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Figure 2. Main effects of club sports participation on motor competence based on 2 x 3 MANOVA
(club sports by Water/low FF). Values are sex-and age-normalized means with S.E.

4. Discussion

Even though several studies have examined the association between sports/PA and motor
competence [40-43], there exists limited research on the association between motor competence
and dietary pattern. To the authors” knowledge, this was also the first study that examined the
combined association of dietary pattern and club sports participation with motor competence in
Austrian adolescents. While there were no significant associations between dietary patterns and club
sports participation, the present study showed independent associations of dietary pattern, as well as
club sports participation with motor competence in middle school students. Specifically, club sports
participation and healthier dietary choices (i.e., high water and low fast food /soft drink consumption)
were associated with higher motor competence. High milk/cereal consumption, on the other hand,
was associated with lower motor competence, particularly in participants not reporting club sports.
These associations were independent of body weight, and neither club sports participation nor dietary
pattern was associated with body weight in the present study.

The positive association between club sports participation and motor competence is consistent
with previous research [43-45]. Longitudinal studies further indicate that the strength and
directionality of the association between motor competence and club sports participation, as well
as PA change over time [46,47]. Particularly during adolescence, motor competence appears to be
an important facilitator and precursor for participation in sports clubs, while high PA and sports
participation may be a prerequisite for motor development during childhood [45-47]. Accordingly,
children and adolescents enter either a positive spiral of high PA, including sports participation
and increased motor competence, or a vicious cycle of low motor competence and disengagement
from sports. The importance of motor competence for sustainable participation in sports during
adolescence may be attributed to an easier acquisition of sport-specific skills in children with higher
motor competence. Higher motor competence also enhances self-efficacy, which facilitates participation
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in PA and sports [46]. In addition to actual motor competence, perceived competence appears to play
an important role in the motivation for participation in sports [48], which is an important component
to continuous engagement in various forms of PA.

Participation in organized sports has also been associated with other healthy lifestyle choices,
including diet [29,49-51]. The present study, however, did not show healthier dietary patterns in
club sports participants. Other studies also reported inconsistent results for the association between
club sports participation and dietary pattern [29,52,53]. Even though sports participation has been
associated with higher intake of fruits and vegetables, club sports participants also have been shown to
consume high amounts of fast food and sugar-sweetened beverages [52]. In fact, it has been argued that
sports participation during middle school is a strong risk factor for high fast food consumption during
high-school years [54]. The higher fast food consumption in sports participants may be attributed to
a more irregular eating pattern and a lower amount of meals consumed at home. The higher energy
needs of more active adolescents may also contribute to the consumption of more energy dense foods,
including fast foods. The results of the present study, nevertheless, indicate beneficial associations of
a healthy dietary pattern with motor competence, independent of club sports participation. Specifically,
healthier dietary choices were associated with better performance on agility, strength, and endurance
tests. Previous studies also reported increased cardiorespiratory fitness with healthier dietary choices,
particularly during adolescence [33,35,55]. While this may, at least partially, be attributed to an
indirect association between body weight and motor competence [56], there was no difference in motor
competence between overweight/obese and normal weight adolescents in the present study. Another
possible explanation, therefore, could be that healthier dietary patterns indicate a greater parental
support for a healthy lifestyle in general, including the facilitation of PA. Accordingly, parents may
facilitate exposure to diverse movement experiences, which would facilitate motor development, even
in the absence of club sports participation. Further, dietary pattern has been associated with sedentary
choices, which also affect motor development [47]. Specifically, high media time has been associated
with poorer diet quality [57,58] as well as low motor competence [47,59].

Sedentary behavior and total PA, rather than participation in club sports, are also crucial correlates
of body weight [60]. Neither sports participation nor dietary pattern, however, was associated with
body weight in the present study. Results on the association between club sports and body weight
have generally been inconsistent [52], which may emphasize the importance of total PA rather than
sports in weight management. In fact, it has been argued that a large amount of time in youth sport is
spent sedentary or in only light PA [61,62]. Similarly, controversy remains on the relationship between
diet and adiposity in youth [30]. Even though several studies showed an inverse association between
dietary intake and body weight [63,64], there are also studies that did not show any association [65],
or even direct associations between diet an body weight [66,67]. At least partially, this may be
attributed to problems in obtaining accurate dietary data, particularly in youth [32]. It should, however,
also be considered that more active youth have higher energy needs [31]. Accordingly, children and
adolescents with high caloric intake may be able to maintain a healthy body weight as long as they are
sufficiently active.

Several limitations of this study, however, need to be considered when interpreting the results.
There was no objective measurement of total PA in the present study. Due to the reliance on
self-reporting, club sports participation was used as an indicator for PA, as this may be reported more
accurately than total PA. Previous research also indicated that participation in club sports is directly
associated with total PA [52]. The sample distribution, however, did not allow for a differentiation
by the amount of participation in club sports (e.g., hours, days); rather, only participants vs.
non-participants could be analyzed. An additional limitation is that participants reported frequency
rather than total amount of foods consumed, which provides only limited information on the total
energy content of the diet. There is also an inherent risk of selective over- or under-reporting, due to
social desirability and social approval with any form of diet report. Participants may have difficulties
remembering all the foods, and some foods that they consumed may not have been listed on the
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questionnaire, which could have affected the reported dietary pattern. The cross-sectional nature of the
study further does not allow for the establishment of causal relationships and temporal trends between
sports participation, dietary pattern, and motor competence. In addition, the generalizability of the
results may be limited, due to the small sample size and homogeneity of the study population.
The objective assessment of various components of motor competence with a widely used and
previously validated test, on the other hand, should be considered a strength of the study.

5. Conclusions

PA and healthy dietary habits play a crucial role in the development and general health of
children and adolescents [1]. The present study also showed that both behaviors are independently
associated with motor competence, which is an important component in the facilitation of an active
lifestyle [36]. The facilitation of participation in sports, along with the promotion of healthy dietary
choices may be particularly important during adolescence, as this is a critical time for the development
of future lifestyle choices [3]. Accordingly, coaches, parents, and youth need to be educated on the
importance of adequate nutrition in addition to participation in various forms of PA, including sports,
for optimal motor development. Even though this may require additional efforts and resources, it may
be a worthwhile investment to enhance the health and well-being of future generations.
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Abstract: A chronic inflammatory state is a major characteristic of the aging process, and physical
activity is proposed as a key component for healthy aging. Our aim was to evaluate the body
composition, hypertension, lipid profile, and inflammatory status of older adults, and these factors’
association with physical activity. A total of 116 elderly volunteers were categorized into terciles
of quantitative metabolic equivalents of task (MET). Subjects in the first and third terciles were
defined as sedentary and active subjects, respectively. Anthropometric and biochemical parameters,
hemograms, and inflammatory markers were measured in plasma or peripheral mononuclear blood
cells (PBMCs). The active groups exercised more than their sedentary counterparts. The practice
of physical activity was accompanied by lower weight, fat mass, body mass index, and diastolic
blood pressure when compared to a more sedentary life-style. Physical activity also lowered the
haematocrit and total leukocyte, neutrophil, and lymphocyte counts. The practice of exercise induced
a decrease in the IL-6 circulating levels and the TLR2 protein levels in PBMCs, while the expression of
the anti-inflammatory IL-10 was activated in active subjects. The regular practice of physical activity
exerts beneficial effects on body composition and the anti-inflammatory status of old people.

Keywords: immunity; inflammation; metabolism; physical activity

1. Introduction

Ageing is an unavoidable process in all animals and is characterized by progressive accumulation
of cell and organ damage, which result in organism malfunction. In the past few centuries,
the proportion of elderly people has been continuously increasing worldwide and is projected to
reach 19.3% of total population by 2050 [1]. Although ageing has an unavoidable and intrinsic
component, it is also importantly modulated by several external factors, such as exposure to chemicals,
lifestyle, or nutrition [2]. Therefore, it seems clear that the progression of ageing can be, at least in
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part, counteracted by the combination of adequate nutritional intake and a healthy lifestyle, the latter
including the regular practice of physical activity [3].

Several studies have evidenced the beneficial effects of physical activity on longevity, showing
that regular physical activity is associated with a 30% reduction in the risk of mortality in subjects
without CV disease [4], which might correspond to one to two years of additional life [5]. On the other
hand, physical inactivity causes 6-10% of the burden of several diseases (including coronary heart
disease, diabetes, and cancer) and 9% of premature mortality [6]. In fact, regular physical activity
prescription for healthy ageing is a key point for chronic disease management and prevention [4,7].
These positive effects of physical activity might be related to greater conservation of lean tissue [8],
lower body mass, and less relative body fat [9] in old adults engaging in high levels of physical activity
in comparison to individuals who are more sedentary.

Regular physical activity has also been shown to reduce the risk of several diseases, such as
cardiovascular disease, stroke, hypertension, type 2 diabetes, osteoporosis, obesity, colon cancer,
breast cancer, anxiety, and depression [10]. Most of these diseases are directly or indirectly related
to inflammation processes. In this instance, the benefits of exercise on life-span have been related to
different cardioprotective mechanisms, including effects on endothelial function and inflammation [4].
Actually, it has been shown that exercise training exerts anti-inflammatory effects in aged or diseased
populations [11], and these effects might be mediated by decreases in TNF-o expression in skeletal
muscle, among other effectors [12]. Increased risk of chronic diseases has been associated with
elevated inflammation markers [13,14], while the practice of physical activity has shown to reduce
pro-inflammatory biomarkers such as C-reactive protein [15], TNF-« [16], or interleukin (IL) 6 [17,18].

Old people usually face a situation of chronic low-grade inflammation. It has been stated
that inflammatory cytokines are elevated, and anti-inflammatory cytokine concentrations are
lowered, in healthy adults over 50 years of age [19]. This behaviour has been associated with
redistribution of body fat and concomitant increases in circulating fatty acids that lead to the
activation of proinflammatory macrophages [20]. This chronic low-grade inflammatory status, termed
inflamm-aging by some authors [14,21], appears to be a major component of the most common
age-related diseases, such as diabetes, osteoporosis, cardiovascular diseases, and cancer.

Therefore, the aim of this study was to evaluate the body composition, hypertension, and lipid
metabolic profile, as well as the inflammatory status, of older adults, as well as its association with the
regular practice of physical activity.

2. Materials and Methods

2.1. Subjects and Study Design

A total of 116 elderly volunteers (58 men aged between 55 and 80 years and 58 women aged
between 60 and 80 years) participated in the study. These volunteers were selected from a larger
study population conforming the PHYSMED project (with a total of 380 participants), a multi-centre,
cross-sectional study aiming at identifying cardiovascular risk factors in sedentary and active elderly
subjects. The 116 volunteers included in this study were recruited in social and municipal clubs,
health centres, and sport clubs in different villages and cities of Mallorca, Spain. Exclusion criteria
included being institutionalized, suffering from a physical or mental illness that would have limited
their participation in physical fitness or their ability to respond to questionnaires, chronic alcoholism
or drug addiction, and intake of drugs for clinical research over the past year.

The physical activity performed by the participants was measured using the Minnesota
Leisure-time Physical Activity Questionnaire previously validated for the Spanish old adult
population [22,23]. This questionnaire included a list of physical activities, and the participants
were asked about what type of leisure-time physical activities (LTPA) they had performed during
the last year. The participants estimated the duration of the activities performed each hour/week by
using metabolic equivalents of task (MET, defined as 1 kcal/kg/hour and equivalent to the energy
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cost of sitting quietly) [24]. The resulting quantitative MET for each participant were categorized into
terciles [25], and subjects in the first and the third terciles were selected to take part in this study and
defined as sedentary and active subjects, respectively.

The study was conducted according to the guidelines laid down in the Declaration of Helsinki,
and all procedures were approved by the Ethics Committee of Clinical Research of the Balearic Islands
(CEIC-IB, ref. 1295/09 PI). All the subjects were informed of the purpose and demands of the study
before giving their written consent to participate.

Venous blood samples were obtained from the antecubital vein of participants in resting conditions
after overnight fasting. The peripheral blood mononuclear cell (PBMC) fraction was purified from
whole blood following an adaptation of the method described by Boyum [26] using Ficoll-Paque PLUS
reagent (GE Healthcare). This procedure ensures a PBMC purity and viability of 95 4= 5%.

2.2. Anthropometric Characteristics

Anthropometric measurements were performed by well-trained dieticians who underwent
identical and rigorous training as an effort to minimize the effects of inter-observer variation. Height
was determined using a mobile anthropometer (Seca 213, SECA Deutchland, Hamburg, Germany)
to the nearest millimetre, with the subject’s head in the Frankfurt plane. Body weight, body fat,
and muscle mass were determined using a Segmental Body Composition Analyzer (Tanita BC-418,
Tanita, Tokyo, Japan). The participants were weighed in bare feet and light clothes, subtracting
0.6 g for their clothes. Body mass index (BMI) was calculated using the following formula:
BMI = mass (kg)/squared height (m).

2.3. Biochemical Parameters and Hemogram

Glucose, triglycerides, total, high-density lipoprotein (HDL), low-density lipoprotein (LDL) and
very low-density lipoprotein (VLDL) cholesterol, urea, uric acid, and creatinine were determined by
standard procedures using commercial clinical kits in an autoanalyzer system (Technicon DAX System).

Haematological parameters and hemogram were determined in an automatic flow cytometer
analyser Technicon H2 (Bayer, Leverkusen, Germany) VCS system. Haemoglobin concentration was
determined using Drabkin reagent (Sigma Aldrich, St. Louis, MO, USA).

2.4. Circulating Inflammatory Parameters

IL-6, sCD62L, and sICAMS3 plasma levels were determined using individual ELISA kits from
Diaclone (Besancon, France). TNFo was determined using the RayBiotech (Norcross, GA, USA) ELISA
kit. All procedures were performed following the supplier instructions for use.

MPO activity in plasma was measured by guaiacol oxidation, under identical conditions to those
previously described [27].

2.5. mRNA Gene Expression

mRNA expressions were determined by real time-polymerase chain reaction (RT-PCR). For this
purpose, mRNA was isolated from PBMC by extraction with Tripure Isolation Reagent (Roche, Basel,
Switzerland). cDNA was synthesized from 1 ug total RNA using reverse transcriptase with oligo-dT
primers. Quantitative PCR was performed using the LightCycler instrument (Roche Diagnostics, Basel,
Switzerland) with DNA-master SYBR Green I. The primers used are shown in Table 1. For all PCRs,
there was one cycle at 95 °C for 10 min, followed by 40 cycles at the conditions shown in Table 1.
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Table 1. Primers and conditions used in the PCRs.

Gene Primer Conditions
Fw: 5/-ATG TGA AGT CAC TGT GCC AG-3’ 95°C 10s
185 60°C 10s
Rv: 5/-GTG TAA TCC GTC TCC ACA GA-3' 720 125
Fw: 5-GAA GAT GTG CCT GTC CTG TGT-3' 95°C 10s
IL-1ra 60 °C 10s
Rv: 5/-CGC TCA GGT CAG TGA TGT TAA-3/ 7 0 15.
Fw: 5-AGA ACC TGA AGA CCC TCA GGC-3' 95°C 10s
IL10 60 °C 10s
Rv: 5/-CCA CGG CCT TGC TCT TGT T-3' 7 o 15s
Fw: 5'-GGA CAG GAT ATG GAG CAA CA-3/ 95°C 10s
IL1p 58°C 10s
Rv: 5-GGC AGA CTC AAA TTC CAG CT-3/ 7 o 15s
Fw: 5-AAA CAC TGT GAG GAT GGG ATC TG-3' 95°C 10
NF«B 60°C 10s
Rv: 5-CGA AGC CGA CCA CCA TGT-3/ 72 °C L5s
Fw: 5/-GGT CAC CTT TTC TTG ATT CCA-3/ 95°C 10s
TLR4 60 °C 10s
Rv: 5-TCA GAG GTC CAT CAA ACA TCA C-3' 720 15s
Fw: 5/-CCC AGG CAG TCA GAT CAT CTT CTC GGA A3 94°C 10s
TNFo 63°C 10s
Rv: 5/-CTG GTT ATC TCT CAG CTC CAC GCC ATT-3/ 72 0 5.
L6 Fw: 5-ACC TGA ACC TTC CAA AGA TGG C-3' 95°C 10s
Rv: 5/-TCA CCA GGC AAG TCT CCT CAT TG-3' gg g ig Z

The relative quantification was performed by standard calculations considering 2(-24CY. mRNA levels of sedentary
males were arbitrarily referred to as 1. The expression of the target gene was normalized with respect to
ribosomal 18S.

2.6. Western Blot Analysis in PBMCs

Toll-Like Receptor (TLR) 2 and 4 protein levels were determined in PBMCs by Western blot.
Protein extracts were analysed by SDS—polyacrylamide gel electrophoresis (SDS-PAGE). Total protein
concentrations were measured by the method of Bradford [28]. 80 ug of total protein was loaded
on a 12% agarose gel. Following electrophoresis, samples were transferred onto a nitrocellulose
membrane and incubated with a primary monoclonal anti-TLR2 or anti-TLR4 antibody (Santa Cruz
Biotechnology, Dallas, TX, USA) and a secondary anti-mouse IgG peroxidase-conjugated antibody.
Protein bands were visualized by Immun-Star® Western C® Kit reagent (Bio-Rad Laboratories,
Hercules, CA, USA) Western blotting detection systems. The chemiluminiscence signal was captured
with a Chemidoc XRS densitometer (Bio-Rad Laboratories) and analyzed with Quantity One-1D
Software (Bio-Rad Laboratories).

2.7. Statistical Analysis

Statistical analysis was carried out using a statistical package for social sciences (SPSS 22 for
Windows, SPSS Inc., Chicago, IL, USA). Results are expressed as mean =+ standard error of the mean
(SEM) and p < 0.05 was considered statistically significant. The statistical significance of the data was
assessed by a two-way analysis of variance (ANOVA). The statistical factors analysed were (S) sex
and (E) exercise. When significant effects were found, one-way ANOVA was used to determine the
differences between the groups involved.

3. Results

The anthropometric characteristics of the participants are shown in Table 2. The active groups
(both male and female) exercised more than their sedentary counterparts, as evidenced by the
significantly higher degree of physical activity measured in MET-hours/week. No differences in
the degree of physical activity performed were evidenced between males and females. However, males

104



Nutrients 2018, 10, 1780

were taller, weighed more, and presented higher fat-free mass and body mass index than females.
The practice of regular physical activity was accompanied by significantly lower total weight, fat mass,
body mass index, and diastolic blood pressure when compared to a more sedentary life-style.

Table 2. Anthropometric characteristics of the participants.

Sedentary Active ANOVA

Sex Exercise  SxE
ApeUeR)  pnle i1l gaiige 000 039 0
ey e WS o o om
wogin e ST RN om v
Height (cm) ale L L 0000 0808  0.624
Fat-free mass (kg) Fﬁfle 4611.51501.'91* 4%%8;01_'64* 0.000 0142 0531
R BN £+ R S

Mean + SEM. Statistical analysis: two-way ANOVA, p < 0.05. (S) effect of sex, (E) effect of exercise, and (SxE)
interaction between the two factors. (*) significant differences between sexes; (#) significant differences between
sedentary and active groups.

Neither sex or exercise influenced glucose or triglyceride circulating levels (Table 3). Total
circulating cholesterol was, however, significantly affected by the sex of the participants, with higher
levels observed in women when compared to men. These higher levels of total cholesterol found
in females seem attributable to higher HDL-cholesterol levels, which were also higher in women
compared to men. HDL-cholesterol circulating levels were also significantly affected by exercise,
with those groups of active participants presenting higher levels than their sedentary counterparts.
A significant effect of sex was also evidenced in the circulating levels of uric acid and creatinine: females
presented significantly lower levels of uric acid and creatinine than their respective male counterparts.

Sex also affected several hemogram parameters, as shown in Table 3. In this instance, females
presented significantly lower counts of red blood cells (which resulted in a lower haematocrit and
lower haemoglobin content) and eosinophils, as well as a higher platelet count. On the other side,
the practice of physical activity lowered the haematocrit, through the significant decrease on total
leukocyte count, as well as neutrophil and lymphocyte count.

The circulating levels of key pro-inflammatory proteins are shown in Table 4. No effects of sex
were evidenced in any of the circulating pro-inflammatory proteins measured. A significant effect of
exercise was observed only in IL-6 levels. The practice of exercise induced a decrease in the circulating
levels of IL-6, although this decrease was only significant in the group of females.
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Table 3. Biochemical parameters and hemogram of the participants.

Sedentary Active ANOVA
Sex Exercise SxE
Glucose (mg/dL) Fidnifle 110050;22 z?g i ig 0.636 0.153 0217
Triglycerides (mg/dL) Fgfsfle 9;.121; ZS }gg i 2 0.360 0564 0.289
Total cholesterol (mg/dL) FIZI{zlaele ;?Z i ; 21??;2 0.016 0.919 0.732
HDL (mg/dL) Ftdriiele 54;%'27; 21.66* 6511.56f 224'52* 0.000 0.011 0.520
LDL (mg/dL) FiAniele }gg i Z gg i g 0.360 0317 0676
A
Uric acid (mg/dL) Fidnifle 56'615509‘2221,, 4§‘5()63 50(2103* 0.000 0.087 0515
Red blood cells (105 /mm?) Fﬁilje 45_602330%(28* 4‘%‘592050(_’(‘)%7* 0.000 0103 0.860
Haematocrit (%) FiAniele 4426_'1050[_)‘55* 4415_‘10309“16* 0.000 0.048 0971
Mean corpuscular volume (fL) Fz/[r:llele g}; i g‘; Z}z i 83 0.480 0916 0.857
Platelets (10°/mm?) Fz/[rsﬁe 22242611;) 23 i g 0018 0195 0.743
Leucocytes (10 /mm3) Fl;dnifle 223 i g:gg ;;;5 f 0%211# 0423 0.002 0.244
Neutrophils (103 /mm3) Fgfsfle gé; i gg ;;65 fo(ﬁlss# 0.074 0.006 0.185
Lymphocytes (10°/mm?) Fﬁlaele ;:i? i gﬁ ;:‘])g i g:?; 0.084 0.039 0.997
o /ey S OSEEBEOEO  n on
A
e

Mean + SEM. Statistical analysis: two-way ANOVA, p < 0.05. (S) effect of sex, (E) effect of exercise, and (SxE)
interaction between the two factors. (*) significant differences between sexes; (#) significant differences between
sedentary and active groups.

Table 4. Plasma markers of inflammation.

Sedentary Active ANOVA
Sex Exercise SxE
sCD62L (ng/mL) Fﬁﬁ;‘;e 1165301?26319 1132;18; 17170 0584 0132 0.825
SICAM3 (ng/mL) FZ::Q gg? i ig g?i i ;g 0549 0318 0.832
Myeloperoxidase (pkat/mL) Fﬁ’ln:;e Bg i gz 1877‘?2495 0.155 0.799 0514

Mean + SEM. Statistical analysis: two-way ANOVA, p < 0.05. (S) effect of sex, (E) effect of exercise, and (SxE)
interaction between the two factors. (#) significant differences between sedentary and active groups.
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The inflammatory status of the organism was additionally studied through the gene (Figure 1)
and protein (Figure 2) expression of pro- and anti-inflammatory cytokines in PBMC. The regular
practice of physical activity influenced the expression of the anti-inflammatory IL-10, with significantly
higher expression levels in active males compared to sedentary males. A similar pattern of response,
although non-significant, was also observed in females. Similarly, exercise also significantly influenced
the gene expression of NF-«B, tending to higher expressions in active participants when compared
to their sedentary counterparts. A significant effect of sex was observed regarding TLR4 gene
expression: significantly higher expression of this gene was observed in active females when compared
to active males.

A ANOVA: NS B ANOVA: E

m Sedentary m Sedentary
DActive OActive

Fold expression
e = N W a0 @ N
Fold expression

Male Female Male Female

c ANOVA: NS D ANOVA: E

] wSedentary
| DActive

m Sedentary
OActive

Fold expression
= -

< (5.} - « N
Fold expression

O =2 N W kR OO N ©

Male Female Male Female

m
m

ANOVA: § ANOVA: NS

= Sedentary * | msedentary
14 - OActive DOActive

Fold expression
Fold expression
o = N
o [3;] - W N w
PR —

Male Female Male Female

G ANOVA: NS
u Sedentary
OActive

Fold expression
o =
(=3 o - o N

Male Female

Figure 1. Peripheral blood mononuclear cells gene expression. (A) Interleukin(IL)-1 receptor antagonist,
(B) IL-10, (C) IL-1B, (D) NF-«B, (E) TLR4, (F) TNF, (G) IL-6. Results represent mean 4= SEM. Statistical
analysis: two-way ANOVA, p < 0.05. (S) effect of sex, (E) effect of exercise, (NS) non-significant.
(*) Significant differences between sexes, (#) significant differences between sedentary and active groups.
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Figure 2. Peripheral blood mononuclear cells protein levels. (A) Tol-like receptor (TLR)2 and (B) TLR4.
Results represent mean + SEM. Statistical analysis: two-way ANOVA, p < 0.05. (E) effect of exercise.
(#) Significant differences between sedentary and active groups.

A similar (but non-significant) tendency was also observed in TLR4 protein levels (Figure 2).
Finally, TLR2 protein levels were affected by exercise, as evidenced by the significantly lower TLR2
protein levels in the PBMC of active vs sedentary participants (both in males and females).

4. Discussion

Aging has been associated with the functioning of the immune system, and more concretely with
inflammatory responses. A chronic, low-grade inflammatory state, called inflamm-aging by some
authors [14,21], has been proposed as being responsible for a progressive pro-inflammatory status,
which appears to be a major characteristic of the aging process and age-related disease [29]. Therefore,
the modulation of the inflammatory status throughout one’s life might be an adequate strategy to
attain healthy ageing. In this instance, the practice of physical activity has been proposed as a key
component of healthy aging [4,30], and the benefits exerted by exercise might be attributable to the
acquisition of an anti-inflammatory status. In the present study, we demonstrate that regular practice
of physical activity exerts beneficial effects on body composition and the anti-inflammatory status of
old people.

The physical activity performed by the participants was measured in the current study using
the Minnesota Leisure-time Physical Activity Questionnaire, which had been previously validated
for the Spanish old adult population [22,23], and the participants estimated the duration of
the activities performed in hour/week by using metabolic equivalents of task (MET, defined as
1 kcal/kg/hour and equivalent to the energy cost of sitting quietly) [24]. The subjects in the first
tercile (<82 MET-hours/week) were defined as sedentary, while the subjects in the third tercile
(>84 MET-hours/week) were defined as active subjects. As expected by this classification, the active
subjects performed around three-fold more physical activity than the sedentary subjects, both in the
male and female groups. This regular practice of physical activity translated into a lower weight, a
lower fat mass content, and a lower BMI. These results are in accordance with previous reports that
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evidenced that the regular practice of physical activity by old people reduces fat mass and BMI and
increases fat-free mass [31,32]. These effects on body composition were also accompanied by reduced
diastolic blood pressure in the physically active subjects, as has been extensively reported in subjects
performing aerobic exercise [33]. The effects of sex on the body composition were also evidenced, as
women presented lower fat-free mass and higher fat mass than their male counterparts.

