chapters,
and conference proceedings; (v) studies without sufficient data for extraction; (vi) studies
that did not evaluate adherence to a GFD.

2.3. Search and Data Extraction Strategy

Reviewers 1 and 2 (R1 and R2) collected the primary studies simultaneously and
independently from eight scientific databases: PubMed, EMBASE, LILACS, Web of Science,
LIVIVO, SCOPUS, Google Scholar, and Proquest. The search used the appropriate terms
for each database (Table S1) without language or publication time restrictions.

2.4. Reference and Selection Manager

EndNote Web software was used to organize and remove 100% identical duplicates
automatically. Then, the selected studies were exported to Rayyan software to organize the
data and remove duplicates manually, before Phase 1 selection. The steps of organizing the
data and duplicate removal were performed only by R1.

Two independent reviewers (R1 and R2) selected the articles to be included in two
phases. Phase 1 selection involved independently reading the studies’ titles and abstracts in
Rayyan software and applying the eligibility criteria. After that, differences were discussed
and judged. Phase 2 selection consisted of the complete reading of the articles selected
in Phase 1 and an additional search within the reference lists of the articles read in full
to find studies with potential eligibility for this review. If disagreements arose in either
phase, a third reviewer (R3) evaluated them before making a final decision. During Phase 2
selection, the exclusion criteria were numbered in order of importance, and a numbered
reason was assigned to each excluded study.
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2.5. Data Collection and Risk of Bias Analysis

To collect data from the primary studies that were included in Phase 2 selection within
this study, the CHARMS checklist (CHecklist for critical Appraisal and data extraction for
systematic Reviews of prediction Modeling Studies) was used [22]. Missing studies were
asked for directly by email to the authors, with a maximum of three attempts made. Data
collection was also conducted independently by R1 and R2. After data collection, the two
reviewers (R1 and R2) completed the PROBAST list (Prediction Risk Of Bias Assessment
Tool), also independently [23].

To extract data and generate tables and graphs, a Microsoft Excel® (Office 365 version)
model was independently used by the two reviewers and, at the end, a consensus meeting
was held. R3 was consulted to solve divergencies. The file to be completed consisted of
two spreadsheets, a template CHARMS and PROBAST, developed in previous studies [24].

2.6. Statistical Analysis and Meta-Analysis

The association between the GFD adherence calculated by the tool and laboratory
test was assessed using the phi contingency coefficient. The phi coefficient measures the
association between two binary variables and takes values between −1 and 1, with phi < 0
indicating a negative association, phi > 0 a positive association, and phi = 0 indicating no
association. A meta-analysis of the studies that addressed the association between the GFD
adherence calculated by the tool and laboratory tests was performed. Phi’s meta-analytic
measurement (grouped value) was obtained using a random effects model.

Point estimates of the grouped phi values and their respective 95% confidence intervals
(95% CI) are presented. The estimates were obtained by considering a single grouping of
all the studies and also by considering subgroups according to the instrument adopted.
The association between the GFD adherence calculated by the tool and laboratory test was
considered significant (at a significance level of 5%) when the 95% CI did not contain a zero
value. Additionally, the associations between two subgroups were considered significantly
different when their respective CIs did not intersect. The analyses were performed using
the R program’s metafor package, version 4.4.0 [25].

3. Results
3.1. Study Selection

The database search resulted in 4883 articles, of which 2444 were duplicates. After
Phase 1 selection, 2439 articles remained for the reading of their titles and abstracts, 114 of
which were read in full and had their bibliographic references consulted (Phase 2 selection).
The excluded studies and the reasons for their exclusion are presented in Table S2. Finally,
32 studies were eligible for this systematic review and 31 for a meta-analysis, as shown in
the PRISMA flowchart (Figure 1).

3.2. The Studies’ Characteristics

The studies were performed from 1997 to 2024 and ranged from 18 to 694 (137.82 ± 145.24)
participants. Thirty-one studies were characterized as cohort studies, and one was a ran-
domized clinical trial study (Table 1). Most studies were performed in Italy [9,18,26–35]
(n = 13; 40.6%), followed by Finland [36–39] (n = 4; 12.5%), the United Kingdom [35,40,41],
and the United States [12,35,42] (n = 3, 9.3%), Argentina [43,44], Australia [45,46],
Canada [47,48], Norway [49,50] (n = 2, 6.25%), while Paraguay, Poland, Romania, Spain,
and Türkiye had one study each [20,35,51–53].
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The studies included in this review used four different tools to evaluate GFDs: BIAGI
scores [26], the Coeliac Dietary Adherence Test (CDAT) [19], self-report questionnaires, and
interviews. Most of them used a biopsy [9,18,20,26,27,29,32,34–38,40–42,45,47,49,52] (n = 19;
59.3%), followed by serology [12,18,26–28,30,31,33,36,39,43,44,51,53] (n = 14; 43.7%) and
GIPs [9,46,48,50] (n = 4; 12.5%). Of the 32 studies, most (n = 45; 46.8%) used the self-report
method to evaluate GFD adherence [27,30,32,34,36,38,39,41,43–45,47,51–53], followed by
the CDAT [9,12,20,40,46,48–50] (n = 8; 25%), BIAGI [18,26,31,33,40] (n = 5; 15.6%), and
interviews [28,29,37,42] (n = 4; 12.5%), while only one used the Standardized Dietitian
Evaluation (SDE) [20] and one of the studies used both the BIAGI and CDAT tools [35].
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3.3. Meta-Analysis

The results of the meta-analysis of the association between the GFD adherence calcu-
lated by the tool and laboratory tests are shown in Table 2 and Figure 2.

One study was excluded from the subgroup analysis because it used two instruments
simultaneously (CDAT and BIAGI) and it was impossible to separate the data [35]. There
were no significant differences between the interview, self-report, and BIAGI tools used to
evaluate GFD adherence. These tools were better associated with GFD adherence than the
CDAT. The Standardized Assessment of Dietitians (SDE) did not demonstrate an association
with adherence to a GFD. However, it was evaluated in only one study and did not show
statistically significant differences from any other instrument.

Table 2. Meta-analysis results for the association between the GFD adherence calculated by tools and
laboratory tests.

Number of Studies Grouped Estimation
Phi (CI 95%)

TOTAL 42 0.297 (0.220; 0.372)

Tool used to evaluate GFD adherence *
CDAT 8 0.112 (0.032; 0.192) A

SDE 1 0.238 (−0.051; 0.528) AB

BIAGI 8 0.242 (0.073; 0.410) AB

Self-report 21 0.308 (0.209; 0.406) B

Interview 3 0.641 (0.380; 0.903) B

Laboratory test used to evaluate GFD adherence
GIP 4 0.088 (−0.031; 0.207) A

Biopsy 20 0.264 (0.163; 0.365) AB

Serological (TTG, EMA, AGA) 18 0.378 (0.256; 0.501) B

Tool X laboratory test *
BIAGI and Serological 4 0.066 (−0.126; 0.258) A

CDAT and GIP 4 0.088 (−0.031; 0.207) A

Self-report and Biopsy 9 0.116 (0.016; 0.216) A

CDAT and Biopsy 3 0.126 (−0.053; 0.304) AB

CDAT and Serological 1 0.226 (0.027; 0.425) ABC

SDE and Biopsy 1 0.238 (−0.051; 0.528) ABC

BIAGI and Biopsy 4 0.410 (0.268; 0.551) BC

Self-report and Serological 12 0.467 (0.384; 0.551) C

Interview and Biopsy 2 0.489 (0.419; 0.559) C

Interview and Serological 1 0.903 (0.796; 1.000) D

* The study by Schiepatti et al. (2023) [35] adopted the CDAT/BIAGI questionnaires; therefore, it does not fit
(in isolation) into either instrument. Groups with the same letters do not differ significantly. Abbreviations:
BIAGI = Biagi score; CDAT = Coeliac Dietary Adherence Test; GFD = gluten-free diet; SDE = Standardized
Dietician Evaluation; AGA = gliadin antibody; TTG = tissue anti-transglutaminase antibody; EMA = anti-
endomysium antibody; GIP = gluten-derived peptide; CI = confidence interval.

3.4. Risk of Bias and Concern

Figures 3 and 4 present the analysis of the risk of bias and concern in the included
studies, classified according to PROBAST [23]. In total, 50% (n = 16) of the included
studies demonstrated a low risk of bias [9,12,18,20,30,32,34,40,43,44,46,49,51,52,54]. A high
risk of bias was identified in four studies [27,28,37,48], one of which used the self-report
method [27], another an interview [28], and another the CDAT [48].
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4. Discussion

This is the first systematic review with a meta-analysis to evaluate which non-invasive
method best predicts the gluten-free diet adherence of individuals with celiac disease. Most
studies were performed (n = 25; 78%) in Europe, and mainly in Italy (n = 12; 37.5%). Even
though CD is considered a major worldwide public health problem and its prevalence
varies by sex, age, and geographic location, the global estimates show that most of the
population with CD is found in European countries [5,6], which justifies the large number of
studies in Europe. In addition, about twenty years ago, Italy was considered the birthland
of CD epidemiology due to the serological screening of its population; therefore, several
studies on CD have been performed in this country [55,56].

Four methods were used in the studies and compared to laboratory tests: the CDAT,
BIAGI, self-reports, and interviews. The self-report method was the most used tool to eval-
uate GFD adherence [27,30,32,34,36,38,39,41,43–45,47,51–53]. This method is characterized
by an individual reporting whether or not they adhere to a GFD, in a dichotomous way
(yes or no) or using a Likert scale (from never to always), or reporting their food intake
through three-, four-, or seven-day food records to be analyzed or a dietary history. The
dichotomous and Likert-scale methods used to evaluate GFD adherence are related to
perceived adherence to the GFD, and their advantages are accessibility, quickness, and
simplicity. However, records or dietary histories may take more time and be more complex,
despite being helpful in evaluating food quality [57]. Although a food diary with a dietary
interview was indicated by a study to adequately assess GFD adherence [11], the lack of
classification standardization, the need for an expert, and memory bias can become barriers
in practice. Self-reported adherence was positively correlated with dietitian assessments
but not with the CDAT, according to authors [58]. However, some authors consider a
self-report method for assessing GFD adherence problematic, since individuals with CD
can incorrectly report (intentionally or not) their level of GFD adherence, leading to an
over- or underestimation of their adherence to a GFD [59]. A prospective comparative
study comparing the predictive value of self-reported GFD adherence to serological tests
and expert dietitian evaluations showed that self-reporting is less reliable than serological
tests, biopsies, and dietitian evaluations [60]. Despite this, our systematic review showed
that self-reported GFD adherence did not differ from the BIAGI score and interviews and
presented better accuracy than the CDAT tool. A structured interview conducted by a qual-
ified professional can be a sensitive method for assessing GFD adherence, either through
an SDE or through the self-reporting of diet by individuals with CD [1,10], as confirmed
by our results. The SDE consists of a tool composed of structured questions, with food
records lasting up to three days, assessing the patient’s ability to identify gluten in foods or
other products, such as medicines and cosmetics. The disadvantages are that the SDE is
subjective, takes more time, and a specialist is not always available in health services.

The BIAGI score was developed and validated in Italy in 2012 by a multicenter
study [18,26]. Five studies included in this review used the BIAGI tool [18,26,31,33,40].
Four simple questions were developed based on the researchers’ clinical experience. One
of the advantages is that the instrument can be applied even by those with no experience
in CD and GFDs [18]. Studies have been using this tool with satisfactory reproducibility
results [14,61,62]. Its classification varies from 0 to 4, with 0–1 points for those who do
not follow a strict GFD; 2 points for those following a GFD but with important errors
that require correction, and 3–4 points for those following a strict GFD. The authors state
that it is possible to apply this to different ethnicities, with the last question (Do you only
eat packaged foods guaranteed by the Celiac Association?) able to be omitted without
affecting the final result in some countries, as local celiac societies may not provide lists of
gluten-free packaged foods. Therefore, when validating the BIAGI tool in each country it
will be applied as necessary.

The CDAT was created in 2009 in the USA from a meeting of specialists (gastro-
enterologists, dietitians, psychologists, and CD individuals) to assess GFD adherence
specifically [19]. After the meeting, they chose the five most important domains for evalu-
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ating GFD adherence: (1) symptoms related to CD, (2) specific knowledge of the disease,
(3) self-efficacy, (4) reasons for maintaining a GFD, and (5) perceived adherence to the
GFD. The CDAT consists of a seven-item questionnaire on a scale of 1 to 5. The minimum
score is seven, and the maximum score is 35 points, with less than 13 points indicating
good adherence [19]. This instrument has been translated into Spanish, Polish, and Norwe-
gian [20,49,63,64], which are important for comparing different populations. However, its
application takes time due to the number of items it contains and, in this systematic review,
the CDAT presented the lowest association with laboratory tests.

The guidelines for celiac disease highlight that monitoring must be carried out through
clinical evaluation, laboratory tests, and serology [1,65,66]. The normalization of laboratory
tests indicates the remission of the disease, but the negativation of the tests is not imme-
diate, and each test also has disadvantages that can limit its results. The quantification
of antibodies, such as tTG, EMA, and DGP, is strongly recommended due to their high
specificity and sensitivity [11,67]. Even though negative values cannot confirm a lack of
exposure to gluten [11], it is evident that antibody values gradually decrease after months
of a GFD [44]. Therefore, serology alone is not indicated to determine strict adherence to a
gluten-free diet, and normalization does not indicate mucosal recovery [11,16].

Biopsy is considered the gold standard for evaluating mucosal healing; however,
its invasive and high-cost nature means that the exam is not mandatory in monitoring
CD, and the mucosal recovery time after a GFD is slow. Moreover, it varies for each
individual. Studies differ on the indication period for biopsy, varying between repeating
the biopsy after two years on a gluten-free diet or when symptoms and serological levels
are altered [11,65,66,68]. In this systematic review, most of the studies performed a biopsy
after a gluten-free diet was maintained for more than two years [20,29,38,40–42,45,47,49],
which minimized the bias in the results.

Quantifying GIPs in feces and urine is a promising test that has also detected invol-
untary gluten consumption [46,69,70] and is recommended as a good direct approach to
assessing adherence to a gluten-free diet and is helpful when available [1,11]; however, few
studies used this comparator [9,46,48,50]. More studies are needed due to the individual
variability in gluten metabolization and as their detectable time after ingestion is short
(up to seven days) [11]. The consensus is that monitoring should be carried out frequently
to assess the response to treatment and the adherence to a gluten-free diet [1,44,65,66].
Therefore, searching for less invasive, low-cost, and fast instruments to evaluate GFD
adherence is essential.

This systematic review also has limitations. By including only studies on individuals
over 18 years of age with celiac disease, many studies with the potential for analyzing
the prediction of these instruments may have been excluded. Although biopsy is the gold
standard for visualizing mucosal recovery, it can take up to five years for complete recovery
in adults [10,17], which may have been a barrier in articles that used biopsy as a comparator
over a short period for adherence assessments. In addition, the use of different methods
(biopsy, serological, and GIP tests) may be a potential limitation, since the studies did not
use the same method to evaluate GFD adherence. In order to minimize this, the tests were
analyzed separately (Table 2).

A high risk of bias was only identified in four studies [27,28,37,48], and the concern
was relatively low among the included studies. Accurately determining adherence to a
GFD remains a challenge, particularly with respect to unintentional consumption. Both
self-reports and tools rely on prior knowledge about the presence of gluten in foods, and
this knowledge is not always accurate [59]. However, a standardized and straightforward
tool facilitates the monitoring of individuals with celiac disease and guides professionals
toward better management practices. Therefore, through this systematic review and meta-
analysis, it is possible to emphasize the importance of using practical tools capable of
predicting adherence to a GFD, thereby ensuring the effective monitoring of individuals
with celiac disease.
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5. Conclusions

There were no significant differences between the interview, self-report, and BIAGI
tools used to evaluate GFD adherence. These tools were better associated with GFD ad-
herence than the CDAT. Considering their cost, application time, potential accuracy of
the level of GFD adherence, and prediction capacity, the self-report and BIAGI tools were
considered the preferred tools to evaluate GFD adherence. These instruments are question-
naires completed by individuals. The evaluated tools depend on the CD patient’s responses
in interviews or to questionnaires; therefore, it is necessary to raise awareness about the
importance of accurately filling out these questionnaires and to expand patients’ knowledge
about foods and the gluten-free diet to obtain the most accurate responses. Furthermore,
additional studies are required to create standardized methods for evaluating diet adher-
ence in various regions. These methods should be easily translatable and validated in
multiple languages. They should also be simple to implement and highly accurate.
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Abstract: Vitamin K is a multifunctional micronutrient essential for human health, and deficiency
has been linked to multiple pathological conditions. In this study, we aimed to develop and validate
a new food frequency questionnaire (FFQ) to estimate total vitamin K intake, over the course of a
30-day interval, in a Portuguese, Mediterranean-based, population. We conducted a prospective
study in a non-random sample of 38 healthy adult volunteers. The FFQ was designed based on a
validated Portuguese FFQ used in nationally representative studies and on literature reviews, to
include foods containing ≥5 µg of vitamin K/100 g and foods with a lower vitamin K content, yet
commonly included in a Mediterranean diet. Vitamin K intake was estimated from 24 h recalls and six
days of food records. The final FFQ included 54 food items which, according to regression analyses,
explains 90% of vitamin K intake. Mean differences in vitamin K intake based on food records
(80 ± 47.7 µg/day) and on FFQ (96.5 ± 64.3 µg/day) were statistically non-significant. Further, we
found a strong correlation between both methods (r = 0.7; p = 0.003). Our results suggest that our
new FFQ is a valid instrument to assess the last 30 days of vitamin K intake in the Portuguese
Mediterranean population.

Keywords: vitamin K; food frequency questionnaire; dietary intake; Mediterranean diet

1. Introduction

Vitamin K is a liposoluble vitamin essential for maintaining proper human health,
and its deficiency has been linked to age-related diseases, such as cardiovascular disease,
osteoarthritis, dementia, cognitive impairment, mobility disability, and frailty [1,2]. Vitamin
K has been historically described as a co-factor for the gamma-glutamylcarboxylation of
vitamin K-dependent proteins (VKDPs) with a multitude of functions in multiple body
tissues and molecular processes. Vitamin K is considered an essential nutrient for blood
coagulation and cardiovascular and bone health. In addition, vitamin K has been shown
to exert novel roles independent of VKDPs carboxylation, such as anti-inflammatory,
antioxidant, antiferroptosis, transcriptional regulator of osteoblastic genes, inhibition of
tumor progression, and cognition promoter [1–3].

Naturally occurring vitamin K includes phylloquinone (vitamin K1) and several forms
of menaquinones (MKn or vitamin K2). Vitamin K1 (VK1) is mostly found in photosynthetic
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organisms, including green leafy vegetables, herbs, algae, and vegetable oils. Vitamin K2
(VK2) is primarily produced by bacteria and is obtained through the consumption of meat,
fermented foods, and dairy products [1,4]. Although, collectively, VK1 and VK2 comprise
the generally described vitamin K, these isoforms differ not only in the source, but also
in absorption rates, tissue distribution, bioavailability, and target activity [1]. Despite the
fact that vitamin K can be recycled, that microbiota can produce VK2, and that MK-4 is a
product of conversion from vitamin K at tissue level, vitamin K1 and K2 sources are mainly
dietary [5,6]. According to the estimated dietary consumption, vitamin K1 accounts for 90%
of the total vitamin K in the diet [7], but evidence from basic research and clinical studies
has highlighted the importance of VK2. In fact, it was suggested that VK2 might account
for 70% of total extrahepatic activity, while VK1 contributes only 5% [8]. Vitamin K has a
recommended daily intake (RDI) based on the median intake of VK1 in American adults,
and an adequate intake recommendation (adequate intake—AI) set at 120 µg/day for men
and 90 µg/day for women [9]. In Europe, 75 µg vitamin K has been recommended as daily
allowance (Commission Directive 2008/100/EC). Additionally, VK2 has been suggested to
be suitable for consideration for a specific dietary recommendation intake [8].

While most diets are considered to contain an adequate amount of vitamin K, further
research is needed, especially because the intake estimates of vitamin K are not consistent
and mostly focused on VK1. Additionally, habitual intake is influenced by factors including
food diversity, eating patterns, and different contents of vitamin K, which may vary with
soil, climate, and agricultural conditions [10].

Food frequency questionnaires (FFQ) are commonly used to assess dietary intake in
epidemiological studies because they are relatively easy to administer, are cost-effective,
and are able to capture long-term habitual intake [11]. However, the validity of FFQ is
dependent on the accuracy of the food composition database and the ability of participants
to recall their intake over a specific period [12].

Validated FFQ to assess vitamin K intake exists, constructed using American popu-
lations, but these tools cannot be directly applied to a Mediterranean population, which
traditionally follows an eating pattern where vitamin K-rich foods, such are leafy green
vegetables and different types of cheeses, are frequently consumed.

The aim of this study was to develop and validate a new FFQ for assessing vitamin K
intake, including VK1 and VK2, in a Mediterranean-based sample. To our knowledge, this
is the first study to evaluate the validity of a FFQ specifically designed to assess vitamin K
intake in this setting.

2. Materials and Methods
2.1. Study Design and Participants

We conducted a prospective study in a non-random sample of healthy adult vol-
unteers, recruited by direct contact and through social media. Inclusion criteria were:
(i) age ≥ 18 years and (ii) cognitive ability to fulfil the data collection tools. Exclusion
criteria were: (i) currently under treatment for serious chronic illness, such as cancer or
autoimmune diseases; (ii) diagnosis of a disease that impairs nutrition or food choice,
such as Crohn’s disease, other malabsorption syndromes or food allergies; and (iii) on
anticoagulant therapy.

Sample size calculation, according to methods proposed by Huley et al. [11], consider-
ing 90% power, 5% statistical significance, and a minimum predicted correlation coefficient
of 0.55 between vitamin K intake estimated by FFQ and estimated by dietary recalls, yielded
a minimum sample size of 30 individuals. Accounting for a 10% dropout rate, we set the
minimum sample size at 35 individuals. On recruitment, 38 participants were eligible, and
all proceeded to be a part of the study and concluded data collection.

All participants signed informed consent forms and this study was approved by the
Ethics Committee of the University of Algarve, Portugal.
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2.2. Data Collection

To apply the inclusion criteria, participants were recruited in a face-to-face interview
and all details of the study were explained. Intake of vitamin K was assessed by one 24 h
recall, conducted by a trained dietitian at the day of recruitment, and two self-fulfillment
dietary records, comprising three, consecutive, complete days each. The first dietary record
was completed in the days following recruitment, and the final record was completed
one month later. One of the records was relative to weekend days (Friday, Saturday, and
Sunday), and researchers contacted participants by e-mail to encourage them to fulfil the
dietary records on the set dates.

Participants were asked to report the brand and type of each food item whenever
possible. In the recruitment interview, participants were provided with forms to record their
dietary intake, and any questions regarding this stage were addressed. Forms for the study
were based on the EPIC-Norfolk dietary records forms [12] and in the Portuguese National
Health and Physical Activity Survey [13] forms, which include detailed instructions and im-
ages showing portion sizes and common measurement cups and spoons. Researchers were
available by phone at any time to address any additional questions during data collection.

After fulfilling the second dietary record, participants were also asked to complete the
FFQ created for this study as detailed below. Participants were also asked to report their
height, weight, education level, age, and gender.

2.3. Food Frequency Questionnaire (FFQ)

To construct the FFQ for this study, we based our food list on a validated Portuguese
FFQ used in nationally representative studies [13]. Based on previous research [14–16]
and on published food composition tables for vitamin K [7,17], we identified and selected
foods with ≥5 µg of vitamin K/100 g of food and included them in the FFQ. Additionally,
we identified foods that, despite having <5 µg of vitamin K/100 g of food, are commonly
included in a Mediterranean diet, such as some types of soft cheese, boiled chickpeas,
pumpkin, bell pepper, mackerel, sardines, almonds, walnuts, and coffee [18,19]. The initial
FFQ included a total of 103 food items. Statistical analysis for this validation study, detailed
in the results, allowed us to propose a final FFQ with 54 food items.

Participants were asked to report the frequency of intake in the last month of all listed
food items by choosing one of eight frequency options: never or less than once per month,
1–3 per month, 1 per week, 2–4 per week, 5–6 per week, 1 per day, 2–3 per day, 4+ per day.

All food items were presented with a photograph with a recommended portion
weight, also used in the Portuguese National Health and Physical Activity Survey [13], and
participants reported if their average portion was the same, smaller (defined as 0.5 times
smaller), or larger (1.5 times larger) than the recommended size.

Vitamin K intake for each food item was computed based on the following formula:
nutrient content in portion × average portion size x frequency conversion factor. The
conversion factors were those proposed in previous research on this subject [20–22] and are
presented in Table 1.

Table 1. Frequency intake and conversion factors.

Intake Frequency Conversion Factor

Never or less than once per month 0.02
1–3 per month 0.07

1 per week 0.14
2–4 per week 0.43
5–6 per week 0.79

1 per day 1
2–3 per day 2.5
4+ per day 4

103



Nutrients 2023, 15, 3012

Vitamin K intake was calculated using a food composition database constructed for
this study in Microsoft Excel, which included data on vitamin K content of foods from
previous research [7] and data from both McCance and Widdowson’s and the United States
Department of Agriculture’s food composition databases [17,23].

2.4. Statistical Analysis

Data were analyzed using IBM SPSS for Windows (version 29.0, 2022, IBM Corpora-
tion). Mean, median, standard deviation (SD), and interquartile range (IQR) were computed
whenever appropriate, and we used the Shapiro–Wilk test to assess adherence to the normal
distribution of variables regarding vitamin K intake. As the distribution of these variables
was non-Gaussian for both food records and FFQ, data were log-transformed for some
statistical inference tests.

Agreement was analyzed using Student’s t-tests and plotted according to the Bland–
Altman method [24]. We also computed Pearson’s correlation coefficient on the log trans-
formed data.

Statistical significance for all procedures was set at 0.05.

3. Results
3.1. Participants

All participants (n = 38) followed the data collection procedures for the study and
completed the food records and the FFQ.

Participants were predominantly females (n = 23; 60.5%). All of the men (n = 15; 100%)
and 48% of the women (n = 11) had a college level degree. Mean body mass index (BMI)
was 24.6 ± 0.6 kg/m2 and ages ranged between 18 and 65 years old. Female participants
were significantly older (p = 0.004) and with a lower educational level than males (p = 0.002).
Table 2 summarizes the characteristics of participants.

Table 2. Characteristics for all participants by gender.

Characteristics
All Males Females p-Value

(n = 38) (n = 15) (n = 23)

Age (years) Mean (±SD) 37 (±12.2) 31 (±4.5) 41 (±14) 0.004 a

Median (IQR) 36.5 (19) 31 (8) 44 (27)
BMI (kg/m2) Mean (±SD) 24.6 (±0.6) 24.8 (±0.3) 24.5 (±0.7)

Median (IQR) 24.6 (0.5) 24.7 (0.6) 24.6 (0.6) 0.051 b

Education (level):
Primary school (4 years); n (%) 2 (5%) - 2 (9%) 0.002 c

Middle school (5–9 years); n (%) 2 (5%) - 2 (9%)
High school (10–12 years); n (%) 8 (21%) - 8 (35%)

College level degree; n (%) 26 (69%) 15 (100%) 11 (48%)

BMI—Body mass index; SD—standard deviation; IQR—interquartile range. Gender differences computed
with: a—Student’s t-test; b—Mann–Whitney’s test; c—Fisher–Freeman–Halton exact test; Statistical significance
(p < 0.05) is boldfaced.

3.2. Food Frequency Questionnaire Items

To analyze the adequacy of the food item list in the FFQ, we conducted multiple
regression analyses, with a stepwise method, using vitamin K intake as the dependent
variable and all other food items as independent variables. The food items that contributed
cumulatively up to 90% of vitamin K intake in a statistically significant model (F = 7.5,
p = 0.004) were retained for the final version of the FFQ. From the initial list of 103 food
items, we eliminated 43, and thus included 54 food items in our FFQ. The included food
items are shown in Table 3.
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Table 3. Food items in the final food frequency questionnaire.

Category Food Item

Meat, fish, and eggs
Tuna in oil, drained; Beef, minced meat or hamburger; Cold cuts

(ham, mortadella, chorizo, etc.); Mackerel, horse mackerel or
small fish; Scrambled or fried egg

Grains and tubers Homemade or restaurant French fries; Packaged potato chips or
corn snacks; Homemade bread

Desserts and sweets Cookies, biscuits; Cake, tart or other pastry product (croissant,
etc.); Milk chocolate

Fruits Plum, cherry; Almond, walnut, hazelnut; Peanut, cashew; Dried
figs; Apple, pear; Strawberry; Nectarines; Peach; Grapes; Avocado

Vegetables and pulses

Pumpkin; Watercress, arugula; Lettuce or mixed green salad;
Leek; Eggplant; Broccoli; Carrot; Coriander or parsley; Kale;

Cabbage, collard greens, brussels sprouts; Cauliflower; Zucchini;
Peas; Asparagus, green beans; Spinach; Cooked beans; Cooked

chickpeas; Greens, creamed spinach, green vegetable puree;
Cucumber; Green pepper; Red pepper; Tomato

Fats and oils Olive oil; Butter, margarine or vegetable spread, mayonnaise;
Cooking oil

Other Espresso coffee
Meals Lasagna or pasta; Stir-fry or stew with vegetables and/or pasta

Dairy products
Creamy cheese (Brie, Camembert) or Serra da Estrela cheese;
Cream cheese, spreadable; Cured cow or sheep cheese, Edam

cheese; Goat cheese; Cottage or fresh cheese

3.3. Comparison between Food Records and Food Frequency Questionnaire

Mean vitamin K intake was 80 µg (±47.7) according to food records and 96.5 µg
(±64.3) according to the FFQ. Vitamin K estimates from the FFQ were, on average,
16.5 µg (±82.57) higher than estimates from food records. This difference is statistically
non-significant (p = 0.226), supporting the existence of proper absolute agreement
between both methods. The same results are observed in a paired Student’s t-test on
log-transformed vitamin K intake data (p = 0.293). We also found a strong and statis-
tically significant correlation (r = 0.697; p = 0.003) between the FFQ and diet records,
which suggests a good relative agreement and that the FFQ is a valid instrument to
assess vitamin K intake in this population. Table 4 summarizes the results from the
comparison between FFQ and food records.

Table 4. Vitamin K intake according to food records and food frequency questionnaire.

Food Records FFQ p-Value

Vitamin K intake (µg) Mean (±SD) 80 (±47.7) 96.5 (±64.3) 0.293 a,b

Median (IQR) 77.4 (84.5) 80.9 (89.4)
Minimum 16.1 17
Maximum 173.8 319

Difference between FFQ and food records:
Mean (±SD); (95% CI) 16.5 (±82.57); (−10.7, 43.6) 0.226 b

Correlation between FFQ and food: 0.697 0.003 a

SD—Standard deviation; IQR—interquartile range; CI—confidence interval; FFQ—food frequency questionnaire.
a—p-values corresponding to analysis on log-transformed variables; b—Student’s t-test.

We constructed a Bland–Altman plot to assess agreement by computing mean vitamin
K intake from FFQ data and six days of food records, and plotting this with the difference
in mean intake obtained with these two methods. The plot shows that most participants
fall in the acceptable limits of agreement in individual differences between both dietary
estimate methods (Figure 1).
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Figure 1. Bland–Altman plot to assess agreement in vitamin K intake between food records and the
food frequency questionnaire.

Following the methods proposed by Doğan [25] and Ludbrook [26], we conducted
a simple linear regression analysis using the Bland–Altman plot data, considering the
difference in mean vitamin K intake as the dependent variable and mean vitamin K intake
as independent variable. This analysis showed a regression where mean differences are
not significantly different than zero (F = 0.004; p = 0.959) and a statistically non-significant
(p = 0.949) β1 coefficient, very close to the null value (β1 = −0.024), suggesting that there
is no proportional bias. This shows that the difference in values resulting from the two
methods does not increase or decrease in proportion to the average values.

4. Discussion

The literature suggests that FFQ are valid, reliable, and easy-to-use tools in popula-
tional studies, but their accuracy in estimating some nutrients, particularly micronutrients,
is still the subject of ongoing research [22,27–29]. Thus, the development of a valid FFQ for
vitamin K that can be used in surveys, cohort studies, and other populational assessments
can constitute worthwhile research, especially if the FFQ is aimed at populations that are
associated with a specific dietary pattern, which includes vitamin K-rich foods.

Our study allowed the development of a valid FFQ for the assessment of vitamin
K intake in a sample of Portuguese adults, with a very low cost of administration and
processing, and with low respondent burden. Moreover, this FFQ is directed to estimate
VK1 and VK2 intake as a more representative measurement of vitamin K status. Most
FFQs developed to estimate the dietary consumption of vitamin K have specifically focused
on VK1 mainly because, in the Western diet, it accounts for nearly 90% of total vitamin
K intake [7]. However, accumulating evidence from basic research and clinical studies
has highlighted the health beneficial effects of VK2, particularly due to its long half-
life and extrahepatic distribution. While VK1 is preferentially accumulated in the liver
and is poorly retained in the organism with a half-life time of 1–2 h, VK2 with a half-
life time of 68 h is available to extrahepatic tissues through circulation, resulting in an
increased bioavailability of the whole body [1,2]. Additionally, in terms of functionality,
VK2 (particularly MK-7 and MK-4) has been shown to have a higher bioactivity than
VK1 in different molecular processes, such as gamma-glutamylcarboxylation cofactor,
inhibitory effect on bone resorption, antioxidant, activator of sphingolipid metabolism, and
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anticancer [30–35]. In fact, it was suggested that VK2 is the major active form of vitamin
K, accounting for 70% of total extrahepatic activity, while VK1 contributes only 5%, and
that the beneficial effects of VK2 are not covered by current RDI guidelines [8]. However, it
should be noted that MK-4 is a result of vitamin K conversion and is dependent from VK1
intake, and that MK-4 is present in most extrahepatic tissues [5,6,36,37]. In this context,
more attention should be given to the dietary intake of both VK1 and VK2.

Although we recorded some overestimation (16.5 ± 82.57 µg) of vitamin K intake
when compared with food records, this overestimation was statistically non-significant and
on par with the variability which, according to previous research, is to be expected [38–41].
Our FFQ showed an adequate relative agreement with food records, with a correlation
coefficient of 0.697, which is above the minimum threshold of 0.4 proposed for FFQ valida-
tion studies [22,42]. Previous FFQ studies regarding vitamin K intake report correlations
from 0.5 to 0.8 [15,16,40,43–45]. The Bland–Altman method of analysis also indicates good
relative agreement, with one outlier participant above the 95% agreement limit, and one par-
ticipant in the borderline of the lower agreement limit. Although this study is not intended
to evaluate vitamin K intake in our population, the mean vitamin K of 96.5 ± 64.3 µg/day
in our sample is within the RDI established for the American population and above the
75 µg/day recommended by the European Commission.

We identified several limitations of this study and propose future research directions
in this topic. Although VK1 intake has been suggested to not vary significantly with
season [46], we cannot rule out the interference of the seasonal nature of dietary patterns,
particularly when considering a Mediterranean-based diet. We included items in the
FFQ food list that cover the wide variety of products that are common in all harvesting
seasons, but data were collected in springtime. This can imply that the final food list that
derived from the regression analysis may not include items that provide an important
intake of vitamin K, because these are mainly consumed during winter. We believe that
wintertime products are represented in the final list, but additional studies to confirm
this, conducted during colder months, are needed. Some research suggests that there is a
high within-person variation in the intake of vitamin K [41] and green vegetables [42,43].
Therefore, additional studies assessing the reproducibility of our FFQ should also be
undertaken, as we did not assess this parameter. Although the sample size of our study is
adequate to compare methods of assessing dietary intake, our participants constituted a non-
probabilistic, convenience sample, mainly composed of adults with a high educational level.
Ages ranged from 18 to 65 years of age and, therefore, our data do not allow us to assess
the validity of our FFQ in older adults, or in individuals with different sociodemographic
characteristics, thereby compromising the generalization of our results.

It is also important to note that we focused on collecting vitamin K intake during
a period of one month. The initial 24 h recall and the food records that were used to
establish usual intake were collected during a 30-day interval and the FFQ was specifically
constructed in such a way that participants recall their intake for an equivalent period.
This limited timespan can favor recall, as participants’ memory of recent food intake can
contribute to the good agreement shown in the data. The aim of the FFQ we developed
was to assess short-term intake and, thus, we cannot infer or extrapolate to longer periods
of intake recall and propose this to be taken into account in future studies with this tool.

Overall, we constructed a valid, practical, and cost-effective tool to estimate vitamin K
intake for a 30-day period. Our FFQ showed good absolute and relative agreement with
food records and includes a list of food products that account for most of the VK1 and
VK2 intake in a Mediterranean dietary pattern in the Portuguese population. Additional
research is needed to assess the reproducibility of this tool to confirm that seasonality does
not affect its validity, and to test its applicability to different populations.
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Abstract: Alternate-day fasting (ADF) is becoming more popular since it may be a promising diet
intervention for human health. Our study aimed to conduct a comprehensive bibliometric analysis
to investigate current publication trends and hotspots in the field of ADF. Publications regarding
ADF were identified from the Web of Science Core Collection (WOSCC) database. VOSviewer 1.6.16
and Online Analysis Platform were used to analyze current publication trends and hotspots. In total,
there were 184 publications from 362 institutions and 39 countries/regions, which were published
in 104 journals. The most productive countries/regions, institutions, authors, and journals were
the USA, University of Illinois Chicago, Krista A. Varady, and Nutrients, respectively. The first
high-cited publication was published in PNAS and authored by R. Michael Anson, and it was also
the first article about ADF. The top five keywords with the highest frequency were as follows: calorie
restriction, weight loss, intermittent fasting, obesity, and body weight. In conclusion, this is the first
comprehensive bibliometric analysis related to ADF. The main research hotspots and frontiers are
ADF for obesity and cardiometabolic risk, and ADF for several different population groups including
healthy adults and patients with diabetes, nonalcoholic fatty liver disease (NAFLD), and cancer.
The number of studies about ADF is relatively small, and more studies are needed to extend our
knowledge about ADF, to improve human health.

Keywords: alternate-day fasting; bibliometric analysis; weight loss; obesity; cardiometabolic risk

1. Introduction

Alternate-day fasting (ADF), which is defined as a feast day with usual food, alter-
nated with a fast day with a calorie restriction of about 25% of usual intake (approximately
500 kcal), is a main type of intermittent fasting (IF) [1–6]. ADF is usually used for people
with obesity and overweight. A previous systematic review and meta-analysis demon-
strated that ADF could effectively lower body fat mass (FM), body weight (BW), total
cholesterol (TC), and body mass index (BMI) in individuals with obesity [7]. In addi-
tion to obesity, ADF can be used to manage other diseases including non-alcoholic fatty
liver disease (NAFLD), diabetes, and asthma. For example, a recent study showed that
the combination of exercise with ADF was effective for reducing hepatic steatosis in in-
dividuals with NAFLD [8]. In addition, ADF is also beneficial to healthy adults, and
Slaven Stekovic et al. found that ADF could reduce low-density lipoprotein, the level of
sICAM-1 (an age-associated inflammatory marker), and the metabolic regulator triiodothy-
ronine in healthy and non-obese humans [9]. It seems that ADF could become a beneficial
intervention for diverse population groups.

Recently, ADF is becoming more popular since it may be a promising diet intervention
for human health. Despite the growing popularity of ADF, there is no bibliometric study
summarizing the current publication trends and predicting research hotspots in this field.

Bibliometric study is a comprehensive and timely analysis of countries/regions, insti-
tutions, authors, keywords, h-index, and other parameters related to all publication in a
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specific field. It can provide a detailed overview of a specific area of knowledge and help
the researchers know the current publication trends and find hotspots. VOSviewer is a
popular software tool used for bibliometric analysis, and the key functions of VOSviewer
include the following: (1) network visualization, which allows users to create various
types of bibliometric networks, such as co-authorship networks, co-citation networks, and
keyword co-occurrence networks; (2) clustering and mapping, which employs advanced
algorithms to cluster nodes (authors, articles, or keywords) that are closely related within
the network; (3) keyword analysis, which can reveal trends and emerging topics in a partic-
ular research area by identifying commonly used terms and their relationships; (4) citation
analysis, which helps users explore citation patterns among research articles. This can
provide insights into influential articles, research trends, and the evolution of scientific
ideas over time. Therefore, our study aimed to conduct a comprehensive bibliometric
analysis to determine the frontiers and hotspots in the field of ADF, and then provide a
panoramic vision and guidance for future researchers.

2. Materials and Methods
2.1. Search Strategy

In our study, the relevant documents were extracted from Web of Science Core Collec-
tion (WoSCC). The database was queried using the following terms: “alternate-day fasting”
or “modified alternate day fasting” or “alternate day fasting” or “modified alternate-day
fasting” or “alternate day calorie restriction” or “alternate-day calorie restriction” or “mod-
ified alternate-day calorie restriction” or “alternate-day modified fasting” from 1 January
2000 to 30 May 2023, with articles and reviews, in the English language.

2.2. Data Collection and Bibliometric Analysis

After the selection, the document in TXT format with “Full Record and Cited Refer-
ences” was downloaded and imported in the VOSviewer 1.6.16 software. We performed
a two-step analysis by WoSCC Online Analysis Platform and VOSviewer 1.6.16 software.
The information about annual publication number, the top 10 productive countries/regions,
institutions, authors, and journals, and the top 20 high-cited publications were exported
from WoSCC Online Analysis Platform. VOSviewer 1.6.16 was used to analyze the co-
authorship of institutions, countries/regions, authors, citation of journals and references,
co-citation of references, and co-occurrence of keywords, and then output relevant figures.
In the keyword co-occurrence analysis, we merged the synonyms of “alternate-day fasting”
or “modified alternate day fasting” or “alternate day fasting” or “modified alternate-
day fasting” or “alternate day calorie restriction” or “alternate-day calorie restriction” or
“modified alternate-day calorie restriction” or “alternate-day modified fasting” into the
term “alternate-day fasting”, “caloric restriction” and “calorie restriction” into the term
“caloric restriction”, “weight loss” and “weight-loss” into the term “weight loss”, “body-
composition” and “body composition” into the term “body composition”, and “insulin
resistance” and “insulin-resistance” into the term “insulin resistance”.

3. Results
3.1. Quantity and Trends Analysis of Published Papers

In general, 184 publications including 128 articles and 56 reviews met the inclusion
criteria, as shown in Figure 1. The publications, the types of publications, and the sub-
ject categories are listed in Figure 2. The top two subjects were nutrition dietetics with
83 publications and endocrinology metabolism with 31 publications. The time periods
of publications could be divided into three phases: the first phase included documents
published before 2010 (2003–2009), with about 16 documents published on ADF; the second
phase included documents published between 2010 and 2018, with no significant increase
in the number of publications in the field of ADF; in 2019, the number of publications
showed a sharp upward trend, representing the third phase, from 2019 until now.
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3.2. Analysis of Countries/Regions, Institutions, and Authors

In total, 362 institutions from 39 countries/regions contributed to the field of ADF. The
most productive institutions were the University of Illinois Chicago with 37 publications
and 2212 citations, the National Institutes of Health (NIH) with 10 publications and 1439
citations, and the University of California System with 9 publications and 490 citations.
More than half of total publications were from the USA, accounting for 53.3% (98/184),
followed by China with 23 publications, and England with 14 publications. In this field,
Krista A. Varady was the most productive author with 43 publications, which is far more
than others; she had a high h-index of 25 and a total of 2628 citations. After her, Cynthia
M. Kroeger with 17 publications and Monica C. Klempel with 13 publications were the
second and third most productive authors. The top 10 most active authors, institutions, and
countries/regions in the field of ADF are summarized in Table 1. The network visualization
maps of the cooperation relation among authors, organizations, and countries were shown
in Figure 3. The top three cooperative authors were Krista A. Varady, Cynthia M Kroeger,
and Kelsey Gabel. The top three cooperative institutions were the University of Illinois
Chicago, the Medical University of Graz, and the National Institutes of Health (NIH). The
top three cooperative countries were the USA, Switzerland, and Germany. The word cloud
representing the most frequent authors’ keywords is displayed in Figure 4.

Table 1. The top 10 productive authors, institutions and countries based on publications.

Items Publications

Ranking Country Number Citations C/N h-Index

Country 1 USA 98 5555 56.7 36
2 China 23 579 25.2 10
3 England 14 313 22.4 10
4 Australia 10 376 37.6 8
5 Italy 8 226 28.3 7
6 Brazil 7 52 7.4 4
7 Canada 7 200 28.6 5
8 Iran 6 84 14 5
9 Switzerland 6 301 50.2 4
10 Austria 5 216 43.2 4

Institution 1 University of Illinois Chicago 37 2212 59.8 23
2 National Institutes of Health 10 1439 143.9 8
3 University of California System 9 490 54.4 9
4 Louisiana State University System 8 1229 153.6 7
5 Pennington Biomedical Research Center 7 815 116.4 6
6 Cornell University 5 117 23.4 4
7 Medical University of Graz 5 216 43.2 4
8 University of Michigan 5 33 6.6 3
9 University of Sydney 5 219 43.8 5
10 Biotechmed Graz 4 216 54 4

Author 1 Krista A. Varady 43 2628 61.1 25
2 Cynthia M. Kroeger 17 1337 78.6 15
3 Monica C. Klempel 13 1314 101.1 12
4 Kelsey Gabel 13 541 41.6 7
5 John F. Trepanowski 12 1142 95.2 11
6 Sofia Cienfuegos 12 191 15.9 6
7 Kristin Hoddy 11 1041 92.2 10
8 Mark Ezpeleta 10 123 12.3 6
9 Surabhi Bhutani 9 939 104.3 9
10 Faiza Kalam 8 115 14.4 6

The average article citation (C/N) = citations/numbers.
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3.3. Analysis of Journals and Highly Cited Publications

Over the last 20 years, 184 documents were published in 104 journals. Nutrients was
the most productive journal with 18 publications. After it, American Journal of Clinical
Nutrition and Obesity both had six publications. The top 10 productive journals in the field
of ADF are shown in Table 2. The characteristics of the top 20 high-cited publications [9–28]
are summarized in Table 3, and the most highly cited publication was published in PNAS
and authored by R. Michael Anson et al., in 2003 [10]. It was also the first article about ADF.
In this article, they found that intermittent fasting with ADF had more benefits including
increased resistance of neurons to excitotoxic stress in the brain and reduced insulin levels
and serum glucose compared with caloric restriction in mice. The second most highly
cited publication was published in Free Radical Biology and Medicine, authored by James B.
Johnson et al., in 2007 [17]. In this article, they found that ADF could decrease the indicators

115



Nutrients 2023, 15, 3724

of inflammation, including brain-derived neurotrophic factor and serum tumor necrosis
factor-α (TNF-α). The third most highly cited publication was published in JAMA Internal
Medicine in 2017, authored by Trepanowski et al. [24]. In this article, 69 metabolically
healthy obese adults were included. Compared with a daily calorie restriction diet, ADF
was not superior in some factors including weight maintenance, weight loss, adherence, and
improvement in risk indicators for cardiovascular disease (CVD). The fourth most highly
cited publication was published in American Journal of Clinical Nutrition in 2007, authored
by Dr. Krista A. Varady and Dr. Mark K Hellerstein. In this review, they summarized the
human and animal trials in ADF and the prevention of chronic diseases including type
2 diabetes (T2DM) and cardiovascular disease (CVD), since ADF may modulate several
risk factors effectively and prevent these chronic diseases to a similar extent to CR. The
network visualization maps of citations of journals and references are shown in Figure 5.

Table 2. The top 10 most productive journals.

Ranking Journal Name Country Counts Citation

1 Nutrients Switzerland 18 318
2 American Journal of Clinical Nutrition USA 6 849
3 Obesity USA 6 528
4 Journal of Nutritional Biochemistry USA 4 84
5 Mechanisms of Aging and Development Switzerland 4 123
6 Metabolism Clinical and Experimental USA 4 217
7 Nutrition Reviews USA 4 203
8 British Journal of Nutrition England 3 65
9 Cell Metabolism USA 3 196

10 Faseb Journal USA 3 31

Table 3. The top 20 most highly cited references.

Rank Title Journal Total
Citations Year First Author

1

Intermittent fasting dissociates
beneficial effects of dietary restriction
on glucose metabolism and neuronal

resistance to injury from calorie intake

PNAS 486 2003 R. Michael Anson [10]

2

Alternate-day calorie restriction
improves clinical findings and reduces

markers of oxidative stress and
inflammation in overweight adults

with moderate asthma

Free Radical Biology and
Medicine 414 2007 James B. Johnson [17]

3

Effect of alternate-day fasting on
weight loss, weight maintenance, and
cardioprotection among metabolically
healthy obese adults: A randomized

clinical trial

Jama Internal Medicine 312 2017 John F.
Trepanowski [24]

4
Alternate-day fasting and chronic

disease prevention: A review of human
and animal trials

American Journal of
Clinical Nutrition 242 2007 Krista A. Varady [28]

5
Alternate-day fasting in nonobese

subjects: Effects on body weight, body
composition, and energy metabolism

American Journal of
Clinical Nutrition 235 2005 Leonie K.

Heilbronn [14]

6
Alternate-day fasting for weight loss in

normal weight and overweight
subjects: a randomized controlled trial

Nutrition Journal 234 2013 Krista A. Varady [27]
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Table 3. Cont.

Rank Title Journal Total
Citations Year First Author

7

Short-term modified alternate-day
fasting: a novel dietary strategy for
weight loss and cardioprotection in

obese adults

American Journal of
Clinical Nutrition 223 2009 Krista A. Varady [26]

8
Alternate-day fasting improves

physiological and molecular markers of
aging in healthy, non-obese humans

Cell Metabolism 186 2019 Slaven Stekovic [9]

9
Effects of intermittent fasting on body

composition and clinical health
markers in humans

Nutrition Reviews 170 2015 Grant M. Tinsley [22]

10

Alternate-day fasting and endurance
exercise combine to reduce body

weight and favorably alter plasma
lipids in obese humans

Obesity 170 2013 Surabhi Bhutani [12]

11

A randomized pilot study comparing
zero-calorie alternate-day fasting to

daily caloric restriction in adults
with obesity

Obesity 169 2016 Victoria A.
Catenacci [13]

12

Intermittent fasting vs. daily calorie
restriction for type 2 diabetes

prevention: A review of
human findings

Translational Research 164 2014 Adrienne R.
Barnosky [11]

13
Intermittent versus daily calorie

restriction: Which diet regimen is more
effective for weight loss?

Obesity Reviews 153 2011 Krista A. Varady [25]

14

Impact of caloric and dietary restriction
regimens on markers of health and

longevity in humans and animals: A
summary of available findings

Nutrition Journal 138 2011 John F.
Trepanowski [23]

15

Effectiveness of intermittent fasting
and time-restricted feeding compared

to continuous energy restriction for
weight loss

Nutrients 134 2019 Corey A. Rynders [20]

16
Health effects of intermittent fasting:

Hormesis or harm? A
systematic review

American Journal of
Clinical Nutrition 122 2015 Benjamin D.