The practice of physical activity also had positive effects on the levels of HDL-cholesterol, which
is in accordance with previous reports [34,35]. Lipid parameters were also affected by sex, with women
presenting higher total cholesterol circulating levels, which were attributable to higher HDL-cholesterol.
These results are in accordance with previous reports on different European populations showing that
HDL-cholesterol circulating levels are higher in women than in men [36,37].

The active subjects presented a lower haematocrit than their sedentary counterparts, but similar
values of red blood cells counts, haemoglobin levels, and mean corpuscular erythrocyte volume.
The lower haematocrit was accompanied by a certain degree of leucopoenia. Although decreases
in the number of circulant erythrocytes have been reported in response to acute bouts of physical
activity [38], these changes are not always found in well-trained subjects [39], and even increases in the
haematocrit and erythrocyte number have been reported in both amateur and professional sportsmen
after maximal and submaximal tests and a cycling stage [40]. The leucopoenia found in the active
participants of the current study was explained by lower counts of both neutrophils and lymphocytes
and is in accordance with previous studies reporting a certain degree of leucopoenia in response to
the regular practice of physical activity, which in turn is interpreted as part of an anti-inflammatory
response [41].

The systemic inflammatory status of the participants in the study was evaluated through the
measurement of circulating pro- and anti-inflammatory proteins and gene and protein expression of
different cytokines in PBMCs. A decrease in the circulating levels of IL6 was observed in the active
groups. Although IL6 can also exert anti-inflammatory activity (after an acute bout of exercise, IL-6
may induce the anti-inflammatory cytokines IL-10 and IL-1ra [42]), the presence of chronic circulating
concentrations of IL6 can induce an acute phase immune response [43], and the regular practice of
physical activity induces lower basal concentrations of IL-6 when compared to a sedentary lifestyle [44].
The plasma concentration of this interleukin has been associated with lower muscle mass [45] and
higher adiposity [46], although in the present study we have not evidenced differences in fat-free
mass. Although a reduction in IL6 levels was observed in the group of active volunteers, no changes
in circulating TNF-« were evidenced. Gene expression of pro-inflammatory cytokines such as IL1{3 or
TNEF-« or the pro-inflammatory receptor TLR4 in PBMCs were not significantly affected by the practice
of regular exercise. These results are in accordance with previous studies reporting that IL13 does not
respond to different degrees of exercise, including low intensity aerobic exercise, high intensity aerobic
exercise, or a combination of high intensity aerobic and resistance exercise [34]. Although no effects of
physical activity were observed either on the gene expression of IL1ra, a significant activation of the
anti-inflammatory cytokine IL10 gene expression was observed. Higher levels of IL10 in response to
physical activity have been previously reported [34,35], and these increases have been actually related
to a decrease in fat mass. In fact, the chronic inflammatory state has been related to the adiposity,
and the influence of physical activity in body composition may therefore influence the inflammatory
state [31,45,47,48]. The fact that anti-inflammatory cytokine concentrations are lowered in healthy
adults over 50 years of age has also been associated with redistribution of body fat [20]. Our current
results (lower fat mass and higher IL10 expression in active subjects) are in accordance with previous
data and reinforce the anti-inflammatory effect of the regular practice of physical activity in old people.

A significant overexpression of the transcription factor NFkB was also observed in the physically
active groups. This nuclear factor can be activated through the action of pro-inflammatory cytokines
(such as TNFo), but it can also be activated by ROS and/or RNS [49]. Once activated, the nuclear
factor migrates to the nucleus and may induce the expression of a wide variety of genes, including
inflammatory cytokines such as TNF«, IL-6, and IL-1f3 [50,51], but also antioxidant enzymes such as
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superoxide dismutase and nitric oxide synthase [52,53]. As the PBMC gene expression profile shows
no evidence of a pro-inflammatory phenotype, we might interpret the activation of NF«B through
the ROS/RNS route rather than a proinflammatory response. In this instance, the regular practice of
physical activity exposes the organism to a sustained and continuous production of low levels of ROS,
and these low levels of ROS have been shown to act as second messengers leading an antioxidant and
anti-inflammatory response through the activation of NF«B and other genes [52,53].

The protein levels of the inflammation-related receptors TLR2 and TLR4 were also measured.
While no effects were observed regarding TLR4 levels, a decrease in both sexes in the protein
levels of TLR2 was observed. Activation of the TLR4 signalling pathway stimulates an increase
in pro-inflammatory cytokines such as TNFe, IL1f3, or IL6, and it has been previously described
that physical activity may downregulate TLR4 expression in the immune cells [54,55], together with
downstream cytokines such as TNFa [16], IL1 [34], and IL6 [18]. However, a recent study reported
that neither TLR4 nor TNF« responded to resistance training with or without weight loss [32], which
is in accordance with our own results. Although TLR4 is usually more sensitive TLR in response to
physical activity, we observed a down-regulation of TLR2 in active subjects but not of TLR4. TLR2
is another member of the TLRs family that is also involved in the cell response to immune stimuli,
and shares with TLR4 its downstream signalling cascade. A recent systematic review showed that
chronic exercise has anti-inflammatory effects on the organism through the downregulation of both
TLR2 and TLR4 at the protein and gene expression levels [56], which is in accordance with our results.

Taken together, our results show that the regular practice of physical activity by older adults
ameliorates their anthropometric characteristics by reducing their weight, fat mass, and body mass
index. This effect in their body composition is accompanied by a healthier status, with lower
diastolic blood pressure and higher levels of circulating HDL-cholesterol. The changes in the fat body
composition and lipid profile might be responsible for the observed attenuation of pro-inflammatory
parameters, such as the reduced count of lymphocytes and neutrophils, reduced IL6 circulating levels,
and the changes in the expression of pro- and anti-inflammatory proteins in PMBCs. In conclusion,
the regular practice of physical activity (> 84 MET-hours/week) by older adults ameliorates their
anti-inflammatory status.
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Abstract: To date, there is little knowledge about how experiences in childhood frame adults’ food
and drink consumption patterns in the context of attending sporting events as spectators. Therefore,
the goal of this study was to explore the childhood memories of adults when they visited sporting
events and find out whether and why this particular setting makes individuals indulge in unhealthy
food. The study comprises two components: Study 1 and Study 2. In Study 1, 30 individuals recalled
their childhood experiences of sport stadium visits at the age of ten years or younger. Inductive coding
of the stories revealed that on-site enjoyment is an important factor that may lead to unhealthy food
consumption. In Study 2 (1 = 240), the effect of enjoyment on the intentions to eat unhealthy versus
healthy food at sporting events was tested empirically and contrasted with two other leisure-time
activities. The results of the experiment revealed that it is not enjoyment, but the visit to sporting or
music events (versus a flea market) that increased the preference for unhealthy versus healthy foods.
Implications to decrease (increase) the preference for unhealthy (healthy) food in these particular
settings against the background of childhood experiences can be drawn.

Keywords: childhood memories; sport spectators; sport games; sporting events; music events; food
consumption; out-of-home eating; food healthiness

1. Introduction

What food and drinks do you associate with your family’s most recent visit to a baseball
game? It would be of little surprise if you mentioned that your children had hotdogs and soft
drinks. It is noteworthy that these foods are in conflict with the diets of athletes whom you and your
family members were following during the course of the game (assuming that athletes stick to the
recommendations of sport nutritionists, e.g., [1]).

In consumer behavior and food research, it is well known that childhood experiences influence
both purchase behaviors and consumption behaviors in adulthood [2,3]. The attendance of sporting
events as a spectator, however, has not been researched extensively yet, particularly with regard
to people’s eating and drinking behaviors that are potentially influenced by childhood experiences.
This is despite the fact that the food that is provided to children (and adults) when attending sporting
events has been subjected to criticism, particularly because of its low nutritional value and high calorie
density [4,5]. If childhood memories about the association between food and sporting event attendance
as spectators are important, it is crucial that children are exposed to healthy, and not to unhealthy,
food environments today (arguing from the perspective of public policy), because these contextual
factors influence behavioral patterns later in life.
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1.1. Food Provision to Sporting Event Spectators

At sporting events, concession stands offer various food and drink options to spectators, and many
spectators consume food and drinks before or while following a sporting event. Often, sponsorship
and the exclusiveness rights that go along with the sponsorship determine the kind of food and drink
provision [6,7], and sport spectators can choose from those options that are made available to them [8].

Within the context of the attendance of sporting events, four factors characterize the market
for food and drinks, including the physical facility (i.e., the built environment for food and drink
provision/availability as well as for eating and drinking), group experience (i.e., the influence of peer
groups, such as spouses, friends, siblings, and strangers, on food and drink choices as well as eating
and drinking), history and tradition factors (e.g., having hotdogs at half time for nostalgic reasons),
and rituals (e.g., scripts that sporting event visitors follow when attending a game, such as drinking
beer when tailgating before the game) [9]. These characteristics affect what and how much people eat
and drink.

Marketers make use of the connection between the various food and drink options and
the consumers following sporting events in their leisure time, particularly for the promotion of
unhealthy food and drinks, targeting children and adolescents [6], generation Y consumers [10],
sport gamblers [11], and sport stadium visitors [4], for example. In sport stadiums, concession stands
contribute to the perception and appeal of the ‘sportscape’, that is, the stadium as an environment in
which services are provided and value is (co-)created [12], and the concession stands may become
part of the psychological associations within this environment, a ‘home ground’, a beloved place to
sporting event spectators (sometimes called ‘topophilia’ [13,14]).

1.2. Childhood Memories about Eating and Drinking When Following Sporting Events On-Site

Attending sporting events is a common leisure time activity for families with children around
the world [15,16]. The sensory experience with certain foods and drinks at sporting events can then
influence children’s preferences for food and drinks (particularly sweet and salty food and sweet
drinks) or their avoidance of food and drinks that they do not like or know of [17,18]. As dietary
habits and the acceptance of certain foods and drinks and amounts influence individuals” health and
important health determinants later in life [17], the sporting event setting may be of relevance in this
context [5-8].

The emotions associated with the food and drinks provided and consumed at sporting events
relate to the discrete emotions that have been generally studied in food decision-making models
(e.g., enjoyment), such as in the goal conflict model of eating [19]. According to the model, there is
a conflict between the enjoyment goals of eating and the cognitive representations of weight control
(or healthy eating). At sporting events, spectators have been reported to enjoy foods and drinks such
as meat pies, burgers, fries, popcorn, and soft drinks [4]—options that are considered to contribute to
overweight and obesity because of their low nutritional value, high calorie density, and large portion
sizes, which often go along with relatively high consumption volumes (and calorie intake). Yet, some
stadiums also have healthy food items on offer, such as salad (e.g., from the stadium’s rooftop garden
at Fenway Park, Boston, MA, USA) and cauliflower sandwiches (Wrigley Field, Chicago, IL, USA).
The memories about eating and drinking may then influence consumers’ preferences for certain food
and drinks at sporting events.

1.3. Aims and Research Goals

The present study aimed to capture and categorize the food- and drinks-related memories of
adults when they visited sporting events in their childhood. Since enjoyment might be a central
emotion (be it related to the game itself, such as when a goal is scored, or the experience in the stands,
such as when cheering for the team, being with family and friends, as well as eating and drinking),
the present study also addressed the relevance of enjoyment in this context. In particular, it aimed
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to find out whether the attraction to unhealthy food and the avoidance of healthy food observed in
sporting event visitors is merely due to the activation of enjoyment goals (and thus should be replicable
across contexts if enjoyment goals are activated) or whether sporting event visits can lead spectators to
indulge or to control the effect of enjoying the leisure time activity on the intentions to indulge. Thus,
the research questions that guided the research are as follows:

RQ1 What are the childhood memories of adults when they visited sporting events, particularly in
relation to food and drinks?

RQ2  What is the influence of the particular sporting event setting and the enjoyable experience of
the event visit on individuals’ intentions to indulge in unhealthy foods versus healthy foods?

In what follows, two studies are presented: Study 1, which aimed to answer RQ 1, and Study 2,
which aimed to answer RQ 2.

2. Study 1

2.1. Materials and Methods

Thirty informants (15 women) were recruited via Amazon’s Mechanical Turk and took part in the
study in exchange for monetary compensation (M [mean] = 34.8 years, SD [standard deviation] = 8.9).
Informants were only interviewed when they could recall a professional sporting event that they had
visited at the age of 10 years or younger [20,21]. They were US residents and recalled the first time they
visited a sporting event, at the age between four and 10 years, according to the written interviews with
the informants. The following sports were mentioned: baseball, basketball, football, and ice hockey.

Similar to the procedure in Braun—Latour et al.’s study [3], informants were asked to write down
a memory story of their earliest childhood memory. MAXQDA software (VERBI, Berlin, Germany)
was used to inductively code the response, based on content analysis procedures [22]. Categories were
withdrawn directly from the raw data. The categories that were extracted were treated as content
units. The coded content units consisted of three categories (level a) and eleven subcategories (level b).
Two coders performed the coding; inter-rater reliability was satisfied with Cohen’s k = 0.82.

2.2. Results and Discussion

In the memory stories, a number of different themes were mentioned. The inductive coding
revealed three categories (level a): individual experiences of the visit; external factors related to the
visit; social factors related to the visit. Table 1 shows the eleven subcategories (level b) of the three
categories and some example statements.

Every informant referred to food and drinks in the memory task, an indicator that there is
a close association between food and drinks and sporting event visits in childhood. Within the
emotions subcategory, enjoyment and enjoyment-related facets, such as happiness and excitement,
were dominant themes in the informants’” memory stories. This supports the assumption that
enjoyment is central to the attendance of a sporting event in childhood. The data further revealed
that enjoyment relates to many aspects: the game itself, the players, the audience, and the stadium,
for example. Most importantly to the present study, informants also made connections between
enjoyment and the food experience. For example, informant 11 made the following statement:
“The hotdogs there smelled and tasted much better than the ones my mom would make at home.
I was not a big hotdog fan, but I did really enjoy the ones there.” Informant 26 highlighted that
her food preferences are still the same today: “The hotdog was definitely the classic, made up the
whole experience, and I still love pretzels today.” The foods that were mentioned in the stories were
the following: burger, chili, french fries, hotdogs, nachos, pizza, and snacks (cotton candy, crackers,
peanuts, and popcorn were mentioned explicitly). The drinks that were mentioned were the following:
coke, soda, water, and hot chocolate. Table 1 shows some further example statements taken from the
memory stories.
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Table 1. Categories of childhood memories about the attendance of sporting events.

(Sub-)Category Example Statement

Individual experiences

“I didn’t really like hotdogs that much, but for some reason they smelled so much better there.”
(informant 11)
Food and drink “I was very happy and enjoying myself as I got a new hat, eating junk food, and learning about baseball.
consumption It seemed like a dream because everything was perfect.” (informant 20)
“Iremember vividly the taste of the hotdogs and excitedly watching the game in front of us. Itis a
highlight of my childhood.” (informant 26)

“From the time the kick-off started until the final whistle, I did not sit down once. We thoroughly enjoyed
Emotions the game.” (informant 4)
“I enjoyed myself very much. It is a great day I loved to remember.” (informant 25)

Clothing “We all wore green t-shirts.” (informant 2)

“I can almost see it now, sitting with my baseball cards from the gift shop ( ... ) watching the game.”

Merchandise (informant 24)

“It was amazing to watch and experience as it taught me never give up even when things seem the

Inspiration for life bleakest.” (informant 29)

“I still reflect back to the first time I stepped onto that hallowed ground, many, many years ago.”

Nostalgia (informant 14)

External factors

Game/show performance  “I was all excited to see my favorite player, Aurelio Rodriguez (third baseman).” (informant 18)

Built environment “I'was astonished by ( ... ) the bowl-shaped facade.” (informant 14)

Weather “It was so hot and muggy that day with no breeze or shade at all.” (informant 11)

Social factors

Belongingness to family ~ “It was a special day for me, and I'll always remember seeing my first baseball game with my father and
and friends grandfather.” (informant 20)

Spectator-generated

“The thrill of the audience was the best part.” (informant 25)
atmosphere

To find out whether enjoyment generally predicts intentions to eat unhealthy foods (e.g., the types
of foods mentioned in the memory stories) versus healthy foods and whether the sporting event
context provides a unique setting to spectators in terms of the preference for unhealthy versus healthy
food consumption, Study 2 was conducted. In the study, the visit to a sporting event was contrasted
with other leisure time activities, that is, the visit to a music event and the visit to a flea market.
This allowed drawing conclusions about the peculiarities of the different settings in which food is
consumed. The study exclusively looked at intended food (but not drink) consumption.

3. Study 2

3.1. Materials and Methods

Two hundred forty students (149 women) were recruited on a university campus and took part in
the study in exchange for monetary compensation (M = 26.6 years, SD = 8.5). The experimental study
applied a 2 x 2 design, manipulating enjoyment (high versus low) and event type (sporting versus
music event) between participants, and a control group was added as a fifth experimental condition
(i.e., the visit to a flea market with low enjoyment). In the study, the participants were randomly
assigned to one of the five conditions.

The participants first read a description of an event visit (Appendix A) and they were asked
to imagine that they would visit the event. After they read the description, they were asked to rate
the likeliness to consume 15 different foods on a scale anchored at 1 (“I would not eat this food at
all”) and 10 (“I would definitely eat this food”), including both healthy and unhealthy foods ([23,24];
Appendix B). They were pretested to represent healthy and unhealthy foods, which were presented
in a random order. An overall score for the preference of unhealthy foods versus healthy foods was
computed (with reverse-coded items for healthy options) (x = 0.76).

Beside these intentions, the survey assessed sociodemographics and an item that was used to
assess whether the experimental manipulation worked or not (“How enjoyable do you rate the visit
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to the sporting event (or music event or flea market)?”, anchored at 1 = “Not enjoyable at all” and
7 = “Very enjoyable”). A funneled debriefing was applied at the end of the study, which revealed that
none of the participants guessed the research questions of the study.

3.2. Results and Discussion

The experimental manipulation worked as intended: when the event visit was described as highly
enjoyable, enjoyment was rated higher (M = 5.69, SD = 1.14) compared to when the visit was not
described as highly enjoyable (M = 4.24, SD = 1.55; t (238) = 8.35, p < 0.001).

Figure 1 displays the participants” intention to indulge in unhealthy foods versus healthy foods
depending on the experimental conditions.
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Figure 1. Intention to indulge in unhealthy foods versus healthy foods depending on the five
experimental conditions: visit to a sporting event (low and high enjoyment), visit to a music event
(low and high enjoyment), and visit to a flea market (low enjoyment only).

A linear regression analysis was performed to assess the influence of enjoyment (coded 1 for
high and 0 for low) as well as the event (dummy 1, coded 1 for sporting event and 0 for other events;
dummy 2, coded 1 for music event and 0 for other events) on the intention to indulge in unhealthy
foods versus healthy foods. The variables explained 6% of the variance in the participants’ intention.
While the influence of enjoyment was not significant (b [beta coefficient] = 0.23, SE [standard error]
=0.19, p = 0.22), both the visit to the sporting event (b = 0.67, SE = 0.26, p < 0.01) and the visit to the
music event (b = 0.65, SE = 0.25, p < 0.01) increased the intention to indulge in unhealthy foods versus
healthy foods. The contrast between sporting event and music event visits was not significant (b = 0.02,
SE =0.19,p = 0.93).

To conclude, it can be stated that, controlling for the influence of primed enjoyment of the visit,
the attendance at a sporting event (versus a flea market) increased the intention to choose unhealthy
foods versus healthy foods. The effect was similar for the attendance at a music event (versus a flea
market), while the sporting event context and the music event context did not differ in their effects.
We discuss the general implications below.

4. Discussion

The purpose of the study was to explore food- and drinks-related childhood memories about the
attendance at sporting events and to find out whether sporting event attendance influences people’s
preference for unhealthy foods versus healthy foods. The study contributes to the existing research in
three ways.
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First, the study revealed that eating and drinking contributed to an enjoyable stadium visit
when adults reflected on their childhood experiences of spectator sports. Mostly unhealthy foods
were recalled. While the provision of unhealthy foods at sporting events has been criticized [4,5,8],
none of the previous studies has shown that childhood experiences with unhealthy foods are recalled
even decades later nor how they shaped children’s food preferences. We note that any type of food
can be part of a healthy, nutritious diet. However, when certain types of foods are consumed too
often as well as in high amounts and when the consumption of high volumes of low-nutritious and
high-caloric foods turns into a habit when eating at home or in other out-of-home contexts, the risk of
children becoming overweight and obese may increase. The lived experience at sporting events may
contribute to this, similarly to sponsorship-linked marketing activities of unhealthy food and drinks
with role-model athletes as endorsers [7,9].

Second, the study revealed that both the sporting event context and the music event context are
leisure-time activities that, controlling for enjoyment effects, increased the likelihood that individuals
prefer unhealthy foods over healthy foods compared to a control group (here: people who imagined
a visit to a flea market). The model explained 6% of the variance in the dependent variable. It is
plausible that other factors than the venue influenced the preference for unhealthy versus healthy
foods, such as individual taste preferences, social norms, and people’s general attitudes and values.
Because of the random assignment of the participants to the various experimental conditions, however,
the results should be unaffected by these individual differences. From a theoretical perspective, it is
interesting that the two leisure-time activities—sporting event visit and music event visit—primed
the intended food preferences of individuals. The potential reasons for this include that implicitly
learned associations contribute to people preferring certain foods over others (such as eating hotdogs
when watching a baseball game and eating popcorn when watching a movie in a cinema; [2]). Also,
the anticipated convenience of certain foods may matter to food consumption intentions, depending
on whether individuals assumed that seating was available or not, how much time was available,
and how easy it was to dispose of left overs. Lastly, anticipated differences in social factors between
contexts, such as crowding, which might be higher for music and sporting events than for a flea market,
may have influenced the results.

Third, the finding that high (versus low) enjoyment of the event experience did not increase
the preference for unhealthy and the avoidance of healthy food is noteworthy. On the one hand,
one may have expected that individuals switch goals: when one goal (enjoyment) is achieved in
the context of following the favorite sports team or music band, they may be directed to pursuing
opposite goals (health goals in the context of eating) [25]. This was not the case in the present study.
On the other hand, one may have expected that individuals want to nourish their consumption episode
further: when they enjoy following their favorite sports team or music band, they want to enhance the
enjoyment experience and continue to enjoy to have a ‘perfect evening’ (highlighting in the context
of consumption episodes [26]). Although, in the present study, the means pointed in this direction
(Figure 1), there were no significant effects in the analyses. Thus, the results did not support any of the
two assumptions.

This study has important implications for public health policy and practice. There is a need
for healthier food availability and food policy at sport settings in general and at sporting venues
in particular. In the present study, all of the childhood memories about the association between
food and sporting event attendance related to unhealthy foods (Study 1). Furthermore, the sporting
context increased the preference for unhealthy over healthy foods (Study 2). To fight these links that
promote unhealthy eating behaviors, public policy makers have several possibilities: (1) incentivize
stakeholders to offer relatively more healthy food and drinks (such as providing funding to them if
they offer sustainable, healthy options at sporting events); (2) make unhealthy (healthy) food and
drinks less (more) accessible to sporting event visitors (e.g., via an increase in prices for unhealthy
foods and drinks due to higher taxes); (3) make unhealthy (healthy) food and drinks less (more)
attractive to sporting event visitors (e.g., via menu labeling or sponsorship of healthy food); (4) make
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unhealthy (healthy) food and drinks less (more) available by forced policy changes (this can range
from forcing stakeholders to implement corporate social responsibility policies in relation to food and
drinks to forbidding certain foods and drinks (e.g., high-sugar and high-fat options) per se in certain
contexts, similarly to banning alcohol and smoking in sport stadiums). These measures may be most
effective when both parents and children commit to the goal of healthy eating and drinking in sport
settings [27] and when public policy-makers and practitioners include other stakeholders as well [28].
Consensus-based approaches are needed, because managers are afraid of loosing profits when strict
policies are introduced [29].

The present study is not free of limitations. Study 1’s memorization task related to food and drinks
that were available at the time that the informants recalled. Therefore, if healthy food and drink items
were not offered to them, it is no surprise that they were not mentioned. Future studies should replicate
the findings for sport fans that attended stadiums that offered about the same number of healthy and
unhealthy food and drink options (so that there are equal chances to enter the recalled set of items),
for example. Study 2’s experimental design controlled for enjoyment, but not for other contextual
variables that may be relevant, such as convenience to eat food in relation to time and space. Also,
the sample was skewed towards well-educated individuals, younger age, and females (versus males).
Future studies may consider samples that are representative for stadium visitors. Future research may
also look at the associations between (un)healthy food consumption and sporting event visits over
time, as well as at choices depending on situational factors (such as an increase in the accessibility,
attractiveness, and availability of healthy options; in particular: the introduction of menu-labeling
schemes or when changes in family rituals in relation to food and drink consumption occur). While this
study focused on memories in relation to healthy versus unhealthy food, future studies may focus on
alcohol and tobacco consumption, factors that have also been identified as health threats to children
and adults in sports settings [27,28,30].

5. Conclusions

To conclude, we can state that children should be exposed to healthy, but not unhealthy, food and
drink environments when they attend sporting events as spectators, because these contextual factors
and the memories related to the visits influence behavioral patterns later in life. The present study
highlights the need for further action and further research in this important area.
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Appendix A. Experimental Manipulations in Study 2

Appendix A.1. Visit to a Sporting Event (High Enjoyment)

Please imagine that you attend a game of your favorite sports team. You have been looking
forward to attending the game for months, and the media considers the game as the game of the year.
Please read the brief description of how you feel on the day of the game. Please imagine how it would
feel like to be there and to experience the game with all senses.

Before the game, you have met some of your family and friends and you drove to the stadium
with them. You are in the stadium now and you cannot wait until the game begins. Your favorite team
will play the biggest rival, and the game will have great influence on the league table. You can hear the
fans already: they cheer for the team and there are amazing vibes in the stadium.

When you take your seat, the stadium, the fans, and the colorful flags that are all over the stadium
overwhelm you. Your favorite players are on the pitch, and there is a tension in the air, anticipating
that something special could occur today. You feel great, and everyone is ready to have a great
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evening, full of excitement and enjoyment. Nothing compares to this, and you have your ticket and
are right there.

Before the game starts, you still have some time. Therefore, you want to get some food and drinks.
The concession stands offer various food options. Please look at the following options and indicate the
degree to which you would want to eat the respective food.

Appendix A.2. Visit to a Sporting Event (Low Enjoyment)

Please imagine that you attend a game of your favorite sports team. You have been looking
forward to attending the game, and the media broadcast the game. Please read the brief description
of how you feel on the day of the game. Please imagine how it would feel like to be there and to
experience the game with all senses.

Before the game, you have met some of your family and friends and you drove to the stadium
with them. You are in the stadium now and you wait until the game begins. Your favorite team will
play another team that is desperate to win the game. You cannot hear a lot of fans yet, because there
are not many spectators inside the stadium. You hope that the stadium atmosphere will improve later.

When you take your seat, you try to get an overview of the stadium and look around in the visitor
stands and on the pitch. You don’t see any of the players yet. You have to kill some time and think of
what you could have done otherwise rather than attending this game. You still have to wait for the
teams to enter the stadium and the game to begin.

Before the game starts, you still have some time. Therefore, you want to get some food and drinks.
The concession stands offer various food options. Please look at the following options and indicate the
degree to which you would want to eat the respective food.

Appendix A.3. Visit to a Music Event (High Enjoyment)

Please imagine that you attend a concert of your favorite music band. You have been looking
forward to attending the concert for months, and the media considers the concert as the concert of the
year. Please read the brief description of how you feel on the day of the concert. Please imagine how it
would feel like to be there and to experience the concert with all senses.

Before the concert, you have met some of your family and friends and you drove to the stadium
with them. You are in the stadium now and you cannot wait until the concert begins. Your favorite
band will host one of their greatest concerts, and the concert will feature songs from the new album.
You can hear the fans already: they sing famous songs, and there are amazing vibes in the stadium.

When you take your seat, the stadium, the fans, and the colorful flags that are all over the stadium
overwhelm you. Your favorite musicians are on the stage, and there is a tension in the air, anticipating
that something special could occur today. You feel great, and everyone is ready to have a great
evening, full of excitement and enjoyment. Nothing compares to this, and you have your ticket and
are right there.

Before the concert starts, you still have some time. Therefore, you want to get some food and
drinks. The concession stands offer various food options. Please look at the following options and
indicate the degree to which you would want to eat the respective food.

Appendix A.4. Visit to a Music Event (Low Enjoyment)

Please imagine that you attend a concert of your favorite music band. You have been looking
forward to attending the concert, and the media broadcast the concert. Please read the brief description
of how you feel on the day of the concert. Please imagine how it would feel like to be there and to
experience the concert with all senses.

Before the concert, you have met some of your family and friends and you drove to the stadium
with them. You are in the stadium now and you wait until the concert begins. Your favorite band will
host a concert, and the concert will feature well-known and often-played songs. You cannot hear a
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lot of fans yet, because there are not many spectators inside the stadium. You hope that the stadium
atmosphere will improve later.

When you take your seat, you try to get an overview of the stadium and look around in the visitor
stands and on the stage. You don’t see any of the band members yet. You have to kill some time and
think of what you could have done otherwise rather than attending this concert. You still have to wait
for the band to enter the stadium and the concert to begin.

Before the concert starts, you still have some time. Therefore, you want to get some food and
drinks. The concession stands offer various food options. Please look at the following options and
indicate the degree to which you would want to eat the respective food.

Appendix A.5. Visit to a Flea Market (Low Enjoyment)

Please imagine that you attend your favorite flea market. You have been looking forward to shop
some items at the flea market. Many people visit this local flea market. Please read the brief description
of how you feel on the day of the flea market. Please imagine how it would feel like to be there and to
experience the flea market with all senses.

Before going to the flea market, you have met some of your family and friends and you drove to
the place where it is held with them. You are at the market now and you wait until you find a good
bargain or an item that you like. The market features some well-known stands, and people regularly
purchase from these stands. There are not a lot of visitors at the flea market yet, and you hope that the
atmosphere will improve later.

When you stroll around, you try to get an overview of the market and look around among people
and what the stands have to offer. You don’t see anything exciting yet. You have to kill some time and
think of what you could have done otherwise rather than attending this flea market. You still want to
find one or two items that you can bring home with you.

Before this and before you go home, you still have some time. Therefore, you want to get some
food and drinks. The concession stands offer various food options. Please look at the following options
and indicate the degree to which you would want to eat the respective food.

Appendix B. Foods Used in Study 2

The following foods were used (R indicates reverse coding): Asia soup (R), burger, chicken wings,
chocolate muffin, french fries, fried onion rings, fruit salad (R), hotdog, meat skewers, pizza, salad (R),
vegetable quiche (R), vegetable soup (R), vegetable wrap (R), and yogurt (R). The foods were displayed
in a typical serving size and in a way so that they could be readily eaten by individuals while sitting or
standing, on a disposable plate or in a cup/bowl.
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Abstract: Background: Humans consuming a purified vegan diet known as the "Daniel Fast" realize
favorable changes in blood lipids, oxidative stress, and inflammatory biomarkers, with subjective
reports of improved physical capacity. Objective: We sought to determine if this purified vegan
diet was synergistic with exercise in male rats. Methods: Long-Evans rats (1 = 56) were assigned
to be exercise trained (+E) by running on a treadmill three days per week at a moderate intensity
or to act as sedentary controls with normal activity. After the baseline physical performance was
evaluated by recording run time to exhaustion, half of the animals in each group were fed ad libitum
for three months a purified diet formulated to mimic the Daniel Fast (DF) or a Western Diet (WD).
Physical performance was evaluated again at the end of month 3, and body composition was assessed
using dual-energy x-ray absorptiometry. Blood was collected for measurements of lipids, oxidative
stress, and inflammatory biomarkers. Results: Physical performance at the end of month 3 was higher
compared to baseline for both exercise groups (p < 0.05), with a greater percent increase in the DF
+ E group (99%) than in the WD + E group (51%). Body fat was lower in DF than in WD groups
at the end of month 3 (p < 0.05). Blood triglycerides, cholesterol, malondialdehyde, and advanced
oxidation protein products were significantly lower in the DF groups than in the WD groups (p < 0.05).
No significant differences were noted in cytokines levels between the groups (p > 0.05), although
IL-1B and IL-10 were elevated three-fold and two-fold in the rats fed the WD compared to the
DF rats, respectively. Conclusions: Compared to a WD, a purified diet that mimics the vegan
Daniel Fast provides significant anthropometric and metabolic benefits to rats, while possibly acting
synergistically with exercise training to improve physical performance. These findings highlight the
importance of macronutrient composition and quality in the presence of ad libitum food intake.

Keywords: dietary restriction; macronutrients; physical exercise; free radicals; cytokines
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1. Introduction

Both dietary restriction/modification and caloric restriction have been studied extensively for
their ability to favorably alter body composition in humans and animals [1]. One form of dietary
restriction is veganism, a plan that eliminates all animal products and improves health outcomes [2].
Unlike caloric restriction, which typically calls for a 10-30% reduction in daily dietary energy needs [1],
veganism allows for ad libitum food intake.

The Daniel Fast (DF), a biblically inspired partial fast, is similar to veganism but much more
stringent. Specifically, the DF is a form of dietary restriction that allows for ad libitum food intake but
places firm restrictions on the types of food that are allowed [1,3-5], with choices primarily limited to
fruits, vegetables, whole grains, legumes, nuts, seeds, and plant-based oils. No alcohol, sweeteners,
or refined foods are allowed, resulting in carbohydrate sources that are complex with low glycemic
indices. By default, the DF has an abundance of dietary fiber and plant-derived fatty acids and
relatively high concentrations of antioxidants.

Our previous human studies involving the DF revealed health-specific benefits including, but not
limited to, reductions in body mass and body fat, systolic and diastolic blood pressure, total and
LDL-cholesterol, blood oxidative stress biomarkers, and C-reactive protein [3,4,6]. The DF has also
been shown to increase antioxidant capacity as well as the ratio of blood nitrate/nitrite (a biomarker
of nitric oxide), which may have implications for improving physical performance with enhanced
hemodynamic responses [7,8]. While we received multiple anecdotal reports of improved vitality, vigor,
and mood from research participants in these studies [3,4,6], objective physical performance measures
were not investigated in a controlled study. It is possible that chronic consumption of the DF with
and without regular exercise—which is well known to aid in body mass/fat control and to improve
functional capacity [9-11]—may yield favorable changes in body mass/fat and physical performance.

The present study sought to determine the independent and combined influences of dietary
composition (under conditions of ad libitum intake) and moderate exercise training on functional
capacity, body composition, blood lipids, oxidative stress, and inflammation in male rats. The decision
to use an animal model was to ensure the control of key variables known to impact outcome measures
(e.g., sleep, stress, type and volume of food, volume and intensity of exercise). We hypothesized that
exercise training would improve physical performance as well as other outcome measures and that the
benefits of exercise would be of greater magnitude in animals fed the DE.

2. Materials and Methods

2.1. Overview of the Experimental Design

Male Long-Evans rats (1 = 56), 3—4 weeks of age, were purchased from Harlan Laboratories, Inc.
(Indianapolis, IN, USA). Upon arrival, all rats were individually housed in standard shoebox caging in
a climate-controlled room (21 °C), employing a standard 12:12 h light—dark cycle (lights on at 8:00 h).
During a two-week acclimation period, they were transitioned from consuming a standard rat chow
(Harlan 1018) to their assigned diets by gradually replacing the standard chow diet with an increasing
proportion of the experimental diets. During this two-week period, the rats were also familiarized with
the treadmill on three separate days (i.e., walking on the treadmill for 5 min at 15-20 m-min '), and the
12:12 h light-dark cycle was progressively shifted to lights on at 300 h and off at 1500 h. The light-dark
cycle was shifted to allow exercise training and testing to occur during the latter part of the light phase.
All housing and experimental procedures were approved by The University of Memphis Institutional
Animal Care and Use Committee (approval #0734) and were in accordance with the 8th edition of the
Guide for the Care and Use of Laboratory Animals. Throughout the study, the rats had ad libitum access to
food and water.
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2.2. Functional Capacity Assessment

The pre-Intervention (Baseline) total treadmill running time was determined for all animals after the
two-week acclimation period following established procedures [12-14]. The animals began the test by
running on a motorized treadmill (Exer-6M Treadmill, Columbus Instruments, Columbus, OH, USA) at a
speed of 20 m-min~! without incline for 15 min. The speed was increased by 5 m-min~! every 15 min to a
maximum speed of 35 m-min~'. A mild electrical shock (frequency current at 3.0 hz at 1.60 mA with a
voltage of a 115) was provided when the animals could not maintain the set pace. Fatigue was considered
to occur when a rat started to lower its hindquarters and raise its snout, resulting in a significantly altered
gait, to the point of not being able to remain on the treadmill. When this degree of fatigue was noted,
and the animal had difficulty remaining on the treadmill belt (regardless of the delivery of the electrical
shock), the animal was taken off the treadmill, and the run time was recorded to the nearest second.
Again, testing was performed during the latter part of the light phase, when the rats are the most active [15].
All rats repeated the same treadmill test at the end of the intervention period.

2.3. Anthropometric Assessments

Body mass was measured daily. At the end of the three-month intervention, the body composition
of all animals, anesthetized with isoflurane, was evaluated by using dual-energy x-ray absorptiometry
(DXA) (Discovery QDR series, Hologic Inc., Bedford, MA, USA). The reliability of the DXA exam was
evaluated using three rats not participating in the study that were scanned a total of seven times each.
The measured variance of the percent body fat for these animals was 0.34, 0.60, and 0.89. Despite the
low variance, all experimental animals were scanned twice. If the first two scans provided percent
body fat values that varied by more than 1.5%, a third scan was performed, the two scans that were
closest were averaged, and the mean value of these two scans was included in the data analysis.
These data were used to calculate lean body mass, fat mass, and percent body fat.

2.4. Dietary and Exercise Interventions

The rats were randomly assigned to one of four intervention groups: Western Diet with exercise
(WD + E; n = 14); Western Diet without exercise (WD; n = 14); Daniel Fast with exercise (DF + E; n = 14);
Daniel Fast without exercise (DF; n = 14). The diets were purchased from Research Diets, Inc. (New
Brunswick, NJ) and provided in pellet form. The WD was formulated to mimic a typical human WD,
containing 17% protein, 43% carbohydrates, and 40% fat—A large portion of which was saturated (milk fat)
(product: D12079B). The DF included 15% protein, 60% carbohydrates, and 25% fat (product: D13092801).
The macronutrient sources and quantities of the DF were based on the dietary intakes of human subjects
in our prior DF studies [1,3,4]. The DF diet fed to the rats therefore mimics what our human subjects
consumed in terms of macronutrient sources and composition, fiber, and micronutrients (i.e., antioxidants).
The specific nutrient compositions of the WD and DF are provided in Table 1.

The rats consumed their assigned diet (WD or DF) for three months, beginning after the two-week
acclimation period. Food was provided ad libitum and was not measured each day. We simply monitored
the animals” body mass over time. Our omission of daily food recording may be considered a limitation
of this work. Equal numbers of rats in each diet group were randomly assigned either exercise (+E)
or no exercise. The animals in the no-exercise groups were placed on the treadmill three days per
week for a period of 5 min, while it was turned off. The animals in the exercise groups performed
moderate-intensity endurance exercise on a motorized treadmill three days per week (i.e., Monday,
Wednesday, Friday) for the three-month intervention period. The speed and duration was progressively
increased. Specifically, the animals began training at 20 m-min~! for 15 min-day~! (week 1), progressed
to 25 m-min~! for 30 min-clay*1 (week 2), and then to 25 m-min ! for 35 min~c1ay*1 (weeks 3-12).
This progressive increase in intensity and duration of exercise is typical for rodent training studies [16].
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Table 1. Dietary composition of the Western Diet and Daniel Fast.

Nutrient Western Diet Daniel Fast
gm% kcal% g% kcal%
Protein 20 17 15 15
Carbohydrate 50 43 58 59
Fat 21 40 11 25
Fiber 5 0 13 1
Total 100 100
keal/g 4.7 39
Casein 195 780 0 0
Soy Protein 0 0 170 680
DL-Methionine 3 12 3 12
Corn Starch 50 200 0 0
Corn Starch-Hi Maize 260
(70% Amylose and 30% Amylopectin) 0 5335 2134
Maltodextrin 10 100 400 150 600
Sucrose 341 1364 0 0
Cellulose, BW200 50 0 100 0
Inulin 0 0 50 50
Milk Fat, Anhydrous 200 1800 0 0
Corn Oil 10 90 0 0
Flaxseed Oil 0 0 130 1170
Ethoxyquin 0.04 0 0.04 0
Mineral Mix S1001 35 0 35 0
Calcium Carbonate 4 0 4 0
Vitamin Mix V1001 10 40 10 40
Choline Carbonate 2 0 2 0
Ascorbic Acid Phosphate, 33% active 0 0 0.41 0
Cholesterol 1.5 0 0 0
Total 1001.54 4686 1187.95 4686
Saturated g/kg 122.6 7.8
Monunsaturated g/kg 60.2 19.7
Polyunsaturated g/kg 13.5 77.7
Cholesterol mg/kg 2048 0
Saturated %Fat 624 7.4
Monunsaturated %Fat 30.7 18.7
Polyunsaturated %Fat 6.9 73.9
Ascorbic Acid mg/kg 0 114

2.5. Blood Collection and Analysis

At the end of the three-month intervention, one half of the animals in each group were euthanized,
with the remaining animals being retained for a separate long-term study. For blood collection, the rats
were euthanized via CO, inhalation, the abdominal cavity was opened, and the blood was collected
from the inferior vena cava, using a syringe with a 22-gauge needle, and placed in vacutainer tubes
containing EDTA. Plasma was separated, and multiple aliquots were stored at —70 °C for the analysis
of plasma lipids and biomarkers of oxidative stress and inflammation. Plasma triglycerides (TAG) and
total cholesterol were analyzed following standard enzymatic procedures, as described by the reagents’
manufacturer (Thermo Electron Clinical Chemistry; product #: TR22421 and TR13421 for TAG and
cholesterol, respectively). Malondialdehyde (MDA) was analyzed following the procedures of Jentzsch
and colleagues [17], using reagents purchased from Northwest Life Science Specialties (Vancouver,
WA; product # NWK-MDAO1). Advanced Oxidation Protein Products (AOPP) were measured using
the methods described by the reagent’s manufacturer (Cell Biolabs, Inc., San Diego, CA, USA; product
# STA-318). A customized Milliplex® Map Kit was purchased from the EMD Millipore Corporation
(Billerica, MA, USA) for the measurement of IL-1«, IL-4, IL-1p3, IL-6, IL-13, IL-10, IFNy, and TNF-a.
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The cytokine concentrations were determined using the MAGPIX® platform with xPONENT software
(MilliporeSigma, Burlington, MA, USA). All samples were analyzed in duplicate. Since blood was only
obtained at the time of death, no baseline values are available for the biochemical measures.

2.6. Statistical Analysis

The treadmill run time was analyzed using a 4 (group) x 2 (time) analysis of variance (ANOVA).
The data obtained from the DXA scan (fat mass, lean mass, percent body fat) and all biochemical
measures were analyzed using a one-way ANOVA. Tukey post-hoc tests were used to identify
significant group differences. All analyses were performed using JMP statistical software (version
4.0.3; SAS Institute; Cary, NC, USA). Statistical significance was set at p < 0.05. All data are expressed
as the mean 4 SEM.

3. Results

One animal in the WD + E group died during week two of the intervention, approximately 30 min
following the exercise training session. The necropsy revealed the abdomen was filled with blood,
with a suspected aneurism. All remaining animals completed the three-month intervention.

3.1. Physical Performance Data

After three months, the treadmill run time to exhaustion (Table 2) displayed a significant group
effect (WD + E & DF + E) > (WD & DF) (p < 0.0001) and a significant time effect (month 3 > baseline)
(p = 0.0005), as well as a group x time interaction effect (p < 0.0001). The run time increased in both
exercise groups, as demonstrated by a change in the percent improvement from baseline to month 3 in
the WD + E (+51%) and the DF + E (+99%) groups. The increase for the DF + E group exceeded that for
the WD + E group (p = 0.02).

Table 2. Treadmill run time (min) to exhaustion of male rats assigned to two different diets with and
without exercise.

Western Diet + Exercise Western Diet Daniel Fast + Exercise Daniel Fast

(WD+E) (WD) (DF+E) (DF)
Pre-Intervention (Baseline) 355435 28.7 £3.3 293 +28 33.6 +4.1
Post-Intervention ** 4834+ 19" 244 +15 529 4+ 1.9*" 288+ 1.1

Values are mean + SEM. The data show: a group effect for treadmill run time to exhaustion (p < 0.0001); * WD
+ E & DF + E > W & DF; a time effect for treadmill run time to exhaustion (p = 0.0005); ** Month 3 > Baseline,
a group-by-time interaction effect for treadmill run time to exhaustion (p < 0.0001). ¥ Month 3 > Baseline for WD + E
and DF + E.

3.2. Anthropometric Data

All the rats gained weight during the three-month study (p < 0.0001; Table 3). The gain in body
weight displayed a group effect (p < 0.0001), with the 205% increase in the WD group exceeding
(p < 0.05) those in the WD + E (177%), DF + E (148%), and DF (168%) groups. There was no difference
between DF and WD + E rats for body weight gain (p > 0.05). A group effect was noted for mean fat
mass (p < 0.0001), with DF rats having a lower mean fat mass than the WD groups; also, mean fat
mass in WD + E rats was lower than in WD rats (p < 0.05). A group effect was noted for body fat
percentage (p < 0.0001), with both DF groups displaying lower values than the WD groups; also, body
fat percentage in WD + E rats was lower than in WD rats (p < 0.05). There was no significant difference
in lean mass between the groups (p = 0.14).
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Table 3. Anthropometric data of male rats assigned to two different diets with and without exercise.

Western Diet + Exercise Western Diet Daniel Fast + Exercise Daniel Fast
Body Mass (g) 186.5 + 3.3 187.0 + 4.5 192.6 + 2.7 185 + 4.8
Pre-Intervention
Body Mass (g) 516.8 + 10.7 5711 + 147 4787 + 113 496.8 + 135
Post-Intervention
Fat Mass (g) 161.6 £ 8.0 1955 + 8.4 100.73 £ 7.4 12445+ 98
Post-Intervention
Lean Mass (g) 366.0 £9.2 386.8 £ 6.7 3914 + 8.8 3765+ 7.8
Post-Intervention
% Fat
306+13 335+ 1.0 203+13 246+14

Post-Intervention

Values are mean £ SEM. A group effect was noted for body mass (p < 0.0001). A time effect was noted for body
mass (p < 0.0001). A group-by-time interaction effect was noted for body mass (p < 0.0001). A group effect was
noted for fat mass (p < 0.0001). A group effect was noted for % fat (p < 0.0001). No other statistically significant
effects were noted (p > 0.05).

3.3. Biochemical Data

Since only one half of the animals were euthanized at the end of month 3, only samples from
these animals were available for biochemical analysis (n = 7 per group). A group effect was noted
for TAG (p < 0.0001; Figure 1), cholesterol (p < 0.0001; Figure 1), MDA (p = 0.03; Figure 2), and AOPP
(p < 0.0001; Figure 2). The values for TAG, cholesterol, and AOPP in the WD group were different from
those in all other groups (Figures 1 and 2B); also, the values in the WD + E group were different from
those in all the other groups (p < 0.05). For MDA, the WD group displayed a higher value than the DF
+ E group (p < 0.05).

The cytokine results are presented in Table 4. The concentrations of four of the examined
cytokines were below the limit of detection and were not included. Due to variation between animals,
the differences in IL-1 and IL-10 concentrations in the WD group compared with the DF rats did not
reach statistical significance (p > 0.05). The concentrations of the remaining cytokines were similar in
both groups.
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Figure 1. (A) Blood triglycerides (TAG) and (B) total cholesterol of male rats assigned to two different
diets with and without exercise. Values are mean + SEM. *A group effect was noted for TAG (p < 0.0001)
and cholesterol (p < 0.0001). For TAG and cholesterol, the Western Diet (WD) group was different from
all the other groups, and the Western Diet + Exercise (WD + E) group was different from all the other
groups (p < 0.05).
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Figure 2. (A) Blood malondialdehyde (MDA) and (B) advanced oxidation protein products (AOPP) of
male rats assigned to two different diets with and without exercise. Values are mean 4+ SEM. * A group
effect was noted for MDA (p = 0.03) and AOPP (p < 0.0001). For AOPP, the Western Diet (WD) group
resulted different from all the other groups; also the Western Diet + Exercise (WD + E) group resulted
different than all the other groups (p < 0.05). For MDA, the Western Diet + Exercise (WD + E) group
resulted different from the DF group (p < 0.05).

Table 4. Cytokine concentrations in male rats assigned to two different diets with and without exercise.

Variable = Western Diet + Exercise Western Diet Daniel Fast + Exercise Daniel Fast
1L-4 37+9.6 259+7.8 36.3 +9.6 271 +9.6
1IL-1pB 174.5 + 59.5 1209 + 55.1 31.4 +59.5 72.3 + 65.2
IL-10 126.5 + 36.7 955+ 34 404 + 34 63.4 + 34
TNF-« 143 £5.1 13.8 £4.1 14.6 £ 3.6 12.6 £4.1

Values are mean + SEM (pg-mL ™). No statistically significant differences were noted (p > 0.05).

4. Discussion

To our knowledge, this is the first study to investigate the impact of a purified diet that mimics
the Daniel Fast, with and without exercise training, on physical performance, body composition,
and blood-derived measures of health in rats. Our data clearly indicate that a purified vegan diet
improves body composition, blood lipids, and measures of oxidative stress compared to a WD.
In addition, exercise training for three months enhances physical performance but has little impact
on blood lipids or oxidative stress when consuming the DF, with some noted improvement in blood
lipids and AOPP when consuming the WD.

4.1. Physical Performance Findings

Several studies have previously reported that exercise training increases endurance physical
performance of rats [16,18-20]. This led to the a priori expectation that the exercise training groups
would exhibit better physical performance compared to the sedentary groups, which was confirmed.
Our hypothesis that rats fed the DF would display a greater adaptive response to exercise than rats fed
the WD was demonstrated by the respective 99% versus 51% increases in run times for the DF + E and
WD + E groups. These findings are also in agreement with other studies indicating that a Western-style
diet can blunt exercise-induced performance gain [21-24]. It is possible that a much higher volume or
intensity of exercise may have yielded more robust findings for physical performance and associated
variables, as the present study employed only a moderate intensity and volume of exercise.

Our prediction was that the WD with and without exercise would impair endurance performance
because of its relatively high fat content, which over time may lead to increased fat mass, which
has been linked with higher oxygen consumption and perceived exertion during exercise [25,26].
Moreover, high-fat diets have been implicated in impaired glucose metabolism by skeletal muscle [27],
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which is important for muscle oxidation during exercise [28]. Diets with high levels of saturated and
monounsaturated fat and low levels of polyunsaturated fatty acids, such as the WD used in the present
study, yield poor exercise performance in both animals and humans [22,29]. The DF diet provided low
levels of saturated and monounsaturated fatty acids and high levels of polyunsaturated fatty acids
and was associated with improved exercise performance.

In addition to the amount and form of dietary fat, the amount and type of carbohydrate may
have contributed to our findings. High-carbohydrate diets increase time to exhaustion [30,31] by
delaying the complete oxidation of muscle glycogen [30,32]. The complex low-glycemic carbohydrates
in the DF have been reported to enhance physical performance [33,34]. Overall, it is conceivable that
the differences in the amount and form of dietary fat and carbohydrate may have contributed to the
divergence in physical performance for the WD and DF rats.

4.2. Anthropometric Findings

Despite ad libitum feeding in all groups, body mass was greater in the WD group than in all
others. We anticipated that the exercise groups would have a lower overall body mass due to the
increased caloric expenditure from the thrice-weekly exercise bouts [35]. However, DF animals, despite
being allowed to freely feed throughout the three-month intervention period, showed only a slightly
reduced body mass compared to animals in the WD groups; in contrast, they showed a remarkably
lower body fat. Despite the dramatic difference in body fat between the WD and DF groups, only small
differences were noted in lean body mass. These findings suggest that animal protein is not necessary
for the development of lean body mass—an often expressed concern raised by many nutritionists.
It should be noted that, despite the plant-based protein sources, all DF animals grew as expected over
the course of the three-month period and, importantly, without accumulating the excessive amounts of
fat measured in the WD groups.

4.3. Biochemical Findings

In agreement with our findings obtained from human subjects [3,4,6], blood lipids and oxidative
stress biomarkers were lower in the DF groups than in the WD groups. In terms of plasma lipids,
the six-fold and two- to three-fold higher TAG and cholesterol values in the WD rats compared to
the DF rats are attributed to differences in the types and amounts of dietary carbohydrate (including
fiber) and fat and are in line with the 20% reduction in total and LDL-cholesterol measured in human
subjects after just 21 days of adherence to the Daniel Fast [3,6].

The differences between the WD and DF groups for both MDA and AOPP are indicative of
differences in lipid peroxidation and protein oxidation. The approximately eight-fold decrease in
AQPP in rats fed the DF exceeds the decrease in oxidative stress observed in human subjects following
the Daniel Fast for 21 days [4]. This suggests that maintaining a DF regimen beyond 21 days can
continue the decline in oxidative burden, but this hypothesis needs to be confirmed, including other
measures of oxidative stress. While exercise training improved physical performance in both exercise
groups, chronic ingestion of the WD appears to blunt the exercise-driven improvement. This observed
response may be at least partially attributable to higher levels of oxidative stress. Increased oxidative
stress alters protein function by damaging both contractile (primarily myosin, due to thiol group
oxidation [36]) and enzymatic proteins, compromising the excitation-contraction coupling [37] and
potentially slowing reaction rates, respectively. Moreover, the potential oxidation of mitochondrial
enzymes required for energy production (e.g., succinate dehydrogenase, cytochrome oxidase [38])
could negatively impact endurance performance.