Horne [16]

17
Glucose tolerance and skeletal muscle

gene expression in response to
alternate-day fasting

Obesity Research 122 2005 Leonie K.
Heilbronn [14]

18

Do intermittent diets provide
physiological benefits over continuous

diets for weight loss? A systematic
review of clinical trials

Molecular and Cellular
Endocrinology 119 2015 Radhika V.

Seimon [21]

19

Alternate-day fasting (ADF) with a
high-fat diet produces similar weight

loss and cardioprotection as ADF with
a low-fat diet

Metabolism—Clinical
and Experimental 107 2013 Monica C.

Klempel [19]

20 Fasting for weight loss: An effective
strategy or latest dieting trend?

International Journal of
Obesity 96 2015 Alexandra

Johnstone [18]
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Figure 5. Visualization knowledge maps of journals and references. (A) Citation of journals.
(B) Citation of references. The top three most productive journals were Nutrients, American Journal
of Clinical Nutrition, and Obesity. The top three most highly cited publications were “Intermittent
fasting dissociates beneficial effects of dietary restriction on glucose metabolism and neuronal resis-
tance to injury from calorie intake” [10], “Alternate-day calorie restriction improves clinical findings
and reduces markers of oxidative stress and inflammation in overweight adults with moderate
asthma” [17], and “A randomized pilot study comparing zero-calorie alternate-day fasting to daily
caloric restriction in adults with obesity” [13].

3.4. Analysis of Document Co-Citation and Clustered Network

Figure 6 shows the co-citation reference in the field of ADF. Co-cited references are
defined where one publication is cited by more than one article of the 184 extracted list.
The top three co-cited references were Dr. Krista A Varady et al., American journal of
clinical nutrition, in 2007 (54 co-citations), Trepanowski et al., JAMA Internal Medicine, in
2017 (51 co-citations), and James B. Johnson et al., Free Radical Biology and Medicine, in
2007 (50 co-citations), which were described above. The fourth-ranked co-cited reference
was published in Nutrition Journal with 47 co-citations, authored by Dr. Krista A Varady
et al., in 2013. In this randomized controlled trial, they found that ADF was effective for
cardioprotection and weight loss in adults with and without overweight. The network
visualization map of the co-citation of references is shown in Figure 6.
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Figure 6. The network visualization map of co-citation of references. The top four co-cited refer-
ences were “Alternate-day fasting and chronic disease prevention: A review of human and animal
trials” [28] (54 co-citations), “Effect of alternate-day fasting on weight loss, weight maintenance, and
cardioprotection among metabolically healthy obese adults: A randomized clinical trial” [24] (51
co-citations), “Alternate-day calorie restriction improves clinical findings and reduces markers of
oxidative stress and inflammation in overweight adults with moderate asthma” (50 co-citations), and
“Alternate-day fasting for weight loss in normal weight and overweight subjects: A randomized
controlled trial” [27] (47 co-citations).

3.5. Analysis of Keywords

The co-occurrence of keywords, which could be classified in four clusters, is shown
in Figure 7, presenting the frontiers, trends, and hot topics in this field. The green cluster
includes alternate-day fasting, weight loss, body weight, and overweight. The red cluster
includes caloric restriction, obesity, and metabolism. The blue cluster includes insulin
resistance and energy restriction. The yellow cluster includes intermittent fasting, diet, and
body composition. The top 10 keywords with the highest frequency aside form alternate-
day fasting were calorie restriction (N = 81), weight loss (N = 70), intermittent fasting
(N = 62), obesity (N = 62), body weight (N = 41), diet (N = 32), insulin resistance (N = 29),
metabolism (N = 28), overweight (N = 23), and body composition (N = 22).
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4. Discussion
4.1. General Information

To the best of knowledge, this is the first bibliometric analysis related to ADF. ADF
is a main type of intermittent fasting, with many benefits for human health, including
weight loss and improvements in cardiometabolic parameters and glucose regulation;
many previous studies explored the effects of ADF for health conditions including obesity,
NAFLD, and diabetes [29,30]. In our analysis, there were 184 publications of 127 articles
and 57 reviews from 362 institutions and 39 countries/regions, which were published
in 104 journals about ADF. The most productive countries/regions, institutions, authors,
and journals were the USA with 98 publications, the University of Illinois Chicago with
37 publications, Krista A. Varady with 43 publications, and Nutrients with 18 publications,
respectively. The most highly cited publication was published in PNAS, authored by R.
Michael Anson et al., in 2003 [10], and it was also the first article about ADF. The top
five keywords with the highest frequency were as follows: calorie restriction, weight loss,
intermittent fasting, obesity, and body weight.
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4.2. Hotspots and Frontiers

On the basis of current publication trends, important keywords with high frequency,
and highly cited publications, the research hotspots in the field of ADF were summarized
as follows: (1) ADF for obesity and cardiometabolic risk. In the top 20 highly cited
references, seven explored the effects of ADF for obesity, and metabolic and cardiometabolic
risk [12,13,19,22,24,26,27]. For core keywords, weight loss, body weight, and overweight
occurred in the green cluster, while obesity and metabolism were in the red cluster. A meta-
analysis demonstrated that ADF could lower body weight, body mass index (BMI), body fat,
and total cholesterol in adults with obesity compared with the control in a half year. Daily
calorie restriction (CR) is a first-line strategy for adults with obesity to achieve weight loss.
However, adherence to CR is difficult to many adults with obesity. Many new strategies
have been developed including ADF, time-restricted eating, and a 5:2 diet [2,29,31,32]. ADF
is initially used for weight loss. Meanwhile, other benefits, such as improvements in blood
pressure, lipid profiles, and insulin sensitivity, have been found in many studies. Many
studies have explored the effects of ADF for people with obesity. For example, Varady
et al. [27] conducted a study to explore the effects of ADF for coronary artery disease
(CAD) risk indicators and body weight in people with obesity, and the results showed
that an 8-week ADF intervention could result in a mean weight loss of 5.8% and decrease
some several key biomarkers for CAD risk, such as LDL cholesterol, total cholesterol
(TC), triacylglycerols, heart rate, and systolic blood pressure (SBP). Hooshiar et al. [33]
performed an RCT to investigate the effects of modified alternate-day fasting (MADF)
and calorie restriction (CR) on body weight, sleep quality, and daytime sleepiness. They
found that ADMF could achieve a greater decrease in weight compared with CR, and
MADF might be a beneficial diet for controlling BMI and body weight. (2) ADF for several
different population groups. In the top 20 highly cited references, seven explored the
effects of ADF for non-obese subjects and patients with chronic diseases including diabetes
and asthma [9,11,15,17,23,27,28], and insulin resistance occurred in the blue cluster. In
addition to obesity, many studies explored the effect of ADF for different populations
including healthy, non-obese adults, as well as patients with diabetes and NAFLD. For
healthy, non-obese humans, ADF is safe, and can increase polyunsaturated free fatty acids
(PUFAs), improve the cardiovascular parameters and fat-to-lean ratio, decrease the body
weight by 4.5%, and periodically deplete amino acids [9]. For patients with diabetes, a
randomized controlled trial showed that ADF was effective for glycemic control, while
also significantly decreasing BMI, serum triglyceride, body weight, and fat mass [34].
Two studies investigated the effects of ADF for patients with NAFLD [8,35]. Johari
et al. compared the effects of modified alternate-day calorie restriction (MACR) and
normal habitual diet for patients with NAFLD, and they found that ADF was an effective
intervention for improving NAFLD-related biomarkers including BMI, weight, and liver
transaminases, with a good adherence rate [35]. Recently, a study was conducted to
compare the effects of ADF plus exercise to control, exercise alone, and fasting alone on
intrahepatic triglyceride (IHTG) content in patients with NAFLD. The results demonstrated
that ADF alone was as effective as ADF plus exercise, and they were all better than exercise
alone in increasing insulin sensitivity and body weight, fat mass, waist circumference,
body weight, and alanine transaminase (ALT) levels [8]. More studies are needed to
explore the effects of ADF for diverse populations. It should be noted that sustained ADF
may potentiate doxorubicin cardiotoxicity according to a recent study, indicating that the
use of ADF should be taken with care in specific populations such as patients receiving
doxorubicin treatment [36–38].

There were some limitations in our study. The WoSCC database was used in our study,
whereas other databases such as Embase and Pubmed were not used since VOSviewer
software cannot analyze and visualize co-citation maps using their data. The overall
number of publications in the field of ADF remains relatively small; thus, more studies are
urgently needed to extend our knowledge about the effects of ADF for human health, as
well as take advantage of this approach to improve human health.
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In conclusion, this is the first comprehensive bibliometric analysis related to ADF. The
main research hotspots and frontiers were ADF for obesity and cardiometabolic risk, and
ADF for diverse populations including healthy adults and patients with diabetes, NAFLD,
and cancer. The studies about ADF were limited, and more studies are needed to extend
our knowledge about ADF, with the aim of improving human health.
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Abstract: Vitamin A is a fat-soluble micronutrient that is essential for human health. In this study,
the daily vitamin A intake of Chinese residents was evaluated by investigating the vitamin A content
of various foods. The results show that the dietary intake of vitamin A in common foods was
460.56 ugRAE/day, which is significantly lower than the recommended dietary reference intake
of vitamin A (800 ugRAE/day for adult men and 700 ugRAE/day for adult women). Vegetables
contributed the most to daily vitamin A dietary intake, accounting for 54.94% of vitamin A intake
(253.03 ugRAE/day), followed by eggs, milk, aquatic products, meat, fruit, legumes, coarse cereals,
and potatoes. Therefore, an increase in the vitamin A content of vegetables and the fortification of
vegetable oils with vitamin A are effective ways to increase vitamin A intake to meet the recommended
dietary guidelines in China. The assessment results support the design of fortified foods.

Keywords: vitamin A; vegetables; dietary intake; vegetable oil fortification

1. Introduction

Vitamin A is a compound with the biological activity of retinol. There are two primary
groups of substances that provide retinol bioactivity. One is preformed vitamin A (retinol)
and the other is provitamin A carotenoids chiefly comprising beta-carotene, alpha-carotene,
and cryptoxanthin [1,2]. As an essential fat-soluble micronutrient, vitamin A cannot be
synthesized by the human body and needs to be obtained from a regular diet. Vitamin
A plays a vital role in ocular function and is involved in preventing xerophthalmia, the
maintenance of eye integrity, and cellular division and differentiation [3–5]. Recently, the
global prevalence of dry eye disease (DED) has been estimated to be between 5% and
50% [6]. It was concluded from previous investigations that excessive smartphone use in
children and adolescents is associated with DED [7–9]. It was concluded in another study
that people who use a visual display terminal (VDT) for over 3.71 h per day and occupa-
tional VDT users are susceptible to developing DED [10]. Moreover, vitamin A is associated
with reproduction, the immune system, and bone and embryonic development [11–13].
Vitamin A deficiency (VAD) has drawn more and more attention from all over the world,
and the World Health Organization (WHO) confirmed VAD is one of four major nutritional
deficiency diseases. It is common to see chronic VAD and it is hard to detect because it is
asymptomatic [14]. Children are commonly found to have VAD, especially preschool-aged
children, and boys and girls possess incidences of 0.8% and 0.4%, respectively [15–17].
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VAD is the primary cause of childhood xerophthalmia and blindness in developing coun-
tries [18] and is associated with poor clinical outcomes in patients with sepsis [19]. In
addition, 10–20% of pregnant women in the world lack sufficient vitamin A intake. If lac-
tating women do not intake vitamin A, it will affect the concentration of vitamin A in their
infants. As a result, infants with VAD will have wheezing symptoms [20,21]. In addition,
the newborns of pregnant women with gestational diabetes have an increased impairment
of vitamin A formation [22]. Therefore, increasing vitamin A intake is important to protect
the eyes and reduce the incidence of VDA.

Generally, retinol from animal-derived foods and provitamin A carotenoids from plant-
derived products are the two primary sources of vitamin A. Retinol can be obtained from
eggs, animal liver, fish, and dairy products. The main source of provitamin A carotenoids
are yellow and orange fruits as well as dark-green vegetables [23]. β-carotene shows a
higher provitamin A activity than β-cryptoxanthin and α-carotene [24]. The dietary intake
of vitamin A in Western countries is different from that in developing countries. The typical
daily diet in Western countries provides an approximate intake of 20–34% of provitamin A
carotenoids, while more than 70% of provitamin A carotenoids were ingested from diets in
developing countries [25]. Furthermore, vitamin A-fortified products have appeared on
the market, such as fortified wheat flour and milk [26,27]. However, whether the body is
deficient in vitamin A and whether more vitamin A should be obtained from the diet and
fortified products is not clear. Moreover, acute toxicity can occur if an individual’s intake of
vitamin A is greater than 3000 ugRAE/day [28,29]. Therefore, it is important to evaluate
the vitamin A content in people’s daily diets.

A dietary assessment plays an important role in guiding diet intake. It is an in-
vestigation of the relationship between diet and health conditions. The US Institute of
Medicine recommends estimating the degree of inadequate dietary nutrient intake in a
group according to the Estimated Average Requirements (EARs) [30]. The Recommended
Dietary Allowance (RDA) is the average daily dietary intake which is adequate to meet
the nutritional needs among healthy people. There are many methods used to assess food
intake, including food frequency questionnaires (FFQs), 24 h recalls, and weighed and
non-weighed food records [31]. Each method has its own advantages and disadvantages.
Among these, weighed food records are the gold-standard recommendation, but they are
time-consuming and vary depending on the participant [32]. FFQs are commonly used
in large dietary epidemiology studies due to their low cost and time efficiency, but they
lack specificity [33]. In addition, novel approaches such as image-assisted and image-
based methods are applied with the use of mobile devices [34]. In a previous study, the
contribution of different foods to the total phytosterol intake of Chinese residents was
estimated according to consumption data [35]. In another work, the content of vitamin E
in different foods was used to assess vitamin E intake in individuals’ daily diet [36]. The
simplified dietary assessment (SDA) method was proposed by the International Vitamin A
Consultative Group (IVACG) to identify and monitor groups at risk for suboptimal vitamin
A intake [37]. The overweight and obese Dominican population was investigated to assess
vitamin A and carotenoid intake [38]. However, there is no study that reported on the
dietary vitamin A intake in the Chinese diet. Therefore, conducting a dietary assessment of
the Chinese population is essential.

In this study, the vitamin A contents in different types of foods and the amount of
vitamin A intake in the Chinese daily diet are investigated. In addition, strategies are
proposed to increase the vitamin A intake in China.

2. Materials and Methods
2.1. Data Sources

Cereals, vegetable oils, nuts, coarse cereals, potatoes, legumes, vegetables, fruits,
meat, eggs, milk, and aquatic products are used to obtain vitamin A according to the
Chinese Food Composition Tables released by the National Institute for Nutrition and
Health and Chinese Center for Disease Control and Presentation; the production, supply,
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and distribution (PSD) reports released by the United States Department of Agriculture
(USDA) and the Food and Agriculture Organization of the United States (FAOSTAT); the
China Population Nutrition and Health Status Monitoring Report; and the China Statistical
Yearbook providing the domestic consumption of the main kinds of foods in China. The
consumption of major foods in the Chinese diet, including cereals, coarse cereals, potatoes,
legumes, vegetables, fruits, nuts, vegetable oils, meat, eggs, milk, and aquatic products,
was determined according to the China Population Nutrition and Health Status Monitoring
Report and USDA PSD reports. The 16 most frequently consumed kinds of vegetables
were selected, and the consumption of each kind of vegetable was obtained from FAOSTAT,
while the USDA PSD reports provided the most consumed fruits, which included apples,
bananas, pears, grapes, peaches, tangerines, oranges, grapefruits, and cherries. In summary,
45 kinds of foods were used to evaluate vitamin A intake in the Chinese diet.

2.2. Calculation Method

The United States Health and Medicine Division (HMD) defined total vitamin A
intake as the sum of 1 µg of retinol, 1/12 µg of dietary β-carotene, and 1/24 µg of dietary
α-carotene, expressed as µg of retinol activity equivalents (RAEs). First, the estimated daily
vitamin A intake was calculated according to total vitamin A content and the consumption
of various foods that are commonly consumed; meanwhile, the contribution of one kind of
food to the total vitamin A intake was calculated. Second, the amount of each vegetable
required to reach the recommended vitamin A intake if a person were to eat only 1 of the
16 types of vegetables was calculated. Similarly, the amount of each vegetable required if
the daily intake of the other 15 vegetables remained unchanged was calculated. In addition,
the increase in vitamin A content in each vegetable needed if the daily intake of the other
15 vegetables remained unchanged was calculated.

The data analysis was carried out in Microsoft Excel Version 2021 (Microsoft Corpora-
tion, Redmond, WA, USA).

3. Results
3.1. Vitamin A Contents in Various Foods

Vitamin A is a fat-soluble vitamin that is essential for the maintenance of human
metabolism and is available from various foods in two forms. One is pre-formed vitamin
A (retinol) which is found only in animals, the other is provitamin A carotenoids which
is found in plants. Cereals are the staple food for the Chinese population, and are rich in
nutrients but contain a low content of provitamin A carotenoids. Vegetable oils and nuts
are also widely consumed foods, but also contain low content of provitamin A carotenoids.
Therefore, the provitamin A carotenoids content of coarse cereals, potatoes, legumes,
vegetables and fruits, the retinol content of meat, eggs, milk, and aquatic products were
collected and listed in Table S1. It is evident that vegetables contained the highest content
(1088 ugRAE/100 g) of total vitamin A. For example, carrots contained 342 ugRAE/100 g
and spinach contained 243 ugRAE/100 g of total vitamin A content, indicating that carrots
and spinach are good sources of provitamin vitamin A carotenoids. Meanwhile, eggs have
the second highest content of total vitamin A (1045 ugRAE/100 g). All four types of eggs
contained high levels of retinol, particularly quail eggs with 337 ugRAE/100 g. In addition,
the following retinol contents were detected in aquatic products, milk, and meat. Fruits,
beans, potatoes, and coarse cereals had low levels of carotenoids in contrast with other
commonly consumed foods.

3.2. Evaluation of the Vitamin A Dietary Intake in the Chinese Diet

The nine food categories including coarse cereals, potatoes, legumes, vegetables,
fruits, meat, eggs, milk, and aquatic products were used to calculate the dietary intake of
vitamin A. As shown in Figure 1, the dietary intake of vitamin A in these nine kinds of
commonly consumed foods was 460.56 ugRAE/day, which was consistent with the vitamin
A supply in Asia (431 ugRAE/day) estimated by WHO. However, the recommended
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dietary reference intakes of vitamin A for adult men and women were 800 ugRAE/day
and 700 ugRAE/day in China, respectively [39]. As a result, the actual dietary intake
of vitamin A remained inadequate for an adult. The contribution of different foods to
vitamin A dietary intake is shown in Figure 1. Vegetables are the first contributor to the
dietary intake of vitamin A among the nine food categories, accounting for 54.94% of
vitamin A intake (253.03 ugRAE/day), followed by eggs with 18.30% (84.30 ugRAE/day),
and the others accounting for less than 10%. The animal foods including milk, aquatic
products, and meat contributed 9.80% (45.12 ugRAE/day), 9.45% (43.51 ugRAE/day), and
6.15% (28.32 ugRAE/day), respectively; while fruit, legumes, coarse cereals, and potatoes
contributed 0.57% (2.64 ugRAE/day), 0.41% (1.87 ugRAE/day), 0.24% (1.12 ugRAE/day),
and 0.14% (0.64 ugRAE/day), respectively.
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Figure 1. Contribution of different foods to vitamin A dietary intake.

Vegetables were the primary contributor to vitamin A intake, and Table 1 shows
the vitamin A content of 16 kinds of vegetables and their contribution to total vitamin
A intake. The vitamin A intake of 253.03 ugRAE/day was recorded from vegetables.
Carrots and dark green vegetables are rich in provitamin A carotenoids, and the result
showed that carrots had the highest contribution to vitamin A intake at 103.49 ugRAE/day
and accounted for 28.33% of the 45 kinds of foods. Spinach ranked second at 14.51%
(66.83 ugRAE/day). The contributions of Chinese chives, pepper, tomato, asparagus
lettuce, lettuce, and pumpkin were 4.78% (22.01 ugRAE/day); 4.13% (19.00 ugRAE/day);
2.62% (12.06 ugRAE/day); 2.57% (11.83 ugRAE/day); 1.96% (9.03 ugRAE/day); and 1.22%
(3.08 ugRAE/day), respectively. The total contribution of other vegetables was 1.92%
(8.80 ugRAE/day).

Table 1. Contribution of different kinds of vegetables to vitamin A dietary intake.

Vegetables Vitamin A Content
(ugRAE)-100 g Consumption (%) Intake of Vitamin

A (ugRAE/day)
Percent of

Vitamin A (%)

Carrot 342 11.25 103.48 28.33
Kidney bean 18 2.77 1.34 0.29

Cowpea 10 0.25 0.07 0.02
Eggplant 4 11.40 1.23 0.27
Tomato 31 14.46 12.06 2.62

Red pepper 116
5.43 19.00 4.13Green pepper 8

Sweet pepper 6
Cucumber 8 14.32 3.08 0.67
Pumpkin 74 4.53 9.03 1.96

Chinese chives 133 6.15 22.01 4.78
Cabbage 6 8.57 1.38 0.30
Broccoli 13 4.86 1.70 0.37
Spinach 243 10.22 66.83 14.51

Asparagus
lettuce 13 5.78 11.83 2.57
Lettuce 63

Total 253.03
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4. Discussion

The actual average vitamin A daily intake cannot meet the recommended dietary refer-
ence intake in the Chinese diet. Nearly 254 million of preschool-aged children were affected
by VAD and suffered from night blindness [40]. Meanwhile, the excessive smartphone use
potentially increased the DED. The increase in eye diseases requires a greater demand for
vitamin A.

Bioavailability was defined as the fraction of an ingested bioactive agent, which reaches
the specific site of action in the body. Bioavailability was primarily determined by three
factors: bioaccessibility, transformation, and absorption [41]. The main factors limiting the
bioavailability of vitamin A were solubility, stability, and dietary composition. Different
foods had different bioavailability of vitamin A [42]. However, the recommended dietary
reference intake of vitamin A in China for adult men and adult women was 800 ugRAE/day
and 700 ugRAE/day, respectively, according to the Chinese dietary reference intakes. The
aim of this study was to investigate the amount of vitamin A intake in the Chinese daily diet,
rather than the bioavailability of vitamin A. Therefore, effective measures were discussed
to increase the vitamin A intake to meet the recommended dietary reference intake of
vitamin A.

Firstly, the increase in vegetable consumption is an important measure to obtain
the recommended vitamin A dietary intake. Vegetables were rich in vitamins, minerals,
and dietary fiber, commonly called the vegetable trio. In addition, the darker vegetables,
indicated higher nutritional value [43]. Meanwhile, a survey indicated that vegetables
consumption contributes most to dietary happiness over eight days among 14 main food
categories [44]. In our study, vegetables had the greatest contributions to vitamin A daily
intake among the nine food categories in the Chinese diet, and carrots had the highest
content of provitamin A carotenoids and the highest contribution to vitamin A intake
among the 16 kinds of vegetables, followed by spinach, Chinese chives, pepper, tomato,
asparagus lettuce, lettuce, and pumpkin. Therefore, it was important to improve the
amounts of vegetables eaten to increase the vitamin A intake. If one person eats only 1 of
the 16 types of vegetables, the amount of each vegetable required is illustrated in Table
S2. If the daily intake of the other 15 vegetables remains unchanged, the amount of each
vegetable required to be eaten to meet the RDA of vitamin A intake when coarse cereals,
potatoes, legumes, fruits, meat, eggs, milk, and aquatic products are consumed normally is
illustrated in Table S3. When 1 of the 16 types of vegetables was used to replace all of the
vegetables, adult women and men required 144 g and 173 g of carrots, 203 g and 244 g of
spinach, and 370 g and 445 g of Chinese chives, respectively. It was recommended to intake
300–500 g of vegetables per day according to the Balanced Diet for Chinese Residents; hence,
when eating other vegetables, the intake exceeded the recommended daily allowance for
vegetables. If the other 15 vegetables remained unchanged in the diet to meet the RDA
of vitamin A intake, adult women and men required 100 g and 130 g of carrots, 126 g
and 167 g of spinach, 182 g and 257 g of Chinese chives, and 199 g and 276 g of peppers,
respectively. The vitamin A daily intake from other vegetables exceeded the recommended
daily intake from vegetables. Generally, carrot intake in Western countries was higher than
in China due to differences in dietary habits. Therefore, it is hard to adjust the diet of the
Chinese population to increase vegetable intake, especially from carrots and spinach, to
meet the guideline of vitamin A intake, which was particularly important for patients with
eye diseases, neurological disorders, and skin disorders [40].

It could be concluded that vegetables with a high content of provitamin A carotenoids
such as carrot and spinach can meet the recommended intake of vegetables. However, it
was hard to eat more than 100 g carrots or more than 120 g spinach per day for all Chinese
residents. Therefore, improvement of the vitamin A concentration in vegetables was
another strategy to increase the vitamin A intake for the entire Chinese population, and this
was also the direction for farmers to pursue. The concentrations required for each vegetable
to meet the RDA of vitamin A intake when the other 15 vegetables were included in the
diet are listed in Table 2. Dark-green or yellow-green vegetables were good for humans,
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and most of these vegetables were produced in open fields as commodities with lower
production costs and prices as well as high yields per unit area. To obtain vitamin A dietary
intake of 700 ugRAE/day and 800 ugRAE/day for adult women and men, respectively,
the total vitamin A content of spinach should be increased to 529 ugRAE/100 g and
702 ugRAE/100 g, which is 2.18 and 2.89 times higher than the current level, respectively.
Similarly, the total vitamin A content of carrots should be increased to 973 ugRAE/100 g
and 1256 ugRAE/100 g, which is 2.85 and 3.67 times of the current content, respectively.
It was reported that an Indian farmer developed a carrot variety with β-carotene content
of 277 mg/kg, which was the recommended amount that our study obtained based on
the results [45]. Therefore, it was critical to increase the provitamin A carotenoids’ content
of spinach and carrots to meet the daily vitamin A intake. In addition to the common
vegetables, vegetables with high provitamin A carotenoids contents were also present in
vegetables with low daily consumption. Therefore, we should aim to gradually improve
the intake of vegetables with low daily consumption but high provitamin A carotenoids
content (e.g., bean curd, amaranth, and kale) and incorporate these into our recipes to
increase the intake of vitamin A.

In conclusion, vegetable oil is an ideal matrix to stabilize retinol and delays vita-
min A oxidation. Vitamin A can exist in vegetable oil in the form of retinol acetate or
retinol palmitate [46]. Therefore, vegetable oil fortification is an important approach to
overcome vitamin A deficiency. Rapeseed oil, soybean oil, and peanut oil were the pri-
mary types of vegetable oils consumed in China [47], and vitamin A-fortified rapeseed
oil and soybean oil were available on the market. These could be used for obtaining the
needed vitamin A dietary intake requirements. The recommended intake of vitamin A was
700 ugRAE/day and 800 ugRAE/day for adult women and men, respectively; vegetable
oil with 630 ugRAE/100 g and 893 ugRAE/100 g of vitamin A should be implemented into
the diets of adult women and men, respectively, when the vegetable oil consumption is
38 g per day. This high value was recommended (893 ugRAE/100 g) as vegetable oil is
usually shared by a family. Since lactating women require higher vitamin A intake (1300
ugRAE/day), practical edible oil products with high total vitamin A content for lactating
women should be designed. Moreover, the tolerable upper intake level (UL) suggested
that the maximum average daily intake may not cause adverse health effects for almost all
healthy people. The UL of vitamin A was 3000 ugRAE/day for adults and 700 ugRAE/day
for children under 4 years old [38]. Hence, edible oil products with low total vitamin A
content for children under 4 years old should be designed. Therefore, the vegetable oil pro-
cessing industries should design vitamin A-fortified edible oils to meet the recommended
daily vitamin A intake.

It has been reported that vitamin A–fortified soybean oil retained 100% of the biological
value when the edible oil was heated at 100 ◦C for 20 min, while it retained 50% of the
biological value when the edible oil was used for frying four times at 170 ◦C [48]. Therefore,
vitamin A would not be destroyed during normal cooking. Therefore, consumption of
vitamin A-fortified rapeseed oil and soybean oil was a satisfactory way to increase vitamin
A intake.
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5. Conclusions

In summary, vitamin A is widely found in various consumed foods. However, the
daily human intake of vitamin A does not currently meet the recommended dietary in-
take according to scientific and reasonable calculations as well as the vitamin A intake
of 460.56 ugRAE/day of Chinese residents. Among the nine different types of foods,
vegetables made the greatest contributions to vitamin A intake, accounting for 54.94% of
vitamin A intake (253.03 ugRAE/day). In addition, carrots had the highest provitamin
A carotenoids’ content, and the contribution of carrots was 28.33% (103.49 ugRAE/day)
among the 45 kinds of foods consumed. The current daily intake content is significantly
lower than the recommended dietary reference intake of vitamin A (800 ugRAE/day for
adult men and 700 ugRAE/day for adult women). Therefore, it is essential to increase
vitamin A intake. First, vegetable consumption should be increased to meet the recom-
mended dietary intake. As a result, carrots, spinach, and Chinese chives can meet the
recommended daily intake of vegetables. Furthermore, an improvement of the vitamin A
concentration in vegetables to meet the recommended dietary intake should be addressed.
For example, the concentration in spinach should be increased to 529 ugRAE/100 g and
702 ugRAE/100 g for women and men, respectively. Moreover, increasing the amount of
vegetables with low daily consumption but high vitamin A content would be an effective
way to increase vitamin A consumption. Additionally, a direct way to increase vitamin A
intake is to eat vitamin A-fortified rapeseed oil and soybean oil. Therefore, this study is
of great significance to guide the Chinese population to supplement vitamin A intake in a
reasonable and scientific manner, thereby meeting the vitamin A dietary intake requirement
and reducing the incidence of eye diseases.
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Abstract: In recent years, the diagnostic definitions of eating disorders (EDs) have undergone
dramatic changes. The Eating Attitudes Test-26 (EAT-26), which is considered an accepted instrument
for community ED studies, has shown in its factorial structure to be inconsistent in different cultures
and populations. The aim of the present study was to compare the factor structure of the EAT-26
among clinical and non-clinical populations. The clinical group included 207 female adolescents who
were hospitalized with an ED (mean age 16.1). The non-clinical group included 155 female adolescents
(mean age 16.1). Both groups completed the EAT-26. A series of factorial invariance models was
conducted on the EAT-26. The results indicate that significant differences were found between the
two groups regarding the original EAT-26 dimensions: dieting, bulimia and food preoccupation, and
oral control. Additionally, the factorial structure of the EAT-26 was found to be significantly different
in both groups compared to the original version. In the clinical group, the factorial structure of the
EAT-26 consisted of four factors, whereas in the non-clinical sample, five factors were identified.
Additionally, a 19-item version of the EAT-26 was found to be considerably more stable and well
suited to capture ED symptoms in both groups, and a cutoff point of 22 (not 20) better differentiated
clinical samples from non-clinical samples. The proposed shortening of the EAT from 40 to 26 and
now to 19 items should be examined in future studies. That said, the shortened scale seems more
suited for use among both clinical and non-clinical populations. These results reflect changes that
have taken place in ED psychopathology over recent decades.

Keywords: EAT-26; assessment; eating disorders; clinical and non-clinical populations

1. Introduction
1.1. Eating Disorders—Past and Present

Eating disorders (EDs) are severe psychiatric illnesses [1,2], and their rate has steadily
increased over the past four decades both in Western and non-Western countries [3,4]. The
lifetime prevalence of EDs (according to the DSM 5 (Diagnostic and Statistical Manual of
Mental Disorders) diagnostic criteria [5]) is estimated to be about 1–1.5% for anorexia nervosa
(AN); 1–2% for bulimia nervosa (BN); and 1–3.5% for binge eating disorder (BED) [6,7]. The
prevalence of pathological eating behaviors and a low self-esteem and negative body image
among female adolescents and young women, in different studies worldwide, has been
estimated to be about 40–70% [8].
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Over the past five decades, the clinical picture of EDs, as reflected in the different
DSM classifications, has undergone dramatic changes [9]. Bulimia nervosa was added
in the early 1980s; BED was added as a provisional diagnosis in the early 1990s; and
normal-weight purging disorder, night eating syndrome, and avoidant restrictive feeding
and eating disorder (ARFID) for young children were only added around 10 years ago [10].

The changes in the DSM criteria reflect the changes in the prevalence of the different
clinical presentations of EDs over the past several decades, and are related, in part, to several
important socio-cultural changes. These include the plentitude of food in Westernized
countries, increased globalization processes, the exposure of people in non-Westernized
countries to societal pressures, and thus, an increase in the risk for EDs [11,12], and changes
involved in the distribution and influence of mass media with respect to body image and
dieting behaviors, which have increased dramatically in recent decades [13].

In light of these changes, the early detection of individuals who are at a high risk of
developing EDs is critical for improvements in prevention, treatment, and prognosis, and
the reduction in chronicity [14]. Indeed, over many years, attempts have been made to
develop improved assessment tools to better identify these different types of at-risk ED
groups [15].

1.2. Self-Reported Screening Tools for Disordered Eating Behaviors

Over the past four decades, a series of assessment tools has been created for the
purpose of identifying the presence of at-risk groups for ED symptoms and ED severity.
These include the Eating Disorder Inventory (64–91 items depending on the version [16,17]);
the Eating Disorder Examination, Screening Version (8 items [18]); the Eating Disorder
Examination Questionnaire (36–41 items [19]); the SCOFF Questionnaire (5 items [20]), and
the Eating Attitudes Test (EAT; 26–40 items [21–23]).

The EAT questionnaire is commonly used by clinicians and for research purposes
in the field of Eds. Its original version, the EAT-40 [22], was developed when AN was
characterized mainly by restrictive behaviors [24]. It included seven factors [25]: food
preoccupation, a drive for thinness and body-image-related preoccupations, vomiting and
laxative abuse, dieting, slow eating, covert eating, and perceived pressure to gain weight.
The answers were rated on a 6-point Likert scale, with a cutoff point of 30. A score higher
than 30 was considered to identify disturbed eating behavior.

The EAT-40 was found to be valid in patients with AN in a community sample [21].
Nevertheless, it yielded high percentages of false positive scores among potentially high-
risk groups—for example, 29% among ballet students and 27% among modeling stu-
dents [22]. Notwithstanding these limitations, the EAT-40 was considered an effective
screening questionnaire for identifying groups at risk of developing EDs [15].

Over the years, the questionnaire was shortened to a 26-item version [21]. The short
version includes three scales: dieting, bulimia and food preoccupation, and oral control
(i.e., showing self-control overeating, including in conditions when there are environmental
pressures and perceived pressures to eat and gain weight). The answers are rated on a
6-point Likert scale, with a cutoff point of 20 or higher showing disturbed eating behavior.
Both cutoff points (20 for the EAT-26 and 30 for the EAT-40) have been supported by studies
conducted among clinical and non-clinical samples and may assist in identifying people
who are at risk of developing an ED [26–30]. The two versions of the EAT have been found
to be comparable in the identification of disturbed eating in the general population [15].

The EAT-26 was translated, validated, and adapted into many languages, including
Arabic [31], Japanese [32], Italian [33], and Hebrew [34]. In addition, it was examined among
diverse ethnic groups, including in Israel [15,25,35], and was declared as the screening
instrument of choice for the identification of disordered eating in the general population
by the National Eating Disorders Screening Program and by the National Mental Illness
Screening Project in 1999 [36].

There are, however, several reasons to suggest that a cutoff point of 20 is no longer a
valid cutoff point.
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Notwithstanding the generally accepted reliability of the EAT-26 in studies about
disordered eating in community populations, concerns have arisen in recent years among
clinicians and researchers regarding the use of this instrument. The main suggested
reason for this concern stems from recent results of a study conducted by our group in
Israel [35], emphasizing that the EAT-26 is used differently, and its results are interpreted
differently, in tradition-oriented sub-populations. The results show different factors in
different ethnic groups, most of which did not correspond with the original EAT-26 three-
factor structure. The analysis yielded two main factors among Israeli Jews, four main
factors among Israeli Muslim Arabs, and three main factors among Israeli Christian Arabs,
revealing the inconsistencies that were found in its factor structure [37].

Similarly, a few studies in English-speaking countries have reported either three, four,
or five factors, with the number of items ranging from 16 to 25 [15]. In non-English-speaking
samples, four to six factors were observed, and a new factor was also identified: an aware-
ness of food preoccupation [38]. As for the Hebrew version, it yielded the three original
factors, but a fourth factor, an awareness of food preoccupation, was also identified [28].

Another suggested reason is related to the finding that both the EAT-40 and the EAT-26
mainly include items assessing restricting preoccupations and behaviors, with only a few
items referring to binging/purging behaviors. This situation likely arose because, at the
time of the construction of the two scales, in the late 1970s and early 1980s, respectively, the
most studied ED was AN of the restricting type. Following the changes observed over the
past decades in the symptoms and psychopathological characteristics of EDs in general
and AN in particular, it appears that it is mainly the total score of the EAT-26, rather than
its factors, that can be used for the assessment of the severity of ED symptoms in patients
with AN, in addition to changes in symptom severity following treatment.

To the best of our knowledge, there have been no studies in which the factor structure
of the EAT-26 has been compared between clinical and non-clinical populations.

Hence, several questions have arisen: 1. Does the EAT-26 questionnaire still clearly
distinguish between a healthy population and a population with EDs in all its factors?
2. Can the EAT-26 be used today, in 2023, as a screening tool to identify risk groups for the
development of EDs in different ethnic populations? 3. Does the cutoff point of 20 allow
for a distinction to be made between clinical and non-clinical populations in 2023? 4. Is the
factor structure of the EAT-26 similar in clinical and non-clinical populations?

Based on these questions, the main goal of the present study was to examine the factor
structure of the EAT-26 questionnaire and the relevant cutoff score in two populations of
adolescent girls in Israel: a clinical population and a non-clinical population.

We hypothesized the following:

1. A difference would be found between a clinical population and a non-clinical popula-
tion in the factor structure of the EAT-26.

2. The clinical group would show a factor structure that is more like the original EAT-26
(three factors) than the non-clinical group would.

3. In accordance with the first hypothesis, a difference would be found between the cur-
rent EAT-26 cutoff point, reflecting the presence of pathological eating preoccupations
and behaviors, and the original cutoff point (20).

2. Materials and Methods
2.1. Participants and Procedure

Two groups were included in the study: a clinical group and a non-clinical group. The
clinical group consisted of 207 Jewish Israeli female adolescents who were hospitalized in
the Specialized Eating Disorders (EDs) Adolescent Inpatient Department at Safra Children’s
Hospital, Sheba Medical Center, Tel Hashomer, Israel for the treatment of EDs between the
years 2008 and 2020 (masked for review). Of these, 206 participants were under the age
of 18, and one participant was 19 years old. She was included in the study because her
hospitalization began before she turned 18 and continued until she was 19 years old. It
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should be noted that, in Israel, the psychiatric care of children is considered to extend up to
the age of 21.

The mean age of the patients was 16.1; SD (1.3); and range (12.3–19.0). The most
prevalent diagnosis was AN restricting type (n = 94; 45.4%); followed by AN binge/purge
type (n = 45; 21.7%); BN (n = 33; 15.95%); and atypical EDs (22; 10.6%). The most prevalent
comorbid psychiatric diagnosis was depression (39; 18.8%); followed by ADHD (25; 12.1%);
anxiety (10; 4.8%); and obsessive–compulsive disorder OCD (9; 4.3%) (see Table 1).

Table 1. Between-group differences in demographic and clinical parameters.

Study Group
(N = 207)

Control Group
(N = 155) p

Age in years
(range)

16.1 ± 1.3
(12.3–19.0)

16.1 ± 1.6
(12–18) 0.99

BMI
(range)

17.85 ± 3.46
(10.70–33.60)

21.07 ± 1.61
(14.53–31.64) <0.001

BMI < 15 35 (16.9) 3 (1.9) <0.001
BMI > 25 9 (4.4) 31 (19.9) <0.001

Diagnosis (n/p) 94 (45.4)

N/A
AN 45 (21.7)

AN—binge/purge BN 33 (15.95)
Atypical EDs 22 (10.6)

Co-morbidity (n/p)
Depression 39 (18.8)

ADHD 25 (12.1)
Anxiety 10 (4.8)

OCD 9 (4.3)
PTSD 7 (3.4)

Dysthymia 4 (1.9)
Social phobia 3 (1.4)
Panic disorder 3 (1.4)
Alcohol abuse 2 (1.0)

Bipolar disorder 2 (1.0)
Other 8 (3.9)

BMI—Body Mass Index; ADHD—Attention Deficit/Hyperactivity Disorder; OCD—Obsessive–Compulsive
Disorder; PTSD—Post-Traumatic Stress Disorder.

The EAT-26 questionnaires of the clinical sample were filled out during the course
of various studies that were conducted in this department, and were all approved by the
IRB of the Sheba Medical Center (#2755). The need for informed consent for this specific
study was waived due to the study’s retrospective nature—namely, a review of electronic
medical records. The only other details presented in this study from the medical records
were the participants’ ages, weights, and heights. The EAT-26 questionnaires were filled
out within the first two weeks of hospitalization—that is, when the adolescent was in an
acute ED state.

In this department, the diagnosis of an ED is determined by experienced child and
adolescent psychiatrists using semi-structured interviews, based on the DSM-IV and DSM-5
criteria. Patients were excluded from study participation if their ED diagnosis was not
confirmed unanimously in clinical team meetings of the inpatient department. All patients
diagnosed with an ED via the DSM-IV were also re-diagnosed with the same ED when
their charts were re-evaluated according to the DSM-5. Comorbid psychiatric diagnoses
were similarly determined, using semi-structured interviews, based on the DSM-IV and
DSM-5 criteria.

The second group (i.e., the control group) consisted of 156 Jewish Israeli non-clinical
female participants of a similar age range to that of the clinical group. One participant was
21 years old, and therefore, was omitted from the sample. Between the years 2011 and
2019, four high schools were recruited for the purpose of the study after receiving ethical
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approval from the institutional review board (IRB) of the first author’s college, the Ministry
of Education, the high school principals, the teachers, and the adolescents and their parents.
In each high school, one class was sampled from each age group, and those who agreed
to participate filled out the questionnaires at school. Informed consent was obtained from
the adolescents and their parents. The mean age of the control group ranged from 12 to
18 years. The girls in the clinical group had statistically significantly lower BMIs than their
healthy counterparts (p < 0.001).

In both study groups, completion of the questionnaires was voluntary, and respon-
dents were told they could stop participating at any point. All participants were assured
of anonymity and confidentiality. Controls were excluded if they reported an ED via an
open yes/no question. They were also asked to report their weight and height. Only those
controls fulfilling these two criteria were included in the study.

2.2. The EAT-26 Instrument

The Eating Attitude Test (EAT-26) [21] is a screening instrument that is commonly used
to measure eating attitudes. It comprises 26 items, and scoring is completed on a 6-point
scale. The six available response options are “always”, “usually”, “often”, “sometimes”,
“rarely”, or “never”. The subscales are dieting, bulimia and food preoccupation, and
oral control. Scores range between 0 and 78 points, and higher scores indicate greater
pathology. A score of 20 or higher indicates a clinically significant eating pathology level; it
is referred to as an EAT-26 “positive score”. The EAT-26 has demonstrated high reliability
and consistency, and the initial Cronbach’s alpha was 0.90 for the total EAT-26 [21]. In the
current study, total internal consistency: α = 0.86; dieting factor: α = 80; bulimia and food
preoccupation factor: α = 67; and oral control factor: α = 56.

2.3. Data Analysis

To estimate whether the Israeli clinical and non-clinical samples manifest EDs in
the same way, we conducted a series of factorial invariance models on the EAT-26. In
the first model, we tested for configural invariance (i.e., pattern invariance), in which one
assesses whether similar items measure each construct across groups (i.e., whether EAT-26
dieting, bulimia and food preoccupation, and oral control clusters consist of the same items
in clinical and non-clinical samples). In configural invariance models, items are loaded
on predefined latent factors, as in Confirmatory Factor Analysis (CFA), such that items’
loadings and intercepts are freely estimated for each group (i.e., only the factorial structure
is fixed, while the loadings and/or intercepts could be different for each group). Good
model fit would support configural invariance. Model fit was estimated via Comparative
Fit Index (CFI), Tucker–Lewis Index (TLI), Root Mean Square Error of Approximation
(RMSEA), and Standardized Root Mean Square Residual (SRMR). CFI and TLI > 0.90 and
RMSEA and SRMR < 0.07 are acceptable. Next, we tested for metric invariance (i.e., weak
invariance), in which one assesses whether the constructs’ factor loadings are similar across
groups (i.e., loadings are constrained to be equal across groups); attaining invariance of
factor loadings suggests that the constructs have the same meaning to participants across
groups. Metric invariance is assessed by comparing the fit of the configural model with
that of the metric invariance model; a non-significant chi-squared test would support
metric invariance. Of note, metric invariance is not enough to justify the comparison of
group means. Next, we tested for scalar invariance (i.e., strong invariance), in which one
assesses whether items have the same intercepts (i.e., both loadings and intercepts are
constrained to be equal across groups). Non-invariance of intercepts may be indicative of
potential measurement bias and suggests that there are larger forces such as cultural norms
or developmental differences that are influencing the way participants are responding to
items across groups. Attainment of scalar invariance justifies comparison of group means.
Scalar invariance is assessed by comparing the fit of the metric model with that of the scalar
invariance model; a non-significant chi-squared test would support scalar invariance. All
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models were estimated with the lavaan Structural Equation Modeling R package. Missing
data were handled with the Full-Information Maximum Likelihood (FIML) method.

Following the assessment of factorial invariance (or lack thereof) between the clinical and
non-clinical samples, we employed Exploratory Graph Analysis (EGA; [39]) using EGAnet
R package—a network psychometrics method that uses undirected network models for the
assessment of psychometric properties of questionnaires. Exploratory Graph Analysis was
used to verify the number of factors using graphical lasso [40] and the items that are associated
with each factor. Network loadings, which are roughly equivalent to factor loadings, are
reported using net.loads(), with suggested general effect size guidelines for network loadings of
0.15 for small effect sizes, 0.25 for moderate effect sizes, and 0.35 for large effect sizes [41]. The
number of factors corroborated other traditional methods—parallel analysis (PA), Velicer’s
minimum average partial (MAP) test, and the comparison data approach [42]. Next, to
examine the stability of the EGAs, we followed the analysis using Bootstrap EGA with
5000 resampling cycles. Finally, we used the novel Unique Variable Analysis (UVA [41]) for
detecting redundant items in the EAT-26, and used the item Stability() function to detect highly
unstable items.

In the final part of the results, we examined the effectiveness of the revised EAT
questionnaire in differentiating between clinical and non-clinical samples. To achieve this,
we calculated the optimal clinical cutoff point by bootstrapping the optimal cutoff point
while maximizing the sensitivity and specificity (i.e., highest Youden’s index: sensitivity +
specificity—1). We also reported the suggested indexes of the “number needed to diagnose”
(NND [43]) (i.e., the number of patients who need to be examined in order to correctly
detect one person with the disease of interest in a study population of persons with and
without the known disease); “number needed to misdiagnose” (NNM; [1]) (i.e., the number
of patients who need to be tested in order for one to be misdiagnosed by the test); and the
“likelihood to be diagnosed or misdiagnosed” (LDM [44]), with higher values of LDM (>1)
suggesting that a test is more likely to diagnose than misdiagnose.

3. Results
3.1. Assessing Configural Invariance

To assess whether similar items measure the EAT-26 constructs across groups (clinical
and non-clinical), we conducted a configural invariance model. The model had a poor fit with
the observed data, including χ2

(227) = 1041.95, p < 0.0001, CFI = 0.77, TLI = 0.74, RMSEA = 0.13
(90% confidence intervals (CIs) of 0.12 and 0.14), and SRMR = 0.10, indicating that the EAT-26
control clusters of dieting, bulimia and food preoccupation, and oral control do not consist of
the same items across the groups. We followed the modeling with modindices() to examine
whether the covariates between the items might improve the model’s fit. Eight covariates
were identified, yet remodeling the suggested factorial construct with these covariates did not
improve the fit, as seen in the following: χ2

(288) = 1094.54, p < 0.0001, CFI = 0.77, TLI = 0.74,
RMSEA = 0.12 (90% CIs of 0.11 and 0.12), and SRMR = 0.10. In other words, the factorial
structure of the EAT-26 was found to be significantly different from the original EAT-26 version
in Israeli clinical and non-clinical groups (i.e., the configural invariance did not hold). As a
result of this finding, we did not further examine the presence of matric or scalar invariances.

3.2. Exploratory Graph Analysis

To assess the factorial structure of the EAT-26 within each group, we conducted an
EGA separately for the clinical and non-clinical samples. The EGA network results are
presented in Figure 1, and the network loadings are shown in Table 2.
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Figure 1. EGA results for clinical (upper panel) and non-clinical (bottom panel) groups. The
factorial structure of the EAT-26 among the clinical group comprised three factors, but with different
item configurations than the original EAT-26. The factorial structure among the non-clinical group
comprised five factors.
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Table 2. (a) Network loadings based on EGA among the clinical group. (b) Network loadings based
on EGA among the non-clinical group.

(a)

Weight
Preoccupation

Binge/Purge
Behaviors

and Concerns of
Others

Dieting and
Restricting
Symptoms

Eating-Related Concerns

nEAT11 0.35
nEAT10 0.33
nEAT1 0.32

nEAT14 0.30
nEAT12 0.22
nEAT3 0.22
nEAT2 0.18

nEAT18 0.16
nEAT8 0.20
nEAT9 0.18

nEAT13 0.17
nEAT4 −0.28

nEAT16 0.37
nEAT5 0.31

nEAT17 0.30
nEAT15 0.28
nEAT7 0.26
nEAT6 0.15

nEAT23 0.48
nEAT24 0.44
nEAT22 0.40
nEAT21 0.26
nEAT25 0.25
nEAT20 0.22
nEAT26 0.14
nEAT19 0.09

(b)

Weight
Concerns

Eating-Related
Concerns

Food Controls
One’s Life

One’s Own and
Others’

Control over the
Person’s Eating

Dieting

EAT11 0.42
EAT1 0.29

EAT14 0.26
EAT12 0.19
EAT26 0.33
EAT24 0.25
EAT10 0.23
EAT2 0.17
EAT9 0.16

EAT25
EAT18 0.33
EAT21 0.32
EAT4 0.30
EAT3 0.29

EAT13 0.33
EAT8 0.32

EAT20 0.25
EAT15 0.22
EAT5 0.20

EAT16 0.31
EAT17 0.29
EAT23 0.22 0.25
EAT22 0.23
EAT6 0.15
EAT7 --

EAT19 --
Note. General effect size guidelines for network loadings are 0.15 for small, 0.25 for moderate, and 0.35 for large.
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3.3. Clinical Sample

The analyses indicated that the factorial structure of the EAT-26 in the clinical group
consisted of four factors named “Weight preoccupation”, consisting of eight items; “Binge/purge
behaviors and concerns of others”, consisting of four items; “Dieting and restricting symptoms”,
consisting of six items; and “Eating-related concerns”, consisting of eight items (with item 26, “I
enjoy trying new rich foods”, and item 19, “I display self-control around food”, loading only
weakly). A four-factor solution was corroborated by two additional analyses—parallel analysis
(eigen values of 7.23, 3.97, 2.04, and 1.45 for the four factors) and Velicer’s MAP (squared: 0.016;
fourth power: 0.0009). Conversely, the comparison data estimation suggested that five factors
must be retained (as compared with one to seven factors).

When estimating the stability of the EGA by bootstrapping with 5000 resampling
cycles, the analysis indicated high stability (SE = 0.67), with the CI for the number of factors
ranging from 2.69 to 5.31. In addition, the four-factor solution was prevalent in 63.90% of
the bootstrap samples, with 23.48% producing a five-factor solution (and 8.64% producing
a three-factor solution, and 3.66% producing a six-factor solution). A confirmatory factor
analysis (CFA) that was used to corroborate the EGA solution verified the factorial structure
as follows: χ2

(82.99) = 173.96, p < 0.01, CFI = 0.96, TLI = 0.95, RMSEA = 0.073 (90% confidence
intervals (CIs) of 0.065 and 0.081), SRMR = 0.08. The CFA is presented in Figure 2a.
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3.4. Non-Clinical Sample

The analyses indicated that the factorial structure of the EAT-26 in the non-clinical
group consisted of five factors: “Weight concerns”, consisting of four items; “Eating-related
concerns”, consisting of five items; “Food controls one’s life”, consisting of four items;
“One’s own and others’ control over the person’s eating”, consisting of five items; and
“Dieting”, consisting of five items, with item 25 (“have the impulse to vomit after meals”),
item 7 (“particularly avoid foods with a high carbohydrate content”), and item 19 (“display
self-control around food”) not loading significantly on any of the factors. A five-factor
solution was corroborated by three additional analyses—parallel analysis, Velicer’s MAP
(squared: 0.00178), and comparison data (as compared with one to seven factors).

When estimating the stability of the EGA by bootstrapping with 5000 resampling
cycles, however, the analysis indicated instability (SE = 0.79), with the CI for the number of
factors ranging from 3.44 to 6.56. Although the five-factor solution was the most prevalent
(42.94% of the bootstrap samples), a four-factor solution was also frequent, with 40.36%
of the sample. This instability might stem from two main processes: redundant items and
items with high instability. A unique variable analysis revealed several redundant items,
namely, in the presence of item 3 (“find (UVA) myself preoccupied with food”), item 21
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(“give too much time and thought to food”) is redundant. In the presence of item 4 (“have
gone on eating binges where I felt that I may not be able to stop”), item 18 (“feel that food
controls my life”) is redundant. Finally, in the presence of item 8 (“feel that others would
prefer if I ate more”), item 20 (“feel that others pressure me to eat”) is redundant.

We omitted the redundant items, conducted an additional EGA with bootstrapping,
and used the itemStability() function (see Figure 3).
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Figure 3. Item stability among the non-clinical sample. Stability below 75% is poor.

The analysis revealed that items 3, 4, 19, and 25 were all unstable. We removed
the unstable items and repeated the quality testing (i.e., bootstrapping and testing item
stability), and found no additional problems. The final 19-item version of the EAT was
found to be considerably more stable than the original 26-item version (SE = 0.55; CI 2.91,
5.09), with 73.40% of the bootstrap samples producing a four-factor solution. A confirmatory
factor analysis (CFA) that was used to corroborate the EGA solution verified the factorial
structure as follows: χ2

(42.70) = 82.72, p < 0.01, CFI = 0.96, TLI = 0.95, RMSEA = 0.063
(90% confidence intervals (CIs) of 0.052 and 0.072), and SRMR = 0.08. The CFA of the
suggested EAT-19 questionnaire for the non-clinical samples is presented in Figure 2b, and
the network loadings are shown in Table 3.
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Table 3. Network loadings based on EGA among the non-clinical group (EAT-19).

Fat Concerns Eating-Related
Concerns

One’s Own and Others’
Control over the Person’s

Eating
Dieting

EAT11 0.42
EAT1 0.30

EAT14 0.27
EAT12 0.19
EAT26 0.37
EAT24 0.28
EAT10 0.27
EAT9 0.18
EAT2 0.18

EAT13 0.40
EAT15 0.27
EAT8 0.23
EAT5 0.19

EAT17 0.32
EAT23 0.25 0.30
EAT16 0.30
EAT22 0.27
EAT7 0.15
EAT6 0.15

Note. General effect size guidelines for network loadings are 0.15 for small, 0.25 for moderate, and 0.35 for large.

To examine the use of the EAT-19 in the clinical sample as well, we appraised its
structure and stability in this population. The EGA produced a four-factor solution (see
Figure 4 and Table 4), showing adequate stability when administering a bootstrap EGA
(SE = 0.73; CI 2.58, 5.42), with 54.02% of the samples reproducing the solution. In addition,
18 out of the 19 items had adequate stability, with item 9 showing only a 51% replication
rate. Overall, the EAT-19 seems to be well suited to capture ED symptoms among both
non-clinical and clinical samples alike.

Table 4. Network loadings based on EGA among the clinical group (EAT-19).

Restrictive Weight
Concerns Dieting Concerns of Others

over One’s Eating
Eating-Related

Concerns

nEAT11 0.36
nEAT14 0.35
nEAT1 0.35
nEAT10 0.34
nEAT2 0.20
nEAT12 0.20
nEAT17 0.37
nEAT16 0.37
nEAT5 0.32
nEAT15 0.28
nEAT7 0.26
nEAT6 0.17
nEAT9 0.07
nEAT8 0.24
nEAT13 0.24
nEAT23 0.54
nEAT24 0.51
nEAT22 0.40
nEAT26 0.19

Note. General effect size guidelines for network loadings are 0.15 for small, 0.25 for moderate, and 0.35 for large.
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3.5. Effectiveness of Using the EAT-19 as a Diagnostic Test

Bootstrapping the optimal cutoff point of the suggested EAT-19 revealed that using a
cutoff point of 21.68 (i.e., practically rounded to 22) produces a maximum Youden’s index
of 0.69, with a sensitivity of 83.82% and a specificity of 85.23% (see Figure 5). By using the
novel EAT-19 version and the cutoff point of 22, 1.45 patients would need to be examined
in order to correctly detect one person with the disease of interest in a study population of
persons with and without the known disease (i.e., NND value). In addition, 6.49 patients
would need to be tested in order for one person to be misdiagnosed by the test (i.e., NNM
value). The overall likelihood to be diagnosed or misdiagnosed is 4.48, which indicates
high effectiveness in the diagnosis process.
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Figure 5. Distribution of EAT-19 scores for the clinical and non-clinical groups (A). Vertical blue
lines refer to the mean sample score. The test reported in the upper section of panel A examined the
difference between the sample mean and the suggested EAT-19 cutoff point (i.e., 22). In (B), the ROC
curve for the estimation process of the optimal cutoff point is presented, with the black dot indicating
the highest Youden’s index.

4. Discussion

This study sought to examine whether the EAT-26, which was developed over 40 years
ago as a screening tool for identifying individuals who are at a high risk of developing
disordered eating and symptoms of EDs, still meets this purpose in 2023. This question
is of great relevance given the many changes in the presentation and distribution of ED
symptoms that have occurred since the conception of the EAT-26, as well as recent studies
casting doubt on the consistency of its three-factor structure in different cultures. Indeed,
the present findings indicate that the original EAT-26 three-factor model is not applicable
to young Jewish Israeli women, whether from a community (five-factor model) or from a
clinical (four-factor solution) sample. Moreover, we found that a 19-item EAT version shows
considerably greater stability than the original EAT 26-item version. Overall, we suggest
that the adapted 19-item EAT questionnaire might be suitable for identifying individuals
who are at risk of developing disordered eating behaviors in clinical and community
populations in Israel. The next step is to replicate our findings in non-clinical and clinical
populations in other countries around the globe.
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Additionally, our findings support the research hypotheses regarding the differences in
the factor structure of the EAT-26 between clinical and non-clinical populations (Hypothesis 1),
the greater similarity of the clinical group’s four-factor solution to the original three-factor EAT-
26 model vs. the non-clinical group’s five-factor solution (Hypothesis 2), and the difference in
the cutoff points for defining pathological eating in both clinical and non-clinical populations
in our study (score ≥ 22) vs. the original score of ≥20 (Hypothesis 3; [2]). In this respect, it
is of note that the differences in the EAT structure in the present study between the clinical
and non-clinical samples are in line with the initial research [22] for the EAT-40 [21] and for
the EAT-26, showing, for both scales, significant differences between the clinical samples
(AN) and the non-clinical samples. Moreover, in the original studies of the questionnaire,
significantly higher percentages of participants in the clinical sample vs. the non-clinical
sample scored above the cutoff point of 20.

More specifically, the EGA of the EAT-26 in the clinical group yielded four factors:
“weight preoccupation”, consisting of eight items; “binge/purge behaviors and concerns
of others”, consisting of four items; “dieting and restricting symptoms”, consisting of six
items; and “eating-related concerns”, consisting of eight items (item 26, “I enjoy trying new
rich foods”, and item 19, “I display self-control around food”, loaded only to a small extent,
and were therefore excluded).

The EGA in the non-clinical sample yielded five factors: “weight concerns”, consisting
of four items; “eating-related concerns”, consisting of five items; “food controls one’s
life”, consisting of four items; “one’s own and others’ control over the person’s eating”,
consisting of five items; and “dieting”, consisting of five items (the loadings of item 25,
“have the impulse to vomit after meals”, item 7, “particularly avoid foods with a high
carbohydrate content”, and item 19, “display self-control around food” were smaller and
therefore excluded).

In recent years, studies in different countries replicated the three-factor structure of the
EAT-40 and EAT-26 [45,46]. In a recent study conducted by our group in Israel [35], different
factors were observed in different ethnic groups, most of which did not correspond with
the original EAT-26 three-factor structure.

The findings of the present study further support this contention in showing differ-
ences in the EAT factor structure among clinical populations vs. non-clinical populations.

It should be noted that the previous study, which found that different factors were
observed in different ethnic groups in Israel [35], was conducted among adult women,
whereas the current study was conducted among teenage girls, and the difference in
findings may perhaps be attributed to this age difference. Specifically, it is possible that the
questionnaire is experienced differently during adolescence (a period during which there
is a high risk for the development of eating disorders) than in adulthood (when there is
greater maturity and emotional development).

There are several possible explanations for the differences in the EAT factor structure
between the clinical and non-clinical groups. These differences are likely not related to the
methodological considerations, as the two groups were of similar age and were studied
around the same time period.

One possible explanation for the difference in the EAT-26 between the clinical and
non-clinical populations might be the nature of the clinical population. Although there
was more than one ED diagnosis among the adolescents in the clinical sample, this group
was a more unified group (than the non-clinical group) and was characterized by specific
core ED traits. The non-clinical group, for its part, represented other, more diverse non-ED
populations, and the female adolescents who made up this group were likely to be more
affected by socio-cultural trends (i.e., compared to the female adolescents in the clinical
group, who were likely more invested in their illness).

Another possible explanation is that the present results reflect a change in psy-
chopathology in recent decades, whereby many more patients now suffer from the AN
binge/purge type rather than the AN restricting type [47] There has also been a significant
change in lifestyle habits in recent decades, which is reflected in eating and sports habits,
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nutrition, and body perception [48]. In addition, there has been a significant change in
the media, which broadcasts harmful advertisements related to diets and unreal body
image [49]. These advertisements may have harmful effects on the population in general,
and on youth in particular, potentially leading to poor body image [50]. These changes
may explain various phenomena that have characterized recent years, such as an increased
tendency for aesthetic/beauty procedures and surgeries starting at a young age, the use of
many harmful techniques for weight regulation, and increases in psychopathology. All of
these tendencies may be expressed by both clinical and non-clinical groups [51,52].

4.1. Limitations, Directions for Future Research, and Conclusions
4.1.1. Limitations

The present study had several limitations. First, the sample consisted of female
adolescents only (between 12 and 19 years), and EDs may manifest differently in young
adults, particularly in BN. Going forward, researchers should examine the effect of age on
the current findings regarding the EAT-26 in both groups.

Second, the suggested sample size for the CFA is 200, given that the results can be less
stable with smaller sample sizes. Although the sample size was adequate for the clinical
group, the non-clinical sample size consisted of 155 participants; as such, the results for the
non-clinical sample should be seen as preliminary.

Third, the present study was conducted in Israel, which is a “melting pot” of immigrants
and a multicultural country that is both very modern and very traditional and is made up of
many different cultures, so the results may not represent other Western countries.

4.1.2. Future Research

At this point, it seems that the EAT-26 questionnaire still allows for a distinction to
be made between clinical and non-clinical populations of the same culture with the same
cutoff points.

We would suggest that the questionnaire be tested in a clinical population compared
to a non-clinical population in future studies. We would also suggest that the proposed
cutoff point and the 19-question questionnaire be tested in diverse populations in order to
validate the findings of the current study more comprehensively and to test the new cutoff
point accordingly.

4.1.3. Clinical Implications

The questionnaire probably remains suitable for the identification of disturbed eating
in clinical groups, but less so in non-clinical groups, emphasizing the necessity of adapting
the tool to account for changes in the presentation of EDs in recent years.

Given that the psychopathology of EDs seems to have changed in recent decades, we
propose revising the questionnaires in order to adapt them to the current situation. In our
opinion, the current questionnaire indeed provides a suitable response to the psychopathol-
ogy of EDs in the 21st century.

The current study’s contribution lies in its potential to sharpen clinicians’ ability to
identify populations in more difficult clinical situations, to aid them in diagnosis, and to
help them identify the severity level, so that the therapeutic approach can be better adjusted.
Moreover, the abbreviated questionnaire is easier to fill out than the previous one and is
also user-friendly.

5. Conclusions

Our findings highlight the differences in the EAT factor structure between our com-
munity sample as compared to the original sample, which led to a reduction in the number
of scale items from 26 to 19, and led to a change in the cutoff point from 20 to 22.

The EAT, which was developed four decades ago, has thus been reexamined in the
current paper and adapted to the requirements of the current era.
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The proposed shortening of the EAT from 40 to 26 and now to 19 items must be
examined in future studies. However, such a change would render the questionnaire more
useful in both clinical and research conditions.
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Abstract: In urban Chinese women with normal body weight during pregnancy, we implemented a
comprehensive dietary intervention program aimed at enhancing nutrition literacy, dietary quality,
and gestational weight gain. The methods included both online and offline health education on
prenatal nutrition, weekly weight monitoring, family back education practices, and real-time dietary
guidance. The intervention was delivered to randomly assigned control and intervention group
participants from gestational week 12 to week 24. The intervention group (n = 44; 100% complete data)
showed significant differences (mean (SD)) compared to the control group (n = 42; 95.5% complete
data) in nutrition literacy (53.39 ± 6.60 vs. 43.55 ± 9.58, p < 0.001), restrained eating (31.61 ± 7.28
vs. 28.79 ± 7.96, p < 0.001), Diet Quality Distance (29.11 ± 8.52 vs. 40.71 ± 7.39, p < 0.001), and
weight gain within the first 12 weeks of intervention (4.97 ± 1.33 vs. 5.98 ± 2.78, p = 0.029). However,
there was no significant difference in the incidence of gestational diabetes (2 (4.5%) vs. 4 (9.5%),
p = 0.629). Participants in the intervention group reported an overall satisfaction score of 4.70 ± 0.46
for the intervention strategy. These results emphasize the positive role of comprehensive dietary
intervention in promoting a healthy diet during pregnancy.

Keywords: pregnancy; health literacy; eating behavior; weight; nutrition; digital; intervention

1. Introduction

Maternal and child health are crucial determinants of a nation’s overall health and
development. The impact of weight gain during pregnancy on short-term and long-term
health outcomes underscores its significance in comprehensive pregnancy health manage-
ment [1–4]. The findings, based on existing research evidence, suggested that excessive
gestational weight gain (GWG) could lead to cesarean section, maternal weight retention,
large-for-gestational-age (LGA) infants, gestational hypertension, preeclampsia, and gesta-
tional diabetes mellitus (GDM). On the other hand, insufficient GWG was associated with
a higher risk of small-for-gestational-age (SGA) infants and preterm birth (PTB).

In a study by Hu that included 1260 Chinese pregnant women, it was found that 60.4%
had a normal weight before pregnancy, 19.44% were overweight, and 6.98% were obese
based on BMI classification. When comparing their weight gain during pregnancy to the
reference values recommended by the American Institute of Medicine (IOM) guidelines in
2009, it was observed that 54.97% had excessive GWG, 34.65% had appropriate GWG, and
10.38% had insufficient GWG [5]. Similar findings were reported in several other surveys
conducted on pregnant women in China, indicating that most pregnant women did not
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meet the weight-gain recommendations outlined by the IOM [6,7]. These statistics highlight
the need for attention and intervention to address the issue of inappropriate GWG in China.

GWG, as an indicator of nutritional balance during pregnancy, is closely associated
with individual dietary behaviors. While physical activity during pregnancy is acknowl-
edged as a factor influencing GWG, systematic reviews suggest that diet may play a more
significant role in determining weight gain during pregnancy [8,9]. Therefore, promoting
dietary behaviors during pregnancy becomes crucial for enhancing the health of pregnant
women. However, over time, many studies on dietary interventions during pregnancy
have yielded mixed results, particularly a significant portion of online dietary intervention
studies show no effect [10–14]. This may be related to insufficient key components in
the intervention design, which may not have effectively addressed the critical barriers in
pregnant women’s health dietary practices [15].

Several qualitative studies conducted from the perspective of pregnant women have
shed light on the substantial impediments they encounter in their dietary practices [16–41].
These obstacles primarily revolve around deficiencies in the dietary information delivery
system, encompassing challenges related to accessing reliable dietary information; cognitive
aspects such as understanding, memorization, and the application of dietary information;
as well as the skills required to effectively communicate dietary information within the
family environment. These findings underscore the pervasive issue of nutritional literacy
deficiency among pregnant women [42].

This is in contrast to previous studies that have shown ineffective outcomes, particu-
larly those focusing on online dietary interventions [10–14], which mainly provide static
text or video information with limited incorporation of interactive information consulta-
tions or regular text responses. However, the acquisition of dietary information does not
inherently impart healthy dietary knowledge and skills. Furthermore, it does not imply
that pregnant women possess the necessary capacity for healthy self-care. Information
acquisition merely marks the beginning of this process [43]. Therefore, researchers should
emphasize assessing the proficiency of pregnant women in processing and applying the
received information. However, to the best of our knowledge, there is still a lack of research
investigating the influence of maternal nutritional literacy on self-care behaviors related to
diet during pregnancy.

Digital platforms, with features such as wide accessibility, personalized services, inter-
activity, real-time updates, and cost-effectiveness, have become ideal tools for implementing
comprehensive health education and enhancing health literacy [44]. Nutbeam’s health
literacy model indicates that health literacy can be effectively improved through tailored
information, communication, and education [45].

Therefore, guided by the health literacy model, this study aimed to address the over-
looked aspect of maternal health literacy in the provision of general dietary information
online. To achieve this goal, an online platform was used to implement a tailored, ongoing,
face-to-face health education program. The primary objective was to design a comprehen-
sive, individual-level dietary intervention program that would offer pregnant women easy
access to information and help improve their nutritional literacy. By enhancing the dietary
behavior of pregnant women in urban China, the study sought to elevate their overall diet
quality and nutritional status, ultimately reducing the risk of pregnancy complications.

2. Materials and Methods
2.1. Study Design

This study adopts a two-arm randomized controlled trial design, employing a prospec-
tive and pragmatic implementation approach. The variable positioning is based on Orem’s
self-care theory [46], and the intervention design is grounded in Nutbean’s conceptual
model of health literacy as an asset [45]. The report follows the CONSORT framework.
Approval was obtained from the Human Research Ethics Committee, Faculty of Medicine
Ramathibodi Hospital, Mahidol University (MURA2023/590), and the Clinical Research
Ethics Committee of the Affiliated Changzhou No. 2. People’s Hospital of Nanjing Medical
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University ([2023]KY107-01). All methods adhere to relevant guidelines and regulations,
such as the Helsinki Declaration. The trial has been registered with the China Clinical Trial
Registration Center (ChiCTR2300075082).

2.2. Participants and Recruitment

This study was conducted at an Obstetrics Outpatient Department in Changzhou,
China, from August to November 2023. Through systematic sampling based on clinic
serial numbers, pregnant women were initially screened by obstetricians, and those in their
6–12 weeks of gestation and primiparous were referred to the eligibility assessment room.
Trained midwives conducted a thorough eligibility screening. Inclusion criteria comprised
age between 18 and 35, pre-pregnancy BMI between 18.5 kg/m2 and 24 kg/m2, primiparous
individuals with a single pregnancy, and gestational age less than 12 weeks. Participants
needed the ability to use the WeChat application, and households had to include at least one
person other than the pregnant woman who served as a cook. Exclusion criteria included
various health conditions and behaviors such as diabetes, uncontrolled high blood pressure,
thyroid disease, cardiovascular disease, cancer, lung disease, severe gastrointestinal disease,
a history of eating disorders or bariatric surgery, serious mental illness, a history of mood
and anxiety disorders in the last three months, drug abuse, and a threat of abortion.
Participants were withdrawn if they experienced illness or required special dietary needs
during the intervention. Eligible pregnant women who provided consent and completed
the baseline assessment were randomized into two groups, utilizing the SAS program for
full randomization: usual care (n = 44) and Comprehensive Dietary Intervention Program
(CDIP) groups (n = 44). The midwives conducting the assessments were unaware of the
group assignments. Pregnant women in the control group received standard antenatal
care common for Chinese pregnant women, consisting of regular prenatal check-ups and
monitoring. Pregnant women in the intervention group received a CDIP intervention
alongside routine care based on the standards from the Chinese Dietary Guidelines for
Pregnancy and the GWG range recommended by the IOM.

2.3. Sample Size

Based on Deng’s randomized controlled trial [47], which reported a GWG of 6.9 ± 3.2 kg
in the control group and 4.9 ± 3.1 kg in the intervention group, we determined that
each group would require 40 women to achieve 80% power. Assuming a 10% dropout
rate between baseline and follow-up, the planned recruitment target is set at 44 women
per group.

2.4. Intervention—CDIP

Based on the theoretical foundation of the health literacy model, the CDIP interven-
tion comprised three essential components: tailored information, communication, and
education. Behavior change techniques (BCTs) corresponding to these structures were
implemented [48], as outlined in Table 1. Following this, specific intervention topics and
content were developed in accordance with the established BCTs. The intervention was
implemented through a systematic and phased approach.

Phase 1: Offline Intervention

During the face-to-face consultation, participants underwent a 30–40 min session
on the day of enrollment at 12 weeks of gestation. This consultation took place in the
intervention room, covering topics 1–6. Instruments utilized included a diet booklet (see
Figure S1) and food models.

Theme 1: Is your diet healthy? The intervention midwife analyzed baseline survey data
with stakeholders, reviewing scores from the nutritional literacy scale to assess participants’
literacy levels and knowledge and skill deficiencies. The midwife also examined the intake
of ten major nutrients using the diet quality scale, gaining insights into participants’ dietary
control, food cravings, and home eating environment. The midwife documented individual
eating problems and disorders.
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Table 1. Comprehensive dietary intervention program structures.

Items BCTs

Tailored information

• Problem-solving
• Instruction on how to perform the behavior
• Comparative imagining of future outcomes
• Self-monitoring of behavior
• Self-monitoring of outcome(s) of behavior
• Conserving mental resources

Tailored communication

• Social support
• Action planning
• Prompts/cues
• Feedback on behavior
• Feedback on outcome(s) of behavior

Tailored education • Behavioral practice/rehearsal

Theme 2: What obstacles do you encounter? Participants confirmed the listed barriers,
and solutions were discussed. These challenges pertain to difficulties in accessing, compre-
hending, identifying, and utilizing dietary information, as well as sharing such information
with family members. Informing participants of the study schedule addressed these issues.
Concerns about consultation time and cost were alleviated by informing participants of
the study’s free and flexible online intervention. Participants with low self-efficacy were
encouraged, and pregnant women lacking motivation were informed of the benefits of
following guidelines during pregnancy, with a reward of a free fetal heart rate monitoring
project upon completion.

Theme 3: Do you understand this information? Using the self-designed diet education
booklet (see Figure S1), participants were introduced to “the Recommended Standards
for Weight Gain During Pregnancy for Chinese Women [49]” and “the Chinese Dietary
Guidelines During Pregnancy 2022 [50]”. They learned how to choose appropriate foods
based on preferences, handle food cravings, and self-monitor body weight. Participants
were asked to confirm their understanding and provide in-depth clarification if needed.

Theme 4: How is the meal plan implemented? Food models demonstrated daily food
calculations based on dietary preferences and Chinese Dietary Guidelines for Pregnancy.
This included substituting low-calorie for high-calorie foods, replacing expensive foods
with low-cost alternatives, and methods for self-monitoring shared with health providers
via WeChat.

Theme 5: Do you believe in yourself? We will help you! Participants were informed
that subsequent CDIP interventions would be online, emphasizing convenience and low
cost. This included watching pregnancy diet education videos, a family education exercise,
weekly weight and meal quality measurement reports, and online discussions. Pregnant
women were encouraged to adhere to the schedule, maintaining open communication with
investigators.

Theme 6: Enjoy free items! Participants were informed about incentives, such as free
fetal heart rate monitoring and continuous online/offline dietary counseling, by following
the online intervention plan.

Phase 2: Online Intervention

Delivery was through the WeChat platform, with participants using a communication
window for reminders and simultaneous diet education video viewing. The online program
included twice-repeated diet education video sessions lasting 35 min (weeks 13 and 20),
a 20–30 min return education exercise for family members (week 16), and two 20–30 min
in-person meal-planning discussions (weeks 17 and 21). Participants also received a weekly
weight-monitoring feedback text message service (SMS).

Theme 7: Did you do it today? During weeks 13 and 20, participants received re-
minders through WeChat to watch a dietary education video; the content of the dietary
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education video involves in-depth verbal explanations of the contents found in the dietary
education booklet. Focusing on understanding and applying guidelines for pregnant
women in China and GWG guidelines, the video explained how to manage energy intake
and food cravings.

Theme 8: Pass the knowledge on to your family! At 16 weeks, pregnant women
and home cooks met online. Pregnant women explained dietary information to their
families based on an educational video. Health providers assessed accuracy, clarifying
misconceptions to ensure understanding and utilization.

Theme 9: Let us see your progress! After monitoring food intake at weeks 16 and
20, participants engaged in online meal-planning discussions at weeks 17 and 21. The
workshop included summary feedback, analyzing achievement against GWG guidelines,
comparing food intake with dietary guidelines, and encouraging participants throughout
the process.

Theme 10: What could you do next? The second part of the online discussion focused
on individualized meal-plan adjustments based on participants’ weight-gain goals. The
health provider discussed specific barrier factors and provided solutions. Food frequency
measurements at weeks 17 and 21 informed dietary quality adjustments. The health
provider advised on changes, maintained the meal plan when aligned with weight-gain
goals, and offered encouragement at the consultation’s end.

2.5. Compensation

Following the completion of the baseline survey, all enrolled participants received an
exquisite photo album and a gift bag (recommended retail value of 80 RMB). Additionally,
pregnant women in the CDIP intervention group were provided with complimentary
electronic fetal monitoring vouchers (valued at 200 RMB).

2.6. Variables Measures and Measurement Instruments

To achieve the goal of improving dietary behaviors among pregnant women in ur-
ban China, a comprehensive assessment of variables based on Orem’s self-care theory is
planned [46]. Specifically, we are interested in self-care agency, self-care behavior, nutri-
tional status, and relevant pregnancy complications during the process of maternal dietary
self-management. Corresponding variables include nutritional literacy, eating behavior,
dietary quality, GWG, and the incidence of gestational diabetes.

It is worth noting that this study is an individual-level dietary intervention project,
and research suggests that family functioning and physical activity levels may influence
maternal dietary behaviors. Therefore, at baseline, this study also measures these two
variables to further assess their impact on the outcomes.

The Demographic Questionnaire serves to collect participants’ demographic informa-
tion and comprises two sections—personal characteristics and sociocultural factors—with a
total of 8 items. Inquiries encompass age, education level, gestational weeks, pre-pregnancy
BMI, family average annual income, ethnic group, religion, cuisine, and family structure.

The Pregnancy Physical Activity Questionnaire in Chinese (PPAQ-C) is employed
to assess the baseline physical activity levels of study subjects [51]. In this measurement,
participants report their pregnancy activity levels over the past two weeks, covering aspects
such as household chores, outdoor activities, occupational tasks, and exercise, totaling
31 items. Through participants’ responses to each item, including activity duration and
corresponding energy expenditure values, we can calculate the baseline pregnancy activity.

The APGAR questionnaire is utilized to evaluate family functioning, including five
aspects: Adaptation, Partnership, Growth, Affection, and Resolve [52]. Each aspect is
graded on three levels: “2 points for ‘often’”, “1 for ‘sometimes’”, and “0 for ‘rarely’”.
The total score ranges from 0 to 10 points, with higher scores indicating better family
functioning.

The Nutrition Literacy Assessment Instrument for Pregnant Women in China (NLAI-
P) is employed to measure participants’ nutritional literacy [53]. Participants respond
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to 38 questions across three dimensions: knowledge literacy, behavior literacy, and skill
literacy. Scores for each dimension and the total score are calculated based on the scoring
criteria provided by the instrument developer, with higher scores indicating higher levels
of nutritional literacy during pregnancy.

The Dutch Eating Behavior Questionnaire—Chinese version (DEBQ-C) is used to as-
sess eating behavior [54,55], with participants quickly responding to 33 questions covering
three subscales: restrained eating, emotional eating, and external eating. Scores for each
subscale and the total score are separately calculated, and higher scores reflect higher levels
of eating behavior in the respective dimensions.

The Food Frequency Questionnaire for Pregnant Women (FFQ-P) assesses participants’
dietary quality by asking them to recall their dietary habits over the past four weeks [56].
The questionnaire includes 61 food items grouped into ten categories such as meat, fish,
vegetables, and fruits. We compare it to the Chinese Diet Balance Index for Pregnancy
(DBI-P) to calculate participants’ dietary balance index [57]. Details of the DBI scoring
are described elsewhere [58,59]. We compute balance coefficients for each food category
and the overall dietary quality distance. A score closer to 0 indicates a more balanced diet,
while negative distances suggest more severe underconsumption, and positive distances
indicate more severe overconsumption.

Assessors in the hospital conducted pre- and post-weight measurements using a
standard weight scale. We calculated the weight gain during the twelve-week intervention
period (from week 12 to week 24 of pregnancy).

Gestational diabetes mellitus (GDM) diagnosis: GDM diagnosis is based on blood
glucose levels obtained from the 75 g Oral Glucose Tolerance Test (OGTT) conducted at
24 weeks of pregnancy, following the diagnostic criteria established by the International
Association of Diabetes and Pregnancy Study Group (IADPSG) [60].

2.7. Analysis

Quantitative data analysis was performed using IBM SPSS Statistics v28 (IBM Corp,
Armonk, New York, NY, USA). Basic statistics, including the calculation of mean and stan-
dard deviation (for normal distribution), median and interquartile range (IQR) (for skewed
distribution), as well as frequency and percentage, were conducted. When comparing
baseline data, an independent samples t-test was employed if continuous measurement
variables met the assumption of normality. Otherwise, the Mann–Whitney U test or Chi-
squared test was used to examine differences. For within-group comparisons before and
after interventions, a paired samples t-test was applied if the differences in continuous
measurement variables met the assumption of normality; otherwise, the Paired Wilcoxon
Signed Ranks Test was used. In between-group comparisons after interventions, if continu-
ous variables met the assumptions of normal distribution and homogeneity of variances,
the One-way analysis of covariance was used, with baseline data as covariates; otherwise,
the Mann–Whitney U test was utilized. For frequency data results with more than 20% cell
counts less than the minimum expected count, a Fisher’s Chi-squared test was performed.
Intergroup comparisons were used to validate research hypotheses, and p-values were
obtained using a one-tailed test. In all comparative analyses, p < 0.05 was considered
statistically significant. Statistical analysis will adhere to the principles of intention-to-treat
analysis, and missing data values will be handled using Complete-case analysis [61].

3. Results
3.1. Study Implementation

In this study, the trial was registered with the China Clinical Trial Registration Center
under registration number ChiCTR2300075082. This investigation was carried out from
August 2023 to November 2023. A total of 2712 individuals were systematically sampled
from the Obstetrics Outpatient Department of a tertiary healthcare facility located in
Changzhou, China. Among the 88 participants who met the specified inclusion and
exclusion criteria and demonstrated a voluntary commitment to participation, they were
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subjected to a random allocation process, segregating them into two distinct groups, with
each cohort comprising 44 individuals.

In the CDIP group, no participants were withdrawn, and compliance and retention
were excellent, with no instances of participant attrition. Conversely, the routine care
group experienced the attrition of two participants, with one exiting the study due to high-
risk pregnancy complications and the other as a result of discontinued communication.
Consequently, post-intervention data were acquired from the remaining 42 participants.

Consistent with the principles of intention-to-treat analysis, data from all 88 partici-
pants were inclusively considered in the subsequent analysis. A comprehensive recruitment
and intervention process is visually depicted in Figure 1 for reference.
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3.2. Comparison of General Characteristics of Study Participants before Intervention

The average age of participants was (26.51 ± 2.96) years, and the two groups showed
no statistically significant differences in terms of age, education level, family annual income,
and cuisine preference. The average gestational age at baseline was (11.85 ± 0.41) weeks,
and the pre-pregnancy Body Mass Index (BMI) was (21.14 ± 1.63) kg/m2. There were no
statistically significant differences between the two groups in terms of gestational age at
baseline, pre-pregnancy BMI, family function, and physical activity level indicators. For
detailed information on the general characteristics of study participants, please refer to
Table 2.
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Table 2. General characteristics of study participants at baseline (n = 88).

Variable Characteristics CDIP Group Routine Care Group Statistics p-Value

Education Level Below Associate Degree 9 (20.5%) 15 (35.1%) 2.267 c 0.315

Associate Degree and
Bachelor’s Degree 30 (68.2%) 26 (59.1%)

Bachelor’s Degree and
Above 5 (11.4%) 3 (6.8%)

Family Annual Income <10,000 CNY 5 (11.4%) 12 (27.3%) 5.599 c 0.133

10,000 to 20,000 CNY 27 (61.4%) 20 (45.5%)

>20,000 to 40,000 CNY 7 (15.9%) 10 (22.7%)

>40,000 CNY 5 (11.4%) 2 (4.5%)

Cuisine Preference Hunan Cuisine 4 (9.1%) 4 (9.1%) 0.363 c 0.969

Sichuan Cuisine 5 (11.4%) 6 (13.6%)

Anhui Cuisine 7 (15.9%) 8 (18.2%)

Jiangsu Cuisine 28 (63.6%) 26 (59.1%)

Pre-Pregnancy Body
Mass Index 20.54 (19.57~22.24) 21.28 (20.23~22.60) −1.836 a 0.066

Family Function 14 (12~15) 14 (11~15) −0.223 a 0.823

Age 26.89 ± 3.47 26.14 ± 2.33 1.190 b 0.237

Gestational Age at
Baseline 11.89 ± 0.42 11.82 ± 0.40 0.743 b 0.459

Physical Activity Level 108.69 ± 29.88 108.74 ± 27.72 −0.009 b 0.993

Note: Continuous variables normally distributed are presented as mean ± standard deviation, non-normally
distributed continuous variables as median (interquartile range), categorical variables as frequencies (percentages);
‘a’ indicates Mann–Whitney test; ‘b’ denotes independent t-test; ‘c’ signifies Fisher’s Chi-squared test.

3.3. Baseline Comparison of Outcome Measures for Participants before Intervention

After conducting statistical analysis on the two groups of study participants, it was
found that there were no statistically significant differences between the two groups in
terms of baseline prenatal nutritional literacy, eating behavior, dietary quality, and weight
gain prior to the pre-test. Specific data can be found in Table 3. The dietary balance
coefficients for various nutrient categories showed no statistically significant differences
between the two groups. It was also observed that the median coefficients for dietary
oil and vegetables were at a balanced zero point during the pre-test. Only the median
coefficient for the fruit category was above zero, indicating excess intake, while the other
categories were below zero, indicating inadequate intake. Refer to Figure 2 for details.

Table 3. Baseline score comparison of outcome variables for study subjects (N = 88).

Variable CDIP Group Routine Care Group Statistics p-Value

Total Nutritional Literacy Score 43.28 ± 7.25 43.18 ± 9.24 0.056 b 0.955
Knowledge Literacy Dimension 26.77 ± 5.31 26.53 ± 6.57 0.187 b 0.852
Behavioral Literacy Dimension 4.36 ± 1.89 4.93 ± 2.22 −1.291 b 0.200
Skills Literacy Dimension 13 (10.23~14.48) 13 (10.35~14.05) −0.367 a 0.713
Total Eating Behavior Score 86.09 ± 15.24 85.59 ± 19.12 0.136 b 0.892
Restrained Eating Dimension 28.86 ± 6.82 29.20 ± 7.61 −0.221 b 0.825
Emotional Eating Dimension 27.20 ± 8.96 26.11 ± 8.82 −0.575 b 0.566
External Eating Dimension 30.36 ± 5.64 30.11 ± 7.05 0.184 b 0.855
Weight Gain Before Pre-test 0.37 ± 2.37 −0.01 ± 3.18 0.635 b 0.527
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Table 3. Cont.

Variable CDIP Group Routine Care Group Statistics p-Value

Total Diet Quality Distance 43.41 ± 7.28 43.68 ± 7.05 −0.179 b 0.859
Types of Food 8.50 (8.00~9.00) 8.50 (8.00~10.00) −0.107 a 0.915
Grains and Tubers −4.00 (−5.00~−1.25) −4.00 (−5.00~−3.00) −0.328 a 0.743
Meat and Poultry 0 (−1.00~2.00) −1.00 (−2.00~0) −1.463 a 0.143
Animal Blood or Liver −6.00 (−6.00~−6.00) −6.00 (−6.00~−6.00) −0.575 a 0.565
Seafood −3.00 (−4.00~−1.00) −4.00 (−4.00~−2.00) −1.789 a 0.074
Eggs −2.00 (−4.00~0) −2.00 (−4.00~0) −1.235 a 0.217
Soy and Soy Products −2.00 (−3.00~−1.00) −1.00 (−2.00~0) −1.783 a 0.075
Vegetables 0 (−2.00~0) 0 (0~0) −1.307 a 0.191
Seaweed −2.00 (−2.00~−2.00) −2.00 (−2.00~−2.00) −0.633 a 0.527
Fruits 5.00 (0~6.00) 5.00 (2.00~6.00) −1.140 a 0.254
Nuts −3.00 (−3.00~0) −2.00 (−3.00~0) −0.600 a 0.548
Dairy −3.00 (−5.00~−1.00) −4.00 (−5.00~−2.00) −1.286 a 0.198
Water −3.00 (−5.00~0) −3.00 (−5.00~−2.00) −0.702 a 0.483
Oil 0 (0~2.00) 0 (0~1.50) −0.476 a 0.634
Salt 2.00 (0~2.00) 2.00 (0~2.00) −0.217 a 0.828

Note: Continuous variables normally distributed are presented as mean ± standard deviation; non-normally
distributed continuous variables as median (interquartile range); ‘a’ indicates Mann–Whitney test; ‘b’ denotes
independent t-test.
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Figure 2. Baseline comparison of balance coefficients for various nutrients in two groups (n = 88).
Note: (a) represents the comparison of frequency distributions in the dietary balance index of grains
and tubers between two post-test groups; (b) signifies the comparison of frequency distributions in the
dietary balance index of meat and poultry between two post-test groups; (c) denotes the comparison
of frequency distributions in the dietary balance index of animal blood or liver between two post-test
groups; (d) indicates the comparison of frequency distributions in the dietary balance index of
seafood between two post-test groups; (e) stands for the comparison of frequency distributions in
the dietary balance index of eggs between two post-test groups; (f) illustrates the comparison of
frequency distributions in the dietary balance index of soy and soy products between two post-test
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groups; (g) showcases the comparison of frequency distributions in the dietary balance index of
vegetables between two post-test groups; (h) highlights the comparison of frequency distributions in
the dietary balance index of seaweed between two post-test groups; (i) focuses on the comparison of
frequency distributions in the dietary balance index of fruits between two post-test groups; (j) portrays
the comparison of frequency distributions in the dietary balance index of nuts between two post-
test groups; (k) outlines the comparison of frequency distributions in the dietary balance index of
dairy between two post-test groups; (l) emphasizes the comparison of frequency distributions in
the dietary balance index of water between two post-test groups; (m) represents the comparison of
frequency distributions in the dietary balance index of oil between two post-test groups; (n) signifies
the comparison of frequency distributions in the dietary balance index of salt between two post-
test groups.

3.4. Impact of Intervention on Eating Behavior in Urban Chinese Pregnant Women

Intra-group comparison results show that pregnant women receiving CDIP interven-
tion demonstrated a significant improvement in total eating behavior scores and restrained
eating dimension scores compared to baseline (p < 0.05). In contrast, pregnant women
receiving routine care intervention showed no statistically significant differences in scores
compared to baseline. Detailed results are presented in Table 4.

Table 4. Intra-group comparison of eating behavior before and after intervention in two study groups.

Variable Pre-Test Post-Test Statistics p-Value

CDIP Group
Total Eating Behavior Score 86.43 ± 14.30 88.36 ± 12.74 −1.781 b 0.082
Restrained Eating Dimension 28.86 ± 6.82 31.61 ± 7.28 −4.396 b <0.001
Emotional Eating Dimension 27.20 ± 8.96 26.30 ± 8.75 2.074 b 0.044
External Eating Dimension 30.36 ± 5.64 30.45 ± 4.99 −0.146 b 0.885
Routine Care Group
Total Eating Behavior Score 85.52 ± 18.03 84.78 ± 18.49 1.037 b 0.306
Restrained Eating Dimension 29.14 ± 7.46 28.59 ± 8.27 1.334 b 0.190
Emotional Eating Dimension 26.19 ± 9.02 26.07 ± 8.81 0.280 b 0.781
External Eating Dimension 30.19 ± 7.21 30.11 ± 6.46 0.156 b 0.877

Note: Continuous variables normally distributed are presented as mean ± standard deviation; “b” indicates
paired t-test.

Inter-group comparison results, after adjusting for pre-intervention eating behavior
score levels, indicate that following intervention, the total eating behavior score for the CDIP
group was significantly higher than the routine care group by an average of 3.87 points
(95% CI: 0.336–7.395, p = 0.032). Similarly, the restrained eating dimension score for the
CDIP group after the intervention was, on average, 3.22 points higher than the routine care
group, with a statistically significant difference (95% CI: 1.665–4.768, p < 0.001).

No statistically significant differences were observed between the two groups in
the emotional eating dimension and external eating dimension. The findings of this
study suggest that, compared to the control group, CDIP intervention contributes to an
improvement in patients’ restrained eating behavior. Detailed results can be found in
Tables 5 and 6 as well as Figures 3–6.

3.5. Impact of Intervention on Nutrition Literacy in Urban Chinese Pregnant Women

The intra-group comparison results indicate that pregnant women receiving CDIP
intervention demonstrated significant improvements in Total Nutritional Literacy Score,
Knowledge Literacy Dimension scores, Behavioral Literacy Dimension, and Skills Literacy
Dimension compared to baseline (p < 0.05). In contrast, pregnant women receiving routine
care intervention showed no statistically significant differences in scores compared to
baseline. Detailed results are presented in Table 7.

163



Nutrients 2024, 16, 217

The inter-group comparison results, after adjusting for pre-intervention nutritional
literacy levels, reveal that following an intervention, the CDIP group’s overall gestational
nutritional literacy score was significantly higher than the routine care group, averaging
9.64 points (95% CI: 8.445–10.836, p < 0.001). Similarly, the Knowledge Literacy Dimension
score for the CDIP group after the intervention was, on average, 5.98 points higher than the
routine care group, with a statistically significant difference (95% CI: 5.038–6.921, p < 0.001).
The Behavioral Literacy Dimension score for the CDIP group after the intervention was,
on average, 1.98 points higher than the routine care group, with a statistically significant
difference (95% CI: 1.297–2.660, p < 0.001). Both groups’ Skills Literacy Dimension exhibited
a non-normal distribution, with the CDIP group’s median surpassing that of the routine
care group by 2.05 points after intervention (p = 0.001).

Table 5. Inter-group comparison of eating behavior after intervention in two study groups.

Variable CDIP Group Routine Care
Group Statistics p-Value

Total Eating Behavior Score 88.00 ± 13.46 83.93 ± 18.58 2.178 b 0.016
Restrained Eating Dimension 31.61 ± 7.28 28.79 ± 7.96 −4.123 b <.001
Emotional Eating Dimension 26.30 ± 8.75 26.07 ± 8.82 −1.196 b 0.118
External Eating Dimension 30.45 ± 4.99 30.12 ± 6.46 0.298 b 0.383

Note: Continuous variables normally distributed are presented as mean ± standard deviation; ‘b’ signifies
One-way analysis of covariance.

Table 6. Adjusted eating behavior scores after intervention in two study groups.

Eating Behavior Scores Mean Standard
Error 95% LCI 95% HCI

Total Eating Behavior Score
CDIP Group 87.900 1.240 85.433 90.366
Routine Care Group 84.034 1.269 81.509 86.558
Restrained Eating Dimension
CDIP Group 31.803 0.545 30.719 32.887
Routine Care Group 28.587 0.558 27.477 29.697
Emotional Eating Dimension
CDIP Group 25.836 0.418 25.004 26.668
Routine Care Group 26.553 0.428 25.701 27.405
External Eating Dimension
CDIP Group 30.392 0.486 29.425 31.359
Routine Care Group 30.185 0.497 29.195 31.174

Note: LCL stands for Lower Confidence Limit, and HCL stands for Upper Confidence Limit.
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Table 7. Intra-group comparison of nutrition literacy before and after intervention in two study
groups.

Variable Pre-Test Post-Test Statistics p-Value

CDIP Group
Total Nutritional Literacy Score 43.28 ± 7.25 53.39 ± 6.60 −22.293 b <0.001
Knowledge Literacy Dimension 26.77 ± 5.31 33.05 ± 4.70 −17.029 b <0.001
Behavioral Literacy Dimension 4.36 ± 1.89 6.77 ± 2.15 −13.188 b <0.001

Skills Literacy Dimension 13.00
(10.23~14.48)

14.35
(12.75~15.55) 4.660 a <0.001

Routine Care Group
Total Nutritional Literacy Score 43.07 ± 9.45 43.55 ± 9.58 −1.173 b 0.248
Knowledge Literacy Dimension 26.57 ± 6.71 26.89 ± 6.46 −0.935 b 0.355
Behavioral Literacy Dimension 4.86 ± 2.25 5.19 ± 2.42 −1.103 b 0.277

Skills Literacy Dimension 13.00
(10.30~15.04)

12.30
(10.45~14.10) −1.350 a 0.177

Note: Continuous variables normally distributed are presented as mean ± standard deviation; non-normally
distributed continuous variables are presented as median (interquartile range); ‘a’ indicates Paired Wilcoxon
Signed Ranks Test; “b” indicates paired t-test.

The results of this study suggest that, compared to the control group, CDIP inter-
vention contributes to an improvement in nutritional literacy among pregnant women.
Detailed results can be found in Tables 8 and 9 and Figures 7–10.

Table 8. Inter-group comparison of nutrition literacy after intervention in two study groups.

Variable CDIP Group Routine Care
Group Statistics p-Value

Total Nutritional Literacy Score 53.39 ± 6.60 43.55 ± 9.58 16.038 b <0.001
Knowledge Literacy Dimension 33.05 ± 4.70 26.89 ± 6.46 12.633 b <0.001
Behavioral Literacy Dimension 6.77 ± 2.15 5.19 ± 2.42 5.774 b <0.001

Skills Literacy Dimension 14.35
(12.75~15.55)

12.30
(10.45~14.10) −3.234 a 0.001

Note: Continuous variables normally distributed are presented as mean ± standard deviation; non-normally
distributed continuous variables are presented as median (interquartile range); ‘a’ indicates Mann–Whitney test;
‘b’ signifies One-way analysis of covariance.
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Table 9. Adjusted nutritional literacy scores after intervention in two study groups.

Variable Mean Standard Error 95% LCI 95% HCI

Total Nutritional Literacy Score
CDIP Group 53.294 0.42 52.459 54.13
Routine Care Group 43.654 0.43 42.798 44.509
Knowledge Literacy Dimension
CDIP Group 32.961 0.331 32.303 33.619
Routine Care Group 26.981 0.339 26.308 27.655
Behavioral Literacy Dimension
CDIP Group 6.966 0.239 6.492 7.441
Routine Care Group 4.988 0.244 4.502 5.474

Note: LCL stands for Lower Confidence Limit, and HCL stands for Upper Confidence Limit.

3.6. Impact of Intervention on Diet Quality in Urban Chinese Pregnant Women

The intra-group comparison results indicate that both groups of pregnant women,
those receiving CDIP intervention and routine care, demonstrated a significantly shorter
Diet Quality Distance compared to baseline (p < 0.05). This suggests that the overall
dietary balance coefficients for both groups are closer to the balance zero point after the
interventions, signifying a significant improvement.
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In the CDIP group, median coefficients for nutrients other than grains and tubers,
meat and poultry, and salt are significantly closer to the balance zero point compared to
the baseline (p < 0.05), and there is an increase in the variety of food types (p < 0.001).
In the routine care group, significant changes in median coefficients for nutrients other
than animal blood or liver, vegetables, oil, and salt were observed compared to baseline
(p < 0.05). Notably, meat and poultry, as well as eggs, shifted from a negative balance
to a positive balance, with a greater distance from the zero point. The post-test median
coefficient for fruits was 6, indicating a more positive deviation from the balance zero point
compared to the pre-test. Seafood, soy and soy products, seaweed, nuts, dairy, and water
showed shorter distances in the negative direction compared to the baseline. Additionally,
there is an increase in the variety of food types (p < 0.001). Refer to Table 10 for details.
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Table 10. Intra-group comparison of nutrition literacy before and after intervention in CDIP group.

Variable Pre-Test Post-Test Statistics p-Value

CDIP Group
Total Diet Quality Distance 43.41 ± 7.28 29.11 ± 8.52 9.403 b <0.001
Types of Food 8.50 (8.00~9.00) 12.00 (11.00~13.00) −5.330 a <0.001
Grains and Tubers −4.00 (−5.00~−1.25) −4.00 (−5.00~−2.00) −0.662 a 0.508
Meat and Poultry 0 (−1.00~2.00) 1.00 (0~1.00) −1.671 a 0.095
Animal Blood or Liver −6.00 (−6.00~−6.00) −2.00 (−6.00~0) −4.373 a <0.001
Seafood −3.00 (−4.00~−1.00) −2.00 (−3.00~−2.00) −2.243 a 0.025
Eggs −2.00 (−4.00~0) 0 (0~0) −3.835 a <0.001
Soy and Soy Products −2.00 (−3.00~−1.00) −1.00 (−2.00~0) −2.744 a 0.006
Vegetables 0 (−2.00~0) 0 (0~0) −2.994 a 0.003
Seaweed −2.00 (−2.00~−2.00) 0 (−1.50~0) −4.640 a <0.001
Fruits 5.00 (0~6.00) 0 (0~0) −4.639 a <0.001
Nuts −3.00 (−3.00~0) 0 (0~0) −4.744 a <0.001
Dairy −3.00 (−5.00~−1.00) 0 (−1.00~0) −5.035 a <0.001
Water −3.00 (−5.00~0) 0 (−3.00~0) −3.950 a <0.001
Oil 0 (0~2.00) 0 (0~0) −2.449 a 0.014
Salt 2.00 (0~2.00) 2.00 (0~2.00) −1.387 a 0.166

Note: Continuous variables normally distributed are presented as mean ± standard deviation; non-normally
distributed continuous variables are presented as median (interquartile range); ‘a’ indicates Paired Wilcoxon
Signed Ranks Test”; “b” indicates paired t-test.