Although systemic inflammation is reduced in human subjects following the Daniel Fast for
21 days [3,6,39], this was not evident in the rats in the present study. The human studies suggest
that, with larger samples sizes, the approximately three-fold and two-fold higher concentrations
of IL-1f and IL-10, respectively, in the WD rats may have reached significance. This is important,
as IL-1p is secreted by all nucleated cells, including macrophages, monocytes, B cells, fibroblasts,
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chondrocytes, and keratinocytes [40], and has been repeatedly labeled as one of the most significant
factors in regulating both the local and the systemic onset of acute and chronic inflammation [41,42].
The cytokine patterns found in the different groups also confirms previous research indicating that
physical inactivity coupled with a WD leads to higher inflammatory levels [43,44]. The higher IL-10 in
the WD groups may have been due to a compensatory response to increased pro-inflammatory
cytokines (e.g., IL-13). More work is needed to investigate this possibility.

5. Conclusions

The present work is unique in investigating the effect of a purified diet, with and without
exercise, on measures of functional capacity, body composition, and biochemical outcomes in male
rats. The findings extend our prior work in human subjects partaking in the Daniel Fast dietary plan
and emphasize that macronutrient composition, and not simply calorie intake, has an influence on the
degree of adiposity, independent of exercise. Notably, compared to the glycemic- and saturated
fatty acid-rich WD, the macronutrient mix (low levels of glycemic carbohydrate, high levels of
polyunsaturated fat) of the DEF, significantly improves body composition, plasma lipids, markers
of oxidative stress, and physical performance as measured by treadmill run time to exhaustion.
Future investigations using animal models and human subjects are needed to define the specific
mechanisms responsible for the improved indicators of health and physical performance in response
to the Daniel Fast dietary plan, with and without exercise.
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Abstract: Optimal diet quality and physical activity levels are essential for healthy ageing. This study
evaluated the effects of a multi-component telemonitoring intervention on behavioural determinants
of diet quality and physical activity in older adults, and assessed the mediating role of these
determinants and two behaviour change techniques in the intervention’s effects. A non-randomised
controlled design was used including 214 participants (average age 80 years) who were allocated
to the intervention or control group based on municipality. The six-month intervention consisted
of self-measurements of nutritional outcomes and physical activity, education, and follow-up by a
nurse. The control group received regular care. Measurements took place at baseline, after 4.5 months
and at the end of the study. The intervention increased self-monitoring and improved knowledge
and perceived behavioural control for physical activity. Increased self-monitoring mediated the
intervention’s effect on diet quality, fruit intake, and saturated fatty acids intake. Improved knowledge
mediated the effect on protein intake. Concluding, this intervention led to improvements in
behavioural determinants of diet quality and physical activity. The role of the hypothesised mediators
was limited. Insight into these mechanisms of impact provides directions for future development
of nutritional eHealth interventions for older adults, in which self-monitoring may be a promising
behaviour change technique. More research is necessary into how behaviour change is established in
telemonitoring interventions for older adults.

Keywords: older adults; diet quality; physical activity; telemonitoring; lifestyle intervention;
mechanisms of impact; mediation analyses

1. Introduction

An increasing number of older adults lives longer and healthier. An optimal nutritional status
contributes to healthy ageing. Conversely, ageing poses nutritional risks as deteriorations in health,
cognitive, and physical functioning, as well as changes in social circumstances, may impair nutritional
status [1]. In the Netherlands, 11 to 35% of community-dwelling older adults are undernourished
and diet quality of community-dwelling older adults is suboptimal [2,3]. Furthermore, awareness
concerning undernutrition is low among older adults [4,5] and nutrition knowledge and attitude seem
to be poorer among older adults than among younger adults [6-8]. Good access to appropriate nutrition
care, such as meal programs, nutrition education, nutritional monitoring, counselling, and therapy,
contributes to an optimal nutritional status [9]. Additionally, physical activity (PA) levels of older adults
are suboptimal, with about one third of the 70-79-year-old and about half of the adults aged 80 years
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and over failing to meet the WHO guidelines for PA [10]. Barriers are mentioned such as health status,
fear, and lack of interest [11,12], with health status also acting as a facilitator (e.g., physical benefits
of PA), together with enjoyment and social support [11]. Much is expected from eHealth as a way to
improve nutrition and PA behaviour [13]. Advantages of eHealth include personalisation, scalability,
accessibility, and reduced costs as compared to regular face-to-face care [13].

Reviews of eHealth interventions to improve nutrition behaviour in various settings show mixed
results and mostly focus on younger populations [14-17]. eHealth interventions to improve nutritional
outcomes in older adults are scarce. One pilot study focussed on providing computer-tailored dietary
advice to older adults, in combination with improving physical activity and meaningful social roles.
This appeared to be feasible, but effectiveness has yet to be affirmed in an RCT [18]. Another eHealth
study focussed on nutritional counselling for older adults at increased cardiovascular risk, but effects
on dietary intake were not evaluated [19]. The scarcity of nutritional eHealth interventions for
older adults and mixed results of eHealth interventions to improve nutrition behaviour in a general
population call for more research.

To explore the potential of nutritional eHealth interventions for older adults, it is not only
necessary to know whether interventions are effective, but also how an intervention achieves its
effects [14]. Ideally, interventions rely on a theoretical framework that specifies how an intervention
results in effects on behavioural determinants and behaviour through behaviour change techniques
(BCT’s) [20]. Research shows that increased use of theory positively impacts effect sizes [21]. Testing a
theoretical framework in order to verify the assumed relations deepens understanding of how
interventions work and contributes to future intervention development. However, only a minority
of nutritional eHealth studies that included a theoretical framework analysed the hypothesised
mediators [14,15], and more insight is needed into what contributes to effective eHealth interventions
to improve nutrition behaviour in older populations.

The PhysioDom Home Dietary Intake Monitoring (HDIM) study focused on telemonitoring of
nutritional parameters and physical activity. This intervention resulted in improved compliance with
the Dutch dietary guidelines for the intake of vegetables, fruit, dietary fibre, and protein, and to
guidelines for PA [22]. Concerning the content of the PhysioDom HDIM intervention, the three most
important BCT’s were self-monitoring, goalsetting, and feedback, reflecting an application of control
theory [20,23,24]. Effectiveness of self-monitoring has been confirmed in non-eHealth studies [25],
but eHealth studies including self-monitoring to promote behaviour change show less optimistic
results [21,26]. It has been shown that self-monitoring is more effective in combination with other BCT’s
such as goalsetting and tailored feedback [21,26]. According to the control theory, self-monitoring,
goalsetting and feedback are key in behavioural self-management [24], which is relevant nowadays
with the increasing focus on self-management of health and health-related behaviours [27].

All in all, we hypothesized that the intervention would result in an increased frequency
of self-monitoring and goalsetting, and in improved perceived behavioural control, attitude,
and knowledge, in turn improving diet quality and PA. In this article, we aimed to shed light
on these hypothesised mechanisms of impact by studying changes in frequency of self-monitoring and
goalsetting, by studying the effects on perceived behavioural control, attitude, and knowledge, and by
studying the mediating role of self-monitoring, goalsetting, perceived behavioural control, attitude,
and knowledge in the effects of PhysioDom HDIM on diet quality and PA.

2. Materials and Methods

2.1. Design

Measurements took place from April 2016 until June 2017, when the last participants finished
the study. The study followed a non-randomised controlled design and had a duration of six months.
Measurements took place at baseline (T0), after 4.5 months (T1), and after six months at the end of the
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study (T2). Telemonitoring measurements took place at the beginning of the study and three months
after the start of the study, and only in the intervention group. The control group received regular care.

2.2. Ethics Approval and Consent to Participate

Written informed consent was obtained from all participants. The study was conducted in
accordance with the Declaration of Helsinki, and all study procedures involving participants were
approved by the Medical Ethical Committee of Wageningen University on the 18 February 2016,
number NL53619.081.1.

2.3. Trial Registration

The study was registered at ClinicalTrials.gov (identifier NCT03240094), URL http:/ /bit.ly/
2zFTs3P.

2.4. Participants

Participants were recruited from February 2016 until September 2016 and were recruited from
nine small to middle-sized municipalities in the Netherlands. Allocation of participants to the
intervention or control group took place on municipality level to prevent contamination between the
intervention and control group as local HCP’s implemented the intervention. Five municipalities were
non-randomly allocated to the intervention group and four other municipalities were allocated to
the control group. Participants were recruited via letters from the two involved care organisations,
via advertisements in local newspapers and public spaces, and invitation letters via post. Inclusion
criteria were being 65 years or older and receiving home care and/or living in sheltered accommodation
or a service flat. Exclusion criteria were cognitive impairment (Mini Mental State Examination (MMSE)
<20), having cancer, receiving terminal care, being bedridden or bound to a wheelchair, or being unable
to watch television. Persons who were interested to participate were visited by a researcher to receive
more information, to have questions answered, to sign the informed consent, and to be screened on
the exclusion criteria.

2.5. Intervention

The intervention consisted of telemonitoring measurements by participants, education concerning
nutrition and PA, and follow-up by a nurse. These intervention components are further described below.

2.5.1. Telemonitoring Measurements

Firstly, participants performed self-measurements of body weight (weekly, with an A&D weighing
scale, type UC-411PBT-C), steps (one week per month using a pedometer of A&D, type UW-101),
and blood pressure (monthly or bi-monthly, only upon indication of a nurse). They also filled out
questionnaires about their nutritional status, appetite, and diet quality using the Mini Nutritional
Assessment Short-Form (MNA-SF) [28], Simplified Nutritional Appetite Questionnaire (SNAQ) [29],
and Dutch Healthy Diet Food Frequency Questionnaire (DHD-FFQ) [30], respectively. Participants
filled out these questionnaires at TO during an interview with a researcher and three months later by
means of a computer, tablet, or during a telephone interview with a researcher. Participants could
view their telemonitoring results on a special television channel and could thus become aware of
their nutritional status and changes in nutritional status. On this television channel, participants also
received short text messages in which they were asked to write down their goals for diet quality (two
times) and steps (daily, during one week per month).

2.5.2. Education

Secondly, participants received computer-tailored and non-tailored information about nutrition
and physical activity. The computer-tailored information consisted of advice sent per post on how
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to improve compliance with ten Dutch food-based dietary guidelines and the Dutch guideline for
physical activity. This advice was tailored to the participant’s current compliance with the guidelines
as measured by the DHD-FFQ. For example, advice concerning vegetable intake contained more
accessible suggestions for participants with low compliance than for participants who were already
compliant, for which suggestions were more focussed on maintaining this behaviour and diversity of
vegetable intake. The non-tailored information consisted of three short television messages per week
containing general information about nutrition and physical activity.

2.5.3. Follow-Up

Thirdly, a total of seven nurses was available to provide follow-up on the participants’
self-measurements. On the project’s website, they checked alerts that were activated in case of
undernutrition, risk of undernutrition (based on MNA score, SNAQ score, weight loss of > five
percent and/or body mass index (BMI) <20 kg/ m?), obesity (based on BMI >30 kg/ m?), or new blood
pressure measurements. Nurses planned follow-up of these alerts with help of decision trees. In
case of a good nutritional status, nurses kept monitoring without taking action. In case of risk of
undernutrition, nurses contacted participants via telephone or a home visit. Nurses identified causes,
provided suggestions on how to improve dietary intake, and gave a leaflet with advice to reverse the
risk of undernutrition [31]. In case of undernutrition or obesity, nurses discussed with participants
whether referral to a dietician or general practitioner was desirable.

2.6. Measurements

Measurements took place during a screening visit prior to the beginning of the study and at
TO, T1, and T2. In the control group, the screening visit and TO0 visit coincided. Data were collected
by means of structured interviews at the participant’s homes conducted by a trained researcher or
research assistant. Furthermore, paper questionnaires were used to collect data.

2.6.1. Baseline Characteristics

Baseline characteristics were recorded during the screening visit and at TO and included sex,
age, body weight, height, number of morbidities, education level, civil status, living situation,
country of birth, cognitive functioning as measured by the Mini Mental State Examination (MMSE) [32],
physical functioning as measured by the Katz-15 [33], nutritional status as measured by the Mini
Nutritional Assessment (MNA) [34], desire to lose weight, and type of received care. Body weight was
measured without shoes and heavy clothes (scale of type UC-411PBT-C, A&D).

2.6.2. Frequency of Self-Monitoring and Goalsetting

Frequency of self-monitoring and goalsetting was measured at TO, T1, and T2 using a paper
questionnaire with items derived from literature (Table 1). Self-monitoring was measured using four
statements that were combined to form one scale for self-monitoring [35]. Goalsetting was measured
using three statements that were combined to form one scale for goalsetting [36].

2.6.3. Behavioural Determinants

Behavioural determinants were measured at T0, T1, and T2 using a paper questionnaire with items
derived from literature (Table 1). Perceived behavioural control (PBC) was measured using two items
for self-efficacy and two items for controllability for both physical activity (PA) and healthy eating
(HE) behaviour [37]. These items were combined into two scales for PA and HE. Attitude concerning
HE and PA were each measured by six semantic differential items [38]. Items were combined to form
scales of attitude concerning PA and HE. Crohnbach’s alpha’s for the abovementioned questionnaire
items ranged from 0.67 to 0.80. Knowledge was measured using 11 statements concerning a healthy
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diet and physical activity that were answered with “true’, ‘false’, or ‘I don’t know’. A knowledge score
(0-11) was generated based on the number of correct answers.

Table 1. Items to measure self-monitoring, goalsetting, perceived behavioural control, and attitude in
the PhysioDom HDIM study.

. . . . Crohnbach’s
Construct Questionnaire Items Answering Options (1-5) Alpha T0
1. How often in the past month have you kept track in
your head of the amount of food you have eaten?
2. How often in the past month have you kept track in
your head of the types of foovds you have eaten Never/a single time/a couple
Self-monitoring during the course of the day? of times/every 0.77
3. How often in the past month have you kept track in week /everyday
your head of how physically active you have been
during a week?
4. How often in the past month you have
weighed yourself?
1. How often in the past month did you set goals
related to yf)ur weight? X Never/a single time/a couple
Goalsetting 2. How often in the past month did you set goals of times/every 0.67
related to your eating habits? week/everyday
3. How often in the past month did you set goals
related to how much you exercise?
1. Tam copfident that I can eat healthy in the coming Totally disagree—totally agree
Perceived month if [ want to.
behavioural 2. Whether 1 eat healthy in the coming month is Totally disagree-totally agree
control healthy entirely up to me. 0.70
eating 3. Healthy eating in the coming month is for me... Difficult-easy
4. How much control do you have over healthy eating N control-complete control
in the coming month?
1. Tam confident that I can be sufficiently physically Totally disagree-totally agree
active in the coming month if I want to.
Perceived 2. Whether I am sufficiently physically active in the
behavioural coming month is entirely up to me. Totally disagree—totally agree 071
control physical 3. Sufficient physical activity in the coming month is
activity for me... Difficult-easy
4. How much control do you have over being
sufficiently physically active in the coming month? N0 control-complete control
foolish-wise
pleasant-unpleasant
Attitude L . . bad-good
healthy eating Healthy eating in the coming month is for me... harmful-helpful 0.70
unnecessary-necessary
unenjoyable—enjoyable
foolish-wise
Attitude pleasant-unpleasant
- . R . . bad-good
5‘}:’?{3;5;1 Physical activity in the coming month is for me... harmful-helpful 0.80

unnecessary-necessary
boring-interesting

2.6.4. Compliance with Dutch Dietary Guidelines and Guidelines for Physical Activity

Compliance with Dutch dietary guidelines and guidelines for physical activity were evaluated
using the DHD-FFQ, which was administered during a structured interview at TO and T2.
The DHD-FFQ contains 29 items that evaluate compliance with Dutch dietary guidelines and
compliance with PA guidelines [30,39]. Additionally, for this study, compliance with guidelines
for the intake of protein and vitamin D was evaluated as the DHD-FFQ contains questions on all
relevant protein and vitamin D sources consumed by a Dutch elderly population [3,40]. This resulted
in sub scores for compliance with guidelines for the intake of fruit (>200 g), vegetables (>150-200 g),
dietary fibre (>14 g/4.2 M]), fish (two times per week, from which at least one time fatty fish),
saturated fatty acids (<10 en%), trans fatty acids (<1 en%), salt (<6 g), alcohol (<2 glasses for men,
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<1 glass for women), protein (>70 grams for men, >55 grams for women), vitamin D (>20 mcg),
and physical activity (moderate physical activity for at least 30 min a day on at least five days a
week). These scores ranged from 0-10, with higher scores indicating better compliance. A total score
for diet quality was constructed by summing scores for vegetables, fruit, dietary fibre, fish, alcohol,
saturated fatty acids, trans-fatty acids, and sodium. More information can be found elsewhere [30].

2.7. Statistics

The sample size was based on the primary outcome of the main study: nutritional status [34].
Aiming to detect a difference in MNA change of three, assuming a standard deviation of 6.1 [41],
and taking into account a two-sided significance level of 0.05 and power of 80%, a sample size of

2, 52
65 participants per group was required based on the formula 2 x w. We expected a
drop-out rate of 30% at maximum, therefore we needed a sample size of at least 93 participants in

each group.

Data were analysed using SPSS Statistics for Windows version 22 (IBM Corp., Armonk, NY,
USA). Statistical analyses were carried out according to the intention-to-treat principle. Firstly,
baseline characteristics of the intervention and control group were described using means (+ standard
deviations) or percentages. Differences between the groups were tested using independent
t-tests, Mann-Whitney U tests in case of non-normality, or chi-square tests. Secondly, changes in
self-monitoring and goalsetting and intervention effects on behavioural determinants were assessed
using linear mixed models. Therefore, we first specified a model as large as possible including all
main effects, possible interactions, and an unstructured covariance matrix. We then simplified the
random part of the model by testing whether simpler covariance structures were allowed using the
(REML) LR test, until a model was obtained that was as parsimonious as possible. Consequently,
we simplified the fixed part of the model by including dummies for time points T1 and T2, treatment,
the interaction terms of the time point dummies and treatment, age, sex, and also other covariates (e.g.,
BMI, education level, living situation, MNA, functional status, MMSE, municipality, diet, informal
care) if they considerably (e.g., >10%) influenced the effect estimates. Thirdly, we performed mediation
analyses to evaluate whether the effects of PhysioDom HDIM were mediated as hypothesised (Figure 1).
The following outcomes were selected for mediation analyses as these were positively affected by
the PhysioDom HDIM intervention: compliance with the Dutch dietary guidelines for the intake of
fruit, vegetables, fibre, and protein, and compliance with Dutch guidelines for PA [22]. As mediation
can also exist in absence of a significant intervention effect on the study’s outcomes [42], also other
components of the DHD-FFQ (alcohol, salt, saturated fatty acids, fish, and for this study vitamin D)
and the total DHD-FFQ score were included as outcomes in the mediation analyses. To capture the
longitudinal nature of the data, we used a multiple serial mediation model for each outcome and
each hypothesised mediator in which the mediator at T1 and T2 was modelled in sequence (Figure 1).
We regarded a parallel multiple mediator model less appropriate as the condition that no mediator
causally influences another would probably not be fulfilled [42]. Using the PROCESS macro for SPSS
version 2.16.3 we assessed whether indirect effects of the intervention on the selected outcomes through
the hypothesised mediators were statistically significant [42]. Standard errors and confidence intervals
of indirect effects were calculated using bootstrapping (10,000 samples). The analyses for diet quality
and physical activity were adjusted for age, sex, and baseline values of the mediator.
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Mediator T1 Mediator T2
(self-monitoring, dyy | (self-monitoring,
goalsetting, PBC, g goalsetting, PBC,

attitude, or knowledge) attitude, or knowledge)
a, a, by b,

Compliance with guidelines for
c’ diet quality and physical activity

Intervention

Figure 1. Hypothesised mediation pathways in the PhysioDom Home Dietary Intake Monitoring
(HDIM) intervention. One model for each outcome and mediator.

3. Results

3.1. Baseline Characteristics

In total, 215 persons were screened, from which 97 were allocated to the intervention group and
107 to the control group. During the study, 21 intervention group participants and six control group
participants were lost to follow-up. A flow chart with reasons for loss to follow-up can be found in
Figure 2. Table 2 shows the baseline characteristics of the intervention and control group. Participants
in the intervention group were slightly younger and had a higher BMI than participants in the control
group. Participants in the intervention group lived less often alone and received more often informal
care than control group participants.

Table 2. Baseline characteristics of participants of the PhysioDom HDIM study.

Intervention Group Control Group
(n=97) (n =107) p-Value 2
Mean SD Mean SD
Age (years) 78.4 7.2 81.0 7.9 0.02
BMI (kg/m?) 29.2 4.5 27.7 5.4 0.04
Number of diagnoses 15 15 1.3 13 0.26
MMSE score 28.6 1.5 25.8 1.9 0.69
Katz-15 Mdn IQR Mdn IQR
atz=lo score 1.0 04 1.0 0-3 0.69
Percentage Percentage
Sex (male) 35 234 0.09
Education level ® 0.08
Low 17.5 10.3
Moderate 55.7 49.5
High 26.8 40.2
Civil status 0.11
Married 42.3 27.1
Single 7.2 13.1
Divorced 72 10.3
Widowed 43.3 49.5
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Table 2. Cont.

Intervention Group Control Group
(n=97) (n =107) p-Value ?

Mean SD Mean SD
Living alone 55.7 74.8 0.004
Born in the Netherlands 96.9 90.7 0.07
Desire to lose weight 52.7 394 0.07
Nutritional status 0.45
Normal nutritional 799 83.8
status
At risk of undernutrition 19.8 16.2
Undernourished 1.0 0.0
Type of care
Domestic care 78.4 80.4 0.72
Personal care 32.0 29.9 0.75
Nursing care 9.3 2.8 0.05
Individual support 3.1 0.9 0.27
Informal care 32.0 11.2 <0.001

SD, Standard Deviation; BMI, Body Mass Index; MMSE, Mini-Mental State Examination. # Independent -test,
Mann-Whitney test, or chi-square test. > Low education level: primary school or less; intermediate level of education:
secondary professional education or vocational school; High education level: higher vocational education, university.

:] | Assessed for eligibility (1=215)

Excluded (»=11)
«  Not meeting inclusion criteria (17-2)
e Declined to participate (/+8)

e Deceased (17-1)
‘ Allocated (77-204) ‘
: [ Alocaion
Five municipalities allocated to the Four municipalities allocated to the
intervention group (#=97) control group (7-107)
Lost to follow-up (#=21) :] Lost to follow-up (#=6)
e Health problems (2 10) e Health problems (7-2)
e Difficulties with technology (n=5) e Health problems spouse (#=1)
e Technical problems (n+2) e Unable to contact (#71)
e Health problems spouse (#=1) e Too busy (n=1)
e Dislike of intervention (n=1) e Unknown (n=1)
e Unknown (7-2)

v

Sample for analyses (7761 — -94)
Missing data due to:

Missing paper questionnaire
ata on diet quality
lata on BCT sand/or
behavioural determinants

Sample for analyses (/775 — n=105)
Missing data due to:
e Missing paper questionnaire
e Missing data on diet quality
*  Missing data on BCT's and/or
behavioural determinants

Figure 2. Flow diagram of participants of the PhysioDom HDIM study.
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3.2. Changes in Self-Monitoring and Goalsetting and Effects on Behavioural Determinants

Table 3 shows changes in self-monitoring and goalsetting and shows the effects of the intervention
on behavioural determinants. At baseline, there were no significant differences between the
intervention and control group. During the intervention, several significant changes were observed.
Firstly, the intervention group significantly increased scores for self-monitoring at T1 and T2, compared
to the control group (T1: B = 0.49, 95% CI 0.19, 0.80; T2: = 0.50, 95% CI 0.20, 0.80). Secondly,
intervention participants perceived an increased behavioural control for physical activity at T2
compared to the control group ( = 0.26, 95% CI 0.08, 0.45). Thirdly, participants in the intervention
group improved their knowledge at T1 and T2 compared to the control group, with the improvement
at T2 being significant (3 = 0.51, 95% CI 0.04, 0.99).

Table 3. Changes in self-monitoring and goalsetting and effects of the PhysioDom HDIM intervention
on knowledge, perceived behavioural control, and attitude.

Intervention Group Control Group Linear Mixed Models
TO T1 T2 TO T1 T2
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

BT1(95%CD BT2(95%CDH N

0.49 0.50

Self-monitoring 2.9 12 35 09 33 11 3.1 12 31 12 30 13 (0.19, 0.80) ** (0.20,0.80) ** 199
. 0.25 0.19
Goalsetting 27 12 30 11 28 12 30 11 3.0 13 29 12 (~0.05,055) (~0.10,0.48) 199
0.51 0.51
a
Knowledge 73 21 8.2 19 83 1.8 75 20 75 21 76 22 (=009, 1.12) (0.04,099)* 198
0.16 0.08
b
PBC HE 41 07 42 07 42 06 43 06 41 08 43 07 (=002, 0.33) (~0.09, 0.25) 188
PBC PA 37 08 38 09 39 09 40 09 38 1.0 39 09 0.19 0-26 199
o ) . ) . . : : . : ) . (—0.03, 0.41) (0.08, 0.45) **
¢ —0.01 0.00
i c
Attitude HE 47 05 47 05 47 05 46 05 46 05 46 06 (~0.18,0.16) (~017,0.17) 188
Attitude PA 4 45 06 44 08 45 07 45 07 44 08 45 07 —0.04 —0.05 190

(=029,0.22)  (—0.26,0.15)

SD, standard deviation; CI, confidence interval; PBC: perceived behavioural control; HE: healthy eating; PA: physical
activity. All results are adjusted for age and sex.  Adjusted for age, sex, and Mini Mental State Examination score.
b Adjusted for age, sex, BMI, living situation, nutritional status, and physical functioning. ¢ Adjusted for age, sex,
BMI, physical functioning and cognitive functioning. d Adjusted for age, sex, BMI, physical functioning. * p < 0.05;
**p <0.01.

3.3. Effect Mediation

Four significant mediation pathways were found. Firstly, the effect of the intervention on
compliance with the guidelines for the intake of fruit was mediated by increased self-monitoring
behaviour at T1. Secondly, the effect of the intervention on compliance with the guidelines for the intake
of protein was mediated by improvements in knowledge at T1 and T2 (Table 4). Thirdly, even though
a significant effect of the intervention on the total DHD-FFQ score was lacking, we found significant
mediation by self-monitoring at T1 (Appendix A). Likewise, increased self-monitoring mediated the
intervention’s effect on compliance with guidelines for the intake of saturated fat (Appendix A).

Table 4. Mediation of the intervention’s effect on diet quality and physical activity.