The inter-group comparison results, after adjusting for pre-intervention Total Diet
Quality Distance levels, indicate that following an intervention, the CDIP group’s Total Diet
Quality Distance is significantly shorter than the routine care group, averaging 11.49 co-
efficients less (95% CI: −14.730–8.242, p < 0.001). The post-intervention median for the
variety of food types in the CDIP group is 3 higher (p < 0.001). In the CDIP group, the
negative distance for grains and tubers is one coefficient farther compared to the routine
care group (p = 0.042). The median coefficients for animal blood or liver, seafood, seaweed,
fruits, nuts, dairy, and water are closer to the balance zero point compared to the routine
care group (p < 0.05). There is no statistically significant difference in the post-intervention
median coefficients for meat and poultry, eggs, soy and soy products, vegetables, oil, and
salt between the two groups (p > 0.05).

The results of this study suggest that, compared to the control group, CDIP interven-
tion contributes to the improvement of overall dietary quality in pregnant women. Detailed
results can be found in Tables 10–13 and Figures 11 and 12.
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Table 11. Intra-group comparison of nutrition literacy before and after intervention in routine care
group.

Variable Pre-Test Post-Test Statistics p-Value

Routine Care Group
Total Diet Quality Distance 43.71 ± 7.22 40.71 ± 7.39 2.721 b 0.010
Types of Food 8.50 (8.00~10.00) 11.00 (9.00~11.70) −4.526 a <0.001
Grains and Tubers −4.00 (−5.00~−3.00) −0.75 (−3.00~0.70) −2.596 a 0.009
Meat and Poultry −1.00 (−2.00~0) 3.00 (0~4.00) −4.706 a <0.001
Animal Blood or Liver −6.00 (−6.00~−6.00) −6.00 (−6.00~−3.20) −1.725 a 0.084
Seafood −4.00 (−4.00~−2.00) 0 (−3.00~0) −2.357 a 0.018
Eggs −2.00 (−4.00~0) 2.00 (0~4.00) −4.802 a <0.001
Soy and Soy Products −1.00 (−2.00~0) 0 (−2.00~0) −2.483 a 0.013
Vegetables 0 (0~0) 0 (0~0) −0.528 a 0.598
Seaweed −2.00 (−2.00~−2.00) 0 (−2.00~0) −4.491 a <0.001
Fruits 5.00 (2.00~6.00) 6.00 (2.00~6.00) −3.098 a 0.002
Nuts −2.00 (−3.00~0) −1.75 (−3.00~0) −2.701 a 0.007
Dairy −4.00 (−5.00~−2.00) −1.00 (−1.00~−1.00) −3.243 a 0.001
Water −3.00 (−5.00~−2.00) 0 (−3.00~0) −2.114 a 0.034
Oil 0 (0~1.50) 2.00 (0~2.00) −1.414 a 0.157
Salt 2.00 (0~2.00) 2.00 (2.00~4.00) −1.414 a 0.157

Note: Continuous variables normally distributed are presented as mean ± standard deviation; non-normally
distributed continuous variables are presented as median (interquartile range); ‘a’ indicates Paired Wilcoxon
Signed Ranks Test”; “b” indicates paired t-test.

Table 12. Inter-group comparison of dietary quality after intervention in two study groups.

Variable CDIP Group Routine Care Group Statistics p-Value

Total Diet Quality Distance 29.11 ± 8.52 40.71 ± 7.39 −7.043 b <0.001
Types of Food 12.00 (11.00~13.00) 9 (9.00~11.00) −5.305 a <0.001
Grains and Tubers −4.00 (−5.00~−2.00) −3.00 (−4.00~−0.75) 2.031 a 0.042
Meat and Poultry 1.00 (0~1.00) 0 (−0.25~3.00) −0.031 a 0.975
Animal Blood or Liver −6.00 (−6.00~−2.00) −6 (−6.00~−6.00) −5.030 a <0.001
Seafood −2.00 (−3.00~−2.00) −3.00 (−4.00~0) −2.181 a 0.029
Eggs 0 (0~0) 0 (0~2.00) 0.074 a 0.941
Soy and Soy Products −1 (−2.00~0) −2 (−3.25~0) −1.708 a 0.088
Vegetables 0 (0~0) 0 (−2.00~0) −0.218 a 0.827
Seaweed 0 (−1.50~0) −2.00 (−2.00~0) −2.994 a 0.003
Fruits 0 (0~0) 2.00 (0~6.00) 3.925 a <0.001
Nuts 0 (0~0) −3.00 (−3~−1.75) −6.056 a <0.001
Dairy 0 (−1.00~0) −1.00 (−4.00~−1.00) −5.195 a <0.001
Water 0 (−3.00~0) −3.00 (−5.00~0) −3.083 a 0.002
Oil 0 (0~0) 0 (0~2.00) −1.407 a 0.160
Salt 2.00 (0~2.00) 2.00 (0~2.00) 1.075 a 0.282

Note: Continuous variables normally distributed are presented as mean ± standard deviation; non-normally
distributed continuous variables are presented as median (interquartile range); ‘a’ indicates Mann–Whitney test;
‘b’ signifies One-way analysis of covariance.

Table 13. Adjusted Total Diet Quality Distance after intervention in two study groups.

Total Diet Quality Distance Mean Standard
Error 95% LCI 95% HCI

CDIP Group 29.169 1.140 26.903 31.436
Routine Care Group 40.656 1.166 38.336 42.976

Note: LCL stands for Lower Confidence Limit, and HCL stands for Upper Confidence Limit.
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Figure 11. Post-test comparison of balance coefficients for various nutrients in two groups (n = 86). 
Note: (a) represents the comparison of frequency distributions in the dietary balance index of grains 
and tubers between two post-test groups; (b) signifies the comparison of frequency distributions in 
the dietary balance index of meat and poultry between two post-test groups; (c) denotes the com-
parison of frequency distributions in the dietary balance index of animal blood or liver between two 
post-test groups; (d) indicates the comparison of frequency distributions in the dietary balance in-
dex of seafood between two post-test groups; (e) stands for the comparison of frequency distribu-
tions in the dietary balance index of eggs between two post-test groups; (f) illustrates the compari-
son of frequency distributions in the dietary balance index of soy and soy products between two 
post-test groups; (g) showcases the comparison of frequency distributions in the dietary balance 
index of vegetables between two post-test groups; (h) highlights the comparison of frequency dis-
tributions in the dietary balance index of seaweed between two post-test groups; (i) focuses on the 
comparison of frequency distributions in the dietary balance index of fruits between two post-test 
groups; (j) portrays the comparison of frequency distributions in the dietary balance index of nuts 
between two post-test groups; (k) outlines the comparison of frequency distributions in the dietary 
balance index of dairy between two post-test groups; (l) emphasizes the comparison of frequency 
distributions in the dietary balance index of water between two post-test groups; (m) represents the 
comparison of frequency distributions in the dietary balance index of oil between two post-test 
groups; (n) signifies the comparison of frequency distributions in the dietary balance index of salt 
between two post-test groups. 

 

Figure 11. Post-test comparison of balance coefficients for various nutrients in two groups (n = 86).
Note: (a) represents the comparison of frequency distributions in the dietary balance index of grains
and tubers between two post-test groups; (b) signifies the comparison of frequency distributions in the
dietary balance index of meat and poultry between two post-test groups; (c) denotes the comparison
of frequency distributions in the dietary balance index of animal blood or liver between two post-test
groups; (d) indicates the comparison of frequency distributions in the dietary balance index of seafood
between two post-test groups; (e) stands for the comparison of frequency distributions in the dietary
balance index of eggs between two post-test groups; (f) illustrates the comparison of frequency
distributions in the dietary balance index of soy and soy products between two post-test groups;
(g) showcases the comparison of frequency distributions in the dietary balance index of vegetables
between two post-test groups; (h) highlights the comparison of frequency distributions in the dietary
balance index of seaweed between two post-test groups; (i) focuses on the comparison of frequency
distributions in the dietary balance index of fruits between two post-test groups; (j) portrays the
comparison of frequency distributions in the dietary balance index of nuts between two post-test
groups; (k) outlines the comparison of frequency distributions in the dietary balance index of dairy
between two post-test groups; (l) emphasizes the comparison of frequency distributions in the
dietary balance index of water between two post-test groups; (m) represents the comparison of
frequency distributions in the dietary balance index of oil between two post-test groups; (n) signifies
the comparison of frequency distributions in the dietary balance index of salt between two post-
test groups.
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Figure 12. Illustrates the Diet Quality Distance before and after intervention in two groups. Note:
CDIP is the Comprehensive Dietary Intervention Program, ‘a’ denotes Intra-group comparison,
p < 0.05; ‘b’ signifies Comparison with the Control Group, p < 0.05.
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3.7. Impact of Intervention on Weight Gain within 12 Weeks and Gestational Diabetes Status in
Urban Chinese Pregnant Women

The inter-group comparison results indicate that, following the intervention, the CDIP
group had a significantly lower weight gain within 12 weeks compared to the routine
care group, with an average reduction of 1.01 kg (95% CI: −1.911 to −0.105, p = 0.029).
According to the recommended standards for weight gain during the mid-pregnancy
period of 12 weeks for Chinese pregnant women, which suggests a range of 3.6 to 5.4 kg,
13 individuals (29.5%) in the CDIP group and 22 individuals (52.38%) in the routine care
group exceeded this standard. Additionally, two individuals (4.5%) in the CDIP group
and nine individuals (37.8%) in the routine care group fell below the standard, and these
differences were statistically significant (chi-square = 14.830, p = 0.001). Detailed frequency
distributions are shown in Figure 13.
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Regarding the screening and diagnosis of gestational diabetes using the OGTT test
at 24 weeks of pregnancy, two individuals in the CDIP group and four individuals in
the routine care group were diagnosed. However, this difference was not statistically
significant. Refer to Table 14 for more details.

Table 14. Weight gain within 12 weeks and gestational diabetes status in two groups.

Variable CDIP Group Routine Care Group Statistics p-Value

Weight Gain Over
Intervention 12 Weeks 4.97 ± 1.33 5.98 ± 2.78 −2.220 a 0.014

Gestational Diabetes
Mellitus 2 (4.5%) 4 (9.5%) 0.428 b 0.316

Note: Continuous variables normally distributed are presented as mean ± standard deviation; categorical
variables are presented as frequencies (percentages); ‘a’ denotes independent t-test; ‘b’ signifies Fisher’s Chi-
squared test.

3.8. Additional Outcome Indicator Description and Analysis

Participants in the CDIP group had 641 online interactions with healthcare providers
and collectively sent 1732 interactive WeChat messages over a period of twelve weeks.
After watching videos, they provided 76 comments, most of which were positive. One
participant expressed concerns about the reliability of the information. During the post-test
interviews, healthcare providers asked participants if they encountered any significant
difficulties during the engagement process. Four pregnant women mentioned that their
busy work schedules left them with insufficient time to participate in midwife interactions.

Pregnant women undergoing CDIP intervention responded to 14 satisfaction-related
questions in the post-test. The questionnaire had a 100% response rate. The average
satisfaction scores for each question are presented in Table 15. The analysis results indicate
that participants expressed high satisfaction with the CDIP intervention.
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Table 15. Satisfaction of pregnant women in the Comprehensive Dietary Intervention Program group
with the intervention.

Item Mean ± Std. Deviation

Health Education Theme Setting 4.68 ± 0.47
Health Education Comprehensibility 4.39 ± 0.58
Availability of Health Education Manuals and Video Materials 4.59 ± 0.50
Online and Offline Delivery Methods 4.64 ± 0.49
Program Flexibility 4.55 ± 0.50
Intervention Dosage 4.64 ± 0.49
Communication Methods and Language 4.73 ± 0.50
Interactivity of Health Providers 4.70 ± 0.46
Professionalism of Health Providers 4.68 ± 0.47
Supportive Role of Health Providers 4.68 ± 0.47
Positive Impact on Dietary Behaviors 4.59 ± 0.50
Positive Impact on Weight Control 4.57 ± 0.50
Generalizability 4.55 ± 0.55
Overall Satisfaction 4.70 ± 0.46

3.9. Comparison Analysis of Baseline General Information between Participants Lost to Follow-Up
and Those Who Completed the Intervention

During the intervention, two participants were lost to follow-up, leading to incomplete
data. Therefore, a comparative analysis was conducted on the baseline general information
between those lost to follow-up and those who completed the intervention to determine if
there was any bias. The analysis results revealed that there was no statistically significant
difference in baseline general information between participants lost to follow-up and those
who completed the intervention. The two groups of participants were similar in terms of
age, baseline gestational weeks, family annual income, pre-pregnancy Body Mass Index,
education level, cuisine preference, family function, and physical activity (p > 0.05). Specific
results are provided in Table 16.

Table 16. Comparison of baseline general information between lost-to-follow-up and not-lost-to-
follow-up study subjects (n = 88).

Variable Characteristics CDIP Group Routine Care
Group Statistics p-Value

Education Level Below Associate Degree 24 (27.9%) 0 (0) −1.494 c 0.135

Associate Degree and
Bachelor’s Degree 54 (62.8%) 2 (100.0%)

Bachelor’s Degree and
Above 8 (9.3%) 0 (0)

Family Annual Income <10,000 CNY 17 (19.8%) 0 (0) 2.128 c 0.718

10,000 to 20,000 CNY 46 (53.5%) 1 (50.0%)

20,000 to 40,000 CNY 19 (22.1%) 1 (50.0%)

>40,000 CNY 4 (4.6%) 0 (0)

Cuisine Preference Hunan Cuisine 8 (9.3%) 0 (0) 2.317 c 0.626

Sichuan Cuisine 11 (12.8%) 0 (0)

Anhui Cuisine 14 (16.3%) 1 (50%)

Jiangsu Cuisine 53 (61.6%) 1 (50%)

Pre-Pregnancy Body
Mass Index 201.00 (19.75~22.58) 21.23 (21.09~) 0.266 a 0.790

Family Function 14 (11.75~15) 12 (11~) −1.014 a 0.310
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Table 16. Cont.

Variable Characteristics CDIP Group Routine Care
Group Statistics p-Value

Age 26.52 ± 2.99 26.00 ± 0 0.246 b 0.807

Gestational Age
at Baseline 11.85 ± 0.41 12.00 ± 0.40 −0.509 b 0.612

Physical Activity Level 108.75 ± 28.98 107.00 ± 4.45 −0.080 b 0.936

Note: Continuous variables normally distributed are presented as mean ± standard deviation; non-normally
distributed continuous variables are presented as median (interquartile range); categorical variables are presented
as frequencies (percentages); ‘a’ indicates Mann–Whitney test; ‘b’ denotes independent t-test; ‘c’ signifies Fisher’s
Chi-squared test.

4. Discussion

The CDIP group exhibited remarkable compliance, indicating the program’s effective-
ness and participant engagement. This strong adherence enhances the study’s internal va-
lidity and suggests that the intervention was well-received and valued by participants [62].
The absence of participant attrition in the CDIP group reinforces result reliability, aligning
the program closely with participants’ expectations and needs [63]. The online interven-
tion’s convenience played a pivotal role in maintaining compliance [64]. Its flexibility
contributed to sustaining high levels of compliance, reducing participation barriers, and
enhancing overall engagement [65]. Online platforms’ rich interactivity, enabling real-time
interaction with healthcare providers, likely heightened participants’ positive experiences
and sense of involvement [66,67]. Weekly interactive communication initiated by healthcare
providers proved crucial in sustaining active participant engagement, maintaining inter-
est, and facilitating questions and experience sharing [68]. This mode of communication
played a key role in the successful implementation of CDIP. Future research can explore
the additional functionalities and designs of online platforms to maximize the appeal and
effectiveness of health behavior changes. The use of WeChat, the most widely used social
platform in China, addresses the digital divide, ensuring broader population benefits [69].

In the baseline comparison of outcome measures, no significant differences were found
in prenatal nutritional literacy, eating behavior, dietary quality, and weight gain during the
pre-test phase, indicating the homogeneity of the study groups. However, an exploration of
baseline dietary quality uncovered predominantly negative values in nutritional category
coefficients, consistent with prior research on Chinese pregnant women [70]. This obser-
vation may be attributed to the influence of morning sickness, impacting dietary habits
and potentially contributing to nutritional deficiencies [71]. Morning sickness, common in
early pregnancy, leads to reduced appetite and altered food intake patterns, with pregnant
women showing an increased intake of fruits and vegetables, possibly as a response to their
comfort-inducing properties during episodes of morning sickness. This finding highlighted
the need for tailored dietary guidance, acknowledging the individual variation in nutrient
intake levels due to diverse dietary preferences [72]. While there were no significant dif-
ferences in the median nutrient intake between the groups, the individualized nature of
the nutrient intake resulted in a non-normal distribution, underscoring the importance of
personalized dietary recommendations. This emphasizes the necessity for comprehensive
and flexible dietary intervention programs that consider individual preferences and cul-
tural variations to enhance overall effectiveness [73,74]. As health research evolves, future
studies are expected to increasingly focus on personalized health intervention strategies,
aligning with individual characteristics to better address diverse needs and expectations.

The CDIP intervention has demonstrated significant effectiveness in enhancing overall
dietary behavior, particularly in promoting restrained eating. This success is attributed to a
comprehensive approach that includes nutritional education, weekly weight monitoring,
and reminders of weight-gain standards. Nutritional education raised the awareness of
healthy pregnancy diets [75], influencing a more restrictive attitude towards food intake [76].
Weekly weight monitoring facilitates a real-time understanding of weight changes, promot-
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ing proactive restrained eating for better weight control [77]. Reminders of weight-gain
standards emphasized healthy weight management goals, guiding pregnant women to
consciously choose healthier eating habits [78]. However, the impact on emotional eating
was not significant, possibly due to individual differences, physiological changes dur-
ing pregnancy, and intervention limitations [79–82]. Additionally, the study focused on
pregnant women with normal pre-pregnancy BMI, who generally may not have severe
emotional eating issues [83]. This may explain why the effect of CDIP intervention on the
emotional eating dimension is not significant. Since the study subjects themselves may not
have significant emotional eating problems, the observed changes in this specific group
may be relatively small. The lack of statistical significance in improving external eating
may be attributed to CDIP’s focus on the individual level, overlooking environmental and
social factors influencing external eating [84]. External eating is shaped by stimuli, social
pressure, and emotional factors [85,86], which CDIP may not comprehensively address.
Future research should enhance support for social and environmental factors, particularly
family and societal influences, and provide comprehensive emotional health support to
improve the effectiveness of external eating interventions.

CDIP intervention has demonstrated significant efficacy in improving nutritional liter-
acy among urban Chinese pregnant women, highlighting the scientific and practical value
of integrating this intervention with the health literacy framework. In comparison to the
baseline, pregnant women receiving CDIP intervention showed notable improvements in
overall nutritional literacy scores, knowledge literacy, behavioral literacy, and skills literacy.
These findings reveal that the tailored intervention guided by the health literacy framework
effectively addresses various aspects of nutritional literacy in pregnant women [87–89]. To
further bolster the evidence of the effectiveness of CDIP intervention, inter-group compar-
isons were conducted across various dimensions of nutritional literacy. Findings revealed
that, after adjusting for the baseline level, the Knowledge Literacy Dimension scores for
the CDIP group were significantly higher than those for the routine care group, with an
average difference of 6.0 points. The significance of this difference lies in the targeted
elevation of pregnant women’s functional health literacy levels through CDIP intervention.
By providing detailed information about prenatal diet, nutritional requirements, and food
choices, CDIP encourages participants to develop a deeper understanding of their health
goals, thereby enhancing their abilities to acquire information, understand and retain that
information, and internalize it into applicable knowledge [90].

This study also reveals that, at the levels of skill literacy and Behavioral Literacy Di-
mensions, CDIP has achieved satisfactory outcomes through multidimensional intervention
strategies. This indicates that CDIP has a significant impact on promoting interactive health
literacy and critical health literacy among pregnant women [91]. Firstly, CDIP enhances
the ability of pregnant women to disseminate dietary information within their families by
training participants to conduct family dietary education themselves rather than having
it directly provided by healthcare providers. This unique approach aims to empower
pregnant women as leaders in health knowledge, encouraging individual learning and
sharing and fostering interaction and communication. This lays the foundation for the
development of interactive health literacy, enabling participants to engage in collective
learning within the family and enhance health literacy through practical experiences [92].
Secondly, CDIP facilitates effective communication between pregnant women and health-
care providers through regular interactive processes, such as weekly weight-monitoring
feedback and interactive dietary counseling. This interactive counseling not only provides
opportunities for practical health practices but also guides pregnant women in translating
theoretical knowledge into practical health decisions [93]. Through such experiential in-
teractions, pregnant women develop critical health literacy, enabling them to accurately
identify strategies that align with their individual circumstances, thereby improving the
effectiveness and sustainability of health decision-making. Additionally, CDIP emphasizes
interactive health literacy in family dietary education. By encouraging pregnant women to
share detailed information about prenatal diet, nutritional requirements, and food choices
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within their families, this knowledge transfer is not only unidirectional but also involves
in-depth interaction with family members, promoting closer communication [94]. This
contributes to cultivating pregnant women’s understanding and analytical skills regarding
different viewpoints, fostering critical thinking about health information, and, ultimately,
elevating their critical health literacy [95]. In summary, CDIP, through training, regular
interactive processes, and family involvement, establishes a multi-dimensional, interactive
health-promotion environment. This environment enhances pregnant women’s interactive
health literacy, enabling them to participate actively in health decision-making and the
learning process. Additionally, it enhances critical health literacy, equipping them with the
ability to discern information and make informed decisions.

The CDIP group exhibits a more diverse food intake, particularly in the supplementa-
tion of liver and animal blood, algae, and nuts, compared to the routine care group. This
may reflect CDIP’s emphasis on and attention to less common dietary categories in health
education. The routine care group shows relatively poorer performance in these specific
dietary categories, possibly due to a lack of awareness of the importance of these nutrient
sources or a deficiency in related guidance in traditional prenatal care [70,96,97]. Further-
more, CDIP’s intervention shows significant improvement in addressing the inadequate
intake of seafood and dairy products. In the southern regions of China, dietary habits often
lead pregnant women to insufficiently consume dairy and seafood [70,98,99]. CDIP suc-
cessfully enhances the intake of these two food categories by emphasizing their nutritional
importance. This highlights the positive role of CDIP’s intervention in correcting regional
dietary habits and providing comprehensive nutritional support to pregnant women. On
another note, CDIP emphasizes the standard intake of fruits and alerts participants to
the potential adverse effects of excessive fruit consumption. This helps address the com-
mon issue of excessive fruit intake among pregnant women in mid-pregnancy [96,100].
By delivering health information on fruit consumption to participants, CDIP effectively
promotes a balanced intake of fruits, contributing to preventing overconsumption and
slowing the trend of excessive weight gain, thereby maintaining overall maternal health.
This nuanced health education approach likely has a positive impact on adjusting dietary
patterns and promoting good nutritional habits among pregnant women. However, the lack
of a significant effect on salt intake in CDIP intervention results may indicate the relative
stability of individual taste preferences [101]. Taste preferences are often influenced by
cultural factors, personal preferences, and habits, making it challenging to change pregnant
women’s preferences for salty flavors through short-term health education alone [102]. This
underscores the need for a more comprehensive consideration of the complexity of taste
formation in designing interventions. Future research and interventions may require a mul-
tidisciplinary approach, incorporating knowledge from psychology, sociology, and other
fields, to develop more personalized and practical strategies for reducing salt intake [103].

This study reveals that participants in the routine care group experienced a dual chal-
lenge of excessive and insufficient weight gain within the first 12 weeks of mid-pregnancy,
aligning with previous research on weight management in Chinese pregnant women [104].
This suggests a prevalent challenge in pregnancy-weight management in China, poten-
tially influenced by specific cultural and lifestyle factors [36]. Furthermore, participants
in the control group received general reminders during prenatal check-ups but lacked
specific weight-control targets and dietary guidance. In contemporary Chinese society,
diverse cultural perspectives on weight may lead to inconsistent responses among pregnant
women [36]. Some may ignore the warnings due to a lack of additional information from
healthcare providers or a lack of trust, resulting in uncontrolled weight gain [105]. Con-
versely, women who perceive weight gain as harmful to themselves or their offspring may
adopt overly strict dietary measures, impeding normal weight gain [106,107]. In the ab-
sence of professional guidance, such restrictive dietary practices, rather than appropriately
balancing nutrition and controlling calorie intake, may lead to nutrient deficiencies, posing
significant health risks to both the pregnant woman and the fetus [108]. Evidence support-
ing this inference comes from the CDIP group’s intervention results. The CDIP interven-
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tion demonstrated a significant positive impact, assisting women in controlling excessive
weight gain, with a greater proportion of pregnant women achieving weight gain within
the industry-standard range set by the Chinese National Health Commission [109–111].
CDIP, by emphasizing and monitoring weight gain, provided specific and practical weekly
weight-gain goals and real-time-adjusted dietary guidance. Weekly comparisons not only
delivered real-time weight-management information but also motivated active participa-
tion in weight management by stressing the importance of maintaining weight gain within
the standard range [112]. This personalized and frequent monitoring approach appeared
to positively influence adjustments in pregnant women’s weight-gain habits.

This study analyzed the use of OGTT for gestational diabetes screening at 24 weeks.
While the CDIP group had two cases, and the routine care group had four, the difference
was not statistically significant. Challenges like sample size and study design may have
influenced the results [113,114]. Despite the lack of statistical significance, the disparity
in diagnosis rates raises practical concerns. This underscores the need for larger studies
to understand the impact of dietary interventions on gestational diabetes screening and
diagnosis. The findings serve as a starting point for future research and highlight challenges
in clinical practice.

When conducting an in-depth analysis of participant satisfaction with the CDIP inter-
vention, a widespread expression of high satisfaction among participants was observed.
This reflects the positive evaluation of patients towards the overall intervention. Partic-
ularly noteworthy is the significant progress made in health education within the CDIP
intervention. Participants gave high scores for the comprehensibility of health educa-
tion (average score of 4.39 ± 0.58), indicating a high overall level of understanding of
the intervention content. They perceived the provided health education materials and
information as clear and understandable, contributing to an enhanced ability to make
informed decisions regarding their health [45]. However, despite the generally high ratings,
there is a recognition of the need to delve deeper into the underlying reasons. Potential
causes for lower scores may stem from inadequate explanations of specific topics, the use
of professional terminology, or information presentation methods not suitable for certain
participants. For instance, the depiction of weight-monitoring charts may be challenging
for some to comprehend [115]. During intervention interviews, it was discovered that one
pregnant woman expressed concerns about the reliability of information. Although evi-
dence was subsequently provided to substantiate the information’s reliability, this situation
was surprising. The expressed concern highlights the aspect of patients maintaining a
critical mindset in processing health information—an encouraging finding. This critical
thinking not only reflects patients’ sensitivity to health information but also underscores
their proactiveness in the decision-making process [116].

Simultaneously, over the 12 weeks of the intervention, participants exhibited a notice-
able trend towards seeking advice on the correctness of their dietary adjustments rather
than merely following the recommendations of health providers. This initiative reflects
the participants’ growth in their ability to make dietary decisions, indicating that they
are actively contemplating and adjusting their dietary habits. This insight has important
implications for the long-term effectiveness of the intervention and the cultivation of pa-
tients’ abilities in autonomous health management [117]. Through critical thinking, patients
demonstrated unique capabilities in self-health management [118]. They exhibited the
ability to judiciously evaluate different dietary information, carefully considering the im-
pact of each decision and avoiding blind conformity [118]. Critical thinking also positions
patients as problem solvers, enabling them to analyze the essence of dietary challenges
and actively seek practical solutions. Regarding self-monitoring, patients became more
attuned to individual dietary behaviors, continuously adjusting and improving dietary
plans to better meet personal health needs and goals. This comprehensive development of
critical health literacy not only elevated patients’ understanding and application of health
information but also made them more proactive and rational participants in their dietary
management.
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In the CDIP intervention, patients gave high ratings (4.70 ± 0.46) to the interactivity
with health providers, indicating satisfaction with their interaction with the healthcare
team. This positive feedback suggests that patients believe they can effectively engage with
healthcare professionals and receive attention in problem-solving and support. However,
in a more in-depth analysis, a gap between patient expectations and actual experiences
of interactivity was noted. This gap might be related to the expectation that interactions
should be initiated by health providers [119], possibly influenced by the reserved social
culture in China [120]. Pregnant women may be hesitant to actively burden healthcare
professionals but are likely to readily share their experiences once interactions commence.
The intervention guidelines of this study are based on the health literacy framework,
combining intervention strategies with interactive health literacy viewpoints extensively
exploring potential improvements in the interaction between patients and healthcare pro-
fessionals. Through an understanding of the interactive processes with pregnant women,
necessary measures were derived, including actively guiding interactions, encouraging
patient participation, clearly expressing openness to communication and questions, and
posing questions in a gentler manner to avoid discomfort. Additionally, recommendations
were made to provide regular feedback opportunities, encouraging patients to share opin-
ions and feedback, to better understand their expectations and needs and promptly adjust
interaction strategies. Implementing these measures can better meet patient expectations
for interactivity, simultaneously promoting patients’ interactive health literacy, enhancing
interaction effectiveness, and increasing patient satisfaction.

It is noteworthy that in the CDIP group, two individuals were diagnosed with ges-
tational diabetes, while in the routine care group, four individuals received the same
diagnosis. However, the data indicate that the difference between these two groups did not
reach statistical significance. Firstly, a deeper exploration is needed into the reasons why
the CDIP group did not demonstrate a superior preventive or diagnostic effect. Although
it cannot be simply attributed to the ineffectiveness of the CDIP intervention, challenges
such as sample size, study design, and other potential factors in academic research may
have influenced the results [113,114]. In this study, the relatively small sample size may
be a major contributing factor to the lack of observed significant differences. Secondly, it
is crucial to explore whether these statistically non-significant differences hold potential
clinical significance in actual clinical practice [121]. Despite the absence of a statistically
significant difference, the disparity in the diabetes diagnosis rates between the two groups
may raise concerns in practical medical settings. This underscores the distinction between
statistical significance and actual clinical relevance, a common challenge in clinical research.

Strengths and Limitations

This study’s strengths lie in its comprehensive data analysis, employing a random-
ized controlled trial design with a 12-week longitudinal approach. The integration of a
health literacy framework adds depth to the intervention. However, limitations include
a relatively small and region-specific sample size, potential biases in self-reported data,
a short intervention duration, and the need for more diverse participant representation.
Addressing these limitations and considering potential confounders would strengthen the
study’s validity and generalizability, providing a more robust foundation for assessing
the impact of the CDIP intervention on dietary and health outcomes. The study, being
part of a funded program, represents the initial phase of a larger project; future studies
may consider comprehensively demonstrating the effectiveness of dietary and behavioral
changes in reducing risks in pathological pregnancies.

5. Conclusions

In conclusion, this study investigated the effectiveness of the CDIP for urban Chi-
nese pregnant women. The results indicate positive outcomes in improving nutritional
literacy, dietary quality, and restrained eating behaviors. The CDIP demonstrated success
in controlling excessive weight gain and promoting a more diverse and balanced food
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intake. While no significant impact on gestational diabetes screening was observed, the
study underscores the need for further research with larger sample sizes to explore clinical
significance. Participant feedback highlighted high satisfaction and the development of
critical health literacy. Despite limitations, this research contributes valuable insights for
future interventions, emphasizing the importance of personalized approaches, interactivity,
and long-term follow-ups for sustained impact on maternal and child health.
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Abstract: The revalorization of natural resources in food production is increasing, and the effect of
climate change is negatively affecting the production of conventional crops. In recent years, edible
halophytes have received more attention due to their ability to tolerate a wide range of salinities.
Thus, the use of halophytes that require less water and are strongly adapted to high-salinity soil and
coastal areas can provide sustainable agriculture in certain areas. In addition, there is growing interest
in the study of the possibilities that these species offer as foods due to their excellent nutritional
profile and antioxidant properties. For that reason, the exploitation of plants adapted to these areas
is nowadays even more important than in the past to guarantee food security in arid or semiarid
salinized territories. The available data about the nutrients and bioactive compounds composition
of many non-cultivated edible vegetables traditionally used in the Mediterranean area, such as
Salicornia edible young shoots, are still scarce. With the aim of improving the knowledge on their
nutritional value, the present study provides new data about the content of some compounds with
biological activity, such as fiber and organic acids, in eight samples of young shoots of S. patula
Duval-Jouve gathered in great mainland and coastal salt marshes in Southwest and Central Spain.
Results showed that this vegetable can be considered a healthy food and a very good source of dietary
fiber (4.81–6.30 g/100 g fw total fiber). Its organic acid profile showed oxalic, malic, citric and succinic
acids. Oxalic acid was the major one, with mean values of 0.151–1.691 g/100 g fw. From the results
obtained in this study, S. patula shoots could be recommended as an alternative source of fiber for
healthy and sustainable diets in the general adult population with no risk of renal disease.

Keywords: halophytes; dietary fiber; organic acids; sustainable diets; healthy diets

1. Introduction

A high dietary consumption of vegetables is globally accepted as a key point to
reaching a healthy diet. Chronic diseases, such as obesity, cardiovascular disease, metabolic
syndrome, and so on, are increasing in Western societies, and some modifiable factors may
reduce the risk of these diseases, of which diet is one of the most important [1]. The increase
in the presence of plant-based foods in the diet has been proposed to improve the health
status of the population. In light of this fact, the recovery of autochthonous species in the
diet is a valuable tool to achieve: (i) the diversification of plant-based foods in the diet;
(ii) the intake of different nutrients and bioactive compounds from different species, which
on the whole may act in a synergistic way; and (iii) the preservation of traditional dietary
habits and biodiversity, which contribute to rural development.

These points are within the principles of the Mediterranean Diet, which encourages
the use of a wide range of crops for cereals, fruits, and vegetables, not only cultivated
products but also wild species, thus sustaining them together with local and traditional
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knowledge about their use. This dietary pattern has been widely postulated as a healthy
model that may reduce the risk of several chronic diseases [2].

The WHO recommends a minimum daily intake of 400 g of vegetables and fruits as
a population target. However, the consumption of vegetables and fruits by the Spanish
population is below these recommendations, as has been shown in the different nutritional
surveys and in the national health surveys [3]. One of the reasons to make this recommenda-
tion is the fact that fiber consumption in Western societies is insufficient, and its deficiency
is directly linked to certain diseases. Fiber is a key group of compounds that should be
present in the diet to provide important health benefits such as the regulation of intestinal
transit, satiety, retardation of glucose and fat absorption, lowering cholesterol levels in the
plasm and improvement of the gut microbiota. This involves positive effects against consti-
pation, obesity, diabetes, dislipemia and cardiovascular diseases, as well as a reduction in
the risk of some colorectal cancers [4,5]. To achieve these benefits, the recommendations for
consumption of Total Dietary Fiber in adults, according to the European Food Safety Au-
thority (EFSA), are 25 g/day, including a proportion of 3:1 for insoluble:soluble fiber, based
on epidemiological studies that show protection against cardiovascular diseases. Providing
the different mechanisms of action of the compounds included in the insoluble and soluble
fiber fractions, the intake of both fractions is recommended [5]. The required daily fiber
intake can be obtained from foods such as fruits and vegetables, whole grains, legumes,
nuts, and others, or by eating foods enriched with fiber as a functional ingredient [6].

It Is well known that many leafy vegetables may have high levels of oxalic acid; this
compound, when ingested in high amounts, is excreted in urine, causing hyperoxaluria,
which leads to the deposition of calcium oxalate in kidney tissue or crystallization as
calcium oxalate kidney calculus (nephrolithiasis). The minimal lethal dose of this organic
acid for adults has been established as 5 g per day, which is a very difficult level to reach
in a normal and balanced diet. However, people with a sensitivity to this kind of calculus
should reduce the amount of oxalic acid in their diet to avoid this problem. Besides this,
oxalate forms insoluble complexes with minerals such as Ca and, to a lesser extent, Mg
in the gut; the insoluble complexes precipitate and are not absorbed, leading to a lower
bioavailability of these minerals and also less absorption of oxalates. Thus, a high intake of
these minerals is desirable to impair the negative effects of oxalic acid as both the urinary
deposition of absorbed oxalic acid, and the reduction of mineral absorption [7].

The Food and Agriculture Organization of the United Nations (FAO) is concerned
about promoting new models of agriculture using locally adapted management practices
to provide sustainable agriculture and rural development. FAO highlights soil salinization
affecting food security and remarks on “the importance of the selection of salt-tolerant crops
and plants, including halophytes, which are able to grow well in such environments” [8].

Severe salinization of agricultural land due to the improper use of irrigation and
fertilizers is reducing the area of arable land in the world [9]. Moreover, currently one-
sixth of the world population inhabits arid or semiarid regions [10]; in these areas, soil
salinization is a key issue with substantial impact on plant productivity, making fresh fruit
and vegetable cultivation difficult and representing a serious threat to food security [11].
Harvesting salt-tolerant crops can provide an economic resource in soils with severe
salinization. To survive in these saline environments, plants have developed different
adaptive mechanisms, including altered growth patterns, osmotic adjustment, and ion
homeostasis [12].

Halophytes represent about 1% of the world’s flora and are found in salt deserts and
saline areas such as beaches, salt marshes, and mangroves. The majority of the crop and for-
age species used in modern agriculture are salt-sensitive (glycophytes) and can handle only
a very limited concentration of salt in their growth media. In fact, halophytes can tolerate a
wide range of salinities, even beyond seawater concentration (approx. 500 mM NaCl), and
can withstand harsh conditions, such as drought and intense UV radiation [13]. For these
reasons, there is a growing economic interest in the study and production of halophytic
plants for food uses [14–16], as wild halophyte plants have been traditionally used since
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ancient times in different areas worldwide, where people living in salinized areas have
adapted to the surrounding vegetation.

A health concern regarding the use of halphytes as foods is related to their high Na
content. While most vegetables contain a very low Na amount (about 25 mg/100 g or less),
many halophytes grow in salinized soils and may accumulate Na up to 1 g/100 g in young
shoots and other edible parts [17]. This may be inconvenient, as dietary Na levels should
be low to avoid hypertension and reduce cardiovascular risk. For this reason, a maximum
intake of sodium of 2 g/day has been recommended by EFSA (2017) [4]. Despite this fact,
the use of halophytes to replace common salt in foods such as salads or others may be a
good strategy, just as fiber and other nutrients are improved in the diet.

Among halophyte plants, the Chenopodiaceae family is the most, with Salicornia
species being the most frequently eaten [18,19]. These species grow and have been used as
traditional food and in folk medicine in many different regions, particularly in Mediter-
ranean countries such as Spain, Portugal, Italy, and Tunisia [10,11]. In England, France,
the USA, and Australia, they were also known as “herbe de Saint Pierre”, anglicized in
the mid-16th century as samphire, and consumed in situations of extreme need such as
famines [20].

In the particular case of S. patula, it is well known as an authoctonous species from
the Iberin flora, with an essential presence in the habitat of Community Interest No. 1510,
“Mediterranean salt steppes”, which is mainly present in the autonomous communities of An-
dalusia, Castilla la Mancha, and Murcia (Spain) in the Natura 2000 European network [21,22].
As with other species of Salicornia, it has been traditionally used as a food in many different
regions of the Mediterranean area where it grows. As an example, S. europaea L. is often
consumed as a salad dressing or as a side dish for fish [19], and it is currently listed as
a traditional vegetable in the Apulia region (Italy), where also cultivation attempts of
S. patula have been made along Lesina lagoon [23,24]. Recently, in Setubal (Portugal), a
different halophyte, S. perennis, was incorporated as a food ingredient into crackers, like
savory snacks, to replace sodium [25]; it has also been powdered, dried, and incorporated
into bread to reduce the same amount of sodium [26]. Furthermore, the use of dried
S. ramosissima as a salt substitute shows great potential as an alternative replacement for
sodium-based additives, and their sprouts are steamed and subsequently added to salads
or other stews in the Valencian region (Spain) [27], and S. patula is also described for food
use in Eastern Spain [20].

Thus, looking to safeguard economic and environmental sustainability, the remarkable
tolerance of S. patula to salinity, drought and high temperatures and its low input needs for
cultivation make this plant a resilient crop for the immediate future [28].

In relation to health benefits, some studies have confirmed that S. patula is a good
source of macronutrients, essential minerals, and some bioactive compounds such as
polyphenols, fatty acids, and vitamins [24,29–31]. However, there is a lack of knowledge
about the fiber content and some bioactive compounds in the edible parts of this species.

With the aim of improving current diets in a healthy and sustainable way and the
valorization of S. patula bioactive compounds, the present study is focused on the content
of fiber and organic acids in the young shoots of wild S. patula samples from different
geographical locations in Spain. This knowledge will contribute to revalorizing these wild
halophyte species and promoting their crop adaptation for culinary uses, especially in
semi-arid regions where the drought seriously threatens the agriculture productivity and
compromises food security.

2. Materials and Methods
2.1. Plant Material

Young shoots of wild S. patula were collected in their saline natural habitats within
the Iberian distribution ranges focused in southwest and central Spain. Eight different
geographical locations in Spain, five of them; S1 to S5 are located close to Tinto River
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area (southwest Spain) and the other three S6 to S8 are located at the center of the Iberian
Peninsula, as is shown in Table 1.

Table 1. Description of sites in Spain where S. patula Duval-Jouve young shoots were collected.

Sample ID Site Grid Reference MGRS

S1 Huelva, La Rábida 29SPB8320
S2 Huelva, Moguer 29SPB7729
S3 Huelva, El Terrón 29SPB4717
S4 Huelva, San Juan del Puerto 29SPB9230
S5 Huelva, Monumento a Colón 29SPB8220
S6 Valladolid Aldeamayor de San Martín 30TUL6196
S7 Madrid, Colmenar de Oreja 31TVK5143
S8 Toledo, Laguna larga de Villacañas 30SYH0928

Plant materials were collected at their optimal status for food consumption: succulent
and tender, young shoots. Samples were processed as follows: whole plant was carried to
the lab on fridge at 4 ◦C. Once in the lab, samples were cleaned and young edible shoots
were dried in oven at 95 ◦C and homogenized (dry powder plant material). Then, samples
were stored in airtight jars at room temperature and darkness. All analytical determinations
were made in triplicate for each sample coming from each collection area.

2.2. Moisture Determination

Moisture was determined by desiccation in an oven at 105 ◦C for 24 h until a constant
weight was reached [32].

2.3. Fiber Determination

The insoluble (IF), soluble (SF), and total dietary fiber (TDF) contents were determined
on dried plant material by the enzymatic gravimetric method AOAC 993.19 (FS) and
991.42 (FI) [32,33]. To obtain the insoluble fiber, samples were subject to enzymatic digestion
with α-amylase, protease, and amyloglucosidase (Sigma-Aldrich, St. Louis, MO, USA) in
order to hydrolyze the protein and starch present in the samples. The liquid obtained was
filtrated on Pyrex crucibles with a number 2 filter plate. Insoluble fiber residue was dried
in an oven at 100 ◦C and then weighed. The filtrate was stored in a 500 mL flask with the
addition of 400 mL of 96% v/v ethanol and precipitated from one day to the next. Then, it
was filtered again through crucibles with the same conditions to obtain the soluble fiber
residue. In both residues, the content of protein and ash was determined, and the content
corresponding to insoluble and soluble fiber was calculated (with the subtraction of protein
and ash).

2.4. Determination of Organic Acids

Individual organic acids were determined by HPLC, based on procedures optimized
by [33] and applied to different types of plant samples by [34–36]. Extraction was performed
with 0.5 g of dried sample in 25 mL of 4.5% m-phosphoric acid and analyzed using an
HPLC-UV methodology.

The HPLC equipment was a liquid chromatographer equipped with an isocratic pump
(model PU-II, Micron Analítica, Madrid, Spain), an AS-1555 automatic injector (Jasco,
Tokyo, Japan), a Sphereclone ODS (2) 250 × 4.60, 5 mm Phenomenex column (Torrance, CA,
USA), a UV detector (Thermo Separation Specta Series UV100, San Jose, CA, USA) working
at 215 nm. The mobile phase was 1.8 mmol/L H2SO4 (pH 2.6) at 0.4 mL/min flow rate. Data
were analyzed using Chromonec XP software (Micronec, Madrid, Spain). Identification
was performed comparing retention times with those obtained from commercial pure
standards of oxalic, malic, citric, and succinic acids. Quantification was based on the UV
signal response, and the resultant peak areas in the chromatograms were plotted against
concentrations obtained from standards (Figure 1). Organic acids contents in S. patula
samples were expressed as mg/100 g of fresh plant material.
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Figure 1. Chromatogram obtained for organic acids in S. patula Duval-Jouve edible shoot samples.

2.5. Statistical Analysis

Statistical analysis was performed using Statgraphics 18.0 software. Mean and stan-
dard deviations were calculated. The data were transformed logarithmically after verifying
normality with the Shapiro–Wilk test (p > 0.05). To test the possible differences between
three or more groups, they were compared using an ANOVA analysis of variance. Bon-
ferroni corrections between means were calculated only if an F test was significant at
p < 0.05.

3. Results and Discussion

Table 2 shows the values obtained for the moisture, fiber, and organic acid content
(fresh weight, fw) of the fresh S. patula shoots belonging to the eight populations analyzed
in this study.

Table 2. Total, insoluble, and soluble fiber contents (g/100 g fresh weight) in S. patula Duval-
Jouve samples, and contribution of each fraction to total dietary fiber content (results presented as
mean ± SD).

Sample Moisture Insoluble Fiber Soluble Fiber Total Fiber

S1 90.121 ± 0.621 a 4.417 ± 0.101 a 0.841± 0.323 a 5.269 ± 0.336 a

S2 89.876 ± 1.123 b 4.800 ± 0.441 ab 1.409 ± 0.134 b 6.301 ± 0.438 b

S3 90.725 ± 0.731 a 4.603 ± 0.614 ab 1.114 ± 0.190 b 5.782 ± 0.811 a

S4 91.041 ± 0.775 ab 4.612 ± 0.140 a 0.488 ± 0.182 a 5.104 ± 0.276 ab

S5 90.183 ± 1.411 a 5.660 ± 0.312 b 0.519 ± 0.081 a 6.185 ± 0.290 a

S6 91.290 ± 1.012 ab 5.682 ± 0.129 a 0.793 ± 0.073 a 6.307 ± 0.273 ab

S7 90.763 a ± 1.356 a 3.996 ± 0.181 a 1.034 ± 0.372 b 5.038 ± 0.543 a

S8 91.111 ± 0.813 ab 4.229 ± 0.163 a 0.568 ± 0.051 a 4.812 ± 0.221 ab

In each column, different superscript letters mean statistically significant differences (p < 0.05) compared by
Shapiro–Wilk test.

S. patula edible shoots had a moisture content with few differences among the ana-
lyzed samples between 89.8 and 91.3 g/100 g, which confers them tender and succulent
characteristics. The Salicornia sample collected in Valladolid, in the center of the Iberian
Peninsula, stood out with the highest moisture value (91.3 g/100 g), whereas sample 2 from
“Moguer”, Huelva, presented the lowest moisture content (89.8 g/100 g) [29,30].

Regarding fiber content, the S. patula fresh shoots studied contained between 4.8 g/100 g fw
and 6.6 g/100 g fw (53–73 g/100 g dw), with insoluble fiber being the predominant
fraction, with an average proportion of 84.79% (Figure 2). Few significant variations can
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be found in the values reported, with the exception of soluble fiber, where S2, S3, and S7
stood out with higher values than other samples. These variations cannot be attributed
exclusively to a single factor, but they may be a product of the natural variability found in
biological samples.

Figure 2. Proportions of insoluble and soluble fiber in S. patula Duval-Jouve fresh samples (g/100 g dw).

This is the first report on the fiber content of S. patula young shoots. Despite this variability,
the comparison with other edible halophyte species shows higher values for Suaeda fruticosa
Forrsk shoots with 10 and 12 g/100 g fw, similar to Arthrocnemum macrostachyum Moric. and
Halocnemum strobilaceum Pall (M). Bieb., from Tunisia, with 10.1 and 9.1 g/100 g [37].

On the other hand, other halophytes native to Portugal, such as S. perennis alpini (Lag)
Castroviejo, have been reported to contain 15.3% of total dietary fiber, and S. ramosissima
J. Woods presented values of 11.2% dw, both of which are being considered as fiber-rich
vegetables [11]. S. patula young shoots analyzed in this study presented higher values of
fiber than both species.

Thus, from the point of view of fiber content, S. patula edible parts may be a very
good contributor to the diet. The contribution of 4.8–6.6 g of fiber per a portion of 100 g
of S. patula young shoots is higher than that of other leafy vegetables and could cover up
to 19–25% of the recommended intake of total dietary fiber per day, which is a relevant
amount. When comparing fiber levels with other vegetables [38], it can be seen that most
leafy vegetables present 2–4 g/100 g fiber; S. patula provides a higher amount of fiber than
most conventional fresh vegetables, being only surpassed by artichokes (about 9 g/100 g).
Therefore, the recovery of this vegetable as a food may be a key tool to improve fiber
intake in the diet and thus the health status of the population. Regarding the proportions
of soluble/insoluble fiber, the analyzed samples present high proportions of insoluble
fiber contributing to the effects on intestinal transit and satiety, among others. For those
reasons, and according to Regulation (EC) No. 1924/2006 of the European Parliament
and of the Council of 20 December 2006 on nutrition and health claims made on food,
S. patula young shoots could be claimed as “sources of fiber” for providing more than
3 g fiber/100 g fresh plant, and in many cases, as “high amounts of fiber” for providing
more than 6 g fiber/100 g [39].

Table 3 shows the organic acid profile and content of the analyzed samples. The identified
organic acids were oxalic, malic, citric, and succinic acids. As expected, oxalic acid is predom-
inant, as occurs in other leafy vegetables, with wide variability between 1.73 mg/100 g dw
and 18.34 mg/100 g dw, corresponding to 0.151 g/100 g fw and 1.69 g/100 g fw.
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Table 3. Organic acids contents (g/100 g fresh weight) in S. patula Duval-Jouve samples (results
presented as mean ± SD).

Sample Oxalic Acid Malic Acid Citric Acid Succinic Acid Oxalic Acid/Ca

S1 0.8224 ± 0.061 a 0.016 ± 0.002 a 0.072 ± 0.008 b 0.033 ± 0.008 a 8.132 ± 0.241 a

S2 1.060 ± 0.018 b 0.015 ± 0.001 a 0.020 ± 0.003 a 0.012 ± 0.004 b 11.381 ± 1.313 b

S3 1.691 ± 0.007 b Nd Nd Nd 34.006 ± 3.711 ab

S4 1.187 ± 0.067 b 0.087 ± 0.053 b Nd 0.009 ± 0.003 a 11.082 ± 1.192 a

S5 1.533± 0.045 b 0.016 ± 0.011 a Nd 0.077 ± 0.001 b 7.581 a ± 0.237 a

S6 0.151 ± 0.023 ab 0.024 ± 0.071 a Nd Nd 6.689 ± 1.052 a

S7 0.758 ± 0.013 a 0.019 ± 0.017 a 0.004 ± 0.000 a Nd 8.061 ± 1.133 a

S8 0.877 ± 0.555 a Nd 0.003 ± 0.000 a Nd 4.763 ± 0.920 ab

In each row, different superscript letters mean statistically significant differences (p < 0.05) compared by Shapiro–
Wilk test. Nd = non detected.

Although it has quite low toxicity (with 5 g as the minimal lethal dose for an adult),
this compound may reduce dietary calcium bioaccessibility through the formation of an
insoluble complex as well as the formation of calcium oxalate kidney calculus [40]. For
those reasons, some authors recommended a molar oxalic acid/Ca ratio not higher than 2.5
in the foods to avoid this effect [41,42].

To calculate the oxalic acid/Ca ratio, the data on the calcium content previously
obtained in the analysis of the same Salicornia samples by Inductively Coupled Plasma
Mass Spectrometry [29] were used. The ratios obtained are presented in Table 3, showing a
ratio higher than 2.5, higher than nutritionally desirable. Samples collected from the “Tinto
River”, in Southwest Spain (S1 to S5) showed a greater variety and amount of organic
acids, with oxalic acid standing out, and the oxalic acid/Ca ratio is higher in these samples
than in the material from Central Spain (S6 to S8). The differences in oxalic acid/Ca ratio
between young shoots of S. patula could be related to the different elemental compositions
of the soil. Calcium content is very low in the Tinto River area and higher in soils from
central Spain [29].

It can be seen that, although this species should be considered an oxalic-rich vegetable,
even samples with the highest amounts of oxalic acid (S3) would not provide more than
1.6 g of this undesirable compound in a standard 100 g portion. Very high amounts of this
plant (about 250 g) that are hardly eaten by humans would be necessary to reach toxic doses.
Thus, for the general population and with a reasonable consumption (portions lower than
100 g) within the context of a diversified diet, the oxalic acid content of this vegetable would
not represent a potential risk for human consumption, according to the results presented.
However, given that the content of this compound is high and the low oxalic acid/calcium
ratio, young children and people who easily form kidney oxalate calculus should avoid the
ingestion of oxalic acid-rich species. Another alternative could be boiling to reduce oxalic
acid content by dissolution, as it is done with other vegetables [7,31]. However, highly
vulnerable people should avoid this kind of vegetable.

Other minor organic acids present in S. patula were malic, citric, and succinic acids but
they did not appear in all samples analyzed. Malic acid is present in five of eight analyzed
samples, with ranges between 0.157 and 0.979 g/100 g dw. Other authors suggested malic
acid accumulation in other Salicornioideae, like S. perennis from “Mira” (Portugal), under
stressful situations, increasing in vegetative stages with high salinity and lower water
content [43].

Citric acid was detected only in four of eight samples, with values between 0.201 and
0.719 g/100 g dw. Our results were significantly lower compared to other studies [44],
reporting higher content: 8.60 mg/100 g in Salicornia ramosissima form “Ría Formosa” (Por-
tugal) and 6.98 mg/100 g dw in Sarcocornia perennis (Miller) A. J. Scott, and were similar com-
pared with those of Sarcocornia fructicosa (L) A. J. Scott and Salicornia bigelovii Torr. [15,45].
In some Australian halophytes, Atriplex nummularia Lindl, Suaeda arbusculoides L.S.Sm., and
Sesuvium portulacastrum (L) L., higher citric acid values, between 3.33 and 23.9 g/kg dw,
have been reported [46].

192



Nutrients 2024, 16, 358

Succinic acid is present in four of eight, with a content between 0.109 and 0.785 g/100 g dw.
Succinic acid in other halophytes like S. perennis shows higher content in the vegetative seg-
ment than the fruit segment in three different locations of “Ría de Aveiro”, with an average
of 0.17 and 0.51 µg/mg. Other authors suggested that succinic acts like an osmoprotectant
in response to high-salinity environments [47].

Organic acids, either total content or individual profile, can have a significant effect
on the sensory, aroma, and flavor of plant-derived foods and, subsequently, consumer
acceptance [48]. All these components contribute to reinforcing the interest in this vegetable
in the diet. The high presence of sodium, in levels of 1–1.7 g Na/100 g [29], makes it a
candidate to be used as a substitute for salt in salads or other different food products, where
they are a source of salted flavor at the same time that they provide fiber and other nutrients.

It should be pointed out the importance of a widely diversified intake of many veg-
etables in the diet, in which all different, either cultivated or wild, autochthonous edible
species may be included. In the case of vegetables rich in oxalic acid and/or sodium species
such as S. patula, boiling is preferable for vulnerable populations (e.g., young children,
people who need to control blood pressure), while people at risk of renal disease or infants
should avoid these vegetables.

4. Conclusions

In conclusion, the studied young shoots of wild Spanish halophyte, namely S. patula, can
be considered a healthy food and a very good source of dietary fiber, with the insoluble di-
etary fiber fraction being the most important one, contributing to improving the nutritional
quality of the current diets, even as a common salt substitute providing additional nutrients.
The main organic acids present are oxalic, malic, citric, and succinic acids. Oxalic acid was
the major one; the contents found would not represent a health problem in an occasional
intake of an edible shoot of S. patula; however, young children and people who easily
form kidney oxalate calculus should avoid the ingestion of oxalic acid-rich species. Boiling
could also be advisable to reduce sodium and oxalic acid levels. Thus, S. patula could be
considered a good alternative to other conventional vegetables for the diversification of
sustainable diets with high nutritional potential.
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Abstract: Background: Despite dietitians being important members of the multidisciplinary team
delivering family therapy for anorexia nervosa (FT-AN), their specific responsibilities and roles are
unclear and their involvement in the treatment can be a contentious issue. Methodology: Clinicians
(n = 20) experienced in the delivery of FT-AN who were working at a specialist child and adolescent
eating disorder service responded to an online survey about their experience of including a dietitian
in FT-AN and how they understand the role. Both categorical and open-ended questions were
used. Reflexive thematic analysis was used to analyse the qualitative free-text responses of clinician
perspectives on the role of the dietitian in FT-AN. Results: All clinicians agreed that dietetics had a
role within FT-AN and most frequently sought dietetic involvement in the early phases of FT-AN.
Reflexive thematic analysis of responses identified three main themes. These were (1) collaboration is
key, (2) confidence as a core consideration and (3) case-by-case approach. These themes evidenced the
role of the dietitian within FT-AN and highlighted both the benefits and concerns of this involvement.
Conclusions: This study demonstrated that dietitians can take a core role as collaborators within
therapy-led teams that facilitate joint working and sharing of expertise. However, dietetic input
should be considered on a case-by-case basis, given its potential for creating an over-focus on
nutrition and potentially diminishing parental confidence in feeding. When indicated for selected
cases, nutritional counselling should be offered in joint sessions with the therapist rather than
separately. The findings of the study were limited by the small sample size of participants recruited
from a single centre and heterogeneity in the professional background of respondents. Although the
integration of dietetics within the multidisciplinary team and the ability of dietitians to individualise
patient care can enhance FT-AN treatment, potential benefits and disbenefits should be considered
for each case.

Keywords: anorexia nervosa; adolescents; dietetics; family therapy for anorexia nervosa; reflexive
thematic analysis

1. Introduction

Anorexia nervosa (AN) is a psychiatric disorder, affecting both physical and mental
health. It is the third most common chronic illness among adolescent females and has one
of the highest mortality rates amongst all psychiatric conditions [1], ranking second after
substance abuse [2]. AN is associated with severe medical, nutritional and psychological
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consequences and the treatment necessitates input from professionals with specialist skills
to manage each of these domains [3–5]. In treatment models for adolescent AN, the family
is seen as a valuable resource in supporting the recovery of the young person from the
illness [6,7]. As such, interventions employing a family-based approach for treating AN
in young people are recommended by the national guidance from Australia and New
Zealand [8], the Netherlands [9], Spain [10], the United Kingdom (UK) [11], the United
States of America (USA) [12], Denmark [13] and France [14].

Family therapy for anorexia nervosa (FT-AN) is recommended as a first-line treat-
ment for young people with AN by the National Institute for Health and Care Excellence
(NICE) [11]. A multidisciplinary team (MDT) approach is described as paramount in both
the FT-AN manual [15] and the current UK guidance and standards on specialist child and
adolescent eating disorder service structure [16] to ensure that holistic care (including, nu-
tritional, physical monitoring, medication and psychiatric assessment) is offered. Dietitians,
alongside other key professions, are described as core members of this MDT [15,16].

Dietitians are skilled in the assessment and management of disordered eating pat-
terns, malnutrition, underweight and nutritional-related deficiencies [17,18]. Restrictive
eating, low weight and malnutrition are all salient characteristics of AN [19]. Dietitians are
well-placed to support nutritional-related issues arising from the illness. However, eating
disorder-associated behaviours and their impact on nutrition are symptoms of the illness,
rather than the cause. Dietetic interventions, aimed at managing malnutrition and support-
ing refeeding, are often recommended as part of the specialist MDT, whereby psychological
therapy (such as FT-AN) and medical management are central parts of treatment that are
delivered by appropriately qualified and experienced professionals [20,21].

Dietitians are routinely involved in inpatient, residential and day treatments across
the life span in AN. However, the role of dietitians across outpatient treatments for children
and adolescents with AN is highly variable. Within family approaches to the treatment
of AN, there has been some difference in opinion over whether or how a dietitian should
be involved. For example, the family-based treatment (FBT) manual does not recommend
dietitians as part of the direct treating team; however, dietitians are mentioned as potential
members of the consulting team, and in clinical practice, dietitians routinely work in parallel
with FBT therapists [22–24]. In FBT, the nutritional guidance on weight restoration delivered
by a dietitian is perceived to have the potential to undermine parental confidence in their
ability to feed their child and make healthy food choices for them, just as they had done prior
to them becoming unwell with AN. In the Maudsley FT-AN manual, however, dietitians
extend the nutritional knowledge base of the MDT, providing nutritional psychoeducation
in collaboration with therapists and devising standard meal plans that are used to provide
guidance in the initial stages of the treatment [15]. In FT-AN, it is suggested that dietitians
can also take a more direct advisory role when needed at several stages across treatment.
This can include case consultation if weight restoration is not progressing, modifying
standard meal plans when there are specific dietary requirements (e.g., coeliac disease) or
supporting the young person to move to independent eating. Joint working between the
dietitian and therapist is recommended to take place in family sessions to ensure MDT
collaboration with the family. Given these conflicting views about how and when to involve
dietetics within two very similar treatment models, further research exploring dietetic roles
in the outpatient treatment of eating disorders in children and adolescents is needed, in
addition to clear guidelines describing the role of the dietitian in FT-AN [18].

Existing research studies mainly concentrate on the role of the dietitian in adult eating
disorder treatment and highlight dietitians as essential in the management of malnutrition,
whilst also needing to work collaboratively and in accordance with psychological and med-
ical aspects of the treatment [18]. Despite dietitians being skilled in assessing and treating
malnutrition, a core characteristic of eating disorders, their involvement in treatment has
been raised as a contentious issue [25]. A study by McMaster et al. employed a modified
Delphi method to develop consensus guidelines across multiple domains of dietetic in-
volvement within eating disorder treatment for adults. Results identified disagreement

197



Nutrients 2024, 16, 670

between clients and clinicians on essential components of dietetic treatment. Dietetic input
was more highly valued by clients than clinicians, and this was raised as a potential barrier
to the involvement of dietitians in the treatment, given that access to dietitians is often
reliant on referrals being initiated by therapists [25].

Research and guidance on the dietitian’s role in adolescent eating disorder treatment
are lacking. No empirical studies have been conducted, to date, which assess the effect
of nutrition counselling on treatment outcomes in FT-AN or FBT. In the absence of such
studies, the ability to advance our understanding of the role of dietitians in treatment
remains limited. Though the roles and responsibilities of the dietitian have been conceptu-
alised in FT-AN treatment, further guidance on the role of the dietitian within FT-AN is
required to support best practices in this area and ensure consistent evidence-based practice
across services delivering this treatment. This study aimed to gather perspectives from
experienced clinicians, specialising in the delivery of FT-AN, on the role of the dietitian in
FT-AN. The objective of the study was to take an initial step towards gathering evidence
that supports further research in this area and will aid the development of consensus
guidelines on this role.

2. Materials and Methods
2.1. Sample

All clinicians who were working at the Maudsley Centre for Child and Adolescent
Eating Disorders (MCCAED) outpatient service and had experience delivering FT-AN
during the data collection period were invited to participate. All clinicians were qualified
family therapists, psychiatrists, nurse therapists or clinical psychologists with training
and experience in FT-AN. MCCAED provides specialist treatments for all children and
adolescents with eating disorders for an area of Southeast London with a population of
approximately 2.2 million people. The outpatient service provides specialist family and
psychological therapies, psychiatric management, dietetics and physical health reviews.
The primary treatment model for anorexia nervosa is FT-AN (see recent publications for
service details and outcomes [26,27]).

2.2. Procedure

Approval for this project was granted by South London and Maudsley Child and
Adolescent Mental Health Services (CAMHS) service evaluation and audit committee
(approval number 330 and date 23 August 2023). Surveys were used to collect data
from clinicians via an online platform [28]. Survey questions were informed by MDT
consultation about core components of dietetic treatment within FT-AN, barriers to dietetic
treatment and outcomes related to dietetic involvement in FT-AN. Surveys were used to
allow participants to respond anonymously and remove any potential sources of bias in
their responses. Data were collected between June and July 2023. The survey was sent
to all clinicians (n = 35) with experience in delivering FT-AN and working within the
MCCAED team. Surveys recorded the profession of the respondent and were made up of
10 questions allowing quantitative rating and categorical responses. This was followed by
7 open-ended questions, which explored opinions on the role of dietetics in FT-AN, the
effects of including a dietitian in FT-AN and potential benefits and challenges that arise
when directly or indirectly involving dietetics as part of FT-AN.

2.3. Analysis Plan

Quantitative data from the survey questions are used descriptively rather than to test
statistical hypotheses. Qualitative data were separately analysed using reflexive thematic
analysis within a critical realist framework, which views meaning and experience as
subjective and influenced by social and cultural context. Responses and comments on
open-ended questions were initially coded, and initial themes were generated. The themes
were reviewed and developed before being defined. Themes were developed through
reflexive engagement with the data, with the involvement of two authors who were both
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working in the service at this time (CB and JB). Themes were cross-checked with survey
respondents, and comments or feedback were used to adapt the themes to accurately reflect
the views of the team.

2.4. Reflexivity Statement

CB is a cisgender white female working as a dietitian within the FT-AN model in
MCCAED, she understands and is aware of the roles and responsibilities that surround
being a dietitian in this team and delivering this treatment model. The questions asked
within the survey and the themes drawn from responses will inherently contain biases due
to their role in the team. The results and conclusions come from their perspective, and their
awareness of these biases has been taken into account.

JB is a cisgender white male working as a clinical psychologist within the FT-AN model
at MCCAED. He has more than 10 years of experience clinically delivering family-based
treatments for adolescent AN, as well as teaching and conducting research in the area. He
has provided treatment within both the FBT and FT-AN models and has experience of
performing this with and without dietetic input. This experience will inevitably bring bias
to the data analysis, although having had the experience of both types of family treatments
and performing so with and without a dietitian brings depth to the analysis.

3. Results
3.1. Sample

Twenty clinicians responded to the survey, and these were from a range of professional
backgrounds, including nurses (n = 1), psychiatrists (n = 1), psychologists (n = 6) and family
therapists (n = 5), who represented the MDT. Seven respondents did not disclose their
professional background.

3.2. Quantitative Data

Descriptive data for responses to categorical survey questions are displayed in Table 1
for all survey respondents (n = 20). All clinicians included in the survey had experience
working with a dietitian when delivering FT-AN. Dietetic input was sought for differing
proportions of clinicians’ caseloads and most frequently for less than 10% (n = 6) and up to
25% (n = 7) of FT-AN caseloads. All clinicians agreed that dietetics had a role within FT-AN
(n = 20) and that they most frequently sought involvement in phases 1 and 2 of FT-AN.

Table 1. Quantitative survey response data from participants (n = 20).

Survey Question N %

What percentage of your caseload have you sought dietetic input for?
0% 1 5
<10% 6 30
10–25% 7 35
25–50% 2 10
50–75% 1 5
<75% 3 15

Within what phase of FT-AN is dietetic input most valuable?
No phases 0 0
Phase 1 6 30
Phase 2 6 30
Phase 3 0 0
Phase 4 3 15
All phases 5 25

What phase of treatment would you typically use the standard meal plans?
Phase 1 15 75
Phase 2 5 30
Phase 3 0 0
Phase 4 0 0
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Opinions were divided on the potential for dietetic involvement in FT-AN to be
unhelpful, with 45% of clinicians (n = 9) stating that there could be unhelpful aspects,
whilst 55% (n = 11) did not think there were aspects that could be unhelpful. The majority
of clinicians agreed that the therapeutic alliance was affected by involving dietetics within
FT-AN (65%, n = 13). Most clinicians also agreed that there was a greater or differing need
for dietetic involvement in atypical cases during FT-AN (65%, n = 13).

All clinicians reported that if standardised meal plans were provided, these were used
within phases 1 and 2 of FT-AN, with no clinicians reporting their use in phase 3 or 4
(75%, n = 15 and 30%, n = 5, respectively). All clinicians agreed that there were indirect ben-
efits of having a dietitian as part of the MDT when delivering FT-AN (100%, n = 20).

3.3. Qualitative Data

Analysis of free-text responses generated three main themes and eight subthemes
that applied to all clinicians (see Table 2). The themes were (1) collaboration is key,
(2) confidence as a core consideration and (3) a case-by-case approach. Sub-themes were
(1a) working together, (1b) learning from each other and (1c) building trust; (2a) timing
matters and (2b) skilling up; (3a) assessing needs, (3b) individualised treatment and
(3c) moving on from meal plans. Each one is described further below with relevant il-
lustrative quotations.

Table 2. Themes and subthemes of reflexive thematic analysis.

Themes Sub-Themes Codes

Collaboration is key Working together 1a
Learning from each other 1b
Building trust 1c

Confidence as a core consideration Timing matters 2a
Skilling up 2b

Case-by-case approach Assessing needs 3a
Individualised treatment 3b
Moving on from meal plans 3c

1. Collaboration is key.

1a. Working together. A core theme that was evident amongst all clinicians related
to collaborative working between dietitians and therapists and professionals and families.
Responses reinforced fidelity to the FT-AN approach, whereby all MDT members provided
specialist input as a cohesive joined-up team. Incorporating dietetics within the treatment
rather than as an isolated or separate intervention was important to clinicians. Concerns
were raised regarding team splitting and diminished therapeutic alliance when dietetic
involvement was offered as a separate intervention.

“I think it is unhelpful if this is done separately and not as part of sessions/treatment. If
it is separated it can impact engagement, the therapeutic relationship and learning from
each other.”

“Most importantly though their role is to be a collaborative partner with the therapist
and family against the illness, rather than being a separate voice/perspective.”

“Our treatment model is based on delivering treatment within an expert MDT that
involves the combined knowledge of all disciplines. Phase one of treatment is based on
engaging the family with the MDT approach and creating a secure base for treatment” . . .

“So, all of the above but together with care coordinator/therapist and based on formulation
of need to do something different rather than totalistic approaches.”

1b. Learning from each other. Sharing of knowledge and expertise was another core
component of dietetic involvement in FT-AN. Clinicians frequently reported that their
confidence and knowledge regarding nutritional aspects of treatment were greatly increased
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by working with a dietitian, which enhanced their ability to deliver FT-AN. The consensus
was that this transfer of information and learning from colleagues was bi-directional,
whereby therapists and families benefited from dietetic expertise, and similarly, dietitians
expanded and improved their practice through learning from therapists and families.

“I have learned a lot working together with a dietitian over the years and it has contributed
to my development and expertise, and I hope this was bidirectional.”

“Working together is essential to safe practice and there is a lot of learning that happens
both ways across disciplines.”

1c. Building trust. Creating a stable base for FT-AN is essential in the delivery of this
treatment. Clinicians felt that collaboration as an MDT, working together and supporting
families jointly in psychological and nutritional aspects of treatment were important in
building trust and engagement. The consensus from clinicians was that the involvement of
a dietitian, as a planned intervention, supported the therapeutic alliance and strengthened
families’ trust in the treatment.

Bringing in an expert on nutrition in certain cases during FT-AN-aided containment
at different phases of treatment, depending on the family’s needs. Concerns were raised by
clinicians regarding the involvement of a dietitian when a strong therapeutic alliance with
the family had not yet been built, or when engagement was already poor. The involvement
of dietetics in these scenarios could have a negative impact in terms of undermining the
therapist or parents or creating an overreliance on the dietitian in meal planning.

“I think there are a few ways the dietitian is really helpful” . . . “in containing anxiety
about families feeling like they are doing the ‘right thing’, offering support and comfort to
the clinician that things are on the right track (more of a distant role) and in providing the
same message as the therapist but from a different perspective (e.g., united team front).”

“I think if families are motivated and on board to see a dietician then it works better.
Sometimes it can feel unhelpful when the parents have pre-existing beliefs about a dietician
being able to “solve” the young person’s eating problems instead of parents needing to
take an active role in FT AN.”

2. Confidence as a core consideration.

2a. Timing Matters. All clinicians agreed that the timing of dietetic involvement
was an important consideration. Parental confidence could be negatively impacted by
dietetic intervention too early in treatment, prior to a strong therapeutic alliance being
built. Similarly, clinicians voiced concerns regarding dietetic involvement inadvertently
undermining parental confidence in meal planning, portioning and feeding if the input
was poorly timed.

“I think if the family is motivated and on board to see a dietician then it works better.”

“Providing expert consultation if the family is really lacking knowledge and confidence
in what types of foods to give, in containing anxiety about families feeling like they are
doing the ‘right thing’, offering support and comfort to the clinician that things are on
the right track (more of a distant role) and providing the same message as the therapist
but from a different perspective (e.g., united team front).”

2b. Skilling up. Survey respondents made multiple references related to the use of
dietetic sessions and input to support both clinician and parental confidence in several
nutritional aspects of the treatment during FT-AN. There was an overall consensus that di-
etitians had a central role in sharing expertise on nutritional information, meal planning and
intuitive eating with families and in supporting them to feel confident in taking responsibil-
ity for these aspects of the treatment. The importance of a collaborative, joint-up approach
was reiterated by clinicians. If the approach was split or not collaborative, clinicians felt
that the confidence of both clinicians and parents could be negatively impacted.

“I think it can also affect clinical confidence if not done jointly.”
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“Helping give confidence and containment to families taking positive risks to have meals
not guided by the meal plan which are more in line with “real life”.”

3. Case-by-case approach.

3a. Assessment of needs. Dietetic involvement was considered an important and
valuable element of treatment within the FT-AN model. However, clinicians felt that an
assessment of the needs of the family was crucial before seeking dietetic input. Families
requiring dietetic involvement for core purposes such as refeeding management, meal
planning, special or complex diets and increasing variety with food were referenced as
appropriate uses of dietetic input. In the absence of a clear need, dietetic involvement was
seen as unnecessary. Where dietetic involvement was not indicated, clinicians were con-
cerned that the input could lead to an over-focus on nutrition and the potential avoidance
of therapeutic work.

“What can also be unhelpful is to take extreme views (i.e., everyone needs to be seen by
dietician) as it does not acknowledge the existing processes in place and also other ways
that expertise can be shared.”

“Sometimes it can feel unhelpful when the parents have pre-existing beliefs about a
dietician being able to “solve” the young person’s eating problems instead of parents
needing to take an active role in FT AN.”

“Sometimes the families think that if they ‘only got the food right’ then the eating disorder
would be fixed. Given it is part food part emotion, if we over-focus on the food, I think
this can act like an avoidance of the actual issue.”

3b. Individualised treatment. Another important role of the dietitian within FT-AN
discussed by clinicians was individualising feeding plans, in particular, in adapting meal
plans or nutrition advice for bespoke plans and advice. Clinicians felt that this supported a
patient-centred approach and helped to ensure that individual needs could be met. Cases
with specific dietary needs, complex physical health co-morbidities, atypical presentations
or cultural diversity were seen to benefit from direct dietetic input.

“I think it would be very helpful to have more dietetic role in FT-AN especially when
working with young people who are not underweight and also binge/purge.”

“Would also want dietetic support (in atypical cases) so not promoting any anti-fat
messages unintentionally, especially if someone’s weight is at higher end.”

3c. Moving on from meal plans. Meal plans were discussed by all clinicians, and
there was a general consensus that, despite them supporting containment and providing
guidance early on in treatment, they could often become unhelpful when families remain
“stuck” on them. Clinicians felt that dietitians had a key role in helping families move
away from meal plans at various points through FT-AN. During the initial phases, direct
or indirect dietetic consultation was used as a tool to educate and guide on refeeding in
the absence of a meal plan. In later phases of treatment, the dietitian’s role was related to
moving off the initially prescribed meal plan and/or incorporating greater dietary variety
and flexibility than that provided on standardized meal plans. Again, the theme of building
confidence in the nutritional aspects of treatment and working collaboratively to achieve
goals was referenced by clinicians.

“When starting to have more independence and eating on their own, going out more,
dietetic input would be very helpful. Also, when parents or YP (young people) feel worried
to move away from meal plan.”

“Planning with the dietitian can make the young person feel safe and confident to take on
responsibility for their eating.”

“Other times I think older young people need support in understanding the truth about
nutrition to help them make better choices, e.g., where social media and googling has
provided unhelpful advice.”
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4. Discussion

Currently, no empirical studies exist that investigate the role of dietitians in family
treatments for anorexia nervosa. This study provided initial insights into this topic.

In this study, the exploration of MDT perspectives on the role of the dietitian within
FT-AN supported dietetic involvement in some cases. Dietitians were seen by experienced
clinicians as a valuable resource, which should be considered and offered when indicated
for selected families. Access to dietetic expertise was most valued during the initial phases
of the treatment, where nutritional rehabilitation most often takes place, and in atypical
cases presenting at healthy weights or for cases with co-morbid complexities. Having said
that, direct input from a dietitian was not considered necessary for all and needed to be
considered on a case-by-case basis. The involvement of dietetics, where no clinical need was
identified, was considered by nearly half of clinicians surveyed to be potentially unhelpful.
The findings of this study highlighted several barriers that may discourage therapists from
seeking dietetic involvement, including concerns related to diminishing parental confidence
in feeding and creating an over-focus on the nutritional aspects of the treatment.

A recent review by Heafala et al. explored the role of dietitians in eating disorder
treatment [29], including perspectives of dietitians, MDT members and service users.
The themes that were generated from the review were similar to those identified in the
current study. The role of dietitians was varied, encompassing roles as collaborators,
educators and in supporting individualised patient-centred care [29]. Concerns regarding
the impact of dietetic involvement on certain aspects of care that were identified included
uncertainty regarding the scope of practice and unclear treatment guidance [29]. McMaster
et al. also found that there were a number of barriers to dietetic involvement in eating
disorder treatment related to the perception that inexperienced dietitians may discuss
weight loss or dieting with patients [30]. The need for clarity on the role of the dietitian,
criteria necessitating dietetic involvement and clear guidance on the structure of dietetic
involvement within eating disorders has been repeatedly highlighted [29,31,32]. Future
directions should include a range of appropriately designed and well-powered empirical
studies on this subject to provide much-needed, concrete evidence on the impact that
dietitians may have in treatment.

Strengths and Limitations

A strength of this study was in its novel nature, namely that it is the first study that
provides an initial important step analysing descriptive, as well as qualitative data on the
involvement of dietitians in outpatient FT-AN. Other strengths include its setting, a highly
specialised eating disorder centre, where FT-AN was conceptualised, developed and the
range of professions included within the sample that spanned multiple disciplines.

The study had a number of limitations. The findings from a convenience sample of
self-selecting clinicians from a single centre may not generalise to all clinicians delivering
comparable treatments in similar settings. Clinicians who responded may have had more
positive views of dietetics, introducing potential biases. However, the use of anonymous
surveys aimed to reduce potential biases and support clinicians to answer questions truth-
fully, including both positive and negative responses. Similarly, although all clinicians
surveyed were working primarily as therapists delivering manualised FT-AN, respondents
did span a range of professional backgrounds. Experiences and perceptions of the role of
the dietitian in FT-AN may have been impacted by professional background. Additionally,
this was a single-centre study, meaning that results may not be representative of other
eating disorder centres, where experiences and perceptions of the dietitians’ role may differ.

5. Conclusions

Although manualised FT-AN clearly describes the dietitian as a core member of the
treating team, the roles and responsibilities of dietitians in eating disorders-focused family
therapy remain a contentious issue. The findings of this study highlight collaboration as a
key component of the dietitian role. To enable the creation of dietetic treatment guidelines
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that include the MDT perspectives, collaboration with clinicians delivering FT-AN was
seen as an important first step. To further advance our understanding of the topic, high-
quality research studies are needed. Previously proposed guidance on the dietitians’ role
in FT-AN originated predominantly from dietitians [33], potentially lacking the diverse
perspectives of other professions involved in delivering FT-AN, and the robust research
methods required to provide high-quality evidence needed for the development of such
guidance. Further research is essential in this area to provide sound evidence on the role of
dietitians within family-based treatments for anorexia nervosa.

The overall consensus from clinicians surveyed in our study provided guidance on
three important components for dietetic involvement, and further research, in FT-AN. We
propose the following treatment implications related to these core components of the role
of dietitian within FT-AN.

6. Recommendations for Clinical Practice

1. Dietitians should be recognised as collaborators within therapy-led teams. There
should be a focus on joint (family–therapist–dietitian) working that facilitates discus-
sions between therapists and dietitians, working together with parents and families
and enhancing the therapeutic alliance through supporting individual patients’ goals
through collaboration between dietitians, therapists and families.

2. Dietitians should be integrated within the MDT and have direct and indirect involve-
ment in patient care. Dietitians have an important role that involves liaising with
dietitians and staff from external teams. Indirect dietetic involvement should include
resource creation and professional consultation. Direct involvement should be offered
when clinically indicated when co-morbid physical health problems exist, in cases of
complex dietary needs, such as allergies, intolerances or sensory sensitivity, and in
cases where nutritional requirements are difficult to meet through food alone and sup-
plementation or tube feeding may be required. Dietetic involvement should support
increased confidence in the MDT and the sharing of skills and nutritional expertise.
Training between dietitians and teams should be bidirectional with knowledge shar-
ing and training occurring from therapist to dietitian and vice versa to support all
staff in “singing from the same hymn sheet”.

3. Dietitians have a core role in individualising care and ensuring that the diverse needs
of families being treated by the service are met. This involves bespoke meal planning
when required or providing tailored nutritional recommendations for families with
individual needs with co-morbid illnesses, individuals who are highly active or
athletic and those who present at higher weights that require additional nutritional
advice within FT-AN.
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Abstract: The Mediterranean diet (MD) is associated with improved longevity and the prevention
and management of chronic inflammatory diseases (CIDs). Vitamin K, which is present in MD core
components such as leafy green vegetables, is also known as a protective factor for CIDs. Estimates
of vitamin K intake in Mediterranean settings are still scarce, and the association between MD and
vitamin K intake is yet to be established. This study analyzed vitamin K intake and MD adherence
in the Algarve region, in Portugal. We conducted a cross-sectional study in a nonrandom sample
of adults using an online questionnaire which included a validated food-frequency questionnaire
and a screener for MD adherence. A total of 238 participants were recruited (68% women and
32% men). Adherence to the MD was low (11%). Only 10% of the participants had vitamin K
intake below the adequate intake. Adherence to the MD was positively correlated with vitamin K
intake (r = 0.463; p < 0.001) and age (r = 0.223; p < 0.001). Our findings underscore the importance
of promoting adherence to the MD for optimal vitamin K intake, and future research should focus
on developing effective interventions to promote this dietary pattern, particularly among younger
individuals and men.

Keywords: Mediterranean diet; vitamin K; cross-sectional study; dietary intake

1. Introduction

The Mediterranean diet (MD), recognized as an intangible world heritage by UN-
ESCO, is celebrated for its health-promoting qualities and its respect for the environment [1].
While the MD is traditionally associated with countries bordering the Mediterranean Sea,
it has been promoted worldwide as one of the healthiest dietary patterns. The MD pri-
marily emphasizes plant-derived foods, including vegetables, fruit, and legumes, while
also encouraging the consumption of unrefined cereals, olive oil, fish (over red meat),
and moderate amounts of dairy products and red wine [2]. Due to its high nutritional
profile, rich in monounsaturated fatty acids (MUFAs), polyunsaturated fatty acids (PUFAs),
different antioxidants, and anti-inflammatory compounds, the MD is now acknowledged
for its protective effects against chronic inflammatory diseases (CIDs), commonly referred
to as age-associated noncommunicable diseases [3]. Numerous prospective observational

Nutrients 2024, 16, 1098. https://doi.org/10.3390/nu16081098 https://www.mdpi.com/journal/nutrients207



Nutrients 2024, 16, 1098

studies and trials conducted across diverse populations over several decades have consis-
tently demonstrated that adherence to MD offers benefits in preventing all-cause mortality
and managing various CIDs. These include cardiovascular diseases (such as coronary
heart disease, stroke, and diabetes), bone diseases (including fragility fractures), cancer,
neurodegenerative diseases, cognitive health, depression, and respiratory diseases [4].

Interestingly, vitamin K, abundant in core MD components like green leafy vegetables,
also plays a protective role in several CIDs, such as cardiovascular disease, bone-related
disorders, cancer, dementia, cognitive impairment, and lung diseases [3,5]. The favorable
effects of vitamin K may stem from its function as a cofactor for the gamma-carboxylation
of vitamin K-dependent proteins (VKDP), which have diverse physiological roles. Addi-
tionally, vitamin K exhibits anti-inflammatory, antioxidant, and transcriptional regulatory
properties related to osteoblastic genes, cognitive function, antiferroptosis, and tumor
progression inhibition [6–8].

Vitamin K is a liposoluble vitamin that includes phylloquinone (vitamin K1), mostly
found in photosynthetic organisms, including green leafy vegetables, herbs, algae, and
vegetable oils, and menaquinones (MKn or vitamin K2), which are primarily produced
by bacteria and obtained through the consumption of meat, fermented foods, and dairy
products [6–9]. Vitamin K1 and K2 sources are mainly dietary [10,11], and vitamin K can
be recycled through the vitamin K epoxide reductase cycle (VKOR). However, vitamin K2
can also be produced by human microbiota, and MK-4 can be converted from vitamin K at
the tissue level. In fact, vitamin K1 accounts for 90% of the total vitamin K in the diet [12],
and vitamin K recommended daily intake (RDI) is based on the median intake of vitamin
K1. The adequate intake recommendation (adequate intake—AI) for American adults was
set to 120 µg/day for men and 90 µg/day for women [13], and in Europe, 75 µg vitamin K
has been recommended as the daily allowance (Commission Directive 2008/100/EC).

Mediterranean populations traditionally follow an eating pattern where vitamin-K-
rich foods, such as leafy green vegetables and different types of cheeses, are frequently
consumed [14,15]; thus, the association between adherence to this dietary pattern and
higher vitamin K intake has been mainly assumed but not established [16,17]. Additionally,
estimates of vitamin K populational intake within Mediterranean settings are scarce.

It has been reported that adherence to the MD is decreasing, especially among younger
inhabitants of Mediterranean regions [18–21], and recent data for Portugal show that
adherence to the MD is low, with prevalences reported at 17% [22] or 8.7% [23]. Given this
evidence and recognizing the health benefits of proper vitamin K intake [24–26], the aim of
the current study was to analyze populational vitamin K intake and MD adherence in the
Algarve region, a Mediterranean setting within Portugal. To the best of our knowledge,
this is the first study to describe and analyze the association between MD adherence and
vitamin K intake in Portugal.

2. Materials and Methods
2.1. Setting

The Algarve is the southernmost region of Portugal. It spans an area of 4 997 km2 and
was home to 467,495 residents as of 2021 [27]. It is known for its Mediterranean climate and
tourism industry, with many residents employed in tourism-related industries, especially
during the peak tourist season, which typically occurs in the summer months. The local
economy exhibits diversity, with contributions from sectors such as agriculture, fishing,
and small-scale industries [28].

Recent demographic data show that the average age of the population stands at
45.3 years, slightly higher than the national average of 44.9 years. The schooling rate, which
gauges the percentage of the population aged 3 to 24 attending educational institutions,
was 85.9% in 2020, slightly below the national average of 88.4%. Furthermore, educational
attainment among the population aged 15 and over in 2021 shows that only 14% hold a
higher education degree [28].
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2.2. Study Design, Participants, and Data Collection Tools

We conducted a cross-sectional survey in a nonrandom sample of adults using an on-
line, self-fulfillment questionnaire (https://form.jotform.com/222044277445353, accessed
on 19 February 2024, NutriK) specifically created for this study, which included questions
regarding sociodemographic characteristics, the 14-item Mediterranean Diet Screener, and
a previously validated food-frequency questionnaire (FFQ) to assess total vitamin K intake.

The FFQ is composed of 54 food items that contain ≥5 µg of vitamin K/100 g of
food or, despite having <5 µg of vitamin K/100 g of food, are commonly included in
a Mediterranean diet (soft cheese, boiled chickpeas, pumpkin, bell pepper, mackerel,
sardines, almonds, walnuts, and coffee) [29]. Data on the vitamin K content of foods were
derived from previous research [12], as well as from both McCance and Widdowson’s
and the United States Department of Agriculture’s food composition databases [30,31].
The detailed description of the FFQ and the methods used for its validation are presented
elsewhere [32].

Vitamin K intake data provided by the FFQ were presented in µg/day and ana-
lyzed considering a 10% threshold around the AI recommendation of 120 µg/day for
men and 90 µg/day for women [9]. Thus, an intake of 120 ± 12 µg/day for men and
90 ± 9 µg/day for women was considered as adequate.

The 14-item Mediterranean Diet Adherence Screener (MEDAS) used in this study was
the tool created in the “Prevención con Dieta Mediterránea” (PREDIMED) trial [33]. This
screener consists of 14 questions related to dietary habits reflecting the key components of
the Mediterranean diet, such as the consumption of fruits, vegetables, whole grains, olive
oil, nuts, legumes, fish, and moderate alcohol intake, while limiting red meat and processed
foods. Each question is scored based on how closely the respondent’s diet aligns with the
Mediterranean diet pattern. Scores range between 0 and 14 and provide an indication of
adherence to the Mediterranean diet, with higher scores indicating better adherence. Scores
≥10 indicate good adherence to the MD.

Participation in this study was promoted by publicizing the project through social
media using the institutional communication channels and tools of the University of Al-
garve. Inclusion criteria were (i) age ≥ 18 years; (ii) currently living in the region; and
(iii) cognitive ability to fulfill the data collection tools. Exclusion criteria were (i) cur-
rently under treatment for serious chronic illness, such as cancer or autoimmune diseases;
(ii) diagnosis of a disease that impairs nutrition or food choice, such as Crohn’s disease,
other malabsorption syndromes, or food allergies.

Sample size calculation, according to methods proposed by Hulley et al. [34] consider-
ing a 95% confidence level, a 5% margin of error, and an expected prevalence of adherence
to the MD (MEDAS score ≥ 10) of 15%, yielded a minimum sample size of 196 participants.
Accounting for a 10% rate for invalid questionnaires, we set the minimum sample size at
216 individuals.

At the end of the data collection phase, 238 valid questionnaires were obtained. Body
mass index (BMI) was calculated as the ratio between weight and square of height (kg/m2).

All respondents gave informed consent for participation, and the study was conducted
according to the guidelines of the Declaration of Helsinki and approved by the ethics
committee of the University of Algarve, Faro, Portugal (code CEUAlg Pn◦01/2022).

2.3. Statistical Analysis

Data were analyzed using IBM SPSS for Windows (version 29.0, 2022, IBM Corpora-
tion). Mean, median, standard deviation (SD), and interquartile range (IQR) were computed
whenever appropriate, and we used the Kolmogorov–Smirnov test to assess adherence to
the normal distribution of quantitative variables (vitamin K intake and age). As the distri-
bution of these variables was non-Gaussian, a nonparametric test (Mann–Whitney) was
used for 2-group comparisons. Group comparisons of qualitative variables were assessed
with the chi-square test, Fisher’s exact test or, when conditions were not met for their use,
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with the Fisher–Freeman–Halton exact test. We also computed Spearman’s correlation
coefficient for assessing associations between continuous variables.

Statistical significance for all procedures was set at 0.05.

3. Results

Of the 238 participants, 68% (n = 161) were women and 32% were men (n = 77). Men
had a higher mean BMI than women and a higher prevalence of excess weight or obesity
(Table 1).

Table 1. Sociodemographic characteristics, body mass index (BMI), vitamin K intake, and adherence
to the Mediterranean diet (MD).

Variable All
(n = 238)

Women
(n = 161)

Men
(n = 77) p-Value

Age (years); M ± SD 37.5 ± 1.01 37.2 ± 1.16 38.0 ± 1.99 0.984 *
BMI (kg/m2); M ± SD 23.8 ± 0.25 23.4 ± 0.31 25.0 ± 0.43 0.003 *

Preobese or obese (BMI ≥ 25); %; n 33%; 80 29%; 47 43%; 33 0.037 **
Education:

Less than high school level; %; n 1%; 2 - 3%; 2
0.013 ***High school; %; n 35%; 82 30%; 49 43%; 33

Higher education; %; n 65%; 154 70%; 112 55%; 42
Vitamin K intake (µg/day); M ± SD 285.2 ± 17.05 317.51 ± 23.65 222.57 ± 18.45 0.019 *

Vitamin K adequate intake:
Below; %; n 10%; 24 4%; 6 22%; 28

<0.001 **±10%; %; n 5%; 12 6%; 9 4%; 3
Above; %; n 85%;206 91%;146 74%; 60

Adherence to MD; %; n 11%; 26 12%; 20 7%; 6 0.284
MEDAS Score:

Range (Min–Max) 1- 12 2- 12 1- 12
M ± SD 6.8 ± 2.18 7.1 ± 2.15 6.3 ± 2.16
Md; IQR 7; 3 7; 3 6; 4 0.009 *

M—mean; SD—standard deviation; Md—Median; IQR—interquartile range; * Mann–Whitney’s test; ** chi-square
test; *** Fisher–Freeman–Halton’s test; statistical significance (p < 0.05) is highlighted in bold.

Vitamin K intake was higher (p = 0.019) in women (Mean = 317.5 ± 23.65 µg/day)
than in men (Mean = 222.6 ± 18.45 µg/day). The prevalence of vitamin K intake above AI
was also higher (p < 0.001) in women (91%; n = 146) than in men (74%; n = 60).

Adherence to the MD was 11% for all participants: 12% in women and 7% in men.
Gender differences in total adherence to MD were statistically not significant (p = 0.284),
but the MEDAS score was higher in women (p = 0.009). This can be explained by gender
differences in some specific MD habits: comparatively with women, men report lower use
of olive oil for cooking (86% vs. 97%; p = 0.001), a higher prevalence of red/processed meat
intake at least once a day (74% vs. 58%; p = 0.001), a higher prevalence of soda drink intake
at least once a day (35% vs. 19%; p = 0.005), and a higher prevalence of at least seven glasses
of wine a week (14% vs. 5%; p = 0.013).

In our population, participants with MD adherence were significantly different from
nonadherents in most dietary habits reflecting the key components of the MD, except for
the use of olive oil as the main lipid (p = 0.147), the infrequent intake of commercial sweets
and confectionery (p = 0.097), the more frequent poultry intake than red meats (p = 0.166),
and the frequent use of sofrito sauce (p = 0.520) (Table 2).
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Table 2. Dietary habits according to adherence to the Mediterranean diet (MD).

Mediterranean Dietary Habits All (%)
(n = 238)

Adherence to MD
(%)

(n = 26)

Nonadherence to
MD (%)
(n = 212)

p-Value

Use of olive oil as main culinary lipid 93 100 92 0.147
Olive oil >4 tablespoons 21 50 17 <0.001

Vegetables ≥2 servings/day 52 92 47 <0.001
Fruits ≥3 servings/day 28 58 25 <0.001

Red/processed meats <1/day 37 88 30 <0.001
Butter, cream, margarine <1/day 45 73 41 0.002

Soda drinks <1/day 76 100 73 0.002
Wine glasses ≥7/week 8 23 6 0.003

Legumes ≥3/week 34 77 29 <0.001
Fish/seafood ≥3/week 37 65 33 0.001

Commercial sweets and confectionery
≤2/week 75 88 74 0.097

Tree nuts ≥3/week 27 69 22 <0.001
Poultry more than red meats 69 81 67 0.166
Use of sofrito sauce ≥2/week 80 85 79 0.520

p-value for comparisons between adherent and nonadherent groups computed with the chi-square test; statistical
significance (p < 0.05) is highlighted in bold.

Participants who adhered to the MD had a significantly higher intake of vitamin K
(M = 528.5 ± 389.8 µg/day) than nonadherents (M = 257.2 ± 232.1 µg/day) (Table 3).

Table 3. Vitamin K intake according to adherence to the Mediterranean diet (MD).

Vitamin K intake
Adherence to MD

(%)
(n = 26)

Nonadherence to
MD (%)
(n = 212)

p-Value

Intake (µg/day); M ± SD 528.5 ± 389.8 257.2 ± 232.1 0.002 *
Adequate intake:

Below; %; n - 11%; 23 0.096 **
±10%; %; n - 5%; 11
Above; %; n 100%; 26 84%; 178

M-mean; SD—standard deviation; * Mann–Whitney’s test; ** Fisher–Freeman–Halton’s test; statistical significance
(p < 0.05) is highlighted in bold.

Additionally, there is a statistically significant positive correlation between vitamin K
intake and both the MEDAS score (r = 0.463; p < 0.001) and age (r = 0.223; p < 0.001). The
association between vitamin K intake and MEDAS score is maintained when controlling
for age (r = 0.352; p < 0.001), both in men (r = 0.455; p < 0.001) and in women (r = 0.315;
p < 0.001), suggesting the significant role of MD habits in vitamin K intake, independent of
age and gender.

Vitamin K intake did not correlate with BMI (r = 0.003; p = 0.958).
The food items which contributed most to vitamin K intake are presented in Table 4.

We did not find any gender differences in specific food items contributing to total vitamin
K intake (p > 0.05).
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Table 4. Foods that contributed the most to total vitamin K intake, presented as mean percentage of
total vitamin K intake, in all participants and by gender.

Food
Contribution (%) to Total Vitamin K Intake

M ± SD
All

(n = 238)
Women
(n = 161)

Men
(n = 77) p-Value *

Spinach 20 ± 15 22 ± 16 17 ± 12 0.092
Turnip greens, creamed spinach, green vegetable puree 19 ± 14 19 ± 15 19 ± 13 0.896
Broccoli 14 ± 12 13 ± 11 15 ± 13 0.037
Lettuce or mixed green salad 7 ± 8 7 ± 8 7 ± 7 0.217
Cabbage, collard greens, Brussels sprouts 4 ± 5 4 ± 5 3 ± 4 0.754
Stir-fry or stew with vegetables and/or pasta 3 ± 4 3 ± 5 2 ± 2 0.538
Coriander or parsley 3 ± 3 2 ± 3 3 ± 4 0.083
Olive oil 2 ± 5 2 ± 4 3 ± 6 0.323
Watercress and arugula 2 ± 3 2 ± 3 2 ± 3 0.291

M—mean; SD—standard deviation; * Mann–Whitney’s test for gender differences.

4. Discussion

In this work, for the first time, we report a correlation between adherence to MD and
vitamin K intake in a Portuguese population residing in the Algarve region. Among the
participants, 85% exhibited a vitamin K intake of at least 10% above the RI. Specifically, the
mean daily vitamin K intake was 317.5 ± 23.65 µg/day for women and 222.6 ± 18.45 µg/day
for men.

Globally, estimates of vitamin K intake reveal significant variations across countries
and divergent findings among studies. These disparities can be explained by factors such
as different methodological approaches for estimations and dietetic patterns [35–40]. A
comprehensive assessment of vitamin K intake in Europe, performed by the EFSA Panel
on Dietetic Products, Nutrition, and Allergies (NDA), estimated a mean total vitamin K
intake ranging between 72 and 196 ug/day in adults aged 18 and above, drawing from
data available in Finland, France, Ireland, Italy, Netherlands, Sweden, and the UK [41].
Interestingly, Italy and the Netherlands reported higher mean intake estimates, surpassing
150 µg/day [41]. In the Netherlands, where a high intake of vegetables is part of the dietetic
pattern, vitamin K intake was the highest.

Existing studies predominantly focus on vitamin K1 and menaquinones intake, which
range between 230–288 ug/day for vitamin K1 and 27–31 ug/day for menaquinones [26,42–44].
Our analysis was limited to total vitamin K due to the scarcity of nutritional composition
data and the absence of a validated tool to quantify both vitamin K1 and vitamin K2 intake
through self-reported data. Nevertheless, our overall vitamin K estimates align with those
observed in the Netherlands. Although vitamin K1 has been demonstrated as the major
source of nutritional vitamin K [43], future research should be conducted to distinguish
between K1 and K2 dietary sources, physiological functions, and contribution to an MD.

While there are clear overlapping patterns between MD and food items with high
vitamin K content, particularly K1 in green vegetables and in olive oil, studies to assess the
association between MD and vitamin K intake are, to the best of our knowledge, unknown.
One study performed in Italy, comparing vitamin K1 levels between hemodialysis patients
and controls, reported a mean of 129.2 ug/day (61.5–380.5) for vitamin K1 in the control
group [45]. Although Italy is a Mediterranean country, the authors did not specifically
explore the connection between MD adherence and vitamin K1 intake. Additionally,
research on the influence of MD on anticoagulation therapy involving vitamin K antagonists
has been conducted; however, a direct association between vitamin K intake and adherence
to an MD was not established in these studies [16,17]. This relation would potentially
add an increment of clinical value to the MD, since vitamin K deficiency has been widely
reported to be associated with vascular [46] and renal disease [47].

The question of whether established vitamin K RI is adequate to fulfill vitamin K
requirements is still a matter of debate in the scientific community. The RI was based on the
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maintenance of normal hemostasis, with sufficient vitamin K to maintain proper gamma-
carboxylation of blood coagulation factors. However, several extrahepatic VKDP proteins
have been shown as incompletely gamma-carboxylated in healthy adults not taking vitamin
K supplements [48], with implications in several CIDs [reviewed in [6,7]]. In fact, it was
suggested that the Western diet does not contain sufficient vitamin K to fulfill the gamma-
carboxylation of extrahepatic tissues, such as the vascular system and bones [48]. Although
several interventional clinical trials have established the beneficial effects of vitamin K
supplementation in bone and vascular health, others have reported a lack of effects [49–56].
This can be explained by the lack of standardized protocols, the use of different vitamin
K vitamers, different follow-up and endpoint measurements, and different approaches to
determining vitamin K levels [6,7]. Additional long-term vitamin K interventional studies
in healthy subjects and disease cohorts are required to fully understand the optimal vitamin
K levels and the impact of vitamin K supplementation on health status.