Indirect Effect 12 Indirect Effect 2 ¢ Indirect Effect 3 4
(a3 X by) (ag X da1 X by) (a2 X by)

3 (SE) 95% CI 3 (SE) (95% CI) 3 (SE) (95% CI) N
TO-T2 Fruit
Self-monitoring 0.16 (0.10) 0.02, 0.45 0.02 (0.04) —0.04,0.13 0.04 (0.08) —0.11,0.24 141
Goalsetting 0.03 (0.08) —0.08,0.27 —0.00 (0.03) —0.09, 0.03 —0.01 (0.04) —0.15, 0.03 140
Knowledge 0.17 (0.14) —0.01, 0.57 —0.02 (0.05) —0.15, 0.05 —0.02 (0.06) —0.21, 0.04 139
PBC HE 0.01 (0.05) —0.05,0.18 0.02 (0.03) —0.01, 0.13 —0.02 (0.05) —0.20, 0.04 136
Attitude HE —0.00 (0.04) —0.09, 0.07 0.00 (0.01) —0.01, 0.03 —0.00 (0.05) —0.12,0.07 137
TO-T2 Vegetables
Self-monitoring —0.07 (0.11) —0.11, 0.35 —0.06 (0.05) —0.22,0.01 —0.12(0.11) —0.39, 0.04 141
Goalsetting 0.01 (0.06) —0.05,0.22 —0.00 (0.03) —0.07, 0.05 —0.00 (0.05) —0.12,0.08 140
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Table 4. Cont.

Indirect Effect 1P Indirect Effect 2 ¢ Indirect Effect 3 4
(a; X by) (a; X dp; X by) (az X by)

B (SE) 95% CI B (SE) (95% CI) B (SE) (95% CI) N
Knowledge —0.07 (0.09) —0.32,0.06  —0.01(0.05) —0.11,0.08  —0.01 (0.06) —0.18,0.08 139
PBC HE —0.01 (0.07) —0.25, 0.06 —0.01 (0.03) —0.13, 0.02 0.02 (0.05) —0.04,0.21 136
Attitude HE —0.01 (0.07) —0.23,0.07 0.00 (0.01) —0.01, 0.04 —0.00 (0.05) —0.13, 0.08 137
TO-T2 Dietary fibre
Self-monitoring —0.07 (0.07) —0.27,0.03 0.03 (0.04) —0.02. 0.14 0.07 (0.07) —0.05,0.26 141
Goalsetting —0.00 (0.03) —0.08, 0.05 0.01 (0.02) —0.02, 0.09 0.02 (0.04) —0.02,0.15 140
Knowledge 0.02 (0.06) —0.06, 0.22 0.01 (0.03) —0.04,0.10 0.1 (0.04) —0.04,0.14 139
PBC HE 0.05 (0.05) —0.03,0.20 —0.01 (0.02) —0.08, 0.01 0.01 (0.03) —0.02,0.13 136
Attitude HE 0.00 (0.03) —0.05, 0.06 0.00 (0.01) —0.00, 0.03 —0.00 (0.02) —0.09, 0.03 137
TO-T2 Protein
Self-monitoring —0.25(0.19) —0.76, 0.00 0.00 (0.08) —0.16,0.18 0.00 (0.17) —0.37,0.34 141
Goalsetting —0.04 (0.12) —0.42,0.12 0.01 (0.06) —0.05,0.23 0.04 (0.09) —0.05,0.37 140
Knowledge —0.07 (0.12) —0.44, 0.07 0.12 (0.09) 0.006, 0.41 0.12 (0.13) —0.04, 0.52 139
PBC HE 0.06 (0.09) —0.04,040  —0.02(0.04) —0.17,0.02 0.02 (0.07) —0.05,0.28 136
Attitude HE 0.01 (0.07) —0.08,0.23 0.00 (0.01) —0.01, 0.06 —0.01 (0.06) —0.20, 0.08 137
TO-T2 Physical activity
Self-monitoring —0.02 (0.16) —0.40, 0.29 —0.04 (0.08) —0.27,0.07 —0.10 (0.17) —0.52,0.18 141
Goalsetting —0.02 (0.08) —0.32,0.07 —0.00 (0.05) —0.51, 0.07 —0.01 (0.08) —0.25,0.10 140
Knowledge —0.10 (0.13) —0.49, 0.07 —0.04 (0.07) —0.24,0.05 —0.04 (0.09) —0.35, 0.05 139
PBC PA —0.04 (0.10) —0.31,0.10 0.07 (0.08) —0.01, 0.34 0.16 (0.13) —0.02,0.51 137
Attitude PA —0.003 (0.05) —0.14, 0.07 0.001 (0.02) —0.04, 0.06 0.008 (0.05) —0.06,0.17 133

SE: standard error; CI: confidence interval; PBC: perceived behavioural control; HE: healthy eating, PA: physical
activity. All results were adjusted for age and sex.  Standard errors and confidence intervals for indirect effects
were calculated with bootstrapping (10,000 samples). Y Indirect effect of the intervention on the outcome Y through
the mediator at T1. © Indirect effect of the intervention on the outcome Y through the mediators at T1 and T2 in
serial. 9 Indirect effect of the intervention on the outcome Y through the mediator at T2.

4. Discussion

This study aimed to evaluate the effects of a multi-component telemonitoring intervention on
behavioural determinants of nutrition and physical activity behaviour in older adults, and to evaluate
the role of mediators in the effects on behaviour. The intervention resulted in improvements in
self-monitoring, perceived behavioural control for physical activity, and knowledge. Furthermore,
self-monitoring mediated the effect of the intervention on total diet quality score and compliance with
the guidelines for the intake of fruit and saturated fatty acids. Knowledge mediated the effect of the
intervention on compliance with the guidelines for the intake of protein.

Intervention group participants increased their self-monitoring, which mediated the effect of
the intervention on total DHD-FFQ score, and the intake of fruit and saturated fatty acids. Scores
for self-monitoring improved from 2.9 at TO to 3.5 at T1 and 3.3 at T2, meaning that the frequency of
self-monitoring increased from on average a few times per month to somewhere between a few times
per month and weekly, suggesting that this rather small change is already sufficient to partly mediate
the intervention’s effect. Self-monitoring of diet, physical activity, and weight has mainly been used in
weight loss programs with more frequent self-monitoring resulting in more weight loss as compared
to less frequent self-monitoring [43]. Another study focussing on the effects of self-monitoring by
means of mobile devices showed positive outcomes on dietary intake [44]. In an intervention study,
the effect of daily tailored messaging on weight loss was mediated by self-monitoring of diet and
physical activity [45]. In our study, self-monitoring mediated the effect of the intervention on total
diet quality score and the intake of fruit and saturated fatty acids, but not the effect on other diet
quality components. A possible explanation is that self-monitoring of diet was not very intensive as
participants filled out the DHD-FFQ twice during the six-month intervention, as opposed to more
frequent dietary self-monitoring encountered in other studies [44]. Apparently, also other mechanisms
besides self-monitoring have caused the intervention to result in positive changes in diet quality and
physical activity. Increasing the frequency of self-monitoring of dietary intake may strengthen the
effect of this intervention.
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The intervention resulted in increased perceived behavioural control for PA, but this did not
mediate the intervention’s effect on physical activity. This seems contradictory to the theory of planned
behaviour that poses that PBC precedes behavioural intention and behaviour [46]. Furthermore,
PBC is seen as a predictor of the translation of intention into behaviour [47,48]. With regard to older
adults, PBC is considered as a consistent predictor of physical activity initiation and maintenance [49].
In contrast, an intervention study aiming to improve physical activity among participants with
increased risk of type 2 diabetes shows that PBC did not predict physical activity or change in physical
activity [50]. The authors argue that the TPB may be less accurate in explaining behaviour among
clinical samples than among the often-used student samples, which could also explain the lack of
mediation by PBC in this study [50]. All in all, other mechanisms besides the ones that we have
measured may have been important in increasing physical activity levels of our study population,
for example, awareness, enjoyment, or action planning [49].

The intervention had a positive effect on knowledge, and this mediated the intervention’s effect
on compliance with the guidelines for the intake of protein, but not the effects on compliance with
other dietary guidelines. Knowledge score improved from 7.3 at TO to 8.3 at T2, meaning that
intervention group participants were able to answer one more knowledge statement correctly, from
the eleven statements in total. This rather small effect size may explain why the intervention’s
effect was only limitedly mediated via knowledge. Nutrition education intervention studies
among older adults have shown positive effects on knowledge [51-53], although in the study by
Racine et al, this was not associated with better adherence to the DASH diet [51,52]. A review
examining the relationship between nutrition knowledge and dietary intake showed positive but
weak correlations [54]. The general idea is that nutritional knowledge is necessary but not sufficient
for changing dietary habits, and that the association of knowledge with diet quality is complex and
influenced by many other demographic and environmental factors [54]. Furthermore, the knowledge
questionnaire used in this study assessed declarative knowledge, while procedural knowledge of
nutrition (e.g., knowing how to read food labels or how to cook a healthy meal) might be more
relevant for making healthy food choices [55]. Nevertheless, improved knowledge did mediate the
intervention’s effect on the compliance with dietary guidelines for protein intake. This is a relevant
finding, as sufficient protein intake in older adults is necessary to counteract age-related loss of muscle
mass [56]. Furthermore, older adults seem unaware of the importance of sufficient intake of protein [4].
This study suggests that increasing nutritional knowledge might be an effective and relatively easy
way to improve protein intake in older adults.

The intervention did not result in significant changes in goalsetting, attitude, and perceived
behavioural control for healthy eating. Several possible explanations could be given. The emphasis
of the intervention was on self-monitoring of nutritional outcomes and PA. Participants received
training and instructions to do these self-measurements and were reminded via a paper calendar
and television messages, resulting in increased self-monitoring behaviour. Participants were also
prompted to set goals for diet quality and PA, but only via the intervention manual and via television
messages, which were not always read. This could explain the lack of significant effects on goal-setting.
Secondly, attitude and perceived behavioural control for healthy eating were also targeted through
television messages. Again, too little messages might have been read to have an impact on these
behavioural determinants. Furthermore, television messages to target PBC for healthy eating were
mainly focussed on the individual. However, PBC might also be affected by characteristics that are
not easily targeted, such as impaired physical functioning, limited mobility, limited cooking skills,
or more environmental determinants such as distance to a supermarket. All in all, to target goalsetting,
attitude, and perceived behavioural control for healthy eating, a higher intervention dose might be
necessary to result in change.

To our knowledge, this is the first study that aimed to unravel mechanisms of impact of an
intervention that focussed on improving nutritional status in community-dwelling elderly through
eHealth. Strengths of this study include the use of a theoretical framework and validated constructs
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to measure behavioural determinants. This study also has limitations that may have contributed to
the limited significant findings from the mediation analyses. The population for analysis was smaller
for the mediation analyses than for the mixed model analyses, as the method used for mediation
analyses is less flexible concerning missing data. This could have resulted in a loss of power or have
obscured mediation pathways. Secondly, using self-report measures of diet and physical activity
instead of objective measures of behaviour may have led to weaker associations with the proposed
behavioural determinants [57]. Furthermore, older adults might be less good in filling out TPB
questionnaires than younger adults [50]. Thirdly, it is uncertain whether BCT’s which have been
proven successful in younger populations can be applied in older populations as well [58]. It may
well be that some BCT’s may be too complex for older adults with impaired physical functioning
or in another way do not appeal to older adults, potentially explaining the limited results from the
mediation analyses. Finally, it is uncertain whether effects on behavioural determinants and behaviour
will sustain. Participants could keep the weighing scale and pedometer to keep track of their weight
and daily steps. Employing BCT’s enhances the chance that participants maintain their behaviour [13].
On the other hand, this study mainly focussed on individual determinants of health behaviour, while
it is suggested that organisational and societal determinants are also important for achieving sustained
change [59]. More research is necessary to assess the long-term effectiveness of nutritional eHealth
interventions, and what exactly contributes to long-term impact.

Finally, this study showed that a multi-component telemonitoring intervention for
community-dwelling older adults resulted in increased self-monitoring behaviour, and improved
perceived behavioural control for physical activity and knowledge. The intervention’s effect on total
diet quality score, fruit intake, and saturated fatty acids intake was mediated by self-monitoring and
the effect on protein intake was mediated by knowledge. Apparently, other unknown mediators have
also played an important role in achieving the intervention’s results on diet quality and physical
activity. This calls for more research into which behaviour change techniques are effective in improving
nutritional outcomes in older adults.
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Appendix A

Table Al. Mediation of the intervention’s effect on total diet quality score and other diet
quality components.

Indirect Effect 1P Indirect effect 2 ¢ Indirect Effect 3 %4
(a1 X by) (a1 X da1 X by) (az X by)

B (SE) 95% CI B (SE) (95% CI) B (SE) 95%CI) N
T0-T2 Total
DHD-FFQ score
Self-monitoring 0.79 (0.50) 0.09,2.11 0.07 (0.21) —0.27,0.65 0.16 (0.47) —0.61,1.35 141
Goalsetting 0.07 (0.30) —0.24,1.06 0.04 (0.16) —0.15, 0.65 0.11 (0.26) —0.15,1.06 140
Knowledge 0.23 (0.37) —0.28,1.32 —0.17 (0.19) —0.74,0.07 —0.18 (0.27) —1.10,0.11 139
PBC HE 0.05 (0.23) —0.28,0.76 0.01 (0.11) —0.20,0.27 —0.01 (0.16) —0.44,0.28 136
Attitude HE —0.03 (0.16) —0.55,0.19 —0.01 (0.06) —0.19, 0.05 0.05 (0.24) —0.30,0.80 137
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Table A1. Cont.

Indirect Effect 1 %P Indirect effect 2 ¢ Indirect Effect 3 4
(a; X by) (a3 X d1 X b) (az X by)

B (SE) 95% CI B (SE) (95% CI) B (SE) 95%CI) N
TO-T2 Fish
Self-monitoring —0.07 (0.11) —0.36,0.10 0.01 (0.06) —0.09, 0.14 0.02 (0.12) —0.20,0.30 141
Goalsetting —0.01 (0.07) —0.23,0.07 —0.00 (0.03) —0.08, 0.06 —0.00 (0.05) —0.14,0.09 140
Knowledge 0.09 (0.10) —0.04,0.38 —0.02 (0.06) —0.17,0.08 —0.02 (0.07) —0.24,0.08 139
PBC HE 0.05 (0.09) —0.04,0.35 —0.02 (0.04) —0.18,0.02 0.02 (0.06) —0.04,0.22 136
Attitude HE 0.00 (0.04) —0.08, 0.09 —0.00 (0.01) —0.04, 0.01 0.01 (0.05) —0.06,0.17 137
TO-T2 Saturated
fatty acids
Self-monitoring 0.31(0.21) 0.02, 0.86 0.06 (0.09) —0.05,0.32 0.14 (0.18) —0.14,0.59 141
Goalsetting 0.05 (0.16) —0.17,0.51 —0.00 (0.06) —0.18, 0.10 —0.01 (0.10) —0.30,0.15 140
Knowledge 0.03 (0.15) —0.22,0.40 —0.03 (0.08) —0.24,0.09 —0.03 (0.10) —0.35,0.09 139
PBC HE —0.01 (0.10) —0.29,0.16 0.04 (0.06) —0.03,0.27 —0.04 (0.10) —0.39,0.08 136
Attitude HE —0.03 (0.12) —0.46,0.12 —0.01 (0.03) —0.12,0.02 0.03 (0.12) —0.15,0.37 137
TO0-T2 Salt
Self-monitoring 0.05 (0.13) -0.17,0.37 0.02 (0.07) —0.10,0.20 0.04 (0.15) —0.23,0.40 141
Goalsetting —0.00 (0.07) —0.18,0.12 0.01 (0.05) —0.04, 0.19 0.03 (0.08) —0.05,0.34 140
Knowledge 0.00 (0.11) —0.21,0.27 —0.08 (0.07) —0.32,0.01 —0.08 (0.10) —0.42,0.03 139
PBC HE —0.06 (0.09) —0.37,0.04 0.02 (0.04) —0.02,0.15 —0.02 (0.06) —0.23,0.04 136
Attitude HE 0.01 (0.05) —0.05,0.16 —0.00 (0.02) —0.05, 0.02 0.01 (0.07) —0.10,0.20 137
T0-T2 Alcohol
Self-monitoring 0.04 (0.04) —0.02,0.17 0.01 (0.04) —.0.05,0.11 0.02 (0.08) —0.13,0.20 141
Goalsetting —0.00 (0.03) —0.10, 0.05 0.00 (0.02) —0.01, 0.06 0.01 (0.02) —0.01,0.09 140
Knowledge —0.00 (0.03) —0.08, 0.05 0.01 (0.03) —0.03,0.11 0.01 (0.04) —0.03,0.15 139
PBC HE 0.01 (0.02) —0.01, 0.07 0.01 (0.02) —0.01,0.11 —0.01 (0.04) —0.18,0.03 136
Attitude HE 0.00 (0.03) —0.02,0.10 —0.00 (0.02) —0.08, 0.01 0.01 (0.08) —0.07,0.31 137
TO-T2 Vitamin D
Self-monitoring 0.00 (0.04) —0.07,0.08 —0.01 (0.03) —0.06, 0.06 —0.01 (0.06) —0.14,0.11 141
Goalsetting —0.00 (0.02) —0.07,0.03 —0.00 (0.01) —0.05, 0.01 —0.01 (0.02) —0.09,0.01 140
Knowledge 0.01 (0.03) —0.05, 0.08 0.03 (0.04) —0.01,0.16 0.04 (0.05) —0.01,0.24 139
PBC HE 0.02 (0.0.3) —0.01,0.12 —0.02 (0.03) —0.12,0.01 0.02 (0.05) —0.03,0.17 136
Attitude HE 0.00 (0.02) —0.03, 0.08 —0.00 (0.00) —0.02,0.01 0.00 (0.02) —0.03,0.06 137

SE: standard error; CI: confidence interval; PBC: perceived behavioural control; HE: healthy eating, PA: physical
activity. All results were adjusted for age and sex. * Standard errors and confidence intervals for indirect effects
were calculated with bootstrapping (10,000 samples). ® Indirect effect of the intervention on the outcome Y through
the mediator at T1. € Indirect effect of the intervention on the outcome Y through the mediators at T1 and T2 in
serial. ¢ Indirect effect of the intervention on the outcome Y through the mediator at T2.
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Abstract: The purpose of this study was to compare changes in diet and daily physical activity (PA) in
high school (HS) soccer players who participated in either a two-year obesity prevention intervention
or comparison group, while controlling for sex, race/ethnicity, and socioeconomic status. Participants
(n = 388; females = 58%; Latino =38%; 15.3 £ 1.1 years, 38% National School Breakfast/Lunch
Program) were assigned to either an intervention (n = 278; 9 schools) or comparison group (n = 110;
4 schools) based on geographical location. Pre/post intervention assessment of diet was done
using Block Fat/Sugar/Fruit/Vegetable Screener, and daily steps was done using the Fitbit-Zip.
Groups were compared over-time for mean changes (post-pre) in fruit/vegetables (FV), saturated
fat (SF), added sugar, and PA (daily steps, moderate-to-vigorous PA) using analysis of covariance.
The two-year intervention decreased mean added sugar intake (—12.1 g/day, CI (7.4, 16.8), p = 0.02);
there were no differences in groups for FV or SF intake (p =0.89). For both groups, PA was
significantly higher in-soccer (9937 steps/day) vs. out-of-soccer season (8117 steps/day), emphasizing
the contribution of organized sports to youth daily PA. At baseline, Latino youth had significantly
higher added sugar intake (+14 g/day, p < 0.01) than non-Latinos. Targeting active youth in a diet/PA
intervention improves diet, but out of soccer season youth need engagement to maintain PA (200).

Keywords: adolescent; free or reduced lunch; National School Lunch Program; Fitbit; soccer;
low-income; Latino; added sugar; sport nutrition; sport

1. Introduction

Currently, 20.6% of United States (US) adolescents are obese [1]. Reducing obesity is best
accomplished through prevention efforts, yet the practices and methods to implement this goal
are still emerging. In 2017, 52.7% of public high school (HS) students participated in sports [2,3].
Since many youth begin playing sports at a young age and continue through HS, this time may
represent a window of opportunity to begin building life-skills that emphasize daily physical activity
(PA), and eating a healthy diet to fuel growth, performance and health. Thus, targeting youth involved
in HS school sports for obesity prevention, may be an overlooked opportunity to engage these youth.

Nutrients 2018, 10, 947; doi:10.3390/nu10070947 151 www.mdpi.com/journal /nutrients
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Diet and PA are two key lifestyle factors in preventing and reducing obesity risk. Developing these
life-skills as part of the youth sport experience will benefit participants for a lifetime, long after school
sports are over.

For US youth, soccer is one of the fastest growing sports and among one of the top five most
popular games for male and female youth. Since 2000, over three million youth have played soccer
annually [4]. Soccer is especially popular among Latino youth [5]. Although Latina girls have lower
sport participation rates than their peers, soccer is the one sport they are most likely to play [5].
Based on data from the National Federation of State High School Associations, more than eight million
adolescents participated in HS sports in 2016-2017 [3], yet there is limited nutrition education given to
these youth related to diet and PA. We recently examined the sport nutrition knowledge, attitudes and
beliefs of HS soccer players. Results show that sports nutrition knowledge is low (46%), especially
in Latino youth (39%) and those participating in National School Breakfast/Lunch Program (NSLP)
(41%) [6].

Children and adolescents with lower social economic status have higher obesity rates, poorer
diets, and lower levels of PA [7-9]. Latino youth are especially at risk for obesity [10], with significantly
higher obesity prevalence (25.8%) than non-Latino youth (11.0-22.0%) [1]. For Latino youth, obesity
rates are high regardless of social economic status [8]. Khan et al. found higher body mass index
(BMLI, kg/m?) levels among second-generation Mexican-American adults compared with those born
in Mexico [11]. This increase in body weight may be due to the availability of cheap food that can be
higher in added sugar and fat than healthier foods (e.g., fruit/vegetable (FV), whole grains, low-fat
dairy /meats) [12]. Finally, Boutelle et al. [13] found that Latino parents with HS adolescents were more
likely than White, Asian, and Black families to purchase fast-food for the family meals (>3 time/week).
No study has examined the influences of parental practices on HS soccer players” diet and PA.

Promoting a healthy diet, daily PA, and life-skills through sport programs provides an opportunity
to reach groups of diverse adolescents. Youth athletes see these programs as ‘improving sport
performance’ and less as ‘another classroom lesson’. The WAVE~Ripples for Change program was
developed for HS soccer players to encourage PA outside of sport, and to teach nutrition and life-skills
(e.g., meal planning, shopping on a budget, food preparation/cooking skills, and gardening) to support
sustainable healthy eating and lifetime PA. Thus, the purpose of this study was to compare changes in
diet and daily PA in HS soccer players who participated in either a two-year obesity prevention
intervention or comparison group, while controlling for sex, race/ethnicity, and socioeconomic
status. In order to examine the influences of parental practices on HS soccer player’s diet and PA,
youth’s self-report of their parents’ involvement in healthy eating (e.g., modeling, setting rules and
providing healthy food at home), setting screen time limits, and modeling PA were compared to
youth'’s self-reported FV, saturated fat, added sugar intakes, and measured PA using Fitbit-zip.

2. Materials and Methods

2.1. Program Overview and Experimental Design

The WAVE~Ripples for Change: Obesity Prevention in Active Youth (WAVE) program is
a two-year integrated (research, education and extension) obesity prevention intervention targeting HS
soccer players (aged 14-19 years). The intervention was age-specific and included health assessments,
nutrition and diet questionnaires, face-to-face sports nutrition lessons, team-building workshops
(TBWs) and experiential learning. The WAVE educational objectives were to encourage PA outside
of sport, and teach sport nutrition and life-skills (e.g., meal planning, shopping on a budget,
food preparation/cooking skills, and gardening) to support sustainable healthy eating and life-long
PA among HS soccer players. Eligibility criteria included: (1) age 14-19 years; (2) enrolled in HS soccer;
(3) living with a parent/caregiver; (4) no medical conditions preventing a normal diet; (5) internet
access during the two-year study; and (6) proficiency in English. Figure 1 shows the experimental
design of WAVE program for this study, see the full WAVE experimental design in Supplement
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Figure S1. See Manore et al [6] for more details on baseline sports nutrition knowledge and Meng
et al [14] for details on program process evaluation. This manuscript only presents the two-year
intervention data for changes in diet (FV, added sugar, saturated fat) and PA (steps/day; minutes of
moderate-to-vigorous PA (MVPA)). All study instruments, protocols, and consent procedures were
approved by the Oregon State University Institutional Review Board (#6317).
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Figure 1. The WAVE program intervention experimental design (2015-2017) specific for diet and
physical activity data.

2.2. Recruitment and Participants

We used a two-step recruitment process. First, soccer coaches and their schools were recruited
through OSU 4-H Soccer, then soccer players were recruited through their coaches and parents recruited
at soccer parent meetings. Soccer teams were then assigned (non-randomized) to either the intervention
(n =278; 9 schools,) or comparison (1 = 110; 3 schools) groups based on geographical location.

The WAVE program recruited 864 HS soccer players and 72% were enrolled after submitting
youth assent and parent consent forms [14]. For data analyses using only baseline (time 1) data,
we included only those soccer players (1 = 388; 14-18 years; 13 schools; 24 soccer teams) who completed
a demographic/health history/soccer experience questionnaire, diet and anthropometry assessments,
and PA using Fitbit-zip for at least two days. For data analyses examining changes over the two-year
intervention, we included 202 participants who completed both assessments periods (time 1, time 2)
and 97 participants who completed PA assessments at time 1 and time 2.

2.3. Intervention Delivery

The majority of the intervention (lessons, TBW, PA measurement) was delivered to teams during
the fall soccer season and summer soccer camps. The WAVE HS sport nutrition curriculum was
delivered to teams and their coaches by a registered dietitian nutritionist (RDN) trained in sport
nutrition and experienced in collegiate/professional soccer. Prior to intervention, all lessons were
pilot-tested and revised based on athletes and input from experts. During year 1 the sport nutrition
topics covered were hydration and pre/during/post-exercise fueling, while year 2 focused on body
composition/image; maintaining muscle and staying healthy, and eating-well while eating out.
PA outside of soccer practice and out-of-soccer season were encouraged. Newsletters reinforced lessons
and provided recipes or tips to meet sport nutrition needs. Life-skills trainings were taught via three
TBWs focused on menu planning, grocery shopping, cooking, knife skills and safety, and gardening,
and delivered to teams by Extension faculty and community partners. These educational approaches
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all included experiential learning opportunities (e.g., food demonstrations and tastings, cooking with
recipes high in FV, shopping on a budget, planning a post-game team meal, garden harvesting).
The sports nutrition lessons and TBW encouraged intakes of FV, whole grains, and low-fat proteins,
while selecting less processed foods and added sugar. See Supplement Table S1 for more information
of the WAVE sports nutrition lesson curriculum and newsletter topics.

2.4. Data Collection

Eligible participants enrolled in person or online. Questionnaires and assessments were completed
at baseline (time 1) and post-intervention (time 2) (Figure 1). Based on the completion rate of
intervention activities, each participant received gift cards (maximum = $65/year).

2.4.1. Demographics, Parental Practices, and Anthropometry

The baseline questionnaire collected demographic (sex, age, races/ethnicity), NSLP participation,
soccer experience, and youth perceived parental practices. Youth indicated how many days/week
(0, 1-3, 4-5, or 6-7 days) their parent participated in the following behaviors: (1) making healthy
food available at home; (2) role modeling healthy eating; (3) setting rules/expectations on what
youth eat; (4) setting rules/expectation around screen time; and (5) role modeling PA. Anthropometry
(height, weight; Tanita scale TM-300A, Tanita Corp., Singapore) assessments were completed at time 1
and time 2. Researcher completed required anthropometry training sessions to assure protocol fidelity
and test/retest reliability.