In our study, we observed a significant association between lower vitamin K intake
and poorer adherence to the Mediterranean diet (MD). This finding leads us to hypothesize
that promoting the MD could potentially enhance vitamin K intake. However, it should
be noted that despite low adherence to the MD, some participants achieved adequate or
above-average vitamin K intake, particularly among women. This phenomenon might
be partially explained by research indicating that dietary patterns with reduced meat
consumption can still facilitate the intake of vitamin-K-rich foods, even if they deviate from
the traditional MD [24,46]. Nevertheless, it is crucial to note that these alternative diets
may lack the comprehensive health benefits associated with adherence to the MD.

A large body of evidence associates diverse health benefits with higher adherence to
the MD, including decreased mortality and prevention of cardiovascular diseases, diabetes,
cancer, and neurogenerative diseases [57]. Furthermore, the MD principles align with
healthier lifestyles, potentially influencing other healthy choices and, nutritionally, promot-
ing a synergistic interplay, as the MD is not just a collection of isolated nutrients [57–59].

Olive oil, one of the main features of MD, might enhance vitamin K absorption, while
fiber provided by adequate amounts of vegetables could slow down digestion, allowing
for better utilization [60]. This combined effect could amplify the benefits of individual
components, such as vitamin K.

Adherence to the MD for all participants was 11%, lower than the one estimated by
the last National Food, Nutrition, and Physical Activity Survey of the Portuguese General
Population [61], showing adherences of 18% (95% CI: 17.3–19.1) at the national level and
20% for Algarve. The data for this national survey were collected in 2015–2016, and recent
studies suggest that MD adherence has been declining, with estimates that only around
10–15% of adults maintain most dietary habits associated with an MD. The results of
the same study, reporting adherence to the MD and its association with country-specific
socioeconomic characteristics, suggest that the level of adherence may be influenced by
socioeconomic factors and, thus, decreased during the recent economic crisis [20,62].

Our results on MD adherence are also aligned with the literature, suggesting that
adherence to the MD is lower in men and in younger individuals [19,63]. In our study,
men had a significantly lower (p = 0.009) MEDAS score (M = 6.3 ± 2.16) than women
(7.1 ± 2.15), but it is important to note that these results could be biased due to the low
representativeness of men in our sample. In addition, the positive correlation between
MEDAS score and age suggests that older participants have a higher adherence to the MD.

The literature also suggests that the dietary features of the MD that are most commonly
being lost seem to be mainly driven by excess meat consumption [64]. Our data support
these claims, with low adherence to MD coexisting with a high intake of red/processed
meats (63% of participants reported an intake of at least once a day).

We obtained 238 valid replies to our questionnaire, mostly from women (68%). This
number of participants surpassed the minimum estimated to achieve a representative
sample, according to our calculations, but some sociodemographic characteristics of our
participants differ from the available populational data for the Algarve region.
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The gender distribution for the participants was 68% for women and 32% for men.
Census data for Portugal [65] show that the gender distribution in the Algarve, for adults,
is approximately 52% women and 48% men.

Our participants also had a significantly higher rate of higher education than the
estimated for the Algarve region: 65% of all participants (70% in women and 55% in men)
had concluded some higher education degree, contrasting with the data from the 2021
census showing a rate of 44% for Portugal and just 8% for the Algarve, which is well
below the national average. This may have introduced some bias in our results and is
in accordance with some research showing that women, especially those with a higher
educational level, are generally more likely to participate in health and nutrition studies
compared with men [66,67]. It is suggested that women tend to be more interested in health
topics, more actively seek health information, and may perceive themselves at higher
risk for certain health conditions and thus be more motivated to participate in research
related to those conditions [66]. Women may also be subjected to cultural beliefs, traditions,
norms, and values that increase their feeling of being helpful and contributing to health
knowledge [68,69].

Our participants reported heights and weights that resulted in a 33% combined preva-
lence for preobesity (BMI between 25–29.9 kg/m2) and obesity (BMI ≥ 30 kg/m2), signifi-
cantly higher (p = 0.0037) in men (43%) than in women (29%). These data are below national
and regional estimates from the last populational survey [61]. Data available from adults at
the national level suggest rates of 36.5% of preobesity and 21.6% for obesity, i.e., around
58% for the combined prevalence of preobesity and obesity. The same survey suggests,
in Algarve, rates of 36.3% for preobesity and 19.2% for obesity, resulting in around 56%
combined prevalence. The underestimation of weight is a well-documented phenomenon
in the scientific literature across various populations and settings, which makes a case for
the limited use of self-reported anthropometric measurements in health research [70,71].
However, due to the methodology applied in our study, this was considered the only
way to have a general characterization of our participants. We believe that our results
are not significantly biased, as it was not an objective of our research to perform a proper
assessment of nutritional status.

Despite the limitations of our research related to the cross-sectional design that pre-
cludes analyzing causality, the self-reported intake assessment, and the nonrandom nature
of our sample, we found a significant association between adherence to MD and vitamin
K intake. Additional research, employing larger and more diverse samples, as well as
longitudinal designs with biomarkers and dietary records, could enhance the validity of
these findings and provide a deeper understanding of the relationship between dietary
patterns, vitamin K intake, and health outcomes.

5. Conclusions

Our results indicate that adherence to the MD is low, particularly among younger
individuals. Vitamin K intake for most participants is either comparable to or exceeds the
recommended adequate intake. Men exhibit both lower adherence to the MD and a higher
prevalence of values below the recommended intake.

Our data suggest a positive association between MD adherence and vitamin K intake,
indicating that the MD favors intake of vitamin K. Furthermore, our findings underscore
the significance of promoting adherence to the MD, especially among individuals with low
vitamin K intake.

Future research should prioritize developing effective interventions to promote this
dietary pattern, particularly among younger individuals and men, to mitigate the risk of
age-related diseases.

Considering the scientific evidence linking improved adherence to MD with health
benefits and environmental sustainability, future research and initiatives should raise public
awareness about the health and environmental advantages associated with higher MD
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adherence. Additionally, efforts should focus on enhancing accessibility to the MD for
diverse communities worldwide.
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Abstract: This study aimed to investigate the impact of a common non-synonymous gene variant
(C>G, rs738409) in patatin-like phospholipase domain-containing 3 (PNPLA3), leading to the substitu-
tion of isoleucine with methionine at position 148 (PNPLA3-I148M), on susceptibility to nonalcoholic
fatty liver disease (NAFLD) and explore potential therapeutic nutritional strategies targeting PNPLA3.
It contributed to understanding sustainable dietary practices for managing NAFLD, recently referred
to as metabolic-dysfunction-associated fatty liver. NAFLD had been diagnosed by ultrasound in a
metropolitan hospital-based cohort comprising 58,701 middle-aged and older Korean individuals,
identifying 2089 NAFLD patients. The interaction between PNPLA3 and lifestyle factors was investi-
gated. In silico analyses, including virtual screening, molecular docking, and molecular dynamics
simulations, were conducted to identify bioactive compounds from foods targeting PNPLA3(I148M).
Subsequent cellular experiments involved treating oleic acid (OA)-exposed HepG2 cells with se-
lected bioactive compounds, both in the absence and presence of compound C (AMPK inhibitor),
targeting PNPLA3 expression. Carriers of the risk allele PNPLA3_rs738409G showed an increased
association with NAFLD risk, particularly with adherence to a plant-based diet, avoidance of a
Western-style diet, and smoking. Delphinidin 3-caffeoyl-glucoside, pyranocyanin A, delta-viniferin,
kaempferol-7-glucoside, and petunidin 3-rutinoside emerged as potential binders to the active site
residues of PNPLA3, exhibiting a reduction in binding energy. These compounds demonstrated
a dose-dependent reduction in intracellular triglyceride and lipid peroxide levels in HepG2 cells,
while pretreatment with compound C showed the opposite trend. Kaempferol-7-glucoside and
petunidin-3-rutinoside showed potential as inhibitors of PNPLA3 expression by enhancing AMPK
activity, ultimately reducing intrahepatic lipogenesis. In conclusion, there is potential for plant-based
diets and specific bioactive compounds to promote sustainable dietary practices to mitigate NAFLD
risk, especially in individuals with genetic predispositions.

Keywords: NAFLD; PNPLA3; AMPK; SREBP-1C; HepG2; compound C

1. Introduction

Nonalcoholic fatty liver disease (NAFLD), a prevalent medical condition characterized
by hepatic fat accumulation, liver inflammation, fibrosis, cirrhosis, and the potential to
progress to liver cancer [1], has recently been redefined as metabolic-dysfunction-associated
fatty liver disease (MAFLD) to reflect its multifactorial nature better and encompass a
broader spectrum of liver disorders [2]. While NAFLD and MAFLD share many similarities,
including their clinical manifestations and risk factors, they somewhat differ [2]. We have
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chosen to adhere to the NAFLD definition and terminology. NAFLD affects approximately
15 to 30% of adults globally, highlighting its significant public health impact [3]. While
ultrasound scans offer a non-invasive means of detecting liver fat, a liver biopsy remains
the gold standard for accurate diagnosis, particularly in cases of mild NAFLD [4]. Despite
conducting multiple studies and clinical trials using various treatments, including weight
loss drugs, insulin sensitizers, lipid-lowering drugs, and antioxidants such as vitamins C
and E, none of them have shown definite efficacy for NAFLD. Recently, the US FDA has
approved the drug Rezdiffra (resmetirom) in combination with diet and exercise for the
treatment of adult NAFLD/non-cirrhotic nonalcoholic steatohepatitis (NASH) [5]. Certain
phytochemicals, including flavonoids, show promise due to their antioxidative properties
and ability to improve insulin sensitivity and regulate lipid metabolism, suggesting a
potential role in preventing or slowing the progression of NAFLD. Studies have highlighted
the ability of some flavonoids to modulate glucose and lipid metabolism, shield the liver,
and ameliorate fatty liver. However, the precise mechanisms of action remain incompletely
understood [6–9]. Further exploration of medications for NAFLD is warranted.

Understanding the genetic and environmental factors influencing NAFLD develop-
ment is crucial for effective prevention and treatment with targeted interventions for at-risk
individuals. A critical aspect of this interplay between genetic and environmental factors
involves AMP-activated protein kinase (AMPK), a pivotal regulator of metabolic pathways
that inhibits hepatic lipid synthesis and promotes lipid oxidation, effectively balancing
lipid metabolism [10]. Moreover, recent studies have revealed a significant association be-
tween the patatin-like phospholipase domain-containing protein-3 (PNPLA3)_rs738409C/G
polymorphism and NAFLD, highlighting its potential impact on liver fat metabolism [11].
Several studies have shown that PNPLA3 overexpression induces hepatic steatosis through
the carbohydrate response element binding protein (ChREBP) and sterol regulatory element
binding protein 1c (SREBP1c), and its silencing prevents the development of hepatic fat stor-
age and inflammation, thereby effectively preventing the development of NAFLD [12–14].
Furthermore, hepatic lipogenesis is linked to the AMPK pathway, which can modulate
PNPLA3. However, it remains unclear whether AMPK activation decreases PNPLA3 ex-
pression in the liver and prevents NAFLD and whether the decreased binding energy of
bioactive compounds with PNPLA3 reduces its expression to reduce hepatic lipogenesis.

This study aimed to find a sustainable diet to prevent and mitigate NAFLD in individ-
uals with a genetic predisposition. We explored genetic variants that affect NAFLD risk
and their interaction with lifestyle factors, such as nutritional intake, in the middle-aged
and elderly individuals of the Korea Genome and Epidemiology Study (KoGES) cohort.
Furthermore, we employed a molecular docking system for the PNPLA3_rs738409C/G
protein to identify bioactive compounds that could potentially interact with the protein.
The molecular mechanism of the identified bioactive compounds was further examined
in a cell-based experiment using HepG2 cells. By combining epidemiological data, molec-
ular docking, and cell-based experiments, this study contributed to the development of
personalized dietary interventions for individuals with a genetic predisposition to NAFLD,
ultimately contributing to the prevention and mitigation of the disease.

2. Methods
2.1. Participants

Between 2004 and 2013, 58,701 participants (20,293 males and 38,408 females) volun-
tarily participated in the hospital-based urban cohort as part of the Korea Genome and
Epidemiology Study (KoGES). The sample size was determined using the Gpower calcula-
tor, achieving significance at α = 0.05, β = 0.99, with an odds ratio of 1.06 between NAFLD
and healthy participants. With over 50,000 participants, this goal was achieved. This
study followed the Declaration of Helsinki and was approved by the Institutional Review
Boards of the Korea National Institutes of Health (KBP-2019-055) and Hoseo University
(1041231-190902-BR-099-01). Every participant completed a written informed consent form.
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2.2. Basic Characteristics of the Participants and Biochemical Measurements

Participants were interviewed and queried about their demographics, lifestyle habits,
and health status, including their gender, age, education, and income. Household income
was divided into three levels ($/month): low income ($2000), middle income ($2000–$4000)
and high income ($4000) [15]. The participants were classified into smokers and non-
smokers. Those who smoked > 100 cigarettes in the 6 months prior to the participation in
the study were considered smokers [16]. Regular physical activity was defined as 150 min
per week of moderate physical activity (e.g., mowing, swimming, badminton, or tennis).
Anthropometric measurements and biochemical assays of the serum were carried out. Body
weight, height, and waist circumference were assessed using established methods [17].
Blood was drawn from the subjects after fasting for more than 12 h. Plasma and serum were
separated from the collected blood after centrifugation, and glucose and lipid profiles were
assessed in the plasma and serum samples, respectively [18]. Serum total cholesterol, high-
density lipoprotein cholesterol (HDL-C), triglycerides, aspartate aminotransferase (AST),
and alanine transaminase (ALT) concentrations were measured using an enzyme-linked
immunosorbent assay (ELISA) kit (Asan Pharm., Seoul, Republic of Korea).

2.3. Food and Nutrient Intake and Dietary Pattern Using a Semi-Quantitative Food Frequency
Questionnaire (SQFFQ)

Dietary habits were assessed using an SQFFQ. Over the previous 12 months, par-
ticipants reported their typical food intake based on 106 items commonly consumed
in the Korean diet. This SQFFQ was validated against four seasons of three-day food
records [19,20]. Food intake was determined by multiplying the frequency of consumption
for each food by the daily amount, as previously described, and expressed in grams per
day. The daily consumption of energy, carbohydrates, fats, proteins, vitamins, and minerals
was computed from SQFFQ data using the computer-aided nutritional analysis program
CAN-Pro 2.0, developed by the Korean Nutrition Society.

The food items in the SQFFQ were categorized into 30 predetermined food groups,
which were utilized in constructing dietary patterns through principal component analysis
(PCA). Four distinct dietary patterns were identified by applying eigenvalues greater than
1.5 and employing orthogonal rotation (varimax). The predominant contributing foods in
each dietary pattern were assigned factor-loading values of ≥0.40. The identified groups
were labeled as the Korean balanced diet (KBD), plant-based diet (PBD), Western-style diet
(WSD), or rice-based diet (RBD) groups.

2.4. Definition of NAFLD

Since heavy drinking (30 and 20 g of alcohol or higher per day in males and females,
respectively) could also induce fatty liver disease, heavy drinkers were excluded. The
participants who were diagnosed with NAFLD by a physician with an ultrasound method
and had serum AST concentrations ≥ 40 U/L and ALT ≥ 35 U/L were regarded as a risk
group (n = 2089). The participants with no NAFLD diagnosis and serum AST concentra-
tions < 40 U/L and ALT < 35 U/L were considered normal levels (n = 48,999).

2.5. Genotyping and Quality Control

DNA was isolated from the peripheral blood of the participants, and genotyping was
conducted using the Affymetrix Genome-Wide Human single-nucleotide polymorphism
(SNP) Array 5.0 (Affymetrix, Santa Clara, CA, USA). Genotyping quality and accuracy
were determined using the Bayesian robust linear model with the Mahalanobis distance
classifier (BRLMM) genotyping algorithm [18]. The exclusion criteria for DNA genotyping
were as follows: high genotype deletion detection rate (≥4%), low genotyping accuracy
(<98%), high heterozygosity (>30%), minor allele frequency (MAF) < 0.01, Hardy–Weinberg
equilibrium (HWE) (p < 0.05), and having gender bias [18].
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2.6. Genetic Variants Affecting NAFLD in Koreans

GWAS analysis explored and identified susceptible genetic variants that increase
NAFLD risk. Single-nucleotide polymorphisms (SNPs) influencing NAFLD risk have been
identified using PLINK in a Korean population. The age, gender, body mass index (BMI),
residential area, physical activity, education, smoking, and energy intake of the participants
were used as covariates in the GWAS analysis. The gene names for the SNPs were found
by examining the g:Profiler annotation database.

2.7. Screening of Bioactive Compounds in Foods to Have Low Binding Energy with PNPLA3

We first extracted the PNPLA3 protein sequence in the Fasta format from UniProt
(ID: Q9NST1; https://www.uniprot.org/uniprot/Q9NST1, 7 July 2022). Subsequently,
we obtained the 5FYA protein using SWISS-MODEL homology modeling. The protein
structure was prepared to enhance the protein structure using the Discovery Studio software
version 4.5 package. It involved hydrogenating the protein structure, completing missing
amino acids, and removing metal ions and water molecules. Additionally, we used the
Swiss-PdbViewer to optimize the protein’s energy.

We converted 22,589 compounds from food received from Foodb to the protein data
bank, partial charge (q), and atom type (t) (pdbqt) format using Open Babel v3.1.0. The
Foodb website includes a freely accessible database providing detailed information on
the chemical composition of typical unprocessed foods, including micronutrients and
macronutrients. The DoGSiteScorer online tool (https://proteins.plus/, 30 July 2022) was
employed to predict and elucidate potential binding pockets in the wild and mutated types
of PNPLA3 (I148M) crystals. We examined four molecular dynamics systems using Discover
Studio software (Biovia, Discovery Studio Visualizer, software version 20.1.0.19295) to
evaluate binding pocket characteristics such as size, surface area, and drug ability score to
generate the wild-type PNPLA3 (WT), mutant PNPLA3 (MU), PNPLA3 binding with a small
molecule (ligand), and PNPLA3 mutant binding with a small molecule (ligand-MU). We
referred to the CHARMM36 force field parameter table in the Discovery Studio software to
define the simulation parameters for the small molecules. The Discovery Studio Visualizer
also generated visualizations of the protein–ligand binding structures in both 2D and 3D.

2.8. Molecular Dynamics Simulation (MDS)

MDS is a promising method to examine the conformational changes in the structure
of Ile148Met variants relative to the native conformation [21,22]. MDS can detect changes
in protein phenotypes, which helps validate the severe implications of disease-associated
mutations predicted computationally [23]. MDS of the PNPLA3–compound complex was
performed using the DS/Standard Dynamics Cascade protocol; the molecule was solvated
under periodic boundary conditions, and the CHARMM36 force field was added. The
‘Standard Dynamics Cascade’ approach was implemented to set the parameters for the
MDS of the PNPLA3 within the solvent system. The default values were used for most
parameters, with specific settings: a ramp time of 40 ps, a balancing time of 400 ps, a
simulation sampling time of 10,000 ps, and a simulation step size of 2 fs. Various analyses
were performed after conducting the simulation for a duration of 10 ns. The root mean
square deviation (RMSD), root mean square fluctuation (RMSF), and hydrogen bond values
were analyzed to investigate the stability and dynamics of the system.

2.9. Cell Culture

HepG2 cells were cultured in a high-glucose Dulbecco’s Modified Eagle Medium
(DMEM) and placed in a 37 ◦C, 5% CO2 incubator. Oleic acid (OA) was used to simulate
in vitro hepatic steatosis. HepG2 cells were exposed to different doses of OA (0, 0.1, 0.3,
0.5, 0.7, 1, 1.5, 2, and 3 mM), the five bioactive compounds (20, 50, 70, 100, 150, and
200 µM), and compound C (AMPK inhibitor). Cell viability was assessed using the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, which measures cell
viability by detecting the conversion of MTT to a purple formazan dye, and the color change
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was measured at 550 nm. The levels of lipid peroxides in the cells were determined using a
thiobarbituric acid reactive substances (TBARS) kit (DoGenBio, Seoul, Republic of Korea).

2.10. Realtime PCR

Total RNA was extracted from the cells using a phenol and guanidine isothiocyanate-
based single-phase solution (Trizol reagent, Invitrogen, Rockville, MD, USA). The cDNA
synthesis was performed by combining equal amounts of total RNA, superscript III reverse
transcriptase, and high-fidelity Taq DNA polymerase. The cDNA was utilized for the poly-
merase chain reaction (PCR) with the corresponding primers in a real-time PCR machine
(BioRad Laboratories, Hercules, CA, USA) to measure the mRNA expression of PNPLA3
and sterol regulatory element binding protein 1c (SREBP-1c) genes. The primers are listed
in Supplementary Table S1. The gene expression levels in each sample were quantified
using the threshold comparison cycle (CT) method after amplifying the expression by a
real-time polymerase chain reaction.

2.11. Statistical Analysis

Statistical analysis was performed using the SPSS software version 21 (IBM Inc., Ar-
monk, NY, USA). All results were presented as mean ± standard deviation. In a population
study, the odds ratios (ORs) and 95% confidence intervals (CIs) of NAFLD risk with the
biochemical parameters were evaluated using a logistic regression analysis after adjustment
for covariates such as age, gender, body mass index (BMI), residential area, physical activ-
ity, education, smoking, and energy intake. The interaction between the selected genetic
variant for NAFLD risk and lifestyles was evaluated in a two-way analysis of covariance
(ANCOVA) while adjusting for the mentioned covariates. Univariate analysis of variance is
employed in cellular research to compare the variables associated with metabolic changes
among the bioactive compound groups and control group. Multiple groups were analyzed
using Tukey’s test, with a significance level set at p < 0.05.

3. Results
3.1. Basic Characteristics of the Participants

The hospital-based urban cohort consisted of 51,088 participants, out of which 2089 in-
dividuals (4%) were diagnosed with NAFLD. Upon adjusting for other factors, women
exhibited a 1.3-fold higher incidence of NAFLD than men (Table 1). BMI and waist cir-
cumference were significantly associated with NAFLD risk, with 2.6-fold and 1.5-fold
higher risks, respectively. Individuals with NAFLD had higher plasma total cholesterol and
triglyceride concentrations than those without NAFLD (Table 1). Moreover, the incidence
of hypertension and type 2 diabetes in the NAFLD group was 1.3 and 2.3 times higher,
respectively, than in the non-NAFLD group. Alcohol consumption and smoking were also
more prevalent among the NAFLD group as opposed to the non-NAFLD group. However,
there were no significant differences in age, education, income, or dietary nutrient intake
between the non-NAFLD and NAFLD groups (Table 1).

Table 1. Participants’ socioeconomic level and metabolic characteristics in NAFLD.

Non-NAFLD (n = 48,999) NAFLD (n = 2089) Adjusted OR (95% CI)

Age (years) 1 53.77 ± 8.033 54.90 ± 7.886 *** 1.040 (0.945~1.144)
Genders (men: N, %) 14,908 (30.4) 918 (43.9) *** 1.343 (1.176~1.535) ***

BMI (kg/m2) 2 23.65 ± 2.775 25.56 ± 3.403 *** 2.581 (2.357~2.827) ***
Waist circumference 3 79.93 ± 8.35 85.66 ± 9.26 *** 1.479 (1.304~1.678) ***

Plasma total cholesterol (mg/dL) 4 197 ± 35.22 200 ± 39.97 ** 1.259 (1.126~1.408) ***
Plasma triglyceride (mg/dL) 5 119 ± 76.22 161 ± 126 *** 1.831 (1.635~2.049) ***

Hypertension (N, %) 6 12,997 (26.5) 849 (40.7) *** 1.317 (1.192~1.456) ***
Type 2 diabetes (N, %) 7 3641 (7.4) 407 (19.5) *** 2.330 (2.062~2.633) ***
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Table 1. Cont.

Non-NAFLD (n = 48,999) NAFLD (n = 2089) Adjusted OR (95% CI)

Education (N, %) 8

<High school 14,907 (30.7) 703 (33.9) **
High school 21,027 (43.3) 837 (40.4) 1.021 (0.910~1.146)

College more 12,616 (26.0) 534 (25.7) 1.002 (0.869~1.155)
Income (N, %) 9

<$2000/month 14,379 (31.1) 656 (33.4)
$2000–4000/month 27,969 (60.5) 1152 (58.7) 0.996 (0.891~1.113)

>$4000/month 3888 (8.4) 154 (7.8) 0.876 (0.694~1.106)
Energy intake (EER %) 10 98.80 ± 31.66 99.01 ± 32.59 1.093 (0.986~1.211)

CHO (EER %) 11 71.79 ± 6.93 71.80 ± 7.23 1.029 (0.936~1.131)
Protein (EER %) 12 13.39 ± 2.56 13.45 ± 2.65 1.033 (0.942~1.133)

Fat (EER %) 13 13.83 ± 5.38 13.72 ± 5.56 1.077 (0.938~1.237)
Cholesterol intake 14 169 ± 124 174 ± 138 1.083 (0.951~1.233)

Na intake (mg) 15 2421 ± 1364 2545 ± 1496 *** 1.001 (0.896~1.118)
Fiber intake(g) 16 14.61 ± 9.26 15.45 ± 10.51 *** 1.045 (0.936~1.166)

Alcohol (g) 17 2.09 ± 4.77 3.37 ± 6.35 *** 1.406 (1.116~1.770) **
KBD (%) 18 15,710 (32.1) 756 (36.2) *** 1.039 (0.938~1.150)
PBD (%) 18 16,963 (34.6) 638 (30.5) *** 0.948 (0.851~1.056)
WSD (%) 18 19,151 (39.1) 859 (41.1) 0.940 (0.847~1.043)
RMD (%) 18 16,276 (33.2) 673 (32.2) 1.014 (0.916~1.121)

Smoking (Number, %) 11,458 (23.5) 717 (34.4) *** 1.167 (1.013~1.345) *

Values represent adjusted means ± standard deviation or the number (N) of participants and percentage. OR,
odds ratio; CI, confidence intervals; KBD, Korean balanced diet; PBD, plant-based diet; WSD, Western-style diet;
RMD, rice-main diet. The cutoff points of the reference were as follows: 1 55 years old for age, 2 25 kg/m2 BMI,
3 90 cm for men and 85 cm for women waist circumferences, 4 230 mg/dL plasma total cholesterol concentrations,
5 200 mg/dL plasma triglyceride concentrations, 6 140 mmHg systolic blood pressure (SBP), 90 mmHg diastolic
blood pressure (DBP) plus hypertension medication, 7 126 mL/dL fasting serum glucose plus diabetic drug intake,
8 high school graduation and 9 $2000/month income, 10 <estimated energy requirement (EER), 11 72 energy
percent (En%) for carbohydrate (CHO), 12 13 En% for protein, 13 20 En% for fat, 14 250 mg/day cholesterol intake,
15 1600 mg for sodium, 16 20 g for fiber intake, 17 20 g for alcohol, 18 75th percentiles of each dietary pattern.
Covariates for adjusted means and OR: age, gender, BMI, residence area, physical activity, education, smoking,
and energy intake in ANCOVA and logistic regression models, respectively. * Significant differences by NAFLD at
p < 0.05, ** at p < 0.01, *** p < 0.001.

3.2. Genetic Variations Associated with NAFLD Risk

GWAS was used to investigate the genetic variations linked to NAFLD risk. The
genetic variant found to be significantly associated with NAFLD was PNPLA3_rs738409.
The adjusted odds ratio (OR) was 1.487, indicating that the risk of NAFLD with the minor
allele of the SNP was 1.487 times higher than with the major allele (Table 2). The minor
allele of PNPLA3_rs738409 was thus the risk allele.

Table 2. Association analysis of PNPLA3 I148M to influence NAFLD.

CHR SNP Position Mi Ma OR Adjust p Value MAF HWE_P GENE Function

22 rs738409 44324727 G C 1.487 1.482 × 10−33 0.417 0.819 PNPLA3 Missense variant

PNPLA3, patatin-like phospholipase domain-containing protein 3; CHR, chromosome; SNP, single-nucleotide
polymorphism; Mi, minor allele; Ma, major allele; OR, odds ratios for NAFLD in the reference of the major
allele; adjusted p value, p value for OR adjusted for age, gender, body mass index, residence area, energy intake,
physical activity, smoking status, alcohol intake, and education; MAF, minor allele frequency; HWE_P, p-value for
Hardy–Weinberg equilibrium.

3.3. Interaction of PNPLA3_rs738409 with Lifestyles

The interaction of PNPLA3_rs738409 with smoking significantly affected NAFLD
risk. Both major and minor PNPLA3_rs738409 alleles were positively associated with
NAFLD risk in smokers and non-smokers. However, their association was much higher in
former and current smokers (3.12-fold) than in non-smokers (1.89-fold) (Table 3). Among
the four dietary patterns (Korean balanced diet, plant-based diet, Western-style diet, and
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rice-main diet), the plant-based diet (PBD) and Western-style diet (WSD) interacted with
PNPLA3_rs738409. A PBD was inversely associated with NAFLD risk, but a WSD was
positively linked (Table 3). The smoking status also interacted with the NAFLD risk in
participants carrying PNPLA3_rs738409 minor alleles. However, the interaction between
exercise and PNPLA3_rs738409 had no significant impact on the risk of NAFLD (Table 3).
For participants carrying PNPLA3_rs738409 minor alleles, there may also be an increased
risk of NAFLD with a low PBD, a high WSD, and smoking.

Table 3. After adjusting the odds ratio of NAFLD risk, rs738409 risk score according to lifestyle
pattern.

Major
(n = 17,448)

Hetero
(n = 24,821)

Minor
(n = 8819)

Gene–Nutrient Interaction
p Value

Low energy 1

High energy
1 1.330 (1.167~1.516)

1.360 (1.109~1.669)
2.342 (2.019~2.716)
1.941 (1.524~2.473) 0.218

Non-smoke
Former + current smokers 1 1.310 (1.148~1.495)

1.386 (1.139~1.686)
1.892 (1.619~2.210)
3.121 (2.519~3.867) <0.0001

Low KBD 2

High KBD
1 1.355 (1.181~1.556)

1.308 (1.090~1.570)
2.206 (1.883~2.584)
2.247 (1.823~2.771) 0.360

Low PBD 2

High PBD
1 1.367 (1.197~1.562)

1.285 (1.056~1.564)
2.404 (2.066~2.798)
1.896 (1.509~2.383) 0.019

Low WSD 2

High WSD
1 1.256 (1.091~1.446)

1.475 (1.235~1.760)
1.955 (1.660~2.304)
2.696 (2.208~3.291) 0.017

Low RMD 2

High RMD
1 1.388 (1.214~1.588)

1.236 (1.020~1.497)
2.299 (1.970~2.682)
2.050 (1.644~2.555) 0.462

No exercise 3

Exercise
1 1.348 (1.150~1.580)

1.329 (1.141~1.549)
2.394 (2.000~2.865)
2.070 (1.732~2.473) 0.072

Values represent odd ratios and 95% confidence intervals. The cutoff points were as follows: 1 <Estimated
energy requirement defined in dietary reference index, 2 <75th percentiles; 3 <moderate exercise for 150 min/day;
multiple logistic regression models include the corresponding main effects, interaction terms of SNPs and main
effects (energy and nutrient intake), and potential confounders such as age, gender, BMI, residence area, physical
activity, education, smoking, and energy intake. Reference was the major.

3.4. Molecular Docking

Molecular docking was performed to gain a deeper understanding of the binding
of the bioactive compounds to the PNPLA3 protein. The docking interactions between
the selected bioactive compounds and the wild type (WT) and mutant type (MT) of the
PNPLA3 protein are shown in Table 4, Figures 1 and S1–S4, respectively. The molecular
docking analysis showed that the binding energy between the MT of PNPLA3_I148M,
delphinidin-3-caffeoyl-glucoside, pyranocyanin A, delta-viniferin, kaempferol-7-glucoside,
and petunidin-3-rutinoside was lower than the WT of PNPLA3_I148M, and they had
a higher number of hydrogen bonds between PNPLA3 and bioactive compounds than
others. The more hydrogen bonds the compound has, the stronger and more stable the
binding with PNPLA3 [24]. The binding affinity of PNPLA3 and the bioactive compounds
comprised not only hydrogen bonds but also Van der Waals, alkyl, and carbon–hydrogen
bonds. It indicated that the binding affinity between the MT of PNPLA3_I148M and the five
compounds was higher than with the WT, and the inhibitory effect of the five compounds
on the MT of PNPLA3_I148M was stronger than that on the WT.
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Table 4. The intermolecular binding energy between bioactive compounds and PNPLA3 active site.

Compound Name Effective Food

Residues Involved in Hydrogen Bond Residues Involved in
Hydrophobic Interactions

Wild
Type

Mutant
Type

Wild-Type Mutant-Type Wild-Type Mutant-Type Docking Energy, ∆G
(kcal mol−1)

Delphinidin 3-
caffeoyl-glucoside grape

His204, Tyr188,
Ser152, Cys146,

Arg74

Tyr188, Thr200,
Ser199, Ser47,

Asp166, Arg74

Leu72, Leu51,
Pro229, Phe150,

Ile148

Phe150, Leu203,
Met148, Leu154 −7.6 −9.4

Table 4. Cont.

Compound Name Effective Food

Residues Involved in Hydrogen Bond Residues Involved in
Hydrophobic Interactions

Wild
Type

Mutant
Type

Wild-Type Mutant-Type Wild-Type Mutant-Type Docking Energy, ∆G
(kcal mol−1)

Pyranocyanin A blackcurrant

Arg74, Ser152,
Val197, Ser199,
Lys198, Pro195,

Tyr191

Val197, Lys198,
Ser199, Pro195,
Asn201, Tyr188,
His204, Cys146

His204, Phe150,
Pro228, Pro229

Cys15, Met148,
Lys198, Tyr188,
Phe150, Pro229

−9.1 −10.2

Delta-viniferin grape His204, Pro229,
Asn201, Pro195

Cys15, Cys146,
Arg74, Ser152, Ser199

Pro228, Phe150,
Tyr191

Met148, Pro228,
Phe150, Pro229 −9 −10

Kaempferol
7-glucoside flaxseed Asp166, Ser152,

Asn201, Ser199

Cys146, Arg74,
Ser152, Tyr191,
Pro195, Asn201,

His204

Cys15, Tyr188,
Ile148, Pro229,
Phe150, Pro228

Met148, Phe150,
Pro228, Pro229 −8.2 −9.6

Petunidin
3-rutinoside mulberry

His204,
Asn201, Ser199,

Lys198

Ser199, Asn201,
Tyr191, Arg74,

Pro228, Pro22, Ser78,
Pro195, Ser152

Phe150, Tyr191,
Pro195

Tyr191, Leu154,
Met148 −7.9 −9
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Figure 1. Molecular docking of PNPLA3 WT (I148) and MT (148M) with kaempferol-7-glucoside. 

Molecular docking with the bioactive compound and PNPLA3 wild type (WT, I148) and mutated 

type (MT; 148M). (A,D) Diagrammatic representation of the compound (ball and stick model) bind-

ing with PNPLA3 (B,E) binding of the compound at the central cavity of PNPLA3, and (C,F) 2D 

depiction of PNPLA3 interacting with the compound and the nature of forces involved in stabilizing 

PNPLA3–bioactive compound complex. PNPLA3, phospholipase domain containing 3. 

Figure 1. Molecular docking of PNPLA3 WT (I148) and MT (148M) with kaempferol-7-glucoside.
Molecular docking with the bioactive compound and PNPLA3 wild type (WT, I148) and mutated type
(MT; 148M). (A,D) Diagrammatic representation of the compound (ball and stick model) binding with
WT and MT of PNPLA3, respectively (B,E) binding of the compound at the central cavity with WT
and MT of PNPLA3, respectively, and (C,F) 2D depiction of PNPLA3 interacting with the compound
and the nature of forces involved in stabilizing complex of –bioactive compound WT and MT of
PNPLA3, respectively. PNPLA3, phospholipase domain containing 3.

226



Nutrients 2024, 16, 1239

3.5. Molecular Dynamics (MD) Simulation

The RMSD and RMSF were calculated using 100 ns simulations to investigate the
stability and dynamics of well-bound ligand–protein complexes with the WT and MT of
PNPLA3_I148M (Figures 2 and S5–S8). It was observed that the lower the RMSD, the higher
the stability of the protein. The RMSD of kaempferol-7-glucose, petunidin-3-rutinoside,
delphinidin-3-caffeoyl-glucoside, and delta-viniferin in the WT of PNPLA3_I148M was lower
than that of the MT, while pyranocyanin A showed the opposite trend (Figures 2 and S5–S8).
However, the RMSD ranged between approximately 1.75 and 3.5 nm within 100 s of the
wild-type and mutant PNPLA3_I148M. The RMSF of the five selected bioactive compounds
in the WT and MT PNPLA3 fluctuated between 0.5 and 3 nm (Figures 2 and S5–S8).
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Figure 2. Molecular dynamics (MD) simulation of PNPLA3 I148 (WT; rs738409) and 148M (MT) and
kaempferol-7-glucoside interaction. (A) Variation in RMSD (root mean square deviation) of PNPLA3
alone and PNPLA3–compound complex as a function of simulation. (B) RMSF (root mean square
fluctuation) in PNPLA3 in the absence and presence of the compound. PNPLA3, phospholipase
domain containing 3; WT, wild type; MT, mutated type.

3.6. HepG2 Cell Viability

As seen in Figure 3, treatment with OA at concentrations below 2 mM did not affect
cell viability after 48 h of incubation. However, when the OA concentration was >2 mM,
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the viability of the HepG2 cells significantly decreased (p < 0.05). Therefore, 2 mM OA was
used in the follow-up studies. Oil Red O staining was used to observe the lipid droplet
formation with the OA treatment of the HepG2 cells. After treating the HepG2 cells with
2 mM OA for 48 h, many lipid droplets were formed in the cells (p < 0.01). Consistent
with the Oil Red O staining results, the triglyceride content in the HepG2 cells significantly
increased after the 2 mM OA treatment (Figure 3). It suggested that 2 mM of OA could
induce lipid accumulation and lipid droplet formation without impacting cell viability
in HepG2 cells. At concentrations below 150 µg/mL, delphinidin-3-caffeoyl-glucoside,
pyranocyanin A, delta-viniferin, kaempferol-7-glucoside, and petunidin-3-rutinoside did
not affect the viability of HepG2 cells (Figure 4).
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Figure 3. Oleic acid (OA) induces steatosis in HepG2 cells. (A) The viability assay of HepG2 cells
was treated with different concentrations of oleic acid (OA) for 48 h. (B) Measurement of triglyceride
content in HepG2 cells after incubation with 2 mM OA for 48 h. (C) Oil Red O staining to detect
intracellular lipid droplets in HepG2 cells treated with 0, 0.5, 1, 1.5, and 2 mM OA for 48 h. a–
e Different letters indicated significant difference between the groups by Tukey test at p < 0.05.
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Figure 4. Changes in HepG2 cell viability after treatment with bioactive compounds. a–f Different
letters indicated significant difference between the groups by Tukey test at p < 0.05.

3.7. Lipid Peroxide Contents in HeG2 Cells

The malondialdehyde contents representing lipid peroxides were measured using
the thiobarbituric acid reactive substance (TBARS) quantification method. Compared to
no OA, lipid peroxidation significantly increased after the OA treatment, whereas the
bioactive compound treatment significantly decreased lipid peroxidation. A high dosage of
petunidin 3-rutinoside treatment decreased lipid peroxide contents as much as that seen
without OA treatment. The compound C pretreatment suppressed the decrease in lipid
peroxide contents due to the treatment with natural compounds. These results indicated
that the bioactive compounds potentially exhibited their antioxidant effect through the
AMPK pathways in the OA-treated cells (Figure 5A).
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Figure 5. Lipid levels in HepG2 cells after treatment with oleic acid and compounds. (A) Lipid
peroxide contents. (B) Triglyceride contents. a–h Different letters indicated significant difference
between the groups by Tukey test at p < 0.05.

3.8. Natural Compounds in HepG2 Cells Induced by Oleic Acid

The OA treatment of HepG2 cells induced a morphology similar to hepatic steato-
sis [25–27]. Treatment with OA alone significantly increased the amounts of intracellu-
lar triglycerides. However, the triglyceride contents significantly decreased after treat-
ment with the bioactive compound (Figure 5B). However, pretreatment with compound C
blocked its inhibitory effect on cellular triglyceride levels (Figure 5B). The OA treatment
increased the mRNA levels of SREBP-1c and PNPLA3. However, kaempferol 7-glucoside
and petunidin 3-rutinoside effectively prevented the increase in mRNA levels (Figure 6).
However, pretreatment with compound C inhibited and reversed the bioactive-compound-

230



Nutrients 2024, 16, 1239

mediated effects (Figure 6). Collectively, these findings imply that AMPK is involved in
adipogenesis gene expression and OA-induced intracellular triglyceride accumulation.
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4. Discussion

Recent epidemiological projections suggest that the incidence of NAFLD and NASH is
likely to increase rapidly in the coming years due to the influence of urbanization [28–30].
This rise is anticipated to impose substantial clinical and economic burdens on the health-
care system in the coming years. Typically, patients with NAFLD and NASH do not exhibit
severe symptoms, and their diagnosis usually relies on ultrasound or a liver biopsy [31,32].
Identifying individuals with potential genetic predispositions at an early age is crucial for
preventing the development of NAFLD. Across various countries and ethnicities, the PN-
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PLA3_rs738409 polymorphism has been identified as exerting the most significant impact on
NAFLD [33,34]. The present study aimed to investigate the impact of the PNPLA3_rs738409
polymorphism on NAFLD risk and to explore the interaction between genetic and lifestyle
factors on NAFLD risk in participants aged over 45 years. The results may contribute
to developing effective strategies for its prevention and management through in silico
analysis, cell-based studies, and human studies.

Evidence suggests that the protein expressed by the PNPLA3 (WT) gene exists in lipid
droplet membranes and is responsible for the postprandial remodeling of lipid droplets
through its triglyceride hydrolase activity [35,36]. The protein variant PNPLA3 (I148M)
reduces hydrolase activity. It has also been shown to promote the production of profibrotic
cytokines (including CCL2 and CCL5), which activate hepatic stellate cells (HSC) and pro-
mote inflammation and fibrosis in NAFLD/NASH [37,38]. The present study showed that
PNPLA3 (I148M) elevated NAFLD risk, which might be linked to increased PNPLA3 gene
expression. Therefore, reducing the expression of the PNPLA3 gene by consuming bioactive
compounds may have therapeutic benefits for NAFLD patients with risk alleles [39].

PNPLA3 is a direct target gene of SREBP-1c, a key transcription factor that primarily
regulates the expression of critical adipose genes of fatty acid synthase (FAS) and acetyl
CoA carboxylase 1 (ACC1), and its activity is controlled by AMPK [40,41]. In the present
study, PNPLA3 modulators altered fat accumulation by suppressing AMPK. The increase
in liver adipogenesis in NAFLD patients is attributed to SREBP-1c activation. As a result,
decreasing SREBP-1 activity is likely to diminish PNPLA3 expression and ameliorate related
steatosis. In this process, AMPK controls SREBP-1c to decrease fat deposition. A recent
study found that the high expression of human PNPLA3 (I148M) in the livers of transgenic
mice boosted SREBP-1c mRNA expression [42]. Furthermore, no evidence has been found
to support the regulatory role of PNPLA3 (I148M) on AMPK, and the mechanism by which
PNPLA3 regulates AMPK needs to be clarified. The present study showed that SREBP-
1c and PNPLA3 gene expression increased in OA-treated HepG2 cells, and the AMPK
inhibitor further elevated their gene expression. Therefore, it was shown that AMPK
controls PNPLA3 expression through SREBP-1c.

The I148M polymorphism of PNPLA3 (rs738409, C>G) is associated with the occur-
rence and progression of NAFLD. However, despite significant research in in vitro and
in vivo models, the mechanism by which PNPLA3 (I148M) induces hepatic steatosis is
unclear. In vitro investigations have demonstrated that the I148M variant restricts sub-
strate access to the active site of the lipase enzyme, resulting in loss of lipase activity and
steatosis [43]. PNPLA3 (148M) has also been reported to induce hepatic steatosis through
the accumulation of PNPLA3. Reduction in PNPLA3 levels by short hairpin RNA (shRNA)
knockdown has been shown to reduce liver triglyceride content in mice overexpressing PN-
PLA3 (148M) [42]. However, in the livers of mice, neither inactivation nor overexpression
of PNPLA3 resulted in steatosis [42,44]. Therefore, the PNPLA3 (148M) variant is associated
with the accumulation of PNPLA3, leading to steatosis. Therapies that lower PNPLA3 levels
can help correct hepatic steatosis in people with the PNPLA3(148M) variation [36].

Currently, Rezdiffra (resmetirom) is the first medication approved by the FDA for the
treatment of NAFLD. Rezdiffra is a thyroid hormone receptor (THR)-β agonist that acts
primarily in the liver. Thyroid hormones, thyroxine, and its active derivative, triiodothy-
ronine, are primary regulators of lipid metabolism, primarily through activation of the
THR-β isoform in hepatocytes [45]. Activation of THR-β increases cholesterol metabolism
through the expression of the CYP7A1 enzyme and reduces de novo lipogenesis (DNL)
through inhibition of SREBP-1 expression [46]. These activities suggest that Rezdiffra may
provide therapeutic benefits in patients with dyslipidemia and increased DNL, which are
key features of NAFLD. The accumulation of lipotoxic lipids in the liver is a major driver
of the development of NASH and fibrosis. Therefore, drugs that can suppress DNL may
represent a promising future approach for NAFLD treatment. The present study showed
that PNPLA3 inhibitors can decrease DNL by potentiating AMPK activity and decreas-
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ing SREBP-1c expression, further highlighting the potential of targeting lipid metabolism
pathways for NAFLD management.

Several plant products and compounds derived from these plants have been proven
to benefit liver health. The present study investigated whether bioactive compounds have
a protective effect on NAFLD and whether this protective effect comes from regulating
energy homeostasis and the AMPK/autophagy signaling pathways linked to PNPLA3.
We used an AMPK inhibitor (compound C) instead of gene mutation models. The use
of inhibitors has several advantages. The inhibitors only need to be added to the culture
medium or directly injected into animals and can act on a wide range of cell types. In
terms of time, the effect of inhibitors can be achieved relatively quickly, and the dosage
and time can be flexibly adjusted. Therefore, inhibitors are relatively simple, flexible, and
suitable for many target cell types. We used compound C, an AMPK inhibitor, to validate
the effect of AMPK inactivation on the OA-induced activation of HepG2 cells. Compound
C inhibits the activation of AMPK. Inactivation of AMPK by compound C resulted in the
increased expression of SREBP-1c and PNPLA3. Our results in HepG2 cells are consistent
with the Xu et al. study [47]. These results showed that compound C reversed the flavonoid
effects and confirmed the involvement of the flavonoids in the AMPK/autophagy pathway
and inhibition of steatosis activated by oleic acid. Increased lipogenesis contributes to
hepatic steatosis, and SREBP-1c is a transcription factor involved in hepatic lipogenesis.
PNPLA3, an SREBP-1c target gene, is also implicated in lipogenesis. The inhibition of
SREBP-1C and PNPLA3 can help reduce hepatic fat accumulation. Treatment with the
bioactive compounds, including kaempferol-7-glucoside and petunidin-3-rutinoside, sig-
nificantly decreased the expression of SREBP-1c and PNPLA3 in oleic acid-treated cells,
as well as the malondialdehyde levels, indicating that the bioactive compounds have
antioxidant characteristics.

While this study yields valuable insights, several critical limitations merit considera-
tion. First, the study exclusively examined middle-aged and elderly populations, necessitat-
ing further investigation into the relationship between PNPLA3_rs738409, liver fat content,
and metabolic disorders among adolescents and young individuals. Second, the generaliz-
ability of our findings across diverse racial groups requires validation. Third, due to the
cross-sectional nature of our data derived from a sizable cohort, establishing causal rela-
tionships and evaluating the prognostic relevance of PNPLA3_rs738409 to NFALD remains
infeasible. Prospective studies are essential for addressing these inquiries. Furthermore,
despite conducting cell experiments for validation, there needs to be more cell validation
for mutated genes and animal experiments that corroborate our findings. Conversely,
this study exhibited several notable strengths, including a substantial participant cohort,
integration of lifestyle data, a targeted genetic focus, validation through cell-based and in
silico methods, clinical relevance, and the potential to contribute to future research. These
attributes collectively enhance our comprehension of the intricate interplay between PN-
PLA3 rs738409, lifestyle factors, and NAFLD, providing the potential for more efficacious
diagnostic and therapeutic approaches for the condition.

5. Conclusions

PNPLA3_rs738409 interacted with the PBD, WSD, and smoking status in a large cohort
of middle-aged and elderly individuals. For the persons with the PNPLA3_rs738409G risk
allele, it was better to have a PBD and avoid a WSD and smoking. Notably, specific bioac-
tive compounds, such as delphinidin-3-caffeoyl-glucoside, pyranocyanin A, delta-viniferin,
kaempferol-7-glucose, and petunidin-3-rutinoside, exhibited a propensity to lower binding
energy with PNPLA3 I148M in molecular docking analysis. Furthermore, kaempferol-7-
glucose and petunidin-3-rutinoside effectively mitigated oleic acid-induced lipid droplet
formation and triglyceride levels in HepG2 cells, operating through the AMPK/SREBP-
1C/PNPLA3 pathway. Future research should focus on further elucidating the causative
relationships between smoking, PBDs, WSDs, and NAFLD, as well as exploring the poten-
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tial of the identified bioactive compounds as therapeutic agents for individuals with the
PNPLA3_rs738409G risk allele.
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(148M) and bioactive compound interaction.
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H.; Çelik, M.N. Sociodemographic

Trends in Planetary Health Diets

among Nutrition Students in Türkiye:

Bridging Classroom to Kitchen.

Nutrients 2024, 16, 1277. https://

doi.org/10.3390/nu16091277

Academic Editors: António Raposo,

Renata Puppin Zandonadi and

Raquel Braz Assunção Botelho

Received: 3 April 2024

Revised: 22 April 2024

Accepted: 23 April 2024

Published: 25 April 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

nutrients

Article

Sociodemographic Trends in Planetary Health Diets among
Nutrition Students in Türkiye: Bridging Classroom to Kitchen
Semra Navruz-Varlı 1,†, Hande Mortaş 1,*,† and Menşure Nur Çelik 2
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Abstract: This study aimed to investigate the effects of sociodemographic parameters on healthy
and sustainable nutrition in nutrition students. This cross-sectional study was conducted with
601 students. Researchers administered questionnaire forms to gather sociodemographic information
such as age, gender, geographical region, residence area, accommodation, BMI, and income level.
Participants’ 24 h dietary records were used to evaluate Healthy Eating Index-2020 (HEI-2020) and
Planetary Health Diet Index (PHDI). The mean PHDI scores of the Marmara (53.4 ± 14.9), Aegean
(58.2 ± 18.3), Mediterranean (55.3 ± 15.5), and Black Sea (55.5 ± 15.7) regions, which are the coastal
regions of Türkiye, were significantly higher than for the Central Anatolia region (46.7 ± 15.1).
The PHDI and HEI-2020 score means of students living in metropolitan cities and rural areas were
significantly higher than those living in urban areas (p < 0.05). Being in the 20–25 years age group
increased the probability of being in a lower PHDI group (AOR 1.82; 95% CI 1.07:3.12; p = 0.028).
While a similar result was found in the 20–25 years age group for HEI-2020, income level and gender
did not have a statistically significant effect on these scores. Since students’ ages, geographical
regions, and residence areas affect PHDI and HEI-2020, it is considered important to take these
sociodemographic variables into consideration in guidelines and studies.