2.4.2. Dietary Assessment

A validated food intake screener (Block Fat/Sugar/Fruit/Vegetable Screener (Block-FSFV)) was
used to measure youth’s FV, saturated fat, and added sugar intakes [15]. The screener reliability
ranging from 0.70 to 0.78 over a four-month test/retest period [15]. Participants reported the portion
size and consumption frequency of consuming 35 foods over the past week. Summary data included
estimated average daily intakes for FV (cup equivalents), saturated fat (g/day) and added sugar
(g/day). Estimated daily energy intake was only used to identify over/under-reporting as defined by
Boucher et al [16].

2.4.3. Physical Activity Assessment

At baseline (Time 1) and post-intervention (Time 2), all participants wore a Fitbit-Zip for 7-days.
Fitbit-Zip correlates highly with the step data and MVPA data yielded by the ActiGraph among
free-living adolescents [17]. This approach was pre-tested in the pilot study to assure viability
and repeatability. Participants were given both oral and written instructions on how to use the
Fitbit-zip. Daily texts/emails were sent to remind participants of wearing Fitbit. The comparison
group’s Fitbit-Zip screen was covered with duct tape to avoid the self-monitoring effect on PA.
Fitbit-Zip minute-by-minute data were aggregated into average daily steps, while MVPA was
identified as time spent at >100 steps/min/day. Substantial empirical evidence supports using
the >100 steps/min threshold for defining ambulatory time spent at or above a moderate-intensity
in adults [18]. Recent research, using regression-based calibration in older adolescents (15-17 years),
shows that this threshold (>100 steps/min) appears appropriate for defining time spent at or above
a moderate-intensity in this age group [19]. All participants used in the PA analyses had at least two
valid days of Fitbit-Zip measured PA (8-h/day wearing time) and daily values for steps/day and MVPA
(min/day) were averaged across valid days. The Fitbit-Zip has shown excellent reliability (ICC = 0.90)
for measuring steps in the laboratory setting [20] and previous research among a large and diverse
sample of children and adolescents has demonstrated that two days of pedometer monitoring provides
an acceptable level of reliability (ICC > 0.85) when estimating weekly steps/day [21]. Although
there remains no consensus wear time threshold for defining a “valid day” when working with
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minute-by-minute Fitbit-Zip step data, we chose to employ the 8-h/day criteria utilized by a previous
validation study in adolescents [17].

2.5. Data Analysis

At baseline (Time 1) descriptive statistics were calculated. Analysis of variance (ANOVA)
models were used to examine mean baseline differences in FV, saturated fat, added sugar intake,
average daily steps, and MVPA (min/day) between race/ethnicity (Latino/non-Latino, white and
others), sex (female/male), and NSLP (participants/non-participants); interactions were also examined.
Pearson correlations were used to evaluate associations between diet and PA variables and youth
self-reported parental practices.

A series of analysis of covariance (ANCOVA) models, with categorical independent variables for
group assignment, race/ethnicity, sex, and NSLP, were used to evaluate mean changes (time 2-time 1)
in PA and diet intakes (FV, saturated fat, added sugar) between groups (intervention/comparison).
For each outcome variable, a separate ANCOVA model was fitted with change score (time 2-time 1)
as the dependent variable and baseline value as a covariate. Analyses were conducted using SPSS
(version 24, SPSS, IBM SPSS, Inc., Chicago, IL, USA) and R Core Team.

3. Results

Table 1 provides the demographic characteristics of participants who completed baseline
assessments. Participants were 15.3 4 1.1 years of age and were normal weight based on average
body mass index (BMI) percentile [22]. More specifically, 1% of participants were below 5th percentile,
77% were between 5th-85th percentile, 14.9% were between 86th-95th percentile, and 7% were greater
than the 95th percentile. Overall, 38.1% of the youth athletes participated in the NSLP, with most
(78.4%) being Latino; 45% engage in > 2 sports, and 42% reported > 1 injuries in the past year that
needed > 1-week of rest.

Table 1. Baseline characteristics of participants who completed demographic questionnaire, diet and
anthropometry assessments, and physical activity using Fitbit-zip (n = 388).

Intervention Group (1 = 278) Comparison Group (1 = 110)
i isti All (n = 388,
Baseline Characteristics @ ) Female (1 = 152) Male (1 = 126) Female (1 =72) Male (1 =3 8)

Age (year), mean (SD) ? 15.3 (1.1) 15.1 (1.0) 153(1.2) 154 (1.3) 15.9 (1.0)
Race, 11 (%)

Latino 149 (384%) 43 (28.3%) 59 (46.8%) 34 (47.2%) 13 (34.2%)

Non-Latino ? 239 (61.6%) 109 (71.7%) 67 (53.2%) 38 (52.8%) 25 (65.8%)
NSLP €, 11 (%) 148 (38.1%) 43 (28.3%) 53(42.1%) 35 (48.6%) 17 (44.7%)
Prepare meal for themselves, 1 (%) 229 (59.0%) 99 (65.1%) 66 (52.4%) 44 (61.1%) 20 (52.6%)

Mean (SD) @

BMI ¢ percentile 62.8 (25.0) 62.3 (23.5) 56.1(27.5) 737 (21.0) 62.7 (21.0)
Years play soccer (year) 7.6 (3.7) 8.2(3.3) 8.0 (3.7) 5.8 (3.6) 6.6 (4.0)
Fruit and vegetable (FV) intakes
(cup equivalent/day) 2.8(1.6) 2.9 (1.6) 2.8(1.6) 2.4(1.5) 2.7 (1.6)
Saturated fat (g/day) 21.8 (10.4) 19.8 (9.5) 241(116) 209 (92) 23.6 (10.0)
Added sugar (g/day) 47.9(38.3) 38.2(30.6) 53.4(437) 565 (38.4) 51.6 (39.9)
Daily steps/day 9937 (3180) 9019 (2534) 10629 (3551)  10061(2997) 11080(3642)
Moderate-to-vigorous physical 333(155)  29.2(122) 383(180)  31.8(14.0) 35.9 (15.7)

activity (MVPA) (min/day)

2 Standard Deviation (SD);  Non-Latino includes participants who self-identified as White, American Indian/Alaska
Native, Asian/Pacific Islander, or Black/African American; ¢ NSLP = National School Lunch Program, participation
indicates social economic status; 9 BMI = Body mass index (kg/ mz), 5th percentile to less than the 85th percentile is
considered normal or healthy weight [22].

3.1. DietAssessment

For all participants at baseline (time 1), the average FV consumption was 2.8 cups/day (Table 1).
There were no differences between sexes for FV and added sugar intakes, but females had significantly
lower saturated fat intake than males (—4.4 g/day) (Table 2). Latinos had significantly higher
added sugar intake than non-Latinos (+14.1 g/day), after adjusting for sex and NSLP. The two-year

155



Nutrients 2018, 10, 947

intervention resulted in participants significantly decreasing added sugar (—12g/day) and saturated fat
(—2.7 g/day) intakes, with no changes in FV intake (Table 3). For the same time period, only saturated
fat (—2.5 g/day) decreased in the comparison group. In comparing differences between groups
over the two-year intervention, only added sugar intake was significantly lower in the intervention
group (—10.4 g/day). This lower intake of sugar was attributed to a decrease in frequency (—11%)
of consuming cake/cookie snack, ice cream, and ice-cream bars. There were no changes in
sugar-sweetened beverage intake.

3.2. Physical Activity

For all participants (n = 388), baseline average steps/day were 9937 (males = 107,34 steps/day;
females = 9353 steps/day) and MVPA was 33.3 min/day (Table 1). Neither the 2008 or 2018 Physical
Activity Guidelines for Americans gives recommendation step guidelines for youth [23,24]. However,
Adam et al. [25] translated the 2008 Physical Activity Guideline recommendation of 60 min/day of
MVPA into step counts for youth 12-17 year (male > 105,00 steps/day; female > 9000 steps/day).
Our participants met this step threshold recommendation. Overall, females were significantly less
active (—1380 steps/day; —7.7 min MVPA/day) than males (Table 2). There were no differences
in PA due to ethnicity or NSLP participation. During the two-year intervention, both groups had
significantly higher PA in-season (time 1) compared to out-of-season (time 2; ~1500—2000 steps/day
less) (Table 3). A similar response was observed in MVPA, with a higher level of MVPA (~17%)
in-season vs. out-of-season. Over the two-year intervention, there were no significant differences
between groups for PA.

To further explore how participating in soccer contributed to meeting the PA guidelines,
we calculated the average minute-by-minute steps for participants (n = 97; 2-day Fitbit data) using
a 24-h scale (see Figure 2). Between 2:30-6:00 p.m., participants averaged 18.6 and 8.8 steps/minute
in-season and out-season, respectively. During this time, athletes accumulated an extra of
2060 steps/day in-soccer season, which explains the in-/out-soccer season difference of 1820 steps/day
(pre/post-intervention differences).
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Figure 2. Daily pattern of steps-per-minute for all participants at baseline (in-soccer-season) and
post-intervention (out-of-soccer season).
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3.3. Perceived Parental Support.

We also examined perceived parental support influences on youth’s diet and PA at baseline for all
the participants combined (Table 4). Youth had higher FV intake when parents modeled healthy eating
habits. Youth had lower added sugar intake when parent modeled healthy eating habits, made healthy
foods available at home, and led physically active lifestyles.

Table 4. Correlations between diet and physical activity and youth self-reported parental practice at
baseline (n = 388).

Fruits and Averaged Daily Moderate —to— Vigorous
Variable Vegetables Sat:‘;::d)l:at Ad;ie/‘;aS\;gar Step Counts Physical Activity (MVPA)
(cups/day) 4 gldaay (steps/day) (min/day)
Pearson’s correlation coefficient
Parents make
healthy food 0.30 *** 0.09 —0.14 % —0.02 —0.06
available,
day/week ?
Parents role model
healthy eating, 0.23 *** 0.03 —0.11%* —0.02 —0.04
day/week
Parents set rules on
what youth eat, 0.15 ** 0.05 —0.10 0.03 0.02
day/week
Parents set rules on
screen time, 0.20 *** 0.03 —0.02 0.09 0.03
day /week
Parents role model 0.18 ** 0.02 —0.11* ~0.01 ~0.01

PA, day/week

* Group are significantly different (* p < 0.05; ** p < 0.01; *** p < 0.001). # Youth self-reported the number of days in
a week their parents have above parental practices, positive values indicant positive associations between days of
parental practices and FV /saturated fat/added sugar/averaged daily steps/moderate-to-vigorous PA; negative
value means the opposite.

4. Discussion

This is the first study to report changes in FV, saturated fat, and added sugar intakes, and PA in
HS soccer players over a two-year intervention focused on teaching healthy eating behaviors, sport
nutrition, lifetime PA, and life-skills for sport performance, health and obesity prevention. It is also the
first study to evaluate whether diet and PA differ in HS athletes based on sex, race/ethnicity, social
economic status, or youth self-reported parental practices.

4.1. Diet Assessment

Dietary assessments of FV, saturated fat, and added sugar intakes in HS soccer players are
limited [26-28], and no published study has examined these factors in US Latino youth. The FV
intakes in our participants (males = 2.8 cups/day; females = 2.7 cups/day) was higher than the
mean FV intake reported in the 2013-2014 National Health and Nutrition Survey (NHANES) for
adolescents age 12-18 years (1.9 cups/day) [29], but below the current Dietary Guideline for Americans
(4.5-5 cups/day) (14-18 years) [30]. Three studies have examined differences in FV intake between
youth sport participants and non-sport participants [31-33]. All found that sport participants had
higher FV intake than non-sport participants, but no specific cup equivalents were reported. Others
have examined the FV intake of youth athletes, including swimmers (1.6-2 cups/day) and rugby
players (1.3 cups/day) [34,35], but no comparison group was included. Finally, Parnell et al [36]
compared the FV intake of Canadian youth athletes to the Canadian diet recommendations for teens
and found 40-54% met the FV guidelines of 7-8 servings per day. In contrast, only 13.9% of our
participants met the Dietary Guidelines for Americans for FV intake [30].

158



Nutrients 2018, 10, 947

For our participants, the average added sugar intake (males = 53 g/day; females = 44 g/day) was
lower than that reported for 2013-2014 NHANES adolescents (81 g/day; 12-19 years) [29]. These
differences may be due to methods used to assess added sugar intake. We used the Block-FSFV, which
only includes 35 foods, while NHANES uses two 24-h recalls. Added sugar intake in our Latino
soccer players was significantly higher (+14.1 g/day) than non-Latino soccer players. NHANES data
(2003-2004) indicates that the major sources of added sugars of Latino youth were soda (28 g/day),
fruit drinks (17 g/day), grain desserts (10 g/day), and candy (5 g/day) [37]. The high added sugar
consumption in Latino youth has been attributed to acculturation and socioeconomic factors [38].
We, however, did not measure acculturation in our participants, so we cannot determine if acculturation
affects added sugar intake. However, Manore et al. [6] found that Latino soccer players had lower
sports nutrition knowledge (38.8%) compared to non-Latino players (48.4%), which may indicate lower
general nutrition knowledge about added sugar intake.

Youth who self-reported that their parents frequently role modeled healthy eating habits and
physically active lifestyles, and made healthy foods available at home had higher FV consumption,
and lower added sugar intakes. These results support others who report that parental practices are
important in shaping children’s nutrition behavior [39,40]. Ranyjit et al. [39] found that increasing
access and availability to healthy foods could increase middle school aged adolescents” FV intake
and decrease sugar-sweetened beverage intake. Battram et al. [40] also reported that parents were the
primary gatekeepers and role models of children’s sugar beverage consumption. To our knowledge
our research is the first to examine the influence of perceived parental support on FV and added sugar
intake among HS athletes.

4.2. Physical Activity

Cross-sectional research shows that youth who participate in sports have higher MVPA
(60 min/day) than non-sport participants (43 min/day) [41]. Yet, no study has explored the importance
of helping active youth maintain their PA ‘out-of-sport-season’ or during other breaks from their
sport participation. We followed HS soccer players for two years and analyzed their steps/day and
MVPA both in/out-of-soccer season. Our results showed that the PA level in-soccer season met
the 2008 Physical Activity Guidelines for Americans [23], but dropped below recommendations by
1820 steps/day during out-of-soccer season. During soccer season, participants generally have two
games (1.5-h/each) and three/four practices (2-h/each) per week. Wearing a Fitbit is not allowed
during games, but players typically accumulate 3-7 miles/game based on their position [42]. If these
additional steps were added to the in-season steps, PA would be even higher than reported here
and the differences in in-/out-soccer season PA would be even greater. These results confirmed the
importance of school sports in promoting PA and the need to maintain youth’s PA when they are
not engaged in organized sports. Although the WAVE project focused on active youth for obesity
prevention, it is important to acknowledge that all youth need diet and PA life-skills. Thus, HS students
who are not engaged in sports may need a different approach than used in this project to engage them
in daily PA and learning life-skills around diet for obesity prevention.

We found no association between youth PA (steps and MVPA) and youth self-reported parental
practices. Research examining the influence of parental modeling of PA on children’s PA is equivocal,
with some research being supportive [43,44], while others are not [45-47]. These data were all
reported in young children (<12 years). No study has examined this association in active adolescents
(>14 years).

4.3. Strengths and Limitations

Our study had a number of strengths. First, we had a large sample (1 = 388 at baseline; n = 202
completing pre/post assessments) of HS soccer players, with an average of 7.6-year playing experience;
thus, they may be representative of many HS athletes who play at least one HS sport. Second,
we had a diverse sample (58% female; 40% Latino; 40% NSLP participation), which allowed us to
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examine the association between diet and PA and sex, race/ethnicity, and social economic status.
Third, the intervention lasted two years, compared to the 3-12 weeks interventions that are typically
reported in the literature [48-50]. Finally, the WAVE intervention combining traditional face-to-face
lessons and TBWs that included experiential learning that reinforced the lessons and allowed for
practical application.

There were also limitations to this study. First, the Block-FSFV does not include Latino
culturally-appropriate food or sport foods. The Block-FSFV was designed to focus on FV, saturated
fat, and added sugar intake; thus, we could not calculate the percentage of energy from saturated fat
and added sugar to compare to the 2015-2020 Dietary Guidelines for Americans recommendations.
Second, dietary intake could have changed due to the time period (two years) we measured diet
(pre-intervention: fall season 2015; post-intervention: spring season 2017). Typically, fall season is
abundant in fruits and vegetables from the gardens and orchards, while spring is a time for celebration
around graduation. However, there were no significant changes in FV intake across group or over
time. Third, we did not measure the acculturation level, but all participants spoke English. Finally,
the comparison group participants could have removed the duct-tape and monitored their daily steps,
but we did not see differences between groups for steps in-/out-of-soccer season.

5. Conclusions

This is the first study to engage HS soccer players in a two-year obesity prevention program
targeting sport nutrition education and healthy eating behaviors for growth, performance and health,
and emphasizing the importance of daily PA and learning life-skills. Overall, the FV intakes were
maintained over the intervention but were below recommendations, yet higher than those typically
reported in the literature for youth and youth athletes. The intervention significantly decreased added
sugar intake, by lowering the frequency of selecting cake/cookies and ice cream foods. Our lessons
emphasized eating whole grains, FV, and lean protein sources and selecting food with less saturated
fat and added sugar. Incorporating these eating behaviors into their lifestyle could lower added sugar
intake. We found parents who modeled a healthy lifestyle, and made healthy foods available at home,
had adolescents who reported lower added sugar intakes. Thus, parent involvement is important
in shaping the healthy lifestyles of adolescents. Finally, we found PA recommendations were met
during soccer season, but not out-of-season. Thus, it is important to engage active youth throughout
the school year, helping them make daily PA a priority in their lifestyle. Based on our experience,
self-monitoring alone is not enough to promote PA among active youth when they are not engaged in
sport. Future studies should focus on maintaining PA in youth athletes when they are not engaged in
sport, thus, helping them make the transition to being physically active adults.
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Abstract: The development of chronic, low-grade systemic inflammation in the elderly (inflammaging)
has been associated with increased incidence of chronic diseases, geriatric syndromes, and functional
impairments. The aim of this study was to examine differences in habitual physical activity (PA),
dietary intake patterns, and musculoskeletal performance among community-dwelling elderly men
with low and elevated systemic inflammation. Nonsarcopenic older men free of chronic diseases
were grouped as ‘low” (LSI: n = 17; 68.2 £ 2.6 years; hs-CRP: <1 mg/L) or ‘elevated” (ESI: n =17;
68.7 £ 3.0 years; hs-CRP: >1 mg/L) systemic inflammation according to their serum levels of
high-sensitivity CRP (hs-CRP). All participants were assessed for body composition via Dual Emission
X-ray Absorptiometry (DEXA), physical performance using the Short Physical Performance Battery
(SPPB) and handgrip strength, daily PA using accelerometry, and daily macro- and micronutrient
intake. ESI was characterized by a 2-fold greater hs-CRP value than LSI (p < 0.01). The two groups
were comparable in terms of body composition, but LSI displayed higher physical performance
(p < 0.05), daily PA (step count/day and time at moderate-to-vigorous PA (MVPA) were greater
by 30% and 42%, respectively, p < 0.05), and daily intake of the antioxidant vitamins A (6590.7 vs.
4701.8 IU/day, p < 0.05), C (120.0 vs. 77.3 mg/day, p < 0.05), and E (10.0 vs. 7.5 mg/day, p < 0.05)
compared to ESI. Moreover, daily intake of vitamin A was inversely correlated with levels of hs-CRP
(r = —0.39, p = 0.035). These results provide evidence that elderly men characterized by low levels of
systemic inflammation are more physically active, spend more time in MVPA, and receive higher
amounts of antioxidant vitamins compared to those with increased systemic inflammation.
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1. Introduction

Chronic exposure to antigens as well as to chemical, physical, and nutritional stressors that the
immune system has to cope with, in combination with the dramatic increase in life expectancy,
result in the overstimulation of the immune system with advancing age and the development
of a chronic and persistent pro-inflammatory state [1,2]. This age-associated, low-grade, chronic
inflammatory status has been termed as “inflammaging” [1] and is clinically assessed by measuring
systemic concentrations of cytokines and acute-phase proteins, including interleukin-6 (IL-6), tumor
necrosis factor-« (TNF-«), and C-reactive protein (CRP) [3]. Inflammaging represents a significant
risk factor for age-related frailty, morbidity, and mortality [2,4] as many chronic diseases and geriatric
syndromes such as cardiovascular diseases, atherosclerosis, metabolic syndrome, type 2 diabetes
mellitus, neurodegenerative diseases, cancer, and chronic obstructive pulmonary disease have been
associated with chronic inflammation [5-8]. Moreover, increased levels of IL-6, TNF-«, and CRP in the
elderly have been associated with lower muscle mass and physical performance [9-11] as well as with
increased risk for sarcopenia and osteoporosis [12-14]. Thus, the concept of inflammaging appears
to be a key determinant of successful aging and longevity and as such a valuable tool to counteract
age-related pathologies [2].

To date, inflammaging is defined as a complex and multifactorial process whose origin cannot be
simply attributed to a specific number of factors/mechanisms, as a complete understanding of the
extent to which different tissues, organs, and biological systems contribute to its pathophysiology is
lacking [3,15]. However, both physical activity (PA) and nutrition are considered powerful lifestyle
factors that may, cooperatively or independently, influence both healthy aging and lifespan in
humans [16,17]. Specifically, being physically active substantially reduces the risk of developing
cardiovascular [16,17] and metabolic diseases [16,18], obesity [16,19], frailty [16,20,21], sarcopenia [22],
osteoporosis [17,23], cognitive impairment [24], and mental health disorders [17,25] in a dose-response
manner [26,27]. Numerous studies reported that higher volume of habitual PA is related to lower
levels of IL-6, CRP, and TNF-« in older adults [28-40]. Most of these studies, though, are based on
self-reported PA estimations [28-33,36,37,40] that may result in increased risk of recall bias [41] and
therefore do not provide an objective determination of different intensity levels (i.e., light, moderate,
vigorous, or very vigorous PA). However, to our knowledge, four studies have utilized accelerometry
to provide an objective assessment of PA [34,35,38,39]. In two of them, an inverse relationship between
PA and disease-related (chronic obstructive pulmonary disease and obesity) systemic inflammation
was revealed in middle-aged adults [34,35]. Similarly, two other studies reported that time spent in
MVPA is negatively associated with markers of systemic inflammation in the healthy elderly [38,39].
Although these data clearly suggest that habitual PA is inversely associated with mediators of systemic
inflammation in older adults, a direct comparison of objectively assessed PA, sedentary time, and
PA-related energy expenditure among the elderly with low and increased systemic inflammation is
still lacking.

Ideally, this comparison would be more conclusive by the concurrent examination of habitual
PA /inactivity and dietary intake levels, since both factors may impact systemic inflammation. In fact,
available data suggest that the role of nutrition and dietary pattern is pivotal for immune function and
low-grade systemic inflammation [42—-44]. Both macronutrient and micronutrient intake may interfere
with immune responses, triggering either a pro-inflammatory or an anti-inflammatory effect [45].
Excessive consumption of glucose and saturated fatty acids (SFA) (particularly long-chain SFA) are
reported to activate pro-inflammatory markers in insulin-sensitive tissues [45,46] and may result in
systemic inflammation [15], while high phospholipid consumption, especially that of polyunsaturated
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fatty acids (PUFA) and monounsaturated fatty acids (MUFA), elicit antiinflammatory properties and
reduce the risk of chronic inflammation and its associated chronic diseases [47]. On the other hand,
consumption of either plant- or dairy-based protein or amino acids may offer antiinflammatory effects
by reducing levels of inflammatory mediators [45,48]. Furthermore, adequate intake of antioxidants
and trace elements, particularly vitamins A, C, E, and selenium, also enhances immunity and elicits
a protective effect against chronic inflammatory conditions [44]. However, to our knowledge, the
literature lacks evidence regarding differences in dietary habits among older healthy adults with low
and high systemic inflammation.

Given the pivotal role of both PA and macronutrient/micronutrient intake in mediating immunity
and chronic inflammatory responses, a direct comparison of them among older adults exhibiting low
and elevated systemic inflammation may identify which parameters of these lifestyle factors function
as discriminants of healthy aging and inflammaging. Therefore, the aim of the present study was to
compare levels of objectively assessed habitual PA and dietary macronutrient/micronutrient intake,
among otherwise healthy elderly men of low and increased systemic inflammation.

2. Materials and Methods

2.1. Experimental Design and Participants

A total of fifty community-dwelling elderly men aged 65-75 years were recruited from the
surrounding area of Thessaly (Greece) through postings, newspaper, and media advertisements. All
volunteers completed a health history questionnaire and were also examined by a physician. In order
to be included in the study, volunteers had to initially meet all of the following inclusion/exclusion
criteria: (a) nonsmokers; (b) independently living; (c) absence of chronic disease (i.e., cancer, metabolic,
cardiovascular, neurological, pulmonary, or kidney disease); (d) absence of inflammatory disease (i.e.,
osteoarthritis, rheumatoid arthritis); (e) absence of type 2 diabetes, and (f) no recent or current use of
antibiotics or other medication that could affect inflammatory status (i.e., corticosteroids). Subsequently,
those who fulfilled these criteria underwent assessment of body height, body weight, body composition,
handgrip strength, and physical performance (via the SPPB) testing to estimate their weight status
and stage of sarcopenia according to the European Working Group on Sarcopenia in Older People
(EWGSOP) [49]. Volunteers who were characterized as presarcopenic/sarcopenic were excluded from
the study at this stage, since substantial loss of skeletal muscle mass is accompanied by significant
performance decline [49], resulting in lower levels of habitual PA [50]. Volunteers who were classified
as obese were also excluded since obesity is linked to metaflammation, an adipose-tissue-mediated
chronic inflammatory state that differs in terms of pathophysiology from inflammaging [5,15].
Accordingly, thirty-four volunteers who fulfilled the eligibility criteria participated in the study. The
determination of inflammatory status was based on two consecutive measurements of high-sensitivity
CRP (hs-CRP) and participants were grouped as “low systemic inflammation” (LSI: hs-CRP <1 mg/L)
or “elevated systemic inflammation” (ESI: hs-CRP > 1 mg/L) according to a previous report [51].
Participants were then provided with accelerometers and food diaries to monitor their habitual PA
and daily macronutrient/micronutrient intake, respectively, over a 7-day period. They were fully
informed about the aim and the experimental procedures of the study, as well as about the benefits
involved, before obtaining written consent. The Institutional Review Board of the University of
Thessaly approved the study and all procedures were in accordance with the 1975 Declaration of
Helsinki (as revised in 2000).

2.2. Body Composition

Standing body mass and height were measured on a beam balance with stadiometer (Beam
Balance-Stadiometer, SECA, Vogel & Halke, Hamburg, Germany) with participants wearing light
clothing and no shoes as described previously [52]. Body composition [including fat mass, fat-free mass
(FFM), percent of fat, lean body mass (LBM)] was assessed by dual emission X-ray absorptiometry
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(DXA, GE Healthcare, Lunar DPX NT, Diegem, Belgium) with participants in supine position as
described before [53]. Appendicular lean mass (ALM) and skeletal muscle mass index (SMI) were
calculated as the sum of muscle mass (kg) of the four limbs (based on DXA scan) and as ALM divided
by height by meters squared (kg/m?), respectively [49], while sarcopenia status was determined
according to the criteria established by EWGSOP [49].