Keywords: planetary health diet; sustainable nutrition; diet quality; university students

1. Introduction

It is known that the overweight and obesity situation seen in young adulthood is likely
to continue or reach more serious levels in later adulthood [1]. During the university years,
which represent a special and important part of young adulthood, social eating habits
are shaped, which can significantly affect nutritional status and health in later periods of
life. In this regard, it is important to evaluate the diet quality of university students, who
are at a stage where the first steps are taken to a new life independent of the family and
where basic responsibilities for life such as housing, subsistence, and nutrition are taken
individually [2,3]. So, determining the dietary quality of university students, who constitute
a significant portion of the young adult group, is important in preventing/controlling health
problems that may arise related to nutrition. It is especially important because of their
possible role as food preparers in their own future nuclear families and their potential to
be role models for the children they will raise [4]. Among university students in Türkiye,
the group of students that receive the most intensive nutrition-related education (4 years,
theoretical and practical) are the students of departments of nutrition and dietetics [5].
It will be useful in making predictions about the diet quality and sustainable nutrition
behavior trends of young people who continue their education in fields other than nutrition.
This view is supported by the fact that studies have shown that university students who
receive education in the field of health and nutrition are more likely to exhibit positive
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attitudes and behaviors related to nutrition than those who receive education in science and
social fields [6]. In addition, there is a recent study showing that young German medical
students who receive long-term nutrition education have better diet quality and more
sustainable eating behaviors than the general population [7]. Therefore, determining the
nutritional quality and sustainable nutrition behaviors of nutrition students, who were
selected as a special subgroup among young adults in our study, is thought to be valuable
in terms of evaluating the behavior of this special group, which will raise awareness in this
field for the rest of the population.

Effectively implementing sustainable food policies entails addressing various sus-
tainability issues and accommodating a diverse range of food systems, stakeholders, and
consumer dietary behaviors [8,9]. Prioritizing the collection of data across these dimensions
including sociodemographical issues and ensuring their seamless integration into models
are crucial for advancing the sustainable diet agenda. Drawing on country-specific research
findings regarding diet quality and sustainability can enhance the accuracy of assessments
on the environmental impacts of consumer dietary behaviors in studies focused on sustain-
ability [8,10]. In research conducted for this purpose [10–13], one of the most frequently
used tools to evaluate the sustainability dimension of the diet is the Planetary Health Diet
Index (PHDI), which is obtained by converting the sustainability and healthy nutrition prin-
ciples in the EAT-Lancet reference diet into a numerical index [12]. The Planetary Health
Diet promotes a high intake of plant-based foods and a low consumption of animal-based
foods, following recommended portions for a 2500-kilocalorie daily diet [14].

Considering the statements of the Food and Agriculture Organization [15] that food
production must increase in order to meet the needs of the increasing global population [16],
it becomes inevitable that updated nutritional guidelines should be created by prioritizing
the principle of sustainability. To justify the inclusion of sustainable dietary patterns in these
guidelines, the need to compare the PHDI with health-oriented dietary recommendations
currently in use has been reported [17]. One of the most commonly used indexes to
compare the compliance of individuals’ diets with healthy eating recommendations is
the Healthy Eating Index (HEI), which was developed to compare compliance with the
Dietary Guidelines for Americans [18]. HEI-2020, the latest version of the updated index
according to the guide, scores according to threshold values defined according to healthy
nutrition recommendations but does not discourage the consumption of animal-sourced
foods [17,18]. Additionally, for the HEI, nutritional differences have been demonstrated by
gender, income, education, and race/ethnicity [19–21]. However, it is emphasized that the
evidence for inequalities in PHDI is insufficient [10,17].

Increasing PHDI scores have been associated with improved diet quality and reduc-
tions in obesity and waist circumference [11]. In addition, levels of awareness about diet
quality and planetary health tend to be higher in women than in men, in older age groups
than young age groups, and in those with higher socioeconomic status than in those with
lower socioeconomic status. The region of residence may have a positive or negative effect
on diet quality and PHDI scores by restricting access to food or depending on income
level [7,17,22].

When evaluating the reflections of differences such as gender, income, education,
and ethnicity on the PHDI, there is a need to (1) present country-specific research results
and, in doing so, to (2) present the results from the perspective of diet quality in order to
add sustainability to existing nutritional recommendations. Therefore, this study aimed
to investigate the effects of sociodemographic parameters on healthy and sustainable
nutrition in nutrition students who have academic knowledge about sustainable and
healthy nutrition approaches. In the study conducted for this purpose, it was hypothesized
that sociodemographic variables including gender, age, income level, geographical region,
BMI, and accommodation location affect healthy and sustainable nutrition.
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2. Materials and Methods
2.1. Participants and Study Design

This cross-sectional study involved 601 adults, comprising 582 females and 19 males,
who were enrolled as students in nutrition and dietetics programs at universities in Ankara,
the capital city of Türkiye, from September 2023 to December 2023. Non-probabilistic
convenience sampling was carried out. This study would require a total of 550 participants
with 95% power at the 5% type I error (α) level. Participants were included if they vol-
unteered and were university students studying in the nutrition and dietetics programs,
did not follow a specific diet or eating regimen, and did not have any chronic diseases.
Exclusions were made for individuals with a daily energy intake below 600 or above
3500 kilocalories according to 24 h dietary records, as well as for pregnant or lactating
individuals. Additionally, if any data were missing in the data collection tool questionnaire,
that individual was not included in the study.

Ethical approval was obtained from the Ethical Committee of Gazi University (Ap-
proval date: 14 July 2023, No: 2023-854). In addition, written informed consent was
obtained from the participants in the study. The research was carried out following the
Declaration of Helsinki.

2.2. Data Collection Tools

In the study, researchers conducted face-to-face interviews with participants, adminis-
tering questionnaire forms to gather sociodemographic information such as age, gender,
regions where they spent their life until they went to university, residence area, accommo-
dation, and income level. Additionally, participants were asked to complete 24 h dietary
record forms for three consecutive days. Height and body weight measurements were
self-reported. Body mass index (BMI) was defined as a body weight in kilograms divided
by the square of the height in meters (kg/m2) [23].

Nutritional assessment was conducted based on the data collected from the dietary
records. The nutritional content of the dishes consumed was calculated using the Standard
Food Recipes book [24]. Subsequently, the data were analyzed using the BeBiS program
(version 7.2) to assess total energy and nutrient intake. Participants’ nutritional intake
was calculated by averaging the data obtained from 24 h dietary record forms for three
consecutive days.

The Planetary Health Diet Index (PHDI), devised by Cacau et al. (2021), is based on
the dietary guidelines outlined by the EAT-Lancet Commission [12]. This index assesses
adherence to these guidelines through a scoring system ranging from 10 to 5 points for
each of the 16 diet components, with a total possible score of 0 to 150. Participants’
dietary records were used to evaluate these components. Based on their total PHDI score,
participants are categorized into tertiles.

The Healthy Eating Index (HEI) was established by the United States Department of
Agriculture (USDA) in 1995, aligning with the American Dietary Guidelines [18]. Subse-
quent updates occurred in 2005, 2010, and 2015, maintaining consistency in components
and standards between HEI-2015 and HEI-2020. Despite the name change to emphasize its
association with the latest 2020–2025 Dietary Guidelines for Americans, HEI-2020 retains
identical criteria and scoring standards to HEI-2015. The HEI-2020 utilized in this study
comprises thirteen components, with nine recommended for consumption and four for
limited intake. Components recommended for consumption include total fruit, whole
fruit, total vegetables, green leafy vegetables and legumes, whole grains, dairy products,
protein foods, seafood and plant-based proteins, and fatty acids. Moderation is advised
for processed grains, sodium, added sugar, and saturated fats. Higher total scores indicate
better nutritional quality across all components [18]. Based on their total HEI-2020 score,
participants are categorized into tertiles.
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2.3. Statistical Analysis

Continuous variables were expressed as arithmetic mean with standard deviation
and categorical variables as percentages. The HEI-2020 total score and PHDI total score
were compared according to age groups (<20 years; 20–25 years; >25 years), BMI groups
(underweight; normal weight; overweight; obese), gender (female and male), regions of
Türkiye (Marmara, Aegean, Mediterranean, Black Sea, Central Anatolia, Eastern Anatolia,
Southeast Anatolia), residence areas (metropolis, urban, rural), income level (low, those
whose expenses are more than their income; adequate, those whose expenses are equal to
their income; high, those whose income exceeds their expenses), and accommodation status
(dormitory and home) of the participants. Participants’ dietary energy, macronutrient, and
micronutrient intakes were shown according to the income levels.

The t-test (in Table 1 for gender and accommodation groups) and one-way ANOVA
(in Table 1 for age groups, geographical regions, residence areas, income level groups, and
BMI categories; in Table 2 for income level groups) were employed for comparisons in
independent groups. Post hoc analysis involved the application of Bonferroni correction
for handling multiple pairwise comparisons. Moreover, a series of multivariate ANOVAs
(MANOVAs) were conducted with four sociodemographic variables which were found
to be significantly different among groups according to Table 1 as independent variables
and with the total scores of PHDI and HEI-2020 as dependent variables. The possible
effect of age groups (<20 years; 20–25 years; >25 years), geographical regions (Marmara,
Aegean, Mediterranean, Black Sea, Central Anatolia, Eastern Anatolia, Southeast Anatolia),
residence areas (metropolis, urban, rural), and income level (low; adequate; high) on
total scores of the PHDI and the HEI-2020 was analyzed using a multivariate analysis of
variance (MANOVA) and the interaction among the factors using the Bonferroni statistic.
Furthermore, the effect size was calculated in terms of eta squared (η2). The results of
the MANOVAs are presented in Supplementary Material Tables S1 and S2. The four
independent variables included age groups, geographical regions, residence areas, and
income level. Of the four sociodemographical variables considered, one to four were
entered into the MANOVA at a time, with combinations of sociodemographical variables
selected such that cell sizes equaled or exceeded 30 (i.e., sufficient cell size to ensure
normalcy of distribution of individual differences). When significant interactions were
found, the file was split by both variables and MANOVAs were conducted with the other
variable and only the significant findings reported. Parametric statistics were used to
confirm the effects obtained via the MANOVAs when Levene’s test for homogeneity of
variance was significant at the p > 0.05 level.

Table 1. Healthy Eating Index-2020 and Planetary Health Diet Index total scores of the students
according to the sociodemographic variables.

Variables
Proportion

[n (%)]
Total PHDI Score Total HEI-2020 Score

Mean ± SD 95% CI Mean 95% CI

Total 601 (100) 50.9 ± 15.6 49.7 52.2 47.9 ± 11.7 47.0 48.9
Gender

Females 582 (96.8) 50.8 ± 15.5 49.6 52.2 47.9 ± 11.6 47.1 48.9
Males 19 (3.2) 52.1 ± 18.1 43.4 60.8 48.0 ± 12.6 41.9 54.1

t = 0.321 p = 0.748 t = 0.026 p = 0.979
Age group

<20 years 215 (35.8) 54.2 ± 15.4 a 52.1 56.2 49.9 ± 10.7 a,b 48.4 51.3
20–25

years 354 (58.9) 48.8 ± 15.3 b 47.2 50.4 46.5 ± 12.0 b 45.3 47.8

>25 years 32 (5.3) 53.3 ± 16.1 a,b 47.5 59.1 51.4 ± 11.8 a 47.1 55.6
F = 8.635 p < 0.001 F = 7.135 p = 0.001
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Table 1. Cont.

Variables
Proportion

[n (%)]
Total PHDI Score Total HEI-2020 Score

Mean ± SD 95% CI Mean 95% CI

Regions
Marmara 214 (35.6) 53.4 ± 14.9 a 51.4 55.4 49.3 ± 10.4 a 47.9 50.7
Aegean 25 (4.2) 58.2 ± 18.3 a 50.7 65.7 52.1 ± 12.6 a,b 46.9 57.3

Mediterranean 43 (7.2) 55.3 ± 15.5 a 50.5 60.0 50.2 ± 13.5 a,b 46.1 54.4
Black Sea 33 (5.5) 55.5 ± 15.7 a 49.9 61.0 47.6 ± 13.6 a,b 42.8 52.1
Central

Anatolia 238 (39.5) 46.7 ± 15.1 b 44.8 48.6 45.4 ± 11.7 b 43.9 46.9

Eastern
Anatolia 24 (4.0) 50.0 ±14.3 a,b 43.9 56.1 48.9 ± 10.5 a,b 44.1 52.9

Southeast
Anatolia 24 (4.0) 50.2 ± 15.5 a,b 43.7 56.7 52.8 ± 10.5 a 47.8 57.9

F = 6.096 p < 0.001 F = 3.947 p = 0.001
Residence
area

Metropolis 265 (44.1) 52.5 ± 15.8 a 50.6 54.5 49.7 ± 10.9 a 48.4 51.0

Urban 215 (35.8) 47.3 ± 15.2 b 45.2 49.3 44.7 ±11.3 b 43.2 46.3
Rural 121 (20.1) 53.9 ± 14.4 a 51.4 56.6 49.9 ± 12.5 a 47.6 52.2

F = 9.957 p < 0.001 F = 13.347 p < 0.001
Income level

Low 200 (33.3) 53.8 ± 15.6 a 51.6 55.9 49.5 ± 10.6 a 47.9 50.9
Adequate 328 (54.6) 48.4 ± 15.2 b 46.8 50.0 46.9 ± 12.1 b 45.6 48.2
High 73 (12.1) 54.5 ± 15.6 a 50.9 58.1 48.9 ± 12.1 a,b 46.0 51.7

F = 9.920 p < 0.001 F = 3.285 p = 0.038
Accommodation

Dormitory 493 (82.0) 50.6 ± 15.6 49.2 51.9 47.9 ± 11.7 46.9 48.9
Home 108 (18.0) 52.5 ± 15.7 49.5 55.5 48.1 ± 11.7 45.8 50.3

t = −1.122 p = 0.262 t =−0.103 p = 0.918
BMI
categories

Underweight 52 (8.7) 56.1 ± 16.6 51.4 60.7 49.2 ± 12.8 45.6 52.7

Normal
weight 461 (76.7) 50.2 ± 15.4 48.8 51.6 47.9 ± 11.6 46.9 48.9

Overweight 70 (11.6) 51.5 ± 16.0 47.6 55.3 47.5 ± 11.4 44.8 50.2

Obese 18 (3.0) 53.8 ± 12.5 47.6 60.1 47.9 ± 12.5 41.6 54.1
F = 2.492 p = 0.059 F = 0.230 p = 0.876

CI: Confidence interval; BMI: Body mass index; HEI: Healthy Eating Index; PHDI: Planetary Health Index; SD:
Standard deviation. a,b represent the statistically significant differences among the column groups at p < 0.05.

Table 2. Dietary energy, macronutrient, and micronutrient intakes of the students according to
income level.

Dietary Intake ( x ± SD) Income Level
F p

Low Adequate High

Energy (kcal) 1580.1 ± 589.7 a 1343.9 ± 501.1 b 1370.5 ± 591.7 b 12.165 <0.001
Carbohydrates (% of energy) 43.8 ± 9.6 45.9 ± 11.6 43.3 ± 10.7 3.328 0.057
Proteins (% of energy) 15.6 ± 4.6 a 14.5 ± 4.6 b 16.0 ± 6.3 a 5.023 0.007
Fats (% of energy) 40.7 ± 8.9 39.5 ± 10.8 40.8 ± 10.0 0.930 0.395
Cholesterol (mg) 273.7 ± 14.7 a 215.2 ± 9.8 b 221.9 ± 16.5 a,b 6.508 0.002
Saturated fat (g) 24.2 ± 13.3 a 19.2 ± 10.1 b 20.9 ± 11.7 a,b 11.791 <0.001
Fiber (g) 17.5 ± 8.4 a 14.3 ± 7.5 b 14.7 ± 8.7 b 10.068 <0.001
Thiamine (mg) 0.8 ± 0.3 a 0.7 ± 0.3 b 0.7 ± 0.2 a,b 11.407 <0.001
Riboflavin (mg) 1.1 ± 0.5 a 0.9 ± 0.6 b 1.0 ± 0.4 a,b 4.098 0.017
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Table 2. Cont.

Dietary Intake ( x ± SD) Income Level
F p

Low Adequate High

Niacin (mg) 11.3 ± 6.9 a 9.6 ± 7.4 b 10.4 ± 6.3 a,b 3.589 0.028
Folate (mcg) 269.9 ± 12.9 a 203.7 ± 11.8 b 229.3 ± 13.1 b 17.519 <0.001
Vitamin A (mcg) 935.3 ± 57.1 829.8 ± 168.4 906.7 ± 96.1 0.137 0.872
Vitamin B12 (mcg) 3.7 ± 2.7 3.2 ± 5.2 3.1 ± 2.5 1.087 0.338
Vitamin C (mg) 101.6 ± 78.9 a 70.8 ± 61.7 b 83.8 ± 59.1 a,b 12.960 <0.001
Iron (mg) 9.5 ± 5.3 a 7.4 ± 3.8 b 7.9 ± 4.3 a,b 14.708 <0.001
Phosphorus (mg) 930.4 ± 353.9 a 785.4 ± 353.3 b 802.7 ± 307.6 b 11.140 <0.001
Calcium (mg) 552.7 ± 264.9 a 482.1 ± 305.6 b 503.7 ± 287.8 a,b 3.724 0.025
Potassium (mg) 2180.6 ± 902.6 a 1696.4± 844.8 b 1855.688.8 b 20 <0.001
Zinc (mg) 8.3 ± 3.4 a 6.8 ± 3.4 b 6.7 ± 3.2 b 733 <0.001
Magnesium (mg) 239.6 ± 103.9 a 185.7 ± 87.1 b 203.7 ± 89.2 b 20.291 <0.001
Copper (mg) 1.2 ± 0.6 a 1.0 ± 0.6 b 1.0 ± 0.6 b 11.799 <0.001

SD: Standard deviation. a,b represent the statistically significant differences among the column groups at p < 0.05.
Bold p values indicate statistical significance at the p < 0.05 level.

Furthermore, a multivariable logistic regression model (in Tables 3 and 4) was used
to identify independent predictors, including dietary energy intake, genders, age groups,
income levels, and residence area, of low planetary diet quality defined as T1. The odds of
being in the low planetary diet quality group due to “being female”; “being in <20 years
age group”; “having a high income level”; and “living in a metropolis” were examined;
and for continuous variables specific intervals were used. The model fit was assessed using
appropriate residual and goodness-of-fit statistics. A 5% type I error level was used to infer
statistical significance. The IBM Statistical Package for the Social Sciences (SPSS) 28.0.1.0
program was used for statistical analysis, and significance was evaluated at p < 0.05.

Table 3. Contrasting low planetary health diet quality to average–high planetary health diet quality
in students by the variables.

Variables Categories of
Variables COR (95% CI) p Values for COR AOR (95% CI) p Values for AOR

Dietary energy 1.01 (1.00–1.01) 0.007 1.01 (1.00–1.01) 0.001
Genders Females 1 1

Males 0.72 (0.26–2.03) 0.534 0.69 (0.24–2.04) 0.507
Age groups <20 years 1 1

20–25 years 1.75 (1.20–2.55) 0.003 1.82 (1.07–3.12) 0.028
>25 years 1.32 (0.59–2.97) 0.498 1.74 (0.72–4.25) 0.221

Income level Low 0.96 (0.53–1.74) 0.901 1.16 (0.59–2.28) 0.665
Adequate 1.45 (0.83–2.52) 0.191 1.25 (0.69–2.26) 0.456

High 1 1
Residence area Metropolis 1 1

Urban 1.46 (1.00–2.13) 0.048 1.17 (0.74–1.87) 0.502
Rural 0.69 (0.42–1.13) 0.141 0.63 (0.38–1.06) 0.083

AOR: Adjusted odds ratio; CI: Confidence interval; COR: Crude odds ratio; kcal: Kilocalories. Bold p values
indicate statistical significance at the p < 0.05 level.
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Table 4. Contrasting low HEI-2020 tertile to average–high HEI-2020 tertile group in students by
the variables.

Variables Categories of
Variables COR (95% CI) p Values for COR AOR (95% CI) p Values for AOR

Dietary energy 1.01 (1.00–1.01) 0.518 1.00 (1.00–1.00) 0.69
Genders Females 1 1

Males 0.53 (0.17–1.60) 0.258 0.50 (0.16–1.56) 0.233
Age groups <20 years 1 1

20–25 years 2.13 (1.46–3.11) <0.001 1.45 (0.87–2.43) 0.153
>25 years 1.07 (0.45–2.53) 0.874 0.88 (0.35–3.22) 0.793

Income level Low 0.59 (0.33–1.06) 0.076 0.75 (0.39–1.439 0.379
Adequate 1.23 (0.72–2.09) 0.448 0.92 (0.52–1.62) 0.775

High 1 1
Residence area Metropolis 1 1

Urban 2.38 (1.62–3.50) <0.001 1.83 (1.15–2.91) 0.011
Rural 1.18 (0.73–1.91) 0.501 1.06 (0.63–1.77) 0.840

AOR: Adjusted odds ratio; CI: Confidence interval; COR: Crude odds ratio; kcal: Kilocalories. Bold p values
indicate statistical significance at the p < 0.05 level.

3. Results

PHDI and HEI-2020 total scores according to individuals’ sociodemographic charac-
teristics are shown in Table 1. The mean PHDI and HEI-2020 total scores of the participants
were determined as 50.9 ± 15.6 and 47.9 ± 11.7, respectively. There was no statistical
difference between the total PHDI and HEI-2020 scores of the participants according to
their gender (p = 0.748 and p = 0.979, respectively). According to age groups, PHDI total
score averages of students younger than 20 (54.2 ± 15.4) were significantly higher than for
other age groups (48.8 ± 15.3 and 53.3 ± 16.1, respectively, in 20–25 years and >25 years
groups; p < 0.001). In total HEI-2020 scores, the mean of the >25 years group (51.4 ± 11.8)
was found to be statistically higher than that of the 20–25 years group (46.5 ± 12.0; p = 0.001)
but was not different from the <20 years group (49.9 ± 10.7).

Statistically significant differences were found between Türkiye’s total PHDI and
HEI-2020 score means according to geographical region. The mean PHDI total scores of the
Marmara (53.4 ± 14.9), Aegean (58.2 ± 18.3), Mediterranean (55.3 ± 15.5), and Black Sea
(55.5 ± 15.7) regions, which are the coastal regions of Türkiye, were significantly higher
than for the Central Anatolia region (46.7 ± 15.1; p < 0.001), without any difference among
coastal regions. According to geographical region, HEI-2020 total mean scores were shown
to be highest in the Southeast Anatolia region (52.8 ± 10.5) and lowest in the Central
Anatolia region (45.4 ± 11.7; p = 0.001).

The total PHDI and HEI-2020 score means of students living in metropolitan cities and
rural areas were significantly higher than those living in urban areas (p < 0.001). The mean
PHDI scores of individuals in the “adequate” income group (48.4 ± 15.2), whose income
was defined as equal to their expenses, were significantly lower than those of individuals
in the “high” (54.5 ± 15.6) and “low” (53.8 ± 15.6) income groups (p < 0.001). The mean
HEI-2020 scores in the “adequate” group (46.9 ± 12.1) were significantly lower than those
in individuals in the “low” income group (49.5 ± 10.6; p = 0.038) but do not differ from
individuals in the “high” income group (48.9 ± 12.1; p > 0.05).

There were no statistically significant differences in the students’ PHDI and HEI-2020
total mean scores according to their dormitory or home accommodation status (p = 0.262
and p = 0.918, respectively) and BMI categories (p = 0.059 and p = 0.876, respectively).

The results of the MANOVAs are presented in Supplementary Material Tables S1 and S2.
The four independent variables included age groups, geographical regions, residence areas,
and income level. In almost all cases, the results of MANOVAs were confirmed the findings
of the ANOVAs. In those cases, the results of the MANOVAs only are reported in Table S2.
In cases where significant findings were not found on the tests they were not reported.
There are no significant multivariate effects for the variables’ combinations in Table S1.
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Significant multivariate effects are found for the age groups (F (1, 2) = 0.684, p < 0.001,
η2 = 0.003, CI, 51.106, 59.005), regions (F (1, 5); (2, 5); (3, 5); (4, 5) = 1.265, p = 0.038, η2 = 0.015,
CI, 48.672, 57.012 for 1; 53.099, 66.549 for 2; 50.798, 61.886 for 3; 52.202, 65.242 for 4; 44.768,
53.199 for 5), residence areas (F (1, 2); (2, 3) = 0.696, p < 0.001, η2 = 0.003, CI, 47.811, 55.824
for 1; 50.402, 58.325 for 2; 52.137, 58.959 for 3), and income levels (F (1, 2); (2, 3) = 1.701,
p = 0.006, η2 = 0.007, CI, 52.721, 61.594 for 1; 49.480, 55.431 for 2; 49.066, 57.389 for 3) in total
PHDI scores in Table S2. The large number of samples resulted in smaller effect sizes, i.e.,
η2 values. The findings confirmed from Table 1 are shown in Table S2.

Table 2 is presented to reveal whether there are significant differences in energy and
nutrient intakes according to participants’ income levels. Participants’ energy and nutrient
intakes according to their income level are shown in Table 2. Mean intakes of energy, protein,
cholesterol, saturated fatty acids, fiber, thiamine, niacin, folate, vitamin C, iron, phosphorus,
calcium, potassium, zinc, magnesium, and copper were found to be significantly higher in
the “low” income group than those in the “adequate” and “high” income groups (p < 0.05).
There was no statistical difference between income level groups in terms of individuals’
mean intake of carbohydrates (p = 0.057), fat (p = 0.395), vitamin A (p = 0.872), and vitamin
B12 (p = 0.338).

In Table 3, when individuals are divided into tertiles according to their PHDI scores
(low (T1)–medium (T2)–high (T3)), the risks of being in the lowest tertile category are shown
with adjustment (adjusted odds ratio—AOR) and without adjustment (crude odds ratio—
COR) according to various sociodemographic characteristics. For categorical variables with
an OR higher than one, the odds of being in the T1 PHDI group were higher than in the
reference group. For continuous variables, these odds became higher per specified interval.
The probability of being in the T1 PHDI group increased with increasing dietary energy
intake (kcal) (AOR 1.01; 95% CI 1.00:1.01; p = 0.01). Being in the 20–25 years age group
increased the probability of being in the T1 PHDI group compared to the reference of the
<20 years age group (AOR 1.82; 95% CI 1.07:3.12; p = 0.028).

In Table 4, when individuals are divided into tertiles according to their HEI-2020
scores (low (T1)–medium (T2)–high (T3)), the risks of being in the lowest tertile category
are shown with adjustment (adjusted odds ratio—AOR) and without adjustment (crude
odds ratio—COR) according to various sociodemographic characteristics. For categorical
variables with an OR higher than one, the odds of being in the T1 HEI-2020 group were
higher than in the reference group. For continuous variables, these odds became higher
per specified interval. Being in the urban residence area group increased the probability of
being in the T1 HEI-2020 group compared to the reference of the metropolis residence area
group (AOR 1.83; 95% CI 1.15:2.91; p = 0.011).

The percentage distribution of individuals in the T3 group, which is the highest tertile
according to individuals’ PHDI score tertiles, in the geographical regions of Türkiye is
shown in Figure 1. Geographic regions indicated in darker green indicate higher percent-
ages of participants in the higher PHDI tertile (T3) in these regions. So, dark green colors
visualize higher percentages, and as the green tone becomes lighter, the percentage of
individuals in the T3 tertile decreases. It was found that the individuals with the highest
PHDI scores (T3) were in the Aegean (52%), Black Sea (51.5%), Mediterranean (44.2%), and
Marmara (42%) regions of Türkiye, expressed in darker green. These regions were followed
by Southeast Anatolia (33.3%), Eastern Anatolia (25%), and Central Anatolia (20.2%).

The percentage distribution of individuals in the T3 group, which is the highest
tertile according to individuals’ HEI-2020 score tertiles, in the geographical regions of
Türkiye is shown in Figure 2. Geographic regions indicated in darker green indicate
higher percentages of participants in the higher HEI-2020 tertile (T3) in these regions. So,
dark green colors visualize higher percentages, and as the green tone becomes lighter, the
percentage of individuals in the T3 tertile decreases. It was found that the individuals
with the highest HEI-2020 scores (T3) were in the Aegean (56%), Eastern Anatolia (45.8%),
Southeast Anatolia (41.7%), and Mediterranean (39.5%) regions of Türkiye, expressed in
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darker green. These regions were followed by Marmara (35.5%), Black Sea (33.3%), and
Central Anatolia (27.3%).
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Figure 2. The percentage distribution of individuals in the HEI-2020 T3 group according to Türkiye’s
geographical regions.

Participants’ HEI-2020 and PHDI component scores according to Türkiye’s regions
are presented in Figure 3. Among the HEI-2020 components, the total vegetable score was
highest in the Aegean, Mediterranean, and Black Sea regions, which are the coastal areas of
Türkiye. Similarly, seafood and plant protein scores were highest in these regions, while
these scores were low in the Central Anatolia and Eastern Anatolia regions. It was seen
that the score in the dairy group was highest in the Southeast Anatolia region.

Among the PHDI components, the lowest red meat score was found in the South-
east Anatolia and Eastern Anatolia regions. It was visualized that the fish and seafood
scores were lowest in the Central Anatolia and Eastern Anatolia regions and, similarly, the
vegetable and whole cereals scores were lowest in these regions.
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4. Discussion

This study endeavors to explore the impact of sociodemographic factors on the adop-
tion of sustainable and healthy dietary practices among nutrition students well-versed in
the principles of sustainable nutrition. To the best of our knowledge, this is the first study to
examine PHDI, a nutritional index designed to account for both environmental and health
concerns, in Turkish adults in addition to HEI-2020, a nutritional index designed to account
only for health concerns, and to assess how well their diets adhered to PHDI. This study
found low compliance with EAT-Lancet recommendations and low PHDI scores across all
of our geographic regions. It has been shown that age, income level, geographical region,
and place of residence are the components that affect the PHDI score. In comparison to
other places, high PHDI scores were found in our coastal areas.

Although the PHDI has been tested in the United States population, it is designed for
use in a variety of settings. Global diets are neither as healthy nor as sustainable as the
EAT-Lancet Commission reference diet. However, it is stated that heterogeneity in how
these diets differ from recommendations can be determined by PHDI. Application of the
PHDI in diverse global settings could provide a unified framework for directly comparing
the health and sustainability of nutrition across countries and monitoring progress over
time [25].
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PHDI is associated with higher overall nutritional quality and lower greenhouse gas
emissions [12,26]. In a study conducted in the Turkish population, it was shown that the
average PHDI score was 41.5 when evaluated according to PHDI quartile distributions [10].
In a study conducted in Brazil, PHDI scores were found to be similar (45.9 points) and
society’s compliance with EAT-Lancet recommendations was evaluated as low [13]. In
another study conducted by Cacau et al. in the Brazilian population, the average PHDI score
was 60.4, which seems relatively high compared to other countries, but is far from meeting
the recommendations [11]. In a recent study, mean PHDI was lower (p < 0.001) in men than
in women (44.0 and 47.1, respectively) and tended to be lower in younger individuals [17].
On the contrary, in this study, there was no statistical difference between the total PHDI
scores of the participants according to their gender, and the average PHDI total score of
the participants under the age of 20 was significantly higher than that of the other age
groups (Table 1). According to data obtained from all regions of our country, the diet of our
population appears to be far from being in line with the evidence presented by EAT-Lancet.
It can be said that the average PHDI scores obtained in this study are less than half of the
maximum score of 150, and compliance with EAT-Lancet recommendations is low in our
country (Table 1). Our results are parallel to previous studies and literature in our country
in terms of PHDI score. The fact that PHDI average scores are high, especially in coastal
regions (Marmara, Black Sea, Aegean, and Mediterranean) (Table 1, Figures 1 and 2), may be
related to the diversity of foods especially food groups such as fish and seafood, vegetables,
fruits, dairy, and eggs, which are among the “adequacy” and “optimum” components in
the PHDI score, consumed in these regions (Figure 3). In addition, in this study, when the
low planetary health diet quality of the participants was compared with the average–high
planetary health diet quality according to different variables, being between the ages of 20
and 25, living in a rural area, and increased energy intake were found to be important risk
factors for a decrease in the PHDI score (Table 3).

For PHDI to be widely adopted, it must be acceptable to consumers. While there
are various factors that influence consumer food choices, such as accessibility, availability,
health concerns, and food preferences [27,28], the role of affordability is also considered
a key factor that can influence PHDI score [29,30]. While health and sustainability are
desirable outcomes of consumer choices, affordability often takes priority, especially for
low-income consumers [30–32]. Therefore, it is necessary to understand the cost and afford-
ability of a healthy and sustainable diet such as used in the PHDI for various socioeconomic
groups. Two studies conducted in the United Kingdom determined the cost of a healthy,
sustainable diet and compared this to the typical diet consumed in that country, finding
that there was no increase in cost for following a healthy, sustainable diet [33,34]. On the
contrary, in one study conducted in Australia, the typical Australian diet was found to
be more costly than a healthy and sustainable diet [35], while in another, the result was
found to be the opposite [29]. A PHDI-compliant diet has been shown to be affordable for
high-income countries but unaffordable for low-income countries [36]. PHDI and HEI-2020
were found to be higher in those with “low” and “high” income levels and living in “rural”
and “metropolitan” areas than those with “sufficient” income levels and living in “urban”
areas (p < 0.05) (Table 1). When dietary intakes are examined (Table 2), significantly higher
saturated fat, cholesterol, phosphorus, and iron intakes in the low-income group show that
consumption of animal-based foods is high. However, their high fiber intake suggests that
plant sources are included in the diet more than in individuals with other income levels,
which positively affects PHDI scores. It is possible that these individuals are individuals
living in rural areas. It is thought that this finding was obtained because individuals living
in rural areas in our country frequently engage in animal husbandry and the consumption
of animal products is common among these individuals. Our findings support our idea
that those with high income levels live in metropolises. Although dietary energy intake is
low, PHDI and HEI-2020 scores are thought to be high in those living in metropolises due
to access to sufficient resources. Individuals with sufficient income levels seem to live in
urban areas. Considering city life and daily work pace, it is thought that their dietary intake
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is not sufficient compared to rural areas, and therefore HEI-2020 and PHDI scores remain
low. In addition, although individuals with sufficient and high income levels have similar
energy, carbohydrate, fat, and micronutrient intakes, when looking at their diet patterns,
it is possible to say that protein intake remains lower at sufficient income levels, and this
affects the diet quality of individuals. Considering that the sufficient income group lives
in urban areas and the high-income group lives in metropolises, factors such as limited
access to resources in urban areas compared to metropolises and the lower income level of
those living in urban areas than individuals in metropolitan areas may explain the lower
HEI-2020 and PHDI scores in individuals with sufficient income compared to high income
levels.

In a study evaluating the obesity consequences of compliance with PHDI, it was
observed that individuals with higher compliance with PHDI had lower BMI and waist
circumference values [11]. However, another study showed that overweight/obese in-
dividuals had higher PHDI scores [13]. One study determined that higher BMI was
associated with lower PHDI, with a decrease in BMI associated with an increase in PHDI
total scores [10]. Therefore, it is thought that more studies are needed on the effects of
obesity on the sustainable environment and the effects of sustainable nutrition on the preva-
lence of obesity. In this study, no statistically significant difference was found in the PHDI
and HEI-2020 total score averages according to BMI categories. Although not statistically
significant in the group classified as normal BMI, lower PHDI scores are noteworthy. It is
thought that statistical significance may not have been achieved because the majority of the
participants in the study (76.7%) were in the normal BMI class (Tables 1 and 2).

Country-specific studies are important due to different cultures, traditions, and access
to food in each country, as well as different environmental factors in each country [8]. It is
important that this healthy and sustainable diet model is addressed in a way that covers all
regions in our country in the context of revealing local differences.

While some studies report that no relationship can be found between dietary energy,
protein, and PHDI scores [10,12], the findings of some studies that dietary fiber positively
affects nutritional scores are noteworthy [10,37]. Another study also showed that sustain-
able and healthy eating behaviors and high adherence to PHDI increased with dietary fiber
intake [38]. Similarly, in this study, individuals in the “low” income group, whose dietary
fiber and folate intake was significantly higher than for other income levels, were found to
have higher PHDI scores (Tables 1 and 2).

Low PHDI scores are due to several components. Consumption of moderation compo-
nents in the United States exceeds targets for added sugars, added fats, saturated fats, trans
fats, dairy products, and red and processed meats, reflecting the typical “Western” dietary
pattern [25]. This is consistent with other findings regarding animal-derived food consump-
tion in the United States [39]. In addition to overconsumption of moderation ingredients,
underconsumption of various adequacy ingredients such as whole grains, fruits, vegeta-
bles, legumes, nuts, and seeds has also been reported. Adherence to fruit and vegetable
recommendations has been low in the United States [25]. Similar to a cross-sectional study
conducted in Brazil [12], adolescents who consumed excessive amounts of animal-derived
foods scored lower on the PHDI [12,14]. The scores obtained from the HEI-2020 and PHDI
components have an expected distribution in terms of geographical regions in our country.
It is expected that seafood and vegetable consumption, and therefore the scores obtained
from their consumption, will be high due to agricultural and fishing activities in coastal
areas. While the scores obtained from the milk and meat groups were expected to be high
in the Eastern and Southeastern Anatolia regions, as they are the regions where the main
livestock activities of our country are carried out, the lowest red meat scores were found
in the Southeastern Anatolia region. As expected, the scores obtained from milk and its
products are highest in the Eastern Anatolia region. Although the Central Anatolia region is
described as a “granary”, the score obtained from this food group remained low (Figure 3).

The following limitations should be taken into account when evaluating the research
findings. It should be kept in mind that this cross-sectional study cannot clearly reveal the
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cause–effect relationship and can only help us make inferences by providing information
about the current situation. The participants’ weight and height are based on self-report,
which may be misleading. Additionally, supplement use was not taken into account in
nutritional intake. However, the goal of EAT-Lancet is to provide a nutritionally adequate
diet without the need for nutritional supplements. In this study, we evaluated the situation
regarding nutritional intake. Additionally, one of the limitations of the study is that the
participants were not distributed evenly in terms of gender. The fact that males are more
reluctant than females to participate in research and that the nutrition department students
in Türkiye are predominantly female has led to this result. From this perspective, the
gender distribution in the study also reflected the distribution of nutrition students in
Türkiye. However, the inclusion of only a specific group in the study and the imbalance
in gender distribution limit the generalizability of the results to the whole population of
Türkiye.

The strengths of the study are as follows: The fact that it evaluated the relationship
between diet quality and planetary health across the country suggests that the research
sample may reflect Türkiye in terms of sociodemographic variables. In addition, it is
important that it is one of the first studies to evaluate individuals’ sustainable healthy
eating behaviors and the compliance of their diets with PHDI on a regional basis and that
it considers PHDI together with HEI-2020, another important dietary index. One of the
strengths of the study is that the 24 h recording method, which is thought to be more
accurate than the food consumption frequency questionnaire, was used to calculate PHDI.
Additionally, although the fact that the study was conducted in the nutrition department as
a specific group may seem like a limitation, we think that sustainable and healthy nutrition
is low even in a population with basic knowledge about nutrition and that it is valuable to
reveal sociodemographic variables.

5. Conclusions

This study seeks to understand how individuals’ background influences their choices
about eating healthily and sustainably, focusing on nutrition students who are familiar
with these concepts. In conclusion, to our knowledge, this study is among the first articles
to analyze adherence to the EAT-Lancet universal healthy reference diet by geographical
region in a nationally representative sample of adults in Türkiye. Revision of the diet in
our country according to EAT-Lancet recommendations will increase nutritional adequacy
in terms of some food groups and nutrients. This research shows that participants’ PHDI
index scores were low. Therefore, adherence to the EAT-Lancet recommendation was
determined to be low. No association of BMI with lower PHDI scores was found. However,
it was concluded that age, income level, geographical region, and place of residence affect
PHDI scores and HEI-2020 scores similarly. Policies are needed to transform food systems
and create a more sustainable nutrition pattern. For this reason, in creating sustainable
and healthy nutrition behaviors, the importance of developing nutrition guidelines by
evaluating the environmental factors affecting them not only across the country but also
in geographical and sociodemographic clusters within the same country should not be
ignored by policy developers.

It is important for future studies to be conducted on a larger sample that is homoge-
neously distributed in terms of sociodemographic variables that can represent the country
in order to generalize the results. In addition, future studies will be able to reveal the
causality between PHDI and sociodemographic variables through longitudinally planned
studies. It is thought that this cross-sectional study will be a guide in this direction.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu16091277/s1, Table S1. MANOVA test results including
Healthy Eating Index-2020 and Planetary Health Diet Index total scores differences according to the
sociodemographic variables interactions. Table S2. MANOVA test results including Healthy Eating
Index-2020 and Planetary Health Diet Index total scores differences according to the sociodemo-
graphic variables.
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Abstract: Bariatric surgery therapy (BST) is an effective treatment for obesity; however, little is known
about its impacts on health-related quality of life (HRQoL) and related factors. This study aimed to
evaluate changes in HRQoL and its relationship with weight loss, depression status, physical activity
(PA), and nutritional habits after BST. Data were obtained before and 18 months postprocedure from
56 obese patients who underwent BST. We administered four questionnaires: Short Form-36 health
survey for HRQoL, 14-item MedDiet adherence questionnaire, Rapid Assessment of PA (RAPA)
questionnaire, and Beck’s Depression Inventory-II. Multivariable linear regression analysis was used
to identify factors associated with improvement in HRQoL. After the surgery, MedDiet adherence and
HRQoL improved significantly, especially in the physical component. No changes in PA were found.
Patients without previous depression have better mental quality of life, and patients who lost more
than 25% of %TBWL have better results in physical and mental quality of life. In the multivariable
analysis, we found that %TBWL and initial PCS (inversely) were related to the improvement in PCS
and initial MCS (inversely) with the MCS change. In conclusion, BST is an effective intervention for
obesity, resulting in significant weight loss and improvements in HRQoL and nutritional habits.

Keywords: morbid obesity; bariatric surgery; Mediterranean diet; health-related quality of life;
physical activity; depression

1. Introduction

Obesity, defined as a body mass index (BMI) ≥ 30 kg/m2, is a significant public
health problem, with its worldwide prevalence growing considerably, tripling between
1975 and 2016 [1]. It is recognized as a disease by the American Medical Association [2],
the World Health Organization [1], and the World Obesity Federation [3], and it is a
predisposing factor for various pathologies, such as type 2 diabetes mellitus, hypertension,
cardiovascular diseases, different cancers, and premature death [4,5].

Severe or morbid obesity, defined as a BMI > 40 (obesity class III), presents a signifi-
cant therapeutic challenge, as nutritional and pharmacological interventions often prove
ineffective in the long term [6].

BST emerges as the most effective treatment option, demonstrating favorable outcomes
in terms of weight loss and sustained maintenance [7]. The two most common procedures
used currently, the sleeve gastrectomy and gastric bypass, have similar effects on weight
loss and diabetes outcomes and similar safety through at least 5-year follow-up. However,
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emerging evidence suggests that the sleeve procedure is associated with fewer reoperations,
and the bypass procedure may lead to more durable weight loss and glycemic control.
Different types of bariatric surgery have distinct auxiliary and adverse effects, emphasizing
the importance of individualized selection of procedures and risk–benefit conversations for
each patient considering bariatric surgery [8,9].

The current data indicate that the perioperative mortality rates of BST range from
0.03% to 0.2%, which has substantially improved since the early 2000s [8,9]. A recent review
of 66 health outcomes of bariatric surgery has shown that 56 outcomes were health benefits,
including new-onset of diabetes, dyslipidemia, cardiovascular diseases, hypertension, can-
cers, women’s health, and reductions in all-cause mortality and 10 were adverse outcomes,
including suicide, fracture, gastroesophageal reflux after sleeve gastrectomy, and neonatal
morbidities, but none of the adverse outcomes reached a high level of evidence, warranting
the need for further investigation.

In addition to the several pathologies mentioned above, obesity is associated with
deterioration in the perceived quality of life, especially its physical component score [10–13].
Mobility problems, reduced self-care, a decreased ability to carry out daily activities,
pain, and discomfort are some of the problems suffered by people with obesity. Some
characteristics of this pathology prevent patients from making the changes to vital habits
that are necessary to promote and maintain a good quality of life, and this is the reason
why another widely used outcome measure in obesity treatment is the quality of life and
changes thereof [14].

Improvements in health-related quality of life (HRQoL) obtained by weight loss have
been reported after BST [15], bariatric endoscopy treatment [16], or conventional treatment
of obesity [17]. The impact of bariatric surgery on HRQoL is less well-understood than its
clinical effectiveness in terms of weight and comorbidities. Some studies suggest that the
physical aspects of HRQoL may improve more than the mental health aspects of HRQoL
after bariatric surgery. Due to psychological predispositions, some patients appear to be
less likely to benefit from bariatric treatment, whether in terms of HRQOL [10,11].

Moreover obesity is associated with deteriorated quality of life, and there exists a well-
known bidirectional relationship between obesity and depression [18,19]. When analyzing
various levels of obesity (class I: BMI > 30–<34.9, class II: BMI >35–<39.9, class III: BMI > 40),
it seems that the degree of obesity consistently correlates with an increased risk of depres-
sion [20,21]. The early identification of such patients and providing them with psychological
intervention would likely further improve the outcomes of bariatric treatment.

During the BST follow-up, it is very important to make changes to nutritional and
PA habits to improve health and maintain a healthy weight. Regarding nutritional habits,
the Mediterranean diet (MedDiet) is suggested as a healthy dietary pattern, consistently
demonstrating a positive impact on health and longevity. The MedDiet includes lots of
healthy foods like olive oil as the main culinary fat, whole grains, fruits, vegetables, fish,
seafood, beans, and nuts, and a low intake of red meat and sweets [22,23].

Several studies have indicated that the MedDiet is not only a preventive measure
against cardiovascular and other diseases but could also be highly effective in terms of
weight loss, particularly when combined with energy restriction and increased PA [23,24].
Different studies, like the SUN project [25] and the Predimed plus study [26], have shown
that in addition to the benefits of cardiovascular risk, higher adherence to the MedDiet
pattern is associated with better HRQoL.

Furthermore, PA is recommended as a key component of weight management for
preventing weight gain, promoting weight loss, and preventing weight regain after weight
loss. PA also yields other positive effects on various health indicators, including overall
mortality, cardiovascular disease mortality, incident hypertension, incident type 2 diabetes,
incident site-specific cancers, mental health (such as reduced symptoms of anxiety and
depression), cognitive health, and sleep [6,7].
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Several studies have observed an improvement in quality of life after BST [10–12];
however, there is a lack of studies on factors related to previous depression status, eating
habits, or PA that influence changes in quality of life post-BST.

This study aimed to evaluate other factors, different from weight loss, that could
influence the improvement of HRQoL post-BST.

2. Material and Methods
2.1. Study Design

We conducted a prospective study involving 56 consecutive patients who underwent
BST at Vithas Santa Catalina Hospital in Las Palmas, Spain, between April and July 2015.
The BST was offered by the public health service.

Participants were provided with four questionnaires: (a) the SF-36 survey (Spanish
version) to measure HRQoL, (b) a 14-item questionnaire assessing adherence to the MedDiet,
(c) the Rapid Assessment of Physical Activity (RAPA) questionnaire to measure PA, and
(d) Beck’s Depression Inventory (BDI) to assess the depression status. The trial was
approved by the Institutional Review Board of the CEIC del Hospital Universitario Insular
de Gran Canaria (HUIGC).

2.2. Participants

We invited 56 obese patients who were referred for BST after a failed diet and lifestyle
intervention to participate in the study. All agreed to take part and answered the question-
naires at baseline and 18 months postprocedure. We delivered the questionnaires during
the regular follow-up visit.

The weight, height, and body composition were recorded using the Tanita BC-420MA
III, Barcelona, Spain, before the intervention and during the follow-up visits. We reported
weight loss outcomes as %total body weight loss (%TBWL).

2.3. Intervention

Regarding the type of procedure, 64.3% (n = 36) underwent restrictive techniques
and 35.7% (n = 20) malabsorptive techniques.After the surgery, patients were regularly
monitored by both the surgeon and endocrinologist, who provided guidance to enhance
physical activity and adhere to a low-calorie Mediterranean diet.

2.4. Questionnaires

At baseline and 18 months after the BST, the patients complete different question-
naires in a face-to-face interview with the research team. All the questionnaires used in
the present study had enough reliability and validity and were validated in the European
Spanish population (Beck questionnaire for depression [27], RAPA questionnaire for phys-
ical activity [28], and SF36 for HRQoL were validated for the Spanish population [29].
The Mediterranean Diet adherence test has also been adequately validated and used in
important studies such as the PrediMed study [30].

2.4.1. Short Form Survey-36 (SF-36)

The SF-36 is a well-validated questionnaire for the Spanish population that measures
the patients’ self-reported opinions on their physical and mental well-being. It has eight
domains of HRQoL: general health, physical functioning, role limitations due to physical
health, body pain (functional status), energy/vitality, emotional well-being, role limita-
tions due to emotional problems, and social functioning (emotional status). Responses
to each question within a domain are combined to generate a score from 0 to 100, where
100 indicates “good health”. The domains are calibrated and transformed into the physical
component summary (PCS) and mental component summary (MCS), respectively. The
SF-36 also includes a global health transition question (HTQ) that asks respondents to rate
their general health compared with 12 months ago. We compared the results with the
reference Spanish population SF-36 outcomes for the study by Lopez Garcia et al., who
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prospectively evaluated the HRQoL in 6207 Caucasian noninstitutionalized individuals
aged > 18 years from Spain [31].

2.4.2. Fourteen-Item Questionnaires That Assessed Adherence to a MedDiet

The adherence to the MedDiet was assessed using the 14-item MedDiet Adherence
Screener (MEDAS), a validated questionnaire, which consisted of 2 questions on dietary
habits and 12 questions on food consumption frequency characterizing the MedDiet pattern.
Each question was scored 0 or 1. A value of 0 was assigned when the condition was not met.
The total score ranged from 0 to 14. The adherence level is determined by adding the values
obtained from the 14 items. Three levels are established: (a) a total score ≥ 10 indicates
high adherence, (b) a score between 7 and 9 (inclusive) indicates a medium adherence level,
and (c) a total sum ≥ 6 suggests low adherence to the MedDiet. To simplify the analysis,
the results were recoded into two groups: (a) low adherence < 6 and (b) medium–high
adherence ≥ 6 points [30].