2.3. Physical Activity

Physical activity was monitored by using the accelerometers ActiGraph, GT3X+ (ActiGraph,
Pensacola, FL, USA) over a 7-day period. Accelerometers were attached to elastic, adjustable belts and
did not provide any feedback to the participants. Participants were taught how to wear the belt around
the waist with the monitor placed on the right hip and they were asked to wear it throughout the day,
except for bathing or swimming and sleep, for seven consecutive days. To be included in the analysis,
participants had to have >four days with >10 wear hours/day (i.e., four valid days) [54]. Nonwear
time was calculated using the algorithms developed by Choi et al. [55] for vector magnitude (VM)
data and defined as periods of 90 consecutive minutes of zero counts per minute (cpm), including
intervals with nonzero cpm that lasted up to 2 min and were followed by 30 consecutive minutes of
zero cpm. Daily activity and sedentary time were estimated according to VM data and expressed
as steps/day and time in sedentary (<199 cpm), light (200-2689 cpm), moderate (2690-6166 cpm),
vigorous (6167-9642 cpm), and moderate-to-vigorous (>2690 cpm) PA [56]. The manufacturer software
ActiLife 6 was utilized to initialize accelerometers and download data using 60-s epoch length.

2.4. Dietary Assessment

Participants were taught by a registered dietitian how to estimate food servings and sizes of
different food sources and how to complete food diaries. They were allowed to weigh out food servings,
so that they could precisely report the amount of specific food portions, while they were also provided
with colored photographs depicting different portion sizes that they could use to compare their food
weights. Furthermore, complete instructions on how to describe portion sizes based on household
measures or other standard units were also administered to our participants. Participants recorded
their daily dietary intake for seven consecutive days, describing, in as much detail as possible all
portions of food and drinks/water. For commercially available products, the name of the manufacturer,
fat content (i.e., 1%. 2%, etc.), and other related information had to be noted. The Science Fit Diet 200
A (Science Technologies, Athens, Greece) dietary software was utilized to analyze diet recalls and
data regarding total energy (k]), protein (g/kg/day & g/day), leucine (g/day), branched chain amino
acids (BCAA, g/day), carbohydrates (g/day), fat (g/day), vitamin A (IU/day), vitamin C (mg/day),
vitamin E (mg/day), selenium (ug/day), polyunsaturated fatty acids (PUFA), and monounsaturated
fatty acids (MUFA).

2.5. Systemic Inflammation

Blood samples were collected early in the morning between 07:00 and 09:00 am, after an overnight
fasting. Participants were asked to avoid alcohol and abstain from intense physical activity for >48 h
before blood sampling. Blood was drawn from an antecubital arm vein via a 10-gauge disposable
needle equipped with a Vacutainer tube holder (Becton Dickinson) with participants seated. To separate
serum, blood samples were allowed to clot at room temperature and then centrifuged (15,000x g,
15 min, 4 °C). The supernatant was dispensed in multiple aliquots (into Eppendorf tubes) and stored
at —80 °C for later analysis of hs-CRP. Serum hs-CRP was quantitatively measured in duplicate using
the C-Reactive Protein (Latex) High Sensitivity assay (CRP LX High Sensitive, Cobas®) on a Cobas
Integra® 400 plus analyzer (Roche) with a detectable limit of 0.01 mg/dL and an inter-assay coefficient
of one standard deviation (1 SD).
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2.6. Statistical Analyses

All data are presented as means + SD. The normality of data was examined using the
Shapiro-Wilk test (n = 17/group). Because our data sets in most of our variables differed
significantly from normal distribution, we rejected the hypothesis of normality and applied
nonparametric tests. To test differences in body composition, daily PA-related parameters, and
dietary macronutrient/micronutrient intake among the two groups (LSI vs. HSI) a Kruskal-Wallis test
was applied. Pearson’s correlation analysis was used to examine the relation of dietary antioxidant
vitamins intake, number of steps, and time in MVPA per day with serum levels of hs-CRP. Correlation
coefficients of ¥ < 0.2, 0.2 <7 < 0.7 and r > 0.7 were defined as small, moderate, and high, respectively.
Effect sizes (ES) and confidence intervals (CI) were also calculated for all dependent variables using
the Hedge’s g method corrected for bias. ES was interpreted as none, small, medium-sized, and large
for values 0.00-0.19, 0.20-0.49, 0.50-0.79, and >0.8, respectively. The level of statistical significance was
set at p < 0.05. Statistical analyses were performed using the SPSS 20.0 software (IBM SPSS Statistics).
The G * Power program (G * Power 3.0.10) was utilized to perform power analysis. With our sample
size of 17/group we obtained a statistical power greater than 0.80 at an « error of 0.05.

3. Results

Participants’ characteristics are presented in Table 1. Participants were healthy and had no
pathological levels of hs-CRP. The two groups, though, differed significantly in respect to hs-CRP
values (ESI: 2.1 £ 0.8 vs. LSL: 0.7 £ 0.2 mg/dL, p = 0.00), with ESI displaying a 2-fold elevation in
serum hs-CRP compared to LSI. Averaged BMI values in LSI and ESI were 27.3 4 3.1 kg/m? and
27.9 & 2.5 kg/m?, respectively, which classifies them as nonobese according to the criteria established
by the World Health Organization (WHO) [57]. Moreover, all participants were characterized as
nonsarcopenic, since they exhibited SMI > 7.26 kg/m?, handgrip strength > 30 kg, and physical
performance score in SPPB > 8. No differences were detected in respect to BMI, fat mass, percent of
fat, FFM, LBM, ALM, SMI, and handgrip strength among groups. However, significant differences
were observed in physical performance, with LSI achieving a higher SPPB score compared to ESI (LSI:
11.9 0.2 vs. ESL: 11.2 & 1.0; x* = 6.436, p = 0.016; ES = 0.90; 95% CI = —1.63, —0.17).

Table 1. Participants’ characteristics.

Parameter LSI (n =17) ESI (n =17)
Age (years) 682+ 2.6 68.7 £ 3.0
Body Height (m) 1.71 £ 0.07 1.73 + 0.04
Body Weight (kg) 823+85 852475
BMI (kg/m?) 273+3.1 279425
Fat Mass (kg) 241+70 263 +4.1
Fat (%) 295+ 6.6 31.8 +2.1
Fat-Free Mass (kg) 56.3 + 4.6 58.4 +5.2
Lean Body Mass (kg) 533 £ 4.5 553 +5.1
ALM (kg) 232424 244 +21
SMI (kg/m?) 812+ 0.7 8.13 £ 0.6
Grip Strength (kg) 343 +55 36.7 + 6.6
SPPB (score) 11.9+0.2 112+1.01
Sarcopenia Status Non-Sarcopenic Non-Sarcopenic
hs-CRP (mg/L) 0.7+£02 214082

Data are presented as mean + SD. ALM: Appendicular Lean Mass; SMI: Skeletal Muscle Mass Index; SPPB: Short
Physical Performance Battery; hs-CRP: High-Sensitivity CRP. ! significant difference between groups, p < 0.05,
2 significant difference between groups, p < 0.01.

Results comparing sedentary time and PA among groups are shown in Figure 1. The two groups
were comparable in sedentary time throughout the day (LSI: 378.2 + 98.7 vs. ESI: 370.5 & 95.9 min/day;
X% = 0.008, p = 0.927) and in the time they spent in light PA /day (LSIL: 342.9 4 93.1 vs. ESI: 331.7
+ 98.2 min/day; x2 = 0.357, p = 0.550), while a trend for significantly more time spent in moderate
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PA/day by the LSI group was also observed (LSI: 59.5 = 16.7 vs. ESI: 44.1 = 18.2 min/day; x? = 3.637,
p = 0.057). Interpretation of the level of moderate PA by group means examined in relation to the
PA guidelines adopted by the WHO revealed that both groups met the recommendation for at least
150 min of moderate-intensity PA throughout the week.
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Figure 1. (A) Sedentary time, (B) time spent in light, (C) moderate, (D) vigorous, (E) moderate-to-vigorous
(MVPA) PA, and (F) total step count throughout the day, in low (LSI) and elevated (ESI) systemic
inflammation groups. Values are presented as mean + SD. * denotes significant difference between

groups at p < 0.05.

By performing an individual examination in both groups, we found that all participants in LSI and
approximately 86% of participants in ESI met this criterion. Significant differences between LSI and
ESI were observed in MVPA and daily step count, with LSI spending more time in MVPA throughout
the day (LSL: 65.2 & 21.5 vs. ESI: 45.9 + 19.8 min/day; x2 = 3.997, p = 0.044; ES = 0.91; 95% CI = —1.68,
—0.13) and performing more steps (LSI: 9000.1 £ 2496 vs. ESI: 6968.3 + 2075 steps/day; X% =4.087,
p =0.043; ES = 0.86; 95% CI = —1.63, —0.08) than ESI, by 42% and 30%, respectively. The average
step count/day for LSI was 9000.1 steps, which is close to the upper recommended limit for older
adults (7100-10,000 steps/day) [58] while the ESI did not meet these recommendations, performing
6968.3 steps/day. Almost 86% of participants in the LSI group performed >7100 steps daily while
slightly more than half (53%) of participants in the ESI group did so. A longitudinal analysis combining
both groups revealed a trend for an inverse correlation between hs-CRP level and daily step count
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(r = —0.37, p = 0.055). Time in vigorous PA/day did not differ among groups (LSI: 5.3 £ 6.9 vs.
ESI: 1.0 & 2.6 min/day; x? = 2.315, p = 0.128), probably because of a high interindividual variability.
Moreover, the two groups demonstrated similar PA-related energy expenditure throughout the day,
as no differences observed in terms of kJ/day (LSI: 2554.3 = 1033.5 vs. ESI: 2654.3 & 1041.8 k] /day,
p =0.798) and METs/day (LSI: 1.28 4= 0.1 vs. ESI: 1.23 4= 0.1 METs/day, p = 0.203) (Figure 2).
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Figure 2. Daily PA-related energy expenditure expressed as (A) k] and (B) METs in low (LSI) and
elevated (ESI) systemic inflammation groups. Values are presented as mean + SD.

LSI and ESI demonstrated similar total energy and macronutrient intake throughout the day
(Table 2). The two groups had a daily energy intake of 6949.6-6794.8 k], constituted by 15-16% protein,
38% carbohydrate, and 42% fat. The mean protein intake in both groups was 0.8 g/kg body weight/day,
which represents the recommended daily allowance (RDA) that meets 97.5% of the population [59].
However, approximately 46% of participants in both groups had a daily protein intake of 0.5-0.7 g/kg
body weight/day. Separate analysis in leucine and BCAA intake revealed that both LSI and ESI
received 0.6 g of leucine/kg body weight/day and 0.13-0.14 g of BCAAs/kg body weight/day, which
meets the current recommendations for amino acid intake in adults [59]. The two groups, though,
differed significantly in respect to daily antioxidant vitamin intake, with the LSI group receiving higher
amounts of vitamin A (LSI: 6590.7 & 2219 vs. ESI: 4701.8 4 1552.6 IU/day; Xz =5.616, p = 0.018;
ES = 0.95; 95% CI = 1.72, 0.18), vitamin C (LSI: 120.0 £ 55.5 vs. ESI: 77.3 & 39.1 mg/day; x> =5.421,
p =0.020; ES = 0.87; 95% CI = 1.63, 0.11), and vitamin E (LSI: 10.0 & 2.9 vs. ESI: 7.5 & 3.0 mg/day;
Xz =4.496, p = 0.034; ES = 0.75; 95% CI = 1.50, 0.01) than ESI, by 37%, 59%, and 33%, respectively.
Moreover, by performing a longitudinal analysis of both groups we observed that daily vitamin A
intake was inversely correlated with levels of hs-CRP (r = —0.39, p = 0.035) (Figure 3). On the contrary,
daily intake of selenium (LSI: 93.2 4 29.8 vs. ESI: 96.1 £ 29.7 ug/day, p = 0.793), PUFA (LSI: 10.1 & 2.4
vs. ESI: 8.9 4 2.6 g/day, p = 0.215), and MUFA (LSI: 43.7 & 10.8 vs. ESI: 37.9 4= 10.9 g/day, p = 0.168)
was comparable in the two groups.
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Table 2. Dietary macronutrient and micronutrient intake in LSI and ESI groups.

Parameter LSI (n=17) ESI (n=17) p Value xz
Total Energy (kJ/day) 6952.9 +1241.8 6797.8 £ 1136.8 0.771 0.085
Protein
g/day 63.8 +20.3 66.9 + 14.6 0.183 1.770
g/kg BM/day 0.8+0.3 08+0.2 0.817 0.054
% of total calories 15+27 16 +£3.0
Leucine (g/day) 489+ 1.7 513 +£1.2 0.430 0.624
BCAAs (g/day) 11.38 + 3.6 11.53 +2.4 0.533 0.389
Carbohydrates
g/day 156.2 +37.6 154.9 +52.7 0.901 0.016
% of total calories 37.7 £ 6.9 375+84
Fat
g/day 793 + 125 73.7 +£17.0 0318 0.996
% of total calories 42.0 £4.0 41.7+£71
PUFA (g/day) 10.1 £24 89+26 0.275 1.191
MUFA (g/day) 43.7 £10.8 379 +10.9 0.359 0.840
Vitamin A (IU/day) 6590.7 + 2219.6 4701.8 + 1552.6 1 0.018 5.616
Vitamin C (mg/day) 120.0 + 55.5 773 4+39.11 0.020 5421
Vitamin E (mg/day) 10.0 +29 75+301 0.034 4.496
Selenium (ug/day) 93.2 £29.8 96.1 +29.7 0.589 0.292

Data are presented as mean + SD. BM: Body mass; BCAA: Branched chain amino acids; PUFA: Polyunsaturated
fatty acids; MUFA: Monounsaturated fatty acids. ! Significant difference between groups.

R=-0.386 P=0.035
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Figure 3. The relationship between serum hs-CRP level and daily dietary intake of Vitamin A.

4. Discussion

The present study is the first, to our knowledge, to compare the levels of habitual PA, sedentary
time, and dietary intake between healthy elderly men with low and elevated low-grade systemic
inflammation (inflammaging). Our findings suggest that older adults characterized by low levels of
systemic inflammation perform more steps and spent more time in MVPA throughout the day and
they receive higher amounts of dietary antioxidant vitamins (i.e., vitamins A, C, and E) on a daily basis
compared to their counterparts with elevated systemic inflammation.

Participants were categorized as having either “low” or “elevated” low-grade systemic
inflammation according to their serum levels of hs-CRP. This acute-phase protein is considered a
valid and informative marker of inflammaging [60] and has been previously used as a single marker to
identify levels of systemic inflammation in older adults [51]. The term inflammaging, first introduced
by Franceschi and his colleagues [1], refers to the development of a chronic, low-grade inflammation
phenotype with advancing age. However, the presence of obesity, either in young or older individuals,
results in elevated systemic inflammation, which has been defined as metaflammation (metabolic
inflammation) and is primarily mediated by the adipose tissue [5]. Although the underpinning
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mechanisms of inflammaging and metaflammation may be different, these two chronic inflammatory
conditions may overlap [15]. Therefore, in an attempt to focus on inflammaging in this study, we
included only nonobese elderly men (according to WHO criteria). Moreover, LSI and ESI groups
were very homogeneous in terms of body composition, since they did not differ in body weight, fat
mass, percent of fat, FFM, and LBM. All participants were also nonsarcopenic according to the criteria
established by the EWGSOP [49], since the existence of sarcopenia could act as a covariate in our
investigation, interfering with their ability to habitually perform PA [50].

Previous cross-sectional studies have investigated the association between habitual PA and
inflammatory biomarkers in middle-aged and older adults [28-31,33-40]. However, only two
utilized accelerometry to quantify not only the quantity but also the quality (intensity) of habitual
PA in the otherwise healthy elderly with physiological and elevated chronic, low-grade systemic
inflammation [38,39]. This study attempted to extend the current literature by providing insights
concerning the differences in PA and dietary intake profile among elderly men with low and
elevated low-grade systemic inflammation. The use of accelerometry to objectively assess the
quantity and intensity of habitual PA is a strength of our study, as most of the previously cited
studies [28-31,33,36,37,40] are based on questionnaires, self-reports, or interviews. The use of
accelerometers over a 7-day period to assess PA and sedentary time has been reported to be a valid
and reproducible methodological approach in the elderly [61].

Although sedentary time and time spent in light- and moderate-intensity activities throughout
the day were similar between LSI and ESI, we noted that overall the LSI group performed more
steps and spent more time in MVPA on a daily basis. This suggests that not only the volume of
habitual PA but also the intensity in which daily physical activities are performed may interfere
with the development of chronic, low-grade systemic inflammation in older individuals. Our
findings further build on previous reports that higher volume of habitual PA is associated with
lower levels of pro-inflammatory mediators in healthy elderly individuals [29,33,36] and COPD
patients [34]. Moreover, this inverse association between PA and inflammation is suggested to
be dose-dependent, so that the more physically active an individual is, the lower the chronic
inflammatory milieu [29,31,40]. Although only a trend (r = —0.37, p = 0.055) for an inverse correlation
between hs-CRP level and daily step number was observed in our study, possibly because of an
interindividual variability in daily step counts of our participants (we used accelerometers whereas
questionnaires were utilized by others), these findings collectively suggest that habitual PA may
be associated with inflammaging in an inverse, dose-response pattern. Furthermore, it has been
recently reported that the impact of PA on chronic low-grade inflammation is not only dose-dependent
but also intensity-dependent, as moderate-to-vigorous activities induce greater improvements in
the inflammatory profile of older adults while light- or moderate-intensity physical activities are
accompanied by no changes in inflammatory mediators [62]. Indeed, Wahlin-Larsson et al. [39]
found that in recreationally active elderly women, the time spent in MVPA is inversely associated
with serum levels of CRP, a finding also reported in younger individuals [63]. The mechanism/s
through which PA reduces or prevents low-grade systemic inflammation in the elderly remains to
be elucidated. Observational, cross-sectional studies are not designed to identify the mechanisms
that underline the effects of systematic PA on chronic inflammation and as such, more intervention
studies are needed [41,62]. Based on the fact that inflammaging is tightly regulated by the balance
between pro- and anti-inflammatory mediators [64], a possible mechanism could be that PA, and
especially MVPA, suppresses the production of pro-inflammatory cytokines and molecules that trigger
the inflammatory milieu, and enhances the production of anti-inflammatory mediators [41,62,65].
Moreover, the process of inflammaging may be further affected by the age-associated increase in the
production of reactive oxygen and nitrogen species (RONS) that lead to redox balance disturbances and
subsequent activation of the redox-sensitive NF-«B signaling pathway that stimulates the expression of
numerous pro-inflammatory mediators such as TNF-«, IL-6, IL-13, and CRP [48,66]. As such, a vicious
cycle of RONS and pro-inflammatory molecule production is propagated, driving a chronic systemic
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pro-inflammatory phenotype [48,67]. Regular participation in moderate-to-vigorous intensity exercise
has been shown to attenuate both basal and exercise-induced levels of oxidative damage, enhance the
antioxidant capacity, and improve the DNA repair machinery in healthy, elderly individuals [68,69].
Thus, it can be proposed that systematic MVPA may prevent the development of inflammaging by
lowering the production of RONS and levels of oxidative damage in the elderly.

LSI and ESI also differed significantly in terms of physical performance. More specifically, LSI
exhibited higher performance in the SPPB test compared to ESI and this observation is in line with
previous findings reporting that older adults with elevated systemic inflammation demonstrate lower
physical performance [70,71]. Although the underlying mechanism leading from chronic inflammation
to functional decline has not been clarified yet, it has been reported that systemic inflammation
may impact physical performance by decreasing skeletal muscle mass [14,48]. However, in this
study, the two groups demonstrated similar LBM, ALM, and SMI, indicating that the observed
difference in physical performance was not muscle-mass-dependent. A previous report, though,
by Wahlin-Larsson and colleagues [39] provided evidence that increased systemic inflammation
influences muscle regeneration by decreasing the proliferation rate of myoblasts. In addition, increased
inflammation and cytokine production may also reduce the quiescent satellite cells pool and attenuate
their differentiation capacity [14]. Therefore, it can be assumed that elevated systemic inflammation
may contribute to physical performance deterioration by attenuating the regeneration potential of the
aged skeletal muscle.

We also utilized 7-day recalls to perform a thorough screening of the dietary intake in the LSI and
ESI groups, focusing on macronutrients and micronutrients that have been shown to elicit either a pro-
or an anti-inflammatory effect, and could be therefore characterized as ‘key modifiers’ in the process
of inflammaging. LSI and ESI demonstrated similar energy and macronutrient intake, consuming
6794.8-6949.6 k] /day composed of 15-16% protein, 38% carbohydrates, and 42% fat. Our group
recently conducted a literature review suggesting that protein intake, especially that of whey protein
and soy or isoflavone-enriched soy protein, may indirectly offer antioxidative and anti-inflammatory
benefits beyond its ability to stimulate skeletal muscle protein synthesis [48]. Also, Zhou et al. [72]
performed a meta-analysis on the effects of whey protein supplementation on levels of CRP, concluding
that increased whey protein intake may induce favorable effects on individuals with elevated baseline
CRP levels. However, in this study, we noted that daily protein intake was similar between LSI and
ESI, with both groups receiving on average ~0.8 g/kg BM/day, which is in line with WHO RDA for
protein [59]. BCAA and leucine intake were also compared among groups to provide a qualitative
determination of daily protein intake. Although leucine is classified as a BCAA, we decided to present
it separately because its role may differ from that of the other BCAAs, especially in the elderly where
a higher amount of leucine should be consumed through diet to efficiently stimulate muscle protein
synthesis and preserve muscle loss [73,74]. In our present work, we observed that LSI and ESI had a
similar daily intake of BCAAs and leucine, meeting the recommendations for amino acid intake in
adults [59]. Daily carbohydrate intake was also similar among groups (154-156 g/day), indicating
that it does not play a prominent role in the development of inflammaging. Previous reports have
noted that only increased consumption of high glycemic index carbohydrates may be associated with
increased levels of inflammation [75]. Unfortunately, the determination of glycemic index and glycemic
load in our participants’ daily diets was not feasible.

Similarly, no differences were observed in total fat consumption among groups, with LSI and
ESI receiving 79 and 74 g/day, respectively, which corresponds in both groups to 42% of daily
energy intake. Although previous reports have indicated that increased fat consumption is associated
with elevated systemic markers of inflammation [75,76], this was not the case here. High fat diets,
and primarily SFA, have been reported to induce substantial alterations in the gut microbial flora
(i.e., increases gut mucosa permeability, epithelial brier disruption) that result in enhanced translocation
of lipolysaccharide (LPS) in the circulation, thus promoting the development of low-grade systemic
inflammation [76,77]. However, it should be highlighted here that not all SFA demonstrate equal
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properties and consumption of specific SFA (i.e., C14:0, C15:0, C17:0, CLA, and trans-palmitoleic) has
been associated with positive effects on cardiovascular health [78]. On the other hand, increased intake
of MUFA and/or PUFA has been proposed to counteract the pro-inflammatory cascade by reducing
the translocation of LPS in the circulation [76] and suppressing the eicosanoid and PAF inflammatory
pathways [47]. Indeed, many studies have revealed an inverse association between higher intake of
dietary PUFA and/or MUFA and levels of pro-inflammatory mediators such as hs-CRP and IL-6 [75].
In this study, although no statistically meaningful differences were observed in dietary MUFA and
PUFA intake between groups, LSI displayed a higher intake of MUFA and PUFA, by 15% and 13.5%,
respectively, compared to ESI.

Interestingly, we noted significant differences between LSI and ESI in terms of antioxidant vitamin
intake. More specifically, daily dietary intake of vitamins A, C, and E in LSI was higher by 37%, 59%,
and 33%, respectively, as compared to ESI. These vitamins play a major role in immune function,
so that adequate intake enhances innate, cell-mediated, and humoral antibody immunity while
deficiency promotes the opposite effects [44,79]. With aging, the production of reactive oxygen and
nitrogen species and that of pro-inflammatory cytokines rises significantly, propagating a vicious cycle
of oxidative stress and inflammation that promotes a chronic low-grade inflammatory state [48,67].
Vitamin A has been shown to promote a T-helper type 2 immune response by reducing the expression of
pro-inflammatory cytokines (i.e., interferon-y, TNF-oc and IL-12) and adipocytokines (i.e., leptin) [44,79]
while it may also inhibit the activation of the redox-sensitive nuclear factor-kappa B (NF-«B) [44,79],
a principal mediator of the bidirectional interaction between oxidative stress and inflammation [48].
Moreover, the pivotal role of vitamin A in chronic inflammation is further supported by the fact that a
deficit in vitamin A intake is associated with a pronounced pro-inflammatory state and inability to
cope with pathogens, as well as with reduced phagocytic capacity of macrophages [44]. Vitamin C
also reduces the production of pro-inflammatory cytokines through inhibition of the transcription
factor NF-kB [44]. The anti-inflammatory effect of this micronutrient is further supported by a
previous investigation where vitamin C intake was inversely associated with levels of CRP and
tissue plasminogen activator (t-PA) antigen in elderly men [80]. Furthermore, vitamin C acts as a
potent antioxidant, protecting cells from ROS-mediated oxidative damage, while it may also boost
the synthesis of other antioxidants such as vitamin E [44]. Likewise, vitamin E is able to confer
protection against oxidative stress by increasing the concentration of endogenous antioxidant enzymes,
such as SOD, CAT, and GPX, and it also prevents oxidative damage in the cell membrane [44,81].
Evidence based on human studies indicates that vitamin E supplementation in older adults improves
immune function [44] and is associated with a lower concentration of pro-inflammatory mediators [82].
Collectively, these data corroborate the higher antioxidant vitamin intake observed in LSI in the
present study, indicating that vitamins A, C, and E may contribute to the control of low-grade systemic
inflammation in the elderly. By contrast, no differences were observed in selenium intake between
LSI and ESI, although selenium is also considered a micronutrient that may efficiently influence both
innate and acquired immune function and may enhance the antioxidative defense system [44].