2.4.3. Rapid Assessment of Physical Activity (RAPA) Questionnaire

To measure the level of PA, the Rapid Assessment of PA Scale (RAPA) [32] ques-
tionnaire was used. This particular test was selected due to its simplicity and ease of
performance. RAPA is divided into two categories: RAPA 1, which determines the level of
PA: (a) sedentary (‘I rarely or never do any physical activities’); (b) little active (‘I do some
light or moderate PA, but no every week’ or ‘I do some light PA every week’); (c) moderately
active (‘I do moderate PA every week, but less than 30 min a day or 5 days a week’ or ‘I
do vigorous physical activities every week, but less than 20 min a day or 3 days a week’);
and (d) active (‘I do 30 min or more a day of moderate PA, 5 or more days a week’ or ‘I do
20 min or more a day of vigorous PA, 3 or more days a week’). RAPA 2, which assesses
the type of exercise: (a) no muscle strength and flexibility activities; (b) muscle strength
activities (‘I do activities to increase muscle strength, such as lifting weights or calisthenics,
once a week or more’; (c) flexibility activities (‘I do activities to improve flexibility, such
as stretching or yoga, once a week or more’); or (d) both muscle strength and flexibility
activities). For further analysis, participants were divided into two groups according to
their RAPA 1 score: “inactive” (“sedentary” + “minimal active”) (score 1–3) and “active”
(“moderate active” + “active”) (score 4–7).

2.4.4. Beck’s Depression Inventory-II

The depression level was analyzed with the Beck’s Depression Inventory-II (BDI-
II) [33]. It is a 21-question (multiple choice) self-report inventory created to provide a
quantitative assessment of the severity of depression considering the DSM-IV criteria
for diagnosing depressive disorders and includes items measuring cognitive, affective,
somatic, and vegetative symptoms of depression. The score scale ranges from 0 to 3 for
each question; higher scores indicate more depressive symptoms. Scores of 0–13 are
considered to indicate none or minimal depression, 14–19 mild depression, 20–28 moderate
depression, and ≥29–63 severe depression. For the purpose of the present study, this
variable was simplified as none or minimal depression (scores 0–13) and mild–severe
depression (scores ≥ 14).

2.5. Outcomes

This study aimed to evaluate changes in HRQoL and its relationship with weight loss,
depression status, PA, and nutritional habits after BST.

2.6. Statistical Methods

We expressed continuous variables as mean and measures of dispersion (standard
deviation; SD). We reported categorical variables as a percentage. For analysis, we catego-
rized the variables based on (a) gender (male/female), (b) age (≤43 or >43 years), (c) initial
BMI (<40 or ≥40 kg/m2), (d) procedure type (restrictive or malabsorptive techniques), (e)
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PA status (inactive or minimally active/active), (f) MedDiet adherence level (low adherence
≤ 6 and medium–high adherence > 6 points), (g) depression status (none or minimal and
mild–severe), and (h) %TBWL (≤25% vs. 25.1–39.9% vs. ≥40%). Bivariate analyses of
proportionality of distribution of categorical variables Chi-square test (χ2). For contin-
uous variables, we used the Kolmogorov–Smirnov test to check that the variables were
normally distributed. For comparisons of normally distributed variables, we used the
T-Student test or ANOVA. For comparisons of non-normally distributed variables, we used
the Mann–Whitney or Kruskal–Wallis tests.

We performed multivariable regression analysis to study the relationship between
changes in PSC and MSC scores as dependent variables and age, gender, %TBWL, changes
in PA, depression status, and initial summary component values as independent variables.

We performed statistical analysis using IBM SPSS Software 23.0. p < 0.05 was consid-
ered significant.

3. Results
3.1. Participants Characteristics

The baseline characteristics of the 56 patients are detailed in Table 1. The mean age
was 43.8 ± 13.1 years (range 20–69), and most of them were female (n = 41, 73.2%) and
with BMI ≥ 40 kg/m2 (n = 48, 85.7%).

Table 1. Characteristics of study participants at baseline.

Variables Patients (n = 56)

Ages years (mean (SD) 43.8 (13.1)

Age groups
≤43 years (n (%)) 29 (51.8%)
>43 years (n (%)) 27 (48.2%)

Female 41 (73.2%)

Initial weight kg (mean (SD) 128.9 (23.5)

Initial BMI kg/m2 (mean (SD) 47.7 (6.4)

Initial BMI group
35–39.9 (n (%)) 8 (14.3%)
≥40 (n (%)) 48 (85.7%)

3.2. Weight Loss Outcomes

Regarding the variation in weight parameters, the mean weight loss was 45.2 ± 20.7 kg,
the BMI loss was 16.8 ± 7.1 units, and the mean %TBWL was 34.4 ± 13.3. In relation to the
surgical technique, a significantly greater weight loss was observed in the malabsorptive
compared with restrictive techniques: 54.8 vs. 39.9 kg of weight loss, 19.9 vs. 15.1 units of
BMI loss, and 39.6 vs. 31.6% of %TBWL. No significant differences were found by sex with
respect to weight loss. By age group, those younger than 43 years lost more weight than
those older (50.7 vs. 39.4 kg p = 0.41). Finally, in relation to %TBWL, 13 patients (23.2%)
lost ≤ 25%, 20 (37.5%) between 25 and 40%, and 21 patients (39.3%) lost ≥ 40%.

3.3. Changes in MedDiet Adherence

After the surgery, the mean score improved significantly from 6.32 (1.9) to 7.62 (1.8)
(p < 0.001). We did not find any significant relationship between the improvement in
MedDiet adherence with gender, surgery procedures, or age group.

Considering the level of adherence, at baseline, 60.4% had low, 35.8% medium, and
3.8% had high levels of adherence to the MedDiet. Postintervention, 32.1% had low, 60.4%
medium, and 7.5% high adherence to the MedDiet.
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Table 2 shows the changes in the MedDiet group adherence prior to and after the
intervention. Most of half the patients with low levels of adherence improve their adherence
to a medium–high level (p = 0.04).

Table 2. Changes in MedDiet adherence, physical activity, and depression after bariatric surgery.

Variable Preprocedure Postprocedure p

MedDiet adherence group (n (%))

Low 32 (60.4) 17 (32.1%)
0.04Medium 19 (35.8) 32 (60.4%)

High 2 (3.8) 4 (7.5%)

Physical activity level aerobic

Inactive 43 (79.6) 24 (44.5)
NSActive 11 (20.4) 30 (55.5)

Physical activity level anaerobic

None 51 (94.4) 45 (84.9)
NSMuscle strength 3 (5.6) 6 (11.3)

Flexibility 0 2 (3.8)

Depression

Minimal 36 (67.9) 38 (71.7)
NSMild–severe 17 (32.1) 15 (28.3)

3.4. Changes in Physical Activity

Considering the level of PA, for practical purposes, the 54 patients who answered
the questionnaire were segregated into two groups: inactive and active. Although the
difference was not significant (p = 0.09), before the surgery, 79.6% were inactive, and
postintervention, only 44.5%. There was also a low improvement in the practice of muscle
strength and flexibility exercises.

3.5. Changes in Depression

The Beck questionnaire results showed that pre- and postprocedure depression status
was very similar, with less percentage of none or minimal depression status postprocedure
(Table 2).

3.6. Changes in HRQoL

The mean baseline PSC score was 51.5 (range 9.5–96.9), and the MSC score was
64.3 (range 1.43–98.6). After the intervention, we found a significant improvement in
the PSC score (76.8 vs. 51.5), but we did not find a significant difference in the MSC
score. We observed a significant improvement in most of the domains except body pain,
social function, emotional role, and mental health domain of the HRQoL. The domains
that demonstrated the greatest and most significant improvement were physical function,
physical role, vitality, overall health, and health transition (Figure 1 and Table 3).

If we compared the score values of the obese patients with the Spanish population
values (Table 3), all of the domains were lower prior to the intervention. Postprocedure,
overall health was higher, and physical function and vitality were very similar. The
emotional status, except vitality, continues with lower values than the Spanish population’s
mean values.

When stratified by the baseline characteristics of the PSC and MSC scores, we observed
higher PSC initial levels in patients with younger ages (<43 years) and no or minimal
depression. The baseline MSC score was better in patients with no or minimal depression.
The final MSC score was better in patients with %TBWL 25–40% and in patients with low
or minimal depression.
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Table 3. Variation in mean values of SF-36 Health Status components in a subject undergoing bariatric
surgery. Comparison with population values [29].

SF-36 Domains
Spanish

Population
Mean

Preprocedure
Mean

Postprocedure
Mean

Mean
Difference p

Functional
Status

Overall health 58.3 55.0 71.1 14.2 <0.001
Physical function 84.7 48.4 85.5 37.3 <0.001
Physical role 83.2 52.8 71.6 18.6 0.010
Body pain 79.0 51.2 58.3 7.5 NS

Emotional
Status

Vitality 66.9 48.6 66.6 17.3 <0.001
Social function 90.1 74.5 76.6 0.98 NS
Emotional role 86.6 80.7 71.7 −7.1 NS
Mental health 73.3 61.2 54.0 −6.8 0.051

Health transition --- 44.2 91.3 52.4 <0.001

MCS (mental component summary) 64.3 69.3 5.8 NS

PCS (physical component summary) 51.5 76.8 25.1 <0.001

In relation to changes in physical and mental summary scores, we noticed significantly
higher PSC score change in those patients who achieved greater %TBWL (>25%). The
change in MSC score only results in significance in older patients (≥43 years) and previously
inactive patients (Table 4).

We did not find any significative difference in relation to changes in PSC and MSC
scores and depression levels, but in the MSC change, the high depression group had better
improvement (Table 4).

Table 4. Baseline, final, and variations in physical and mental scores of SF-36 according to selected
variables in subjects undergoing bariatric surgery.

Physical Summary Component (Mean) Mental Summary Component (Mean)

Baseline Follow-Up ∆ Change Baseline Follow-Up ∆ Change

Age
<43 years 59.6 78.1 18.1 68.9 66 −0.82
≥43 years 42.7 75.6 33.1 59.3 73 13.8

p-value 0.010 NS NS NS NS 0.045
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Table 4. Cont.

Physical Summary Component (Mean) Mental Summary Component (Mean)

Baseline Follow-Up ∆ Change Baseline Follow-Up ∆ Change

Gender
Male 61.1 79.2 17.4 68 69.3 1.2
Female 48.1 76.1 27.9 63.1 69.4 7.6

p-value NS NS NS NS NS NS

Initial BMI
<40 kg/m2 57.4 64.8 7.3 70.1 60.7 −1.3
≥40 kg/m2 50.5 78.8 28.0 63.6 70.7 6.9

p-value NS NS NS NS NS NS

%TBWL
≤25 56.1 62.2 6.1 56.6 57.9 1.3
25.1–39.9 53.3 84.0 30.8 68.4 83.0 16.5
≥40 47.4 77.8 30.3 65.2 62.3 −0.7

p-value NS 0.011 0.020 NS 0.001 NS

Procedure Type
Restrictive 54.5 78.6 25.8 66.4 72.6 8.4
Malabsortive 49.7 73.8 23.8 60.1 63.4 1.3

p-value NS NS NS NS NS NS

Mediterranean Diet Adherence n (%)
Low 52.6 77.6 24.2 62.1 69.1 9.0
Medium–High 50.1 75.9 26.4 67.7 69.9 1.1

p-value NS NS NS NS NS NS

Baseline RAPA Aerobic activities n (%)
Inactive 48.9 77.4 28.1 62.7 71.7 10.2
Active 61.7 75.0 13.1 70.9 60.8 −10.6

p-value NS NS NS NS NS 0.019

Depression (Beck)
None or

Minimal 58.9 79.5 20.3 73.7 75.0 1.35

Mild–Severe 36.9 70.3 35.0 45.1 57.0 15.8
p-value 0.001 NS NS <0.001 0.041 NS

3.7. Predictive Factors for Improvement in PSC and MSC

In the linear regression analysis, considering the change in the PSC as the dependent
variable and the %TBWL, age and sex, initial PSC, and depression status as independent
variables, we found that the %TBWL was significantly related to the improvement in the
PSC (p < 0.015) and the initial PSC was inversely related to this improvement (baseline
p < 0.001). In the case of the mental summary, considering the change in the MSC as the
dependent variable and the %TBWL, age and sex, initial MSC, and depression status as
independent variables, we found that the change in this summary was only inversely
associated with the initial mental summary (p < 0.001) (Table 5).

Table 5. Factors associated with improvement in physical and mental summary components of SF-36
(multivariable linear regression analysis).

Variable
Physical HRQoL (PSC Change)

95% CI p-Value
Coefficient β

%TBWL 0.313 0.126 to 1.151 0.015

Sex 0.043 −10.574 to 15.866 0.689

Age 0.009 −0.565 to 0.602 0.949

Initial PSC score −0.697 −1.144 to 0.447 0.000
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Table 5. Cont.

Variable
Physical HRQoL (PSC Change)

95% CI p-Value
Coefficient β

Initial Depression −0.167 −23.397 to 4267 0.170

Variable
Mental HRQoL (MSC change)

95% CI p-value
Coefficient β

%TBWL 0.106 −0.359 to 0.751 0.480

Sex −0.043 −17.804 to 11.985 0.737

Age 0.114 −0.315 to 0.758 0.409

Initial MSC score −0.677 −1.135 to −0.382 0.000

Initial Depression −0.191 −29,249 to 8.566 0.246
HRQoL = health-related quality of life; SF-36 = Short Form-36 health survey for HRQoL; PSC = physical component
summary; MSC: mental component summary; %TBWL = %total body weight loss.

4. Discussion

The current study demonstrates that following BST, adherence to the MedDiet and
HRQoL significantly improved, particularly in the physical component. Additionally,
patients without a history of depression and those who achieved a weight loss exceeding
25% of total body weight loss (%TBWL) experienced notably better outcomes in both
physical and mental quality of life. However, we did not observe significant changes in
PA [34–36].

Regarding HRQoL in the obese population, some authors have found that obesity has
negative impacts, particularly affecting physical domains (e.g., physical function, body
pain, overall health) and the physical component summary (PCS) of the SF-36 [12,37].
Poor emotional well-being among the obese may be attributed to comorbidity rather than
obesity per se [38]. If we compare the initial HRQoL with the general population, our
results confirm that the obese population perceives they have a worse quality of life than
the non-obese population [31].

BST has consistently demonstrated long-term significant weight loss and a notable
improvement in medical comorbidities [39]. Additionally it has been associated with lower
rates and fewer symptoms of various mental health conditions, particularly depression,
which improved following the intervention [40–42]. However, we did not find improve-
ment in depression levels at 18 months in the present study, which remained similar to
the baseline. On the other side, our study aligns with some studies that found higher
preoperative depression severity as a predictor of poorer improvement in quality of life
change after BST [43,44]. However, different authors have not found clear evidence that
preoperative mental health conditions are associated with differential weight loss after
surgery [35,45]. In fact, some studies reported that preoperative psychopathology predicted
post-operative psychopathology but not weight loss at 2 years [40,46].

Considering the often inversely proportional relationship between weight and self-
perceived health [38], weight loss obtained by the BST should improve quality of life. Sev-
eral authors have suggested a linear correlation between weight changes and HRQoL [47,48].
Studies evaluating HRQoL after BST have demonstrated a favorable change in both physi-
cal and mental health at 3 and 6 years and an improvement in PA [49,50]. However, when
weight loss is moderate, different authors have not shown improvement in the domains of
the SF-36 [51].

Regarding BST, most published trials have found an improvement in HRQoL in
physical and mental summary components (SF-36) [51,52]. We found that the best changes
in PSC were obtained with better results in weight loss, especially in patients with more than
25% of %total body weight loss (%TBWL). This replicates the findings from Kolotkinn et al.,
who also found that after a weight loss of 34.2% after gastric bypass surgery, patients
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experienced significant improvement in HRQoL [53]. Other studies obtained the same
results [54].

The mental component summary (MSC), however, did not improve with the inter-
vention, but older and inactive patients prior to the intervention exhibited better positive
changes in MSC. Initial MSC was inversely associated with better changes in mental sum-
mary postprocedure. Some authors have reported an initial improvement in this sphere and
subsequent deterioration at the end of the follow-up period [55]. However, results obtained
by Paczkowska et al. have shown that the quality of mental health among patients with
morbid obesity significantly depends on gender and the percentage of total weight loss
achieved as a result of treatment [56]. Most scientific data have shown that improvement in
a patient’s mental health is likely attributed to weight loss and resultant gains relating to
body image, self-esteem, and self-concept [57].

Our results are similar to those obtained by Brunault et al., with better improvement in
physical HRQoL in patients who had higher weight loss and lower preoperative depression
severity but are different in the better results in younger patients [44]. We found better
results in patients older than 43.

After undergoing BST, patients exhibit enhanced adherence to the MedDiet. However,
we did not find a positive association between higher adherence to a MedDiet or better
PA habits and better quality of life, as found in other studies [26]. We believe that further
studies with longer follow-up times are needed in order to clarify this question.

As for the limitations of the study, we found that the sample size was not very large,
and patients with morbid obesity stem from a complex psychological sphere and have lower
perceived health across all dimensions of quality of life. While it is true that the results
have been assessed at 18 months post-intervention, it is possible that this improvement in
the quality of life perceived by the patient is not maintained over time. Therefore, it would
be advisable to reevaluate the patients 5 and 10 years after the intervention, considering
that there are studies that report an initial improvement that is not sustained over time but
is still better than before the intervention [58–60].

On the other hand, the use of SF-36 provides useful information, but it does not
contemplate specific problems from obesity, such as body image and social stigma [61],
that are better measured by the IWQoL-Lite instrument, developed for use in people with
morbid obesity [62], or the OR-WELL-R, a new obesity-related quality-of-life instrument
for assessing the “individual experience of overweightness” [63].

Preoperative mental health assessment and management are critical components of
comprehensive care in the BST process. Identifying and addressing mental health issues
prior to surgery can contribute to more successful outcomes and improved long-term
quality of life for patients. It is critical that health care professionals work collaboratively
with patients to address these issues and provide comprehensive support.

Health professionals should approach depression cautiously in their obese patients,
and in certain instances, addressing this mental health condition might be the first step in
managing them.

5. Conclusions

BST is an effective intervention for obesity, resulting in significant weight loss, im-
provements in HRQoL, and better nutritional habits. Patients without previous depression
have better initial and final mental quality of life, and patients with optimal clinical response
in weight loss have better results in physical and mental quality of life changes.

It is advisable for all members of the multidisciplinary team responsible for selecting
and monitoring patients undergoing bariatric surgery to carefully select the most suitable
candidates to benefit from this procedure. Additionally, close monitoring of patients,
particularly providing psychological support to those with poorer mental health, is crucial.
Well-designed studies with large sample sizes are needed to investigate factors other than
weight loss that may be related to improvements in the physical and mental health of
patients following bariatric surgery techniques.
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Abstract: This study aimed to investigate the change in diet quality in addition to dietary adherence
to the planetary health diet during night shifts in healthcare workers. This observational follow-up
study involved 450 healthcare workers working night shifts (327 females, 123 males). A survey form
requesting sociodemographic information (gender, age, marital status), job title, sleeping duration
during the night shift, 24 h dietary records for pre-night-shift, during night shift, and post-night-shift,
and anthropometric measurements (body weight and height) was applied. The scores of the Planetary
Health Diet Index (PHDI) and the Healthy Eating Index 2020 (HEI-2020) were calculated according
to the dietary records. The total HEI-2020 and PHDI scores decreased significantly (p < 0.05) during
the night shift (44.0 ± 8.8 and 48.3 ± 13.2, respectively) compared to pre-night-shift (46.1 ± 9.2 and
51.9 ± 13.4, respectively) and increased post-night-shift (44.7 ± 9.9 and 50.6 ± 14.9, respectively),
with no statistically significant difference between pre- and post-night-shift. There was a significant
main effect of night shift working on total PHDI (F(896, 2) = 8.208, p < 0.001, ηp

2 = 0.018) and HEI-2020
scores (F(894, 2) = 6.277, p = 0.002, ηp

2 = 0.014). Despite healthcare workers’ knowledge of health
factors, night shifts lead to poor dietary choices. To improve diet quality and sustainability, it is
crucial to enhance access to healthy food options in their work environment.

Keywords: healthcare workers; sustainable nutrition; diet quality; night shift

1. Introduction

Healthcare workers make up one-third of shift workers, while nurses represent the
largest group [1]. Shift work schedules are required for individuals to access healthcare
services 24 h a day. Almost a quarter of healthcare workers regularly work night shifts [2].
The well-being of healthcare professionals directly affects the health of the patients who
need their care. Although practices related to the safety and health of patients come to
the fore in healthcare institutions, the safety and health of healthcare professionals should
also be supported at the same rate. A natural connection has been reported between the
healthcare professional workforce and basic self-care activities (e.g., physical activity, diet
quality). In healthcare workers who experience high levels of stress and fatigue, sleep
quantity/quality, diet quality, and physical activity cannot reach the desired levels, and
this may threaten health [3,4].

Although health professionals have advanced health knowledge, they have difficulty
in implementing health-promoting behaviors recommended at the national/international
level. The main reasons for this are long working hours and shift work (especially night
shift work). These harmful working conditions increase the risk of physiological and
psychological disorders. Shift work mainly changes the diet undesirably [5]. When working
the night shift, food intake differs from day to night. Night shift workers have a higher meal
frequency and lower diet quality than day shift workers [6,7]. As a first step to ensuring
the implementation of targeted wellness strategies, it is critical to determine changes in
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nutrition as well as sleep and physical activity assessments under extended hours and
night shift working conditions. The average diet quality of nurses working night shifts
is low. Nurses working the night shift need resources to support diet quality to reduce
the adverse effects caused by working conditions [8]. Additionally, fatty and salty foods
were found to be negatively associated with diet quality in female nurses working night
shifts [2]. Attention is drawn to the importance of intervention studies on meal timing and
diet quality of healthcare workers working shifts [9].

Global changes in nutrition are associated with intensive production methods that
contribute to environmental degradation (greenhouse gas emissions, land use change, land
degradation, water pollution, etc.) while causing an increase in non-communicable chronic
diseases. The Planetary Health Diet Index (PHDI) was developed to measure compliance
with dietary evidence established by the EAT-Lancet Commission. It has been reported
that nutritional adequacy in terms of vitamins, fiber, and minerals will be increased by
changing diets according to EAT-Lancet recommendations. The need for policy action to
support healthier and more-sustainable diets worldwide has been highlighted [10]. It is
thought that evaluating the compliance of healthcare professionals, who are pioneers in
protecting and improving public health, with the planetary health diet and revealing the
current situation will contribute to filling the gap in the literature.

To our knowledge, no study has been found that evaluates the differences in healthcare
workers’ diet quality and planetary health diet compliance by following up throughout
the periods of pre-night-shift, during, and post-night-shift. Therefore, this study aimed to
investigate the change in diet quality and dietary adherence to the planetary health diet
during night shifts in healthcare workers.

2. Materials and Methods
2.1. Participants and Study Design

This study was conducted as a prospective observational follow-up study with the
voluntary participation of 450 nurses, doctors, emergency medical technicians, and ambu-
lance care technicians working in private, university, and state hospitals and private health
institutions in Ankara, the capital of Turkey. The study was conducted between June 2023
and January 2024. Criteria for inclusion of healthcare professionals in the study were: being
between the ages of 20 and 40 years, not having a disease that affects food consumption
(situations that limit the consumption of various foods, such as lactose intolerance and
celiac), not being a vegetarian or vegan, not being on a weight loss diet, not having any
food allergies, not being pregnant or breastfeeding, and working shifts for at least a year.
Individuals (n = 22) who started working the day shift instead of the night shift, who did
not provide 24 h dietary records, or who lost communication during the study period were
excluded from the study.

Healthcare workers’ shift working patterns were 24 h a day, from 08:00 a.m. to 08:00 a.m.
the next day. The data obtained in this period were evaluated as “during night shift” in
this article. The working schedule of healthcare professionals was 24 h work/24–48 h off.
In the article, the day before the 24 h working day was expressed as the “pre-night-shift”
(off day). The day after a 24 h working day was defined as the “post-night-shift” (off day).
The healthcare workers were followed up for three days: pre-night-shift, during night shift,
and post-night-shift.

Ethical approval was obtained from the Ethical Committee of Gazi University (Date:
16 April 2024, No: 2023-851-07). In addition, written informed consent was obtained from
the participants in the study. This research was carried out following the Declaration
of Helsinki.

2.2. Data Collection Tools

In this study, a survey form requesting sociodemographic information (gender, age,
marital status), job title, sleeping duration during the night shift, and 24 h dietary records
pre-night-shift, during night shift and post-night-shift was applied by the researchers via a
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face-to-face interview method. The participants’ body weight and height were measured
using a BC 532 Innerscan scale (Tanita Corporation, Tokyo, Japan) and stadiometer, respec-
tively. Body mass index (BMI) was calculated as body weight in kilograms divided by the
square of the height in meters (kg/m2) and categorized [11].

The researchers conducted a nutritional assessment by collecting 24 h dietary records
from all participants for three days including “pre-”, “during” and “post-night-shift”.
Participants were instructed to log everything they consumed, including foods, beverages,
sauces, and condiments. In addition, the mealtimes were recorded, and information was
obtained about which meal they consumed that food in. The healthcare workers prepared
and brought in the meals they consumed during the night shift from home or obtained
them from places such as canteens and cafeterias at work. Individuals self-declared the
ingredients of the meals they prepared while keeping 24 h dietary records. However,
the ingredients that went into the ready-made meals they purchased from places such as
canteens and cafeterias were obtained through the Standard Food Recipes book [12]. The
collected data were then analyzed for total energy and nutrient intake using the BeBiS
program, version 7.2.

2.3. Instruments to Evaluate Diet Quality and Sustainability

The United States Department of Agriculture (USDA) developed the Healthy Eating
Index (HEI) in 1995 based on the American Dietary Guidelines [13]. This index was up-
dated in 2005, 2010, and 2015. The components and standards of the HEI-2015 remained
unchanged in the HEI-2020. The HEI-2020 retains the same 13 components and scoring stan-
dards as the HEI-2015, despite being renamed to reflect its alignment with the 2020–2025
Dietary Guidelines for Americans.

The HEI-2020, utilized in this study, includes 13 components: nine that should be
consumed in adequate amounts and four that should be consumed in moderation. The
nine desired components are total fruit, whole fruit, total vegetables, green leafy vegetables
and fresh legumes, whole grains, dairy products, protein foods, seafood and plant-based
proteins, and fatty acids. The four components to be limited are refined grains, sodium,
added sugars, and saturated fats. Each component in the index is scored between 0 and
5 or 0 and 10, with low scores indicating poor nutrition and high scores indicating good
nutrition [14].

The Planetary Health Diet Index (PHDI) was created by Cacau et al. (2021) based on
the dietary recommendations from the EAT-Lancet Commission [15]. The index scores
range from 10 to 5 points per component, with a total possible score of 0–150. Sixteen diet
components are assessed using food records. The components and their maximum points
are: red meat (10 points), nuts and peanuts (10 points), legumes (10 points), chicken and
its substitutes (10 points), fish and seafood (10 points), eggs (10 points), fruit (10 points),
vegetables (10 points), the ratio of dark green leafy vegetables to other vegetables (5 points),
the ratio of red vegetables to other vegetables (5 points), whole grains (10 points), milk and
its products (10 points), unsaturated fats (10 points), animal fats (10 points), and added
sugars (10 points).

2.4. Physical Activity Assessment

Healthcare workers’ physical activity adequacies were evaluated using the Brief Phys-
ical Activity Assessment Tool developed by Marshall et al. (2005) [16]. The assessment
includes two questions: one about the frequency and duration of vigorous-intensity physi-
cal activity, and the other about the frequency and duration of moderate-intensity activities
(including walking) performed in a typical week. A scoring algorithm combines the re-
sponses to these questions to determine if individuals are classified as “adequately active”.

2.5. Statistical Analysis

Continuous variables were presented as the arithmetic mean with standard deviation,
while categorical variables were shown as percentages. The HEI-2020 and PHDI total scores
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were categorized according to descriptive characteristics, including gender, age group, BMI
group, marital status, job title, sleeping status during the night shift, and physical activity
adequacy, and the changes between pre-, during and post-night-shift were compared using
repeated-measures ANOVA (Table 1). If there was a significant difference in the repeated-
measures ANOVA test, Tukey’s post-hoc test was used for pairwise comparisons of the
parameters. Changes in the HEI-2020 and PHDI total scores and subcomponent scores be-
tween pre-, during, and post-night-shift were compared using repeated-measures ANOVA
(Table 2). Tukey’s post-hoc test was used for pairwise comparisons of the parameters. The
effects of individuals’ night shift changes (pre-, during, and post-) and, the interactions
of the night shift changes with gender, age groups, BMI groups, marital status, branch of
work, sleeping status during the night shift, and physical activity on the total PHDI and
HEI-2020 scores were analyzed using two-way between-subjects ANOVA (Table 3). The
results were interpreted with 95% confidence. Statistical analysis was conducted using IBM
SPSS Statistics version 28.0.1.0, with significance determined at p < 0.05.

Table 1. Descriptive characteristics of the health workers.

Variables
Percentages

n (%)
Total PHDI Score (Mean ± SD) Total HEI-2020 Score (Mean ± SD)

Pre-Night-
Shift

During Night
Shift

Post-Night-
Shift

Pre-Night-
Shift

During Night
Shift

Post-Night-
Shift

Gender
Female 327 (72.7) 51.9 ± 13.4 a 48.2 ± 13.8 b 50.8 ± 14.9 a 46.6 ± 9.4 a 43.8 ± 8.8 b 44.6 ± 10.2 b

F = 10,730.176; p < 0.001; η2 = 0.971 F = 8034.557; p < 0.001; η2 = 0.985
Male 123 (27.3) 51.9 ± 13.3 a 48.8 ± 11.7 b 50.8 ± 14.9 a,b 44.7 ± 8.4 44.6 ± 8.6 45.0 ± 8.9

F = 5049.914; p < 0.001; η2 = 0.976 F = 18,506.432; p = 0.170; η2 = 0.014

Age group (years)
20–25 122 (27.1) 49.3 ± 14.1 a 45.5 ± 12.9 b 46.2 ± 14.5 a,b 45.6 ± 9.6 a 43.4 ± 8.4 b 42.7 ± 9.9 b

F = 3830.169; p < 0.001; η2 = 0.969 F = 6830.632; p < 0.001; η2 = 0.983
26–30 188 (41.8) 52.5 ± 13.2 a 49.7 ± 13.1 b 51.7 ± 14.9 a,b 45.9 ± 9.1 a,b 44.4 ± 8.6 b 46.1 ± 9.9 a

F = 6845.947; p < 0.001; η2 = 0.973 F = 10,859.282; p < 0.001; η2 = 0.983
31–40 140 (31.1) 53.4 ± 12.8 a 48.9 ± 13.5 b 52.9 ± 14.5 a 46.7 ± 8.8 a 44.1 ± 9.4 b 44.7 ± 9.6 b

F = 5937.575; p < 0.001; η2 = 0.977 F = 9026.722; p < 0.001; η2 = 0.985

BMI (kg/m2)
Normal weight 288 (64.0) 51.5 ± 13.3 a 48.4 ± 13.3 b 51.2 ± 15.4 a 46.3 ± 9.5 a 44.5 ± 8.5 b 45.2 ± 9.9 a

F = 4.642; p = 0.010; η2 = 0.016 F = 3.407; p = 0.034; η2 = 0.012
Overweight 135 (30.0) 51.7 ± 13.2 a 47.8 ± 13.5 b 49.4 ± 13.9 b 45.1 ± 8.4 a 43.4 ± 9.2 b 43.7 ± 9.8 b

F = 3.057; p = 0.049; η2 = 0.022 F = 1.549; p = 0.011; η2 = 0.011
Obese 27 (6.0) 56.8 ± 13.7 50.5 ± 11.6 50.4 ± 13.7 48.8 ± 8.8 43.8 ± 9.3 45.5 ± 10.1

F = 2.631; p = 0.082; η2 = 0.092 F = 2.147; p = 0.127; η2 = 0.076

Marital status
Married 200 (44.4) 53.1 ± 12.8 a 49.4 ± 12.9 b 51.7 ± 14.6 a,b 46.7 ± 8.6 a 44.6 ± 9.2 b 45.6 ± 9.7 a,b

F = 8042.590; p < 0.001; η2 = 0.976 F = 13,786.891; p < 0.001; η2 = 0.986
Single 250 (55.6) 50.9 ± 13.8 a 47.5 ± 13.5 b 49.7 ± 15.1 b 45.6 ± 9.6 a 43.6 ± 8.4 b 44.1 ± 9.9 a,b

F = 7959.767; p < 0.001; η2 = 0.970 F = 13,266.537; p < 0.001; η2 = 0.982

Job title
Nurse 267 (59.3) 50.2 ± 13.5 a 46.6 ± 12.9 b 49.1 ± 15.6 b 46.5 ± 9.0 a 44.7 ± 8.6 b 44.6 ± 10.3 b

F = 8425.803; p < 0.001; η2 = 0.969 F = 14,954.402; p < 0.001; η2 = 0.983
Doctor 36 (8.0) 50.5 ± 13.2 a 46.3 ± 12.9 b 52.6 ± 14 a 45.6 ± 9.6 a 44.9 ± 7.7 b 48.9 ± 9.6 a

F = 1694.439; p < 0.001; η2 = 0.980 F = 2088.182; p < 0.001; η2 = 0.984
Emergency medical technician 100 (22.2) 54.5 ± 12.8 a 49.7 ± 12.4 b 51.6 ± 12.4 a,b 45.4 ± 9.4 a 42.1 ± 8.4 b 44.1 ± 9.4 a,b

F = 4620.098; p < 0.001; η2 = 0.979 F = 7232.001; p < 0.001; η2 = 0.987
Ambulance care technician 47 (10.4) 57.0 ± 12.1 56.5 ± 14.2 55.6 ± 14.7 45.7 ± 9.2 43.8 ± 10.5 43.9 ± 7.9

F = 2685.913; p = 0.881; η2 = 0.003 F = 2789.670; p = 0.489; η2 = 0.015

Sleeping during night shift
Not sleeping 118 (26.2) 47.1 ± 11.9 a 43.9 ± 13.4 b 46.3 ± 13.3 a,b 44.9 ± 8.6 a 42.8 ± 7.6 b 43.4 ± 9.3 a,b

F = 4145.019; p < 0.001; η2 = 0.973 F = 8357.545; p < 0.001; η2 = 0.986
0–2 h sleep 332 (73.8) 53.6 ± 13.4 a 49.9 ± 13.4 b 52.1 ± 15.1 a 46.5 ± 9.3 a 44.5 ± 9.1 b 45.2 ± 10.1 a,b

F = 13,167.330; p < 0.001; η2 = 0.975 F = 18,804.628; p < 0.001; η2 = 0.983

Physical activity status
Inadequate 170 (37.8) 48.9 ± 13.1 a 45.8 ± 12.5 b 48.1 ± 15.3 a,b 46.7 ± 8.8 45.7 ± 8.4 45.1 ± 9.9

F = 10,383.005; p < 0.001; η2 = 0.974 F = 9883.626; p = 0.189; η2 = 0.010
Adequate 280 (62.2) 53.7 ± 13.2 a 49.9 ± 13.5 b 52.1 ± 14.4 a 45.7 ± 9.3 a 43.0 ± 8.9 b 44.5 ± 9.9 a,b

F = 6230.596; p < 0.001; η2 = 0.974 F = 16,912.648; p < 0.001; η2 = 0.984

a,b represent the statistically significant differences among the line groups at p < 0.05. BMI: body mass index;
HEI: Healthy Eating Index; SD: standard deviation; PHDI: Planetary Health Diet Index.
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Table 3. Healthy Eating Index 2020 and Planetary Health Diet Index total score differences according
to interactions of the night shift working with descriptive variables.

Variables SS df MS F p ηp
2

PHDI total scores
Night shift working 2933.499 2 1466.750 8.208 <0.001 0.018
Night shift working * Gender 16.190 2 8.095 0.045 0.956 0.000
Night shift working * Age group 513.499 4 128.375 0.717 0.580 0.003
Night shift working * BMI group 581.021 4 145.255 0.812 0.517 0.004
Night shift working * Marital status 5.662 2 2.831 0.016 0.984 0.000
Night shift working * Job title 777.763 6 129.627 0.724 0.630 0.005
Night shift working * Sleeping 20.722 2 10.361 0.058 0.944 0.000
Night shift working * Physical activity 33.696 2 16.848 0.094 0.910 0.000

HEI-2020 total scores
Night shift working 975.849 2 487.924 6.277 0.002 0.014
Night shift working * Gender 342.720 2 171.360 2.210 0.110 0.005
Night shift working * Age group 425.992 4 106.498 1.372 0.242 0.006
Night shift working * BMI group 142.162 4 35.541 0.456 0.768 0.002
Night shift working * Marital status 14.640 2 7.320 0.094 0.910 0.000
Night shift working * Job title 604.204 6 100.701 1.298 0.255 0.009
Night shift working * Sleeping 6.188 2 3.094 0.040 0.961 0.000
Night shift working * Physical activity 236.282 2 118.141 1.522 0.219 0.003

BMI: body mass index; HEI: Healthy Eating Index; MS: mean square; SS: sum of squares; PHDI: Planetary Health
Diet Index. The * symbol shows the combined interactions of the night shift changes with gender, age group, BMI
group, marital status, branch of work, sleeping statues, respectively.

3. Results

The descriptive characteristics of the participants and the total PHDI and total HEI-
2020 scores pre-, during and post-night-shift, categorized according to these characteristics,
are shown in Table 1. It has been shown that total PHDI scores in females were lowest
during the night shift (48.2 ± 13.8; p < 0.001). Total HEI-2020 scores in females were
found to be significantly lower during and post-night-shift than pre-night-shift (43.8 ± 8.8;
44.6 ± 10.2; 46.6 ± 9.4, respectively; p < 0.001). There was no significant change in total HEI-
2020 scores in men according to shift patterns (p > 0.05). However, it was determined that
total PHDI scores in males decreased significantly during and post-night-shift (48.8 ± 11.7
and 50.8 ± 14.9, respectively) compared to pre-night-shift (51.9 ± 13.3; p < 0.001). It has
been shown that the total PHDI and total HEI-2020 scores of healthcare workers according
to their age groups decreased significantly during the night shift compared to pre-night-
shift. Total PHDI and total HEI-2020 scores of individuals decreased during the night shift
in normal-body-weight and overweight groups, and there was still a significant difference
post-night-shift compared to pre-night-shift, that is, there was no increase in total PHDI
and HEI-2020 scores after the shift. Similarly, it was determined that total HEI-2020 and
PHDI scores decreased significantly during the night shift in single and married individuals
compared to pre-night-shift (p < 0.001). When looked at according to the professions of
healthcare workers, it has been shown that both total HEI-2020 and total PHDI scores
decrease significantly during the night shift in nurses, doctors, and emergency medical
technicians, except for ambulance maintenance technicians (p < 0.001). A decrease in total
HEI-2020 and PHDI scores was detected in individuals who did not sleep during the
night shift and those who slept for 2 h during the night shift, while a similar decrease was
observed in those who did sufficient physical activity (p < 0.001).

The change in the mean and standard deviation values of the HEI-2020 and PHDI
subcomponents of healthcare workers pre-, during and post-night-shift is shown in Table 2.
It was revealed that the total HEI-2020 scores of individuals decreased significantly during
the night shift (44.0 ± 8.8) compared to pre-night-shift (46.1 ± 9.2; p = 0.002) and increased
post-night-shift (44.7 ± 9.9), with no statistically significant difference between pre- and
post-night-shift. The change observed in subcomponent scores during the night shift
compared to the pre-night-shift was similarly demonstrated in the sodium (p = 0.014),
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whole fruit (p = 0.001), total fruit (p < 0.001), and added sugar (p = 0.010) subcomponents.
It was revealed that the total PHDI scores of individuals decreased significantly during the
night shift (48.3 ± 13.2) compared to pre-night-shift (51.9 ± 13.4; p < 0.001) and increased
post-night-shift (50.6 ± 14.9), with no statistically significant difference between pre- and
post-night-shifts. The change observed in subcomponent scores during the night shift
compared to the pre-night-shift was similarly demonstrated in the chicken and substitutes
(p < 0.001), vegetable oils (p = 0.001), animal fats (p = 0.001), whole cereals (p = 0.027),
and added sugar (p = 0.003) subcomponents. However, it was found that individuals’
legumes (p = 0.013), eggs (p < 0.001), and dairy (p = 0.010) PHDI subcomponent scores
increased significantly during the night shift compared to pre-night-shift and decreased
again post-night-shift.

The effects of individuals’ night shift changes (pre-, during, and post-night-shift) and
the interactions of the night shift changes with gender, age group, BMI group, marital
status, branch of work, sleeping status during the night shift, and physical activity on the
total PHDI and HEI-2020 scores are shown in Table 3. There was a significant main effect of
night shift working on total PHDI (F(896, 2) = 8.208, p < 0.001, ηp

2 = 0.018) and HEI-2020
scores (F(894, 2) = 6.277, p = 0.002, ηp

2 = 0.014). In contrast, there was no significant main
effect of night-shift-working interactions with gender, age group, BMI group, marital status,
branch of work, sleeping status during the night shift, and physical activity on total PHDI
and HEI-2020 scores (p > 0.05).

The changes in contributions of individuals’ dietary macronutrients to their dietary
energy, diet quality, and diet sustainability according to whether they were pre-, during,
or post-night-shift are visualized in Figures 1–3. In the figures, the night shift sequence is
expressed with moonlight while pre- and post-night-shift are expressed with sunlight. The
size of the world map symbolizes diet quality. It is stated that the larger the world map
(pre-night-shift), the higher the diet quality. Meanwhile, the smallest world map diameter
indicates the lowest diet quality (during night shift) and the medium-sized world map
(post-night-shift) indicates a higher diet quality than the lowest diet quality. According to
the difference among the shift periods, it is symbolized that as the diameter of the world
map decreases, the quality of the diet also decreases. The vibrant shades of green color
on tree leaves vary depending on their dietary sustainability. The most vibrant shade of
green indicates the highest diet sustainability (pre-night-shift), while paler green indicates
lower diet sustainability (post-night-shift), and the palest green indicates the lowest diet
sustainability (during night shift). Moreover, the proportional distributions of green colors
and the world map diameter are shown for illustrative purposes only, not mathematical
purposes. No significant change was observed in the contribution of individuals’ dietary
protein intake to dietary energy according to whether they were pre-, during, or post-night-
shifts. While the contribution of individuals’ dietary carbohydrate intake to dietary energy
decreased significantly during the night shift (43.7%; p < 0.001) compared to pre-night-
shift (44.4%), it increased significantly post-night-shift (45.4%; p = 0.047) and reached a
level where there was no statistical difference compared with pre-night-shift (p = 0.156).
While the contribution of individuals’ dietary fat intake to dietary energy increased sig-
nificantly during the night shift (41.4%; p = 0.008) compared to pre-night-shift (40.7%),
it decreased post-night-shift (39.9%; p < 0.001) and reached a level where there was no
statistical difference compared with before the shift (p = 0.253).
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4. Discussion

In this observational follow-up study conducted on healthcare workers working
night shifts, it was shown that both the diet sustainability and diet quality of individuals
decreased significantly during night shift working compared to before and increased again
after the night shift. This change occurred regardless of the healthcare professionals’ job
title, age, ability to sleep during shifts, and physical activity status.

It has been shown that the circadian rhythm disruption experienced by healthcare
professionals as a result of working night shifts causes many negative health consequences,
such as impaired glucose tolerance [17], decreased insulin sensitivity [18,19], obesity [20],
cardiometabolic diseases [21], and cancer [22]. It was found that the health problems seen
in individuals were not only caused by circadian disruptions as a result of changes in the
sleep–wake cycle, but night shifts can also cause diseases by changing eating habits in
an unhealthy way [20,23–26]. In order to intervene in changing eating habits during a
night shift, it is necessary first to reveal the changes. In this study, which examined the
diet quality and diet sustainability of the night shift in healthcare workers, a group with
basic knowledge about health protection, it was shown that there were negative changes in
nutritional status during the night shift. Participants’ diet quality measured using HEI-2020
and dietary sustainability measured using PHDI were found to be significantly lower
during the night shift compared to pre- and post-night-shift. Similarly, it has been revealed
that individuals working night shifts frequently choose unhealthy snacks as a strategy to
stay awake during their shifts, and these snacks are often high in fat, sodium, and added
sugar [23,27,28]. In this study, it was shown that the index scores of individuals according
to their saturated fatty acid intake were low pre-, during, and post-night-shift, without
any significant differences among them. Additionally, individuals’ diet quality scores from
added sugar intake were shown to significantly decrease during night shifts (4.9 ± 4.6,
4.1 ± 4.5, 4.6 ± 4.7, pre-, during, and post-night-shift, respectively; p = 0.010), supporting
previous studies.

In addition, when it was investigated as to how the effects of a night shift on the
decrease in diet quality would change when combined with these sociodemographic data,
it was shown that the night shift did not show its effects on diet quality by interacting
with these sociodemographic descriptors, and that the night shift was the main influencing
factor (F(894, 2) = 6.277, p = 0.002, ηp

2 = 0.014, Table 3). Similar to this study, it has been
revealed that food intake or eating habits change in an “unhealthy” direction [20,24–31]
along the same lines as in this study conducted in healthcare workers. However, studies
investigating diet quality in night shift workers are quite limited [8]. The evaluation of
the HEI-2020 score and its subcomponents, which allow for comparison of the nutritional
status of individuals with more objective criteria, has contributed an essential finding to
the literature.

Sustainable nutrition, the importance of which has become more evident with the
rapid depletion of natural resources, will be an inevitable strategy of this age, not only
because of its low environmental impacts and protection of the ecosystem and biodiversity
but also because it is a nutritionally adequate and healthy nutrition model [32]. This should
also be recommended for night shift workers. In this way, the health of these individuals in
the at-risk group working the night shift will be protected while natural resources will also
be protected. Sustainable nutrition models, which will become an inevitable proposal of the
age by consensus, are characterized by prominently featuring substantial quantities of plant-
based foods, including vegetables, fruits, seeds, nuts, legumes, and whole grains, while
incorporating only moderate-to-minimal amounts of animal-based products, such as meat,
poultry, seafood, eggs, and dairy [15,32–35]. Considering the foods included in sustainable
nutrition recommendations, it appears that they meet the dietary approaches recommended
to improve health in individuals working night shifts. Therefore, the implementation of
sustainable nutrition approaches in individuals working night shifts reduces the intake of
saturated fatty acids and added sugars, which are included in unhealthy eating tendencies
in this group [20,23–26], while increasing the intake of fiber, unsaturated fatty acids, fruits,
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and vegetables. The supporting data in this study demonstrate that sustainable diet
quality decreased when healthcare workers switched to night shifts. During the night shift,
healthcare workers’ sustainable diet quality scores of red meat (0.6 ± 2.3), chicken and
substitutes (6.6 ± 4.7), and animal fats (4.6 ± 0.4) decreased significantly (p < 0.05) compared
to pre-night-shift (1.5 ± 3.5, 7.7 ± 4.2, 5.1 ± 0.9, respectively), meaning their consumption
of these foods increased significantly. The significant decrease in the consumption of these
foods post-night-shift (p < 0.05), that is, the increase in the PHDI subscores (2.3 ± 4.1,
8.0 ± 3.9, 5.7 ± 0.9, respectively), strengthens the hypothesis that the changes occur only
during the night shift (Table 2). Similarly, studies have shown that meat consumption
increases during the night shift, and that individuals tend to eat meals containing high
saturated fat, sodium, red meat, and chicken, and especially “fast” foods [29,36,37].

Studies have shown that females tend to have a higher sustainable diet quality than
males and are more prone to plant-based foods [38–40]. For these reasons, in this study,
the sustainable diet quality of females increased faster than males’ post-night-shift. It
is thought that the effect of the increase in sustainable diet quality after the night shift
depending on the sleeping state during the night shift is also related to the effect of sleep
duration on the feeling of hunger. In individuals with less sleep time, the feeling of hunger
increases, and as a result, the tendency to foods with poorer nutritional value including
“fast” food increases. Studies supporting this interpretation have shown that the feeling of
hunger, which causes unhealthy eating choices, is affected by sleep duration [8,41,42]. It
has been shown that decreasing sleep duration affects hunger and satiety levels through the
mechanism of changing plasma ghrelin and leptin levels, which are hormones that regulate
appetite [8,41,42]. The increase in sustainable diet quality after a night shift in individuals
with a normal body weight and adequate physical activity level has been interpreted as
being related to the fact that the diet choices of individuals who make healthy lifestyle
choices may also be healthy. However, when it was investigated as to how the effects of
the night shift on the decrease in sustainable diet quality (total PHDI score) would change
when combined with these sociodemographic data, it was shown that the night shift did
not show its effects on sustainable diet quality by interacting with these sociodemographic
descriptors, and that the night shift was the main influencing factor on sustainable diet
quality (F(894, 2) = 6.277, p = 0.002, ηp

2 = 0.014, Table 3).
One of the strengths of this study is that it evaluated night shift workers’ nutritional

status by following a large sample before, during, and after the night shift. In addition, this
study, in which the diet quality of the participants was calculated according to HEI-2020,
has another strength due to the limited number of studies in the literature that have ob-
served changes in diet quality by following night shift workers. Another of its strengths is
that it is the first study to investigate the implementation of sustainable nutrition, which
will inevitably become a healthy nutrition strategy for every individual due to today’s
conditions, including night shift workers. The first limitation of this study is that since
the study was conducted only in healthcare workers, the results cannot be generalized
to all night shift workers. Secondly, there are limitations in generalizing the findings of
the study because the factors affecting individuals’ eating habits and food preferences
vary across countries and even geographical regions within the same country. Thirdly,
considering that the stress experienced by healthcare workers during night shifts may
affect their eating behavior, it will be important to include this parameter in future studies.
Lastly, healthcare workers may encounter many emergencies during the night shift. Ex-
periencing these emergencies may also affect individuals’ food consumption. However,
in this study, no evaluation was made regarding the emergency situations encountered
by healthcare workers working on night shifts, and it is recommended that future studies
include this evaluation and exclude from the study periods when unusual emergencies
(long surgeries, etc.) occur.
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5. Conclusions

Compared to before the night shift, both the diet quality and diet sustainability of
healthcare workers decreased during the night shift, without any differences according to
gender, age group, BMI group, marital status, job title, and napping during the night shift.
The significant increase in diet quality and diet sustainability scores again after the night
shift supports the finding that the night shift is an important factor affecting these two
parameters. It is thought that sustainable nutrition, which is a solution-oriented proposal
of the age with its health benefits and strengths such as the protection of natural resources
and low environmental impact, will be inevitable to be implemented day by day in health
professionals working night shifts.

The fact that these negative dietary changes occur during the night shift, even among
healthcare workers who have basic knowledge about the factors affecting the protection and
promotion of health, reveals that further steps are needed than just providing information
on the subject. The first of these should be to increase the chance of accessing healthy
alternatives by evaluating the environment in which healthcare workers access food sources.
Other suggestions include organizing break times at work by encouraging healthy eating
and ensuring that workplace cafeterias and vending machines contain healthy alternatives.
Ensuring that not only healthcare professionals but also managers are informed about
sustainable nutrition will make it easier to accelerate the steps to be taken. Finally, it is
also valuable to evaluate the nutritional knowledge levels of healthcare professionals in
future studies and correlate them with diet quality and sustainable nutritional quality, and
to develop suggestions for updates to be made in the undergraduate education curriculum
of healthcare professionals based on the results of the research.
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