5. Conclusions

We found that elderly men with low levels of systemic inflammation are characterized by higher
quality and quantity of habitual PA and ingested higher amounts of antioxidant vitamins A, C, and E
through normal diet when compared to those with increased systemic inflammation. To the best of
our knowledge, this is the first study to directly compare elderly men of low and increased low-grade
systemic inflammation in respect to habitual PA and dietary profile. PA and antioxidant vitamin intake
appear to be discriminant factors of inflammaging and healthy aging. Future research should further
explore the cause and effect as well as the dose-response relationship between PA and/or antioxidant
vitamins and inflammaging.
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Abstract: As the world demographic structure is getting older, highlighting strategies to counteract
age-related diseases is a major public health concern. Telomeres are nucleoprotein structures
that serve as guardians of genome stability by ensuring protection against both cell death and
senescence. A hallmark of biological aging, telomere health is determined throughout the lifespan
by a combination of both genetic and non-genetic influences. This review summarizes data from
recently published studies looking at the effect of lifestyle variables such as nutrition and physical
activity on telomere dynamics.
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1. Introduction

The proportion of the world population aged 60 years and over is increasing rapidly and is
projected to rise above 20% in 2050, which will exceed the number of children in the world [1,2]. Indeed,
most countries are seeing their demographic structure getting older. The aging of the population
has major implications socially and economically as aging is characterized by a progressive loss of
physiological integrity, leading to impaired function and autonomy [3]. This functional decline is
the greatest risk factor for conditions that limit health span, i.e., quality of life at old age, and for the
majority of chronic diseases such as type 2 diabetes, Alzheimer’s disease, and various cancers [4,5].
Notably, senescence has become the greatest risk factor for death in developed countries [6]. With the
increasing longevity, the maintenance of health and autonomy at old age becomes crucial. Today more
than ever, highlighting strategies to counteract age-related disorders is a major public health concern.

Geroscience is an area that aims to explain the biological mechanisms of aging. Aging research
has experienced an unprecedented advance over recent years, particularly with the discovery
that the rate of aging is controlled, at least to some extent, by genetic pathways and biochemical
processes conserved in evolution such as genomic instability, telomere attrition, epigenetic alterations,
loss of proteostasis, deregulated nutrient sensing, mitochondrial dysfunction, cellular senescence,
stem cell exhaustion, and altered intercellular communication [3]. Recent findings have revealed the
importance of the regulation of telomere length and integrity during the aging process [7], as well
as potential interventions to improve the health span such as physical activity and healthy diet [8].
Telomere attrition is associated with decreased life expectancy and increased risk of chronic disease [9]
and has been described as one of the most important biological hallmarks of aging due to a key role in
cellular senescence [3]. During the past decade, telomeres have evolved from a simple capsule hiding
the ends of chromosomes to complex nucleoprotein structures with an active role in the protection of
the genome and in the regulation of cellular senescence [10,11]. While previous reviews specifically
focused on the regulation of telomere length by either nutrition [12] or exercise [13,14], the present
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review will give a broader view looking at the impact of lifestyle variables on human telomere
dynamics with emphasis on diet and physical activity.

2. Telomeres

Mammalian telomeres consist of repetitive DNA G- and C-rich sequences
(5’-TTAGGG-3'/3/-CCCTAA-5') with the 3’ end of the G-strand extending beyond the 5’ end [15].
The double-stranded telomeric DNA is bound by the six-subunit shelterin complex: telomeric repeat
factor 1 (TRF1), telomere repeat factor 2 (TRF2) and protection of telomere 1 (POT1) directly recognize
TTAGGG repeats and they are interconnected with TRF1- and TRF2-interacting nuclear protein 2
(TIN2), POT1 and TIN2-interacting protein (TPP1) and repressor/activator protein 1 (RAP1) [16].
The Shelterin complex facilitates the formation of a lariat-like structure with a T- and a D-loop,
allowing the telomere end to be hidden (Figure 1). This conformation represses the DNA damage
response (DDR) at telomeres, thereby preventing the activation of the ataxia telangectasia mutated
(ATM) and RAD3-related (ATR) kinases that induce cell cycle arrest in response to DNA double-strand
breaks and other types of DNA damage [10,17].
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Figure 1. Telomeric DNA with the Shelterin complex facilitating the formation of D- and T-loop.

Many types of human cells lack telomerase, the enzyme responsible for telomere synthesis
by adding nucleotides to the chromosome ends [18]. Telomerase consists of two core components;
the catalytic subunit, telomerase reverse transcriptase (TERT) [19] and a RNA template (TERC) [20].
Hence, because of the “end-replication problem”, i.e., DNA polymerase incapacity to maintain
telomere length during cell divisions, somatic cells display gradual telomere shortening with age [21].
Critical loss of telomeric DNA or unprotected telomeres leads to insufficient chromosomes end
protection and to the activation of the DNA damage response [17]. Damage at telomeres can also
happen independently of cell division, notably in response to the accumulation of oxidative lesions,
smoking behavior, or obesity [22]. While telomere shortening is considered as a protection against
tumor development, loss of telomere function induces cellular senescence and impairs tissue turnover
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leading to the aging of the whole organism. The process of telomere attrition is not constant and differs
between people [23,24], which can be explained by the impact of inflammation and oxidative stress on
telomere shortening, which differs from one individual to the other [9]. Globally, telomere health is
determined throughout the lifespan by a combination of both genetic and non-genetic factors.

3. Telomere Regulation by Nutrition

Lifestyle factors such as an unhealthy diet, physical inactivity, or smoking habits have been
related to shorter leukocyte telomere length, a biomarker of the “biological age” of cells, as opposed
to the “chronological age” [25]. Some studies have reported an association between diet [26-30] or
consumption of specific foods [31] and leukocyte telomere length. To note, the rates of telomere
shortening are similar in leukocytes and somatic cells, so that telomere length in leukocytes is now
accepted to be representative of global telomere length in somatic cells [32].

3.1. Consumption of Specific Foods

Telomere length is positively associated with the consumption of legumes, nuts, seaweed, fruits,
and 100% fruit juice, dairy products, and coffee, whereas it is inversely associated with consumption
of alcohol, red meat, or processed meat [27,28,33,34]. Telomere attrition may represent a mechanism by
which large sugar intake accelerates cardiometabolic disease [35]. Several studies suggest that reducing
sugary beverage consumption could be associated with extended telomere length, independently of
other characteristics such as age, sex, or body mass index [26-28]. Those results indicate that leukocyte
telomere length maintenance may be sensitive to the metabolic effects of high sugar consumption over
time [26]. Leung et al. examined the associations between the consumption of sugar-sweetened
beverages (including soda, soft drinks, fruit-flavored drinks, sports drinks, and energy drinks),
diet soda, fruit juice, and leukocyte telomere length in 5309 adults aged 20-65 years from the
United States without any history of diabetes or cardiovascular disease [28]. After adjustment for
sociodemographic and health-related characteristics, the consumption of sugar-sweetened beverages
was associated with shorter telomeres, whereas the consumption of 100% fruit juice was associated
with a higher telomere length. No significant association was observed between consumption of
diet soda and telomere length [28]. As cross-sectional study may not be the most appropriate study
design to assess telomere length, more recently, the same group conducted a longitudinal study to
evaluate the associations between sugary foods and beverages and leukocyte telomere length in 65
overweight and obese pregnant women aged between 18 and 45 years. From <16 weeks gestation to
9 months postpartum, dietary intake was monitored using 24-h diet recalls and leukocyte telomere
length was measured by real-time quantitative polymerase chain reaction (qQPCR). From the baseline to
9 months post-partum, a low consumption of sugar-sweetened beverages was associated with longer
leukocyte telomere length but no association was found between sugary foods and leukocyte telomere
length [26].

People who regularly eat beans and whole grains are frequently spotlighted for increased
longevity [36]. Boressen et al. (2016) tried to determine the feasibility of increasing navy beans
or rice bran intake in colorectal cancer survivors to increase dietary fiber. The authors hypothesized
that an increased amount of dietary fiber could positively regulate telomere length. Twenty-nine
volunteers participated to a randomized-controlled trial with foods that included cooked navy beans
powder (35 g/day), heat-stabilized rice bran (30 g/day), or no additional ingredient. The amount of
navy beans powder or heat-stabilized rice bran consumed represented 4-9% of daily caloric intake.
Over the intervention period of 4 weeks, no major gastrointestinal issues were reported and the dietary
fiber amounts increased in the navy beans and rice bran groups at weeks 2 and 4 compared to baseline
and the control group. At baseline, peripheral blood mononuclear cell (PBMC) telomere length was
positively correlated with high density lipoprotein (HDL)-cholesterol and negatively correlated with
lipopolysaccharide and age. Although a higher consumption of navy beans (35 g/day) or rice bran
(30 g/day), known to contain fiber, iron, zinc, thiamin, niacin, vitamin B6, folate, and alpha-tocopherol,
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did not influence PBMC telomere length after the short intervention period of 4 weeks [31], the effect
of a fiber-enriched diet on telomere length should be investigated in a healthy population over a longer
period of time. This may be highly relevant in the context of colorectal cancer known to be associated
with dysfunctional telomeres [37].

3.2. Diet Composition

While it is important to be aware of the effects of individual foods, it is even more critical to
assess the role of cumulative nutrients contained in specific diets on telomere length, which better
reflects reality. In 2015, Lee et al. compared the influence of the dietary pattern on leukocyte telomere
length [27]. Dietary data were collected from a semi-quantitative food frequency questionnaire at
baseline and leukocyte telomere length was assessed using qPCR 10 years later. A total of 1958
middle-aged and older Korean adults (40-69 years at baseline) were included in the study. The authors
identified two major dietary patterns: “the prudent dietary pattern” was characterized by a high
intake of whole grains, fish and seafood, legumes, vegetables, and seaweed, whereas the “western
dietary pattern” included a high intake of refined grain, red meat or processed meat, and sweetened
carbonated beverages. Using a multiple linear regression model adjusted for age, sex, body mass index,
and other potential confounding variables, the “prudent dietary pattern” was found to be positively
associated with leukocyte telomere length while an inverse trend was found in the “western dietary
pattern”. These results suggest that diet in the remote past, that is, 10 years earlier, may affect the
degree of biological aging in middle-aged and older adults [27].

One of the best models of healthy eating is the Mediterranean diet which is characterized by a
high intake of vegetables, legumes, nuts, fruits, and cereals (mainly unrefined); a moderate to high
intake of fish; a low intake of saturated lipids but high intake of unsaturated lipids, particularly olive
oil; a regular but moderate intake of alcohol, specifically wine [38]. This diet has been shown to prevent
age-associated telomere shortening [29,30,39] and has been associated with reduced mortality risk
in older people [40]. The possible mechanisms for the protective effect of the Mediterranean diet
on telomeres will be discussed in the next section. In 4676 healthy women (42-70 years), the higher
scores on the Mediterranean diet, evaluated by food frequency questionnaires, were associated with
longer leukocyte telomere length [30]. In the same study, no association between prudent or western
dietary patterns and telomere length was observed [30], while a prudent diet was previously found
to be positively and a western diet negatively associated with leukocyte telomere length in 1958
middle-aged and older women and men [27]. Similarly, in 217 men and women aged 71-87 years,
a greater adherence to a Mediterranean diet was associated with longer leukocyte telomere length and
higher PBMC telomerase activity [29]. However, a recent study in 679 Australian men and women
(57-68 years) found no association between diet quality and whole blood telomere length, including the
Mediterranean diet. In this study, the authors assessed the dietary intake by using a 111-item food
frequency questionnaire, which assessed self-reported intake of foods and beverages over the last 6
months, and the diet quality by three indices: the Dietary Guideline Index (DGI), the Recommended
Food Score (RFS), and the Mediterranean Diet Score (MDS) [41]. Whole blood telomere length did not
differ by age, smoking status, BMI, or physical activity but women had longer telomeres than men [41].
The discrepant results between studies could be explained by the use of different questionnaires to
assess the diet quality and/or the populations studied. Longitudinal studies may be more suitable to
determine the potential positive influence of diet on telomere health.

Of note, in animal models, calorie restriction has been shown to have a positive effect on
telomere length [42] and to globally delay the onset of aging and age-related disease such as diabetes,
cardiovascular diseases, various neurological disorders, cancer, and obesity [43,44], possibly via a
reduction in oxidative stress [45,46]. In humans, the data are less convincing, probably because
decreasing the caloric intake by a third or a half is very challenging in that population, certainly in
the long-term.
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Having presented which foods and diets were potentially beneficial for telomere health in general,
the next section will attempt to summarize the mechanisms involved in those effects.

3.3. Mechanisms

Unhealthy dietary habits have been linked to an inflammatory state, contributing to progressive
telomere attrition [47]. As unhealthy dietary habits increase the production of reactive oxygen
species (ROS), it is possible that the impact on telomere erosion goes through an increased oxidation
of telomeric DNA. Supporting this, is the observation that, because of their high content in
guanine residues, telomeric sequences are highly prone to oxidation into 8-0xoG, at least in in vitro
experiments [48]. When present at telomeres, 8-0xoG residues are likely decreasing the affinity
of shelterin proteins for telomeric DNA and are, as well, disrupting the G-quadruplex structures
of telomeres that play important roles at telomeres, like the regulation of telomerase activity [49].
Altogether, it is therefore possible that nutrients regulate telomere health by regulating oxidative
stress and systemic inflammation [50]. Globally, it can be hypothesized that any antioxidant or
anti-inflammatory diet could be protective for telomeres by slowing down telomeric shortening and
delay the aging process. The intake of nutrients having antioxidant and anti-inflammatory properties,
such as vitamin C or E, polyphenols, curcumin, or omega-3 fatty acid, has been associated with longer
telomeres, at least in mouse [51].

The positive effects of the Mediterranean diet on telomeres may be due to its antioxidant and
anti-inflammatory potential [52,53]. To understand whether the Mediterranean diet could prevent
endothelial cellular senescence by regulating oxidative stress, the serum of 20 elderly subjects
(age > 65 years; 10 men and 10 women) was collected before and after having randomly followed each
of the 3 following diets for 4 weeks: a Mediterranean diet, a saturated fatty acid diet and a low fat
and high carbohydrate diet [54]. Human endothelial cells incubated with the serum collected after
ingestion of the Mediterranean diet produced lower intracellular ROS, unavoidable byproducts of
aerobic metabolism, and the percentage of cells with telomere shortening was lower compared to
baseline and the two other intervention diets. The authors postulated that those findings were possibly
due to nutrients with antioxidant capacities included in the Mediterranean diet [54]. In 2015, a direct
association was found between the pro-inflammatory capacity of the diet and telomere shortening in a
population at high risk of cardiovascular disease. The diets with the higher pro-inflammatory scores
were associated with a higher risk of having shorter telomeres and a two-fold risk of accelerated
telomere shortening after a five-year follow-up period [47]. At a molecular level, exposure of
human leukemic cells to the pro-inflammatory factor tumor necrosis factor alpha (TNF«) induced
a senescence state, which was featured by prolonged growth arrest, increased beta-galactosidase
activity, cyclin-dependent kinase inhibitor 1 (p21) activation, decreased telomerase activity, telomeric
disturbances such as shortening, losses, and fusions, as well as additional chromosomal aberrations [55].
Those results indicate that TNFa alters telomere maintenance. Moreover, subjects with higher
adherence to Mediterranean diet had lower plasmatic level of C-reactive protein (CRP), interleukin
6 (IL-6), TNFa, and nitrotyrosine, all markers of inflammation and/or oxidative stress [29]. As high
levels of oxidative stress [56] and inflammation [57] are known to increase telomere attrition rate,
the Mediterranean diet may protect telomere maintenance by downregulating both processes.

While a healthy diet may have an overall positive influence on telomeres, it seems that the
benefit may be reduced in some individuals with specific genetic background [58]. For example,
the 751800629 polymorphism at the TNFa gene has been shown to interact with the Mediterranean diet
to modify triglyceride metabolism and inflammation status in patients suffering from the metabolic
syndrome [58]. At baseline, the patients with the GG alleles had higher fasting and postprandial
triglyceride and higher sensitivity C-reactive protein plasma levels than the patients with the GA or
AA alleles. However, those differences between the polymorphisms observed at baseline disappeared
after having followed a Mediterranean diet for 12 months, suggesting that the GG carriers were highly
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sensitive to this specific diet. Globally, understanding the role of gene—diet interactions may be an
efficient strategy for personalized treatment of specific pathologies such as metabolic syndrome.

While some molecular mechanisms have already been highlighted, further research is needed to
better understand how different diets and specific foods regulate biological aging in order to develop
efficient nutritional strategies according to specific populations.

4. Telomere Regulation by Physical Activity

This section will deliberately present a positive view regarding the effects of physical activity
on telomere dynamics, but it should be kept in mind that about half of the studies dealing with
that topic found no association between physical activity and telomere length [13]. Obviously,
further investigation will be needed to determine why the different findings are such discrepant
from one study to the other. In addition, new analytical tools need to be developed to measure
telomere length more accurately as well as new biomarkers for assessing biological aging [13].

4.1. Dose-Response

The beneficial effect of physical activity on telomere length has been reviewed and discussed
by Denham et al. [59]. However, there is currently no clear consensus on the optimal exercise dose
to exert the most beneficial response on telomere health. The effect of 9 different modes of physical
activity, and thereby intensity levels, on leukocytes telomere length has been tested in US adults
(20-84 years, N = 6503) [60]. The only mode of physical activity displaying an association with
leukocyte telomere length was running, the most intense mode in that study. Another study used
the data of a subgroup of the previously mentioned cohort (N = 5883) and found a strong positive
association between the weekly amount of physical activity and telomere length in leukocytes [61].
However, a recent study indicated that moderate amounts of exercise are sufficient to protect telomere
health, while higher amounts may not elicit additional benefits [62]. In 2010, telomere length was
measured in skeletal muscle of 18 experienced middle-aged endurance runners versus 19 sedentary
subjects [63]. No difference between groups was found. However, telomere length in the muscle of
endurance athletes was inversely related to the number of years they spent running and the hours of
spent training, which indicated that high level of chronic endurance could accelerate telomere attrition
and thereby biological aging. More recently, leukocyte telomere length was determined in 61 young
elite athletes and 64 healthy inactive controls [64]. Even with their high intensity and training volume,
the young elite athlete had longer telomeres than their inactive peers. Finally, leukocyte telomere
length was 11% higher in ultra-marathon runners compared to 56 healthy subjects, matched for
age [65]. Altogether, these results suggest that high amounts of exercise may not reverse the beneficial
impact of exercise on telomere length but further investigation is needed to see whether tissue-specific
differences exist.

In humans, Diman et al. showed that a high intensity cycling exercise (75% VO, peak) boosted
the transcription of skeletal muscle telomeres more than a moderate intensity exercise (50% VO, peak)
of the same duration [66]. More details on the molecular mechanisms of this observation will be
reported in a following section. In conclusion, due to the paucity of data, it remains unclear which of
the intensity or the volume of each training session or the combination of both is crucial to induce the
beneficial effects exercise has on telomere maintenance.

4.2. Physical Activity and Telomerase Activity

While physical activity has been associated with longer telomere length and protection against
age-related telomere attrition [65,67-72], the mechanisms by which physical activity exerts its positive
effects on telomeres are still largely unknown. As TERT, the catalytic subunit of the telomerase
complex, is considered as the limiting factor for telomerase activity in human somatic cells, an increase
in telomerase activity after exercise could promote telomere elongation. Chilton et al. were the first to
look at the regulation of telomerase after one acute bout of exercise [73]. To that end, they investigated

185



Nutrients 2018, 10, 1942

the acute exercise-induced response on telomeric-associated genes and microRNAs (miRNAs), i.e.,
small noncoding RNA molecules functioning in RNA silencing and post-transcriptionally regulating
gene expression by base pairing with messenger RNA (mRNA). Blood samples were taken in 22 healthy
young males before, immediately after, and 60 min after a 30-min bout of treadmill running at 80% VO,
peak. In white blood cells, both TERT and sirtuin-6 (SIRT6) mRNA levels were increased immediately
after exercise. Sixty minutes post-exercise, there was an upregulation of miR-186 and miR-96 expression,
two miRNA controlling the expression of genes involved in telomere homeostasis [73]. In addition,
telomeric repeat binding factor 2, interacting protein (TERF2IP) was identified as a potential binding
target for miR-186 and miR-96 and demonstrated concomitant downregulation with the upregulation
of those 2 miRNA at 60 min post-ex. TERF2IP is part of the shelterin complex and is recruited to
telomeres via interaction with TRF2 [74]. TERF2IP deletion reduces telomere stability and increases
telomere recombination [75]. However, TERF2IP/RAP1 has been found to be both a negative [76]
and a positive regulator of telomere length [74]. Interestingly, TERF2IP/RAP1 is also known to
play additional telomere-unrelated functions through the binding to extra-telomeric sites in the
genome. Several regulatory functions have been attributed to the binding of TERF2IP/RAP1 outside
telomeres, including the modulation of the nuclear factor-kappa B (NF-kB)-dependent pathway [77].
Whether the non-telomeric functions of TERF2IP/RAP1 play any role after exercise however warrants
further investigation.

A very recent study tested whether an acute bout of exercise would induce a different
response on telomerase activity in older vs. young individuals and whether this response would
be gender-specific [78]. To test this hypothesis, age- and gender-related differences in telomerase and
shelterin responses at 30, 60, and 90 min after a high intensity interval cycling exercise were determined
in PBMC of 11 young (22 years) and 8 older (60 years) men and women. A larger increase in telomerase
activity, as assessed by TERT mRNA levels, was found in the young compared to the older group
after exercise [78]. The second main finding of that study was the higher TERT response to the acute
endurance exercise in men compared to women, in whom the response was negligible, independently
of age. Those results showed that aging is associated with reduced telomerase activation in response
to high-intensity cycling exercise in men [78]. Another study showed that a 30-min treadmill running
session was long enough to increase PBMC telomerase activity in 22 young healthy subjects including
11 women and 11 men [79]. Altogether, those recent studies confirm that the increasing telomerase
activity after a single bout of exercise could be one of the mechanisms by which physical activity
protects against aging [73,78,79].

Nevertheless, the increase in telomerase activity seems transient after acute exercise. The effect of
a whole training program on telomerase activity and telomere length was investigated in 68 female and
male caregivers, a population known to cope with chronic high stress, physical inactivity, and dealing
with a high risk of disease [80]. Half of the subjects followed an endurance training program consisting
in 40 min of aerobic exercise 3-5 times per week, while the other half remained inactive for 24 weeks.
In aerobic trained caregivers, the leukocyte telomere length was lengthened after training while
the telomere length was slightly shortened in the inactive group, as would be expected over a six
month-period. However, no change in PBMC telomerase activity after the intervention was observed
in either group [80]. Together with the findings from the acute exercise studies, it can be hypothesized
that exercise-induced higher telomerase activity in PBMC may be a transient mechanism returning
to basal level several hours after a single bout of exercise, though the exact kinetics still needs to be
determined. In addition, telomerase is not active in all cell types, which implies that other mechanisms
contribute to the exercise-induced beneficial effects on telomere length and integrity in those cells.

4.3. Physical Activity and Oxidative Stress

It is well established that moderate and regular physical activity is able to reduce the effect of aging
by alleviating oxidative stress level [81]. Recently, an inverse relationship between the aerobic capacity
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and oxidative stress biomarkers in the blood was found in older Mexican adults [82]. Moreover, several
studies indicate that oxidative stress accelerates telomere attrition [83-85].

Mechanistically, exercise transiently upregulates ROS production, which is counteracted by
an antioxidant exercise-induced systemic adaptation response to protect the cells against oxidative
damage [86,87]. This antioxidant response can be explained by the hormesis concept, namely that low
levels of stress stimulate existing cellular and molecular pathways that improve the capacity of cells and
organisms to withstand subsequent greater stress [88]. The antioxidant response leads to the activation
of redox-sensitive transcription factors such as NF-kB, activator-protein 1 (AP-1) [89], and co-factors
such as peroxisome proliferator-activated receptor gamma coactivator 1-alpha (PGC-1«) [81,90]. As a
metabolic energy deprivation sensor, AMP-activated protein kinase (AMPK) is activated by exercise
and triggers PGC-1« transcription and activation by allowing its nuclear translocation [91]. Once in the
nucleus, PGC-1« induces the transcription of nuclear respiratory factor 1 (NRF1), an antioxidant factor.
By activating the PGC-1a redox signaling pathway, exercise stimulates mitochondrial biogenesis and
ameliorates the age-related decline in mitochondrial oxidative capacity [90].

4.4. Physical Activity and Regulation of TERRA

Mature muscle cells are one example of cells in which telomerase is not active and despite the
absence of telomerase activity, physical activity has been shown to influence positively telomere length
in skeletal muscle [92]. In the search of additional mechanisms, telomeric repeat containing RNAs,
dubbed TERRA, have emerged as particularly interesting targets. For a long time, telomeres have
been considered transcriptionally silent. Yet it turns out that telomeres are transcribed into TERRA
molecules [93]. Located in the nucleus, TERRA are non-coding RNAs whose transcription is initiated
from subtelomeric promoters. They consist of subtelomeric-derived sequences and G-rich telomeric
repeats [93,94]. Once transcribed, TERRA remain partly associated with telomeres to play crucial
functions, including telomere protection [95]. Diman et al. identified NFR1 as an important regulator
of human telomere transcription in cultured cells. In addition to NRF1, PGC-1c as well as AMPK
were found to be important molecular intermediates in the transcription of telomeres. As AMPK can
be activated by high-intensity or long-lasting endurance exercise, it was tested in vivo whether an
acute endurance exercise bout could upregulate telomere transcription in human skeletal muscles.
Ten healthy young volunteers were submitted to a cycling endurance exercise of either low or
high intensity and three muscle biopsies were taken before, directly after, and 2 h 30 min after
exercise. Phosphorylation of acetyl-Coa carboxylase (ACC), a bona fide marker of AMPK activation,
was induced after exercise, especially in the high intensity group. The same pattern of activation
was found for the translocation of PGC-1« to the nucleus and for TERRA induction. As telomere
transcription is activated by NRF1, an antioxidant factor, the upregulation of TERRA may be part of the
antioxidant response that skeletal muscles set up to counteract exercise-induced ROS production [86].
Moreover, as they consist of a high content in guanine residues prone to oxidation, TERRA may
possibly shield TTAGGG telomeric repeats from ROS [66]. Together, those results suggest that an
acute bout of endurance exercise is sufficient to induce telomere transcription that, on a longer term,
could possibly provide a mechanism for TERRA renewal and telomere protection in skeletal muscle.

5. Conclusions

Nowadays, the aging of the world population has major social and economic implications.
Today more than ever, highlighting strategies to counteract age-related diseases is a major public
health concern. In this review, we explored data from recently published studies looking at the
influence of lifestyle variables such as nutrition and physical activity on one of the most important
hallmarks of aging: the telomere.

Most studies indicate an important role of diet on the degree of biological aging. Indeed, a healthy
diet characterized by a high intake of dietary fiber and unsaturated lipids exerts a protective role on
telomere health, whereas high consumption of sugar and saturated lipids accelerates telomere attrition.
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Those effects are likely to be globally mediated by oxidative stress and inflammation, as antioxidant
and anti-inflammatory properties of nutrients are associated with longer telomeres. Physical activity
may protect telomeres but more research is needed to establish a consensus on the optimal exercise
dose (Figure 2). The beneficial effects of physical activity on telomeres could be driven by an increase
in telomerase activity following an acute bout of exercise in PBMC, an alleviation of oxidative stress
and a TERRA renewal in skeletal muscle. Further investigations are needed to study the other possible
mechanisms contributing to the exercise-induced beneficial effects on telomere length and integrity.
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Figure 2. Potential influence of physical activity and nutrition on telomere health.

We propose that engaging in a healthy diet and regular physical activity could be both promising
strategies to protect telomere maintenance and improve health span at old age. However, more research
on the molecular based mechanisms is required.
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