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Preface

This Special Issue Reprint “ Advances in Public Health and Health Care Management for Chronic
Care” focuses on the management of chronic diseases, with particular attention to the implementation
of innovative and personalized care models. The included contributions provide an overview of
practical and evidence-based approaches aimed at improving both clinical outcomes and patients’
quality of life.

The main objective is to highlight the importance of placing the patient at the center of care,
promoting strategies that enhance patient and community satisfaction, optimize clinical results, and
support medical and nursing practice.

This Reprint serves as a valuable resource for researchers, healthcare professionals, and
decision-makers interested in understanding emerging trends in chronic disease management and

implementing patient-centered innovative practices.

Fabio Petrelli and Giovanni Cangelosi
Guest Editors
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Editorial
Editorial for Special Issue “Advances in Public Health and
Healthcare Management for Chronic Care”

Fabio Petrelli * and Giovanni Cangelosi *

School of Pharmacy, Experimental Medicine and “Stefania Scuri” Public Health Department, University of
Camerino, Via Madonna delle Carceri 9, 62032 Camerino, Italy
* Correspondence: fabio.petrelli@unicam.it (EP.); giovanniOl.cangelosi@unicam.it (G.C.)

The management of chronic diseases represents one of the foremost challenges for
contemporary healthcare systems, demanding increasingly innovative approaches and
multidimensional strategies to improve outcomes for patients, families, and their com-
munities [1]. This Special Issue, entitled “Advances in Public Health and Healthcare
Management for Chronic Care,” brings together original studies and reviews that offer
fresh perspectives on epidemiology, clinical management, and organizational models,
thereby reinforcing the value of an integrated and multidisciplinary vision of chronic
conditions.

Among the original contributions, Al-Dayan [2] analyzed the distribution of hemoglobin-
related disorders, underscoring the strategic role of systematic screening and genetic
counseling in identifying at-risk groups. Gitto et al. [3] investigated the application of artifi-
cial neural networks to distinguish between idiopathic normal pressure hydrocephalus and
Alzheimer’s dementia, highlighting the potential of advanced technologies to enhance diag-
nostic accuracy. Park et al. [4] examined adiposity trends among peri- and postmenopausal
women, while, in a complementary study, Park et al. [5] analyzed sales patterns of osteo-
porosis medications, offering valuable insights for health policy and resource allocation.

Borze Ursu et al. [6] assessed the effects of home-based relaxation compared with
standard care in patients with fibromyalgia, reporting significant improvements in physio-
logical parameters and suggesting complementary strategies for symptom management.
Alruwaili [7] explored knowledge levels and therapeutic adherence among hypertensive
patients, identifying key behavioral and educational determinants. Matsugaki et al. [8]
investigated the relationship between a cancer diagnosis and the intention to leave the
workforce in older individuals, shedding light on the broader social and occupational
implications of chronic disease.

The second section of this Special Issue features reviews, beginning with the scoping
review by Cangelosi et al. [9], which examined barriers and facilitators to the implementa-
tion of artificial intelligence in diabetes management from the perspective of healthcare
professionals, emphasizing both the opportunities and challenges of digital innovation.
Azzellino et al. [10] analyzed organizational models and the role of family and commu-
nity nurses in the management of chronic conditions, underscoring the importance of
integrated approaches.

The two systematic reviews by Karibayeva et al. [11,12] addressed vitamin D deficiency
in Kazakhstan, focusing, respectively, on pediatric and adult populations. Considering both
groups provides complementary evidence on the prevalence of a widespread condition,
highlighting the importance of preventive strategies across the life course.

Taken together, the contributions included in this Special Issue illustrate the inherent
complexity of chronic care, spanning epidemiological, clinical, social, and organizational

Medicina 2025, 61,1771 https://doi.org/10.3390/medicina61101771
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dimensions. They also underscore the potential of innovative methodologies and interdis-
ciplinary approaches to enhance patient outcomes and overall health system performance.
Ultimately, this collection reinforces the vision of chronic care as a domain where clinical,
technological, and organizational innovation converge in the pursuit of the most effective
and personalized strategies for individuals, communities, and populations, with a strong
emphasis on prevention [13].

Author Contributions: Conceptualization, EP. and G.C.; methodology, EP. and G.C.; validation,
F.P. and G.C.; writing—original draft preparation, EP. and G.C.; writing—review and editing, E.P.
and G.C,; visualization, EP. and G.C. All authors have read and agreed to the published version of
the manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.
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Article

Distribution of Hemoglobinopathy Disorders in Al-Kharj
Province Based on Data from the Premarital Screening and
Genetic Counseling Program

Noura Al-Dayan

Medical Laboratory, Applied Medical Sciences, Prince Sattam Bin Abdulaziz University, Al-Kharj 16278,
Saudi Arabia; n.aldayan@psau.edu.sa

Abstract: Background and Objectives: Hemoglobinopathies are genetic disorders of
hemoglobin and are among the most common inherited diseases. The prevalence rates of
sickle cell disease and thalassemia in Saudi Arabia are higher than those in other countries
in the Middle East. Saudi Arabia has launched many prevention programs such as a pre-
marital screening program, genetic counseling programs, and neonatal screening in order
to reduce the incidence of genetic diseases. The former program includes the most common
genetic diseases: sickle cell disease and thalassemia. Many studies conducted since the
premarital program started have reported a decrease in the prevalence of sickle cell disease
and thalassemia. However, all studies focus on large cities, including their subdivisions,
but there is a lack of studies on subdivisions specifically. Materials and Methods: The aim of
this study was to assess the prevalence, 5-year time trend, and distribution of (3-thalassemia
and sickle cell traits in Al-Kharj province using the data of the PMSGC program during
the period from January 2017 to February 2021. Results: A total of 21,150 individuals
were screened, and 508 were diagnosed with sickle cell disease and thalassemia. Also,
we showed that thalassemia was more prevalent than sickle cell disease (66% and 34%,
respectively), and there was an increase in 3-thalassemia and «-thalassemia. Conclusions:
Riyadh city’s prevalence rate of 3-thalassemia was reported as 7 per 1000, while the current
study found a prevalence rate of 5.6 per 1000 in Al-Kharj, which suggests a possible increase
as a result of population growth in Al-Kharj province as part of Riyadh city. This study
recommends further improvement in preventive measures in high-risk regions, as well as
enhanced community awareness, to provide the highest rate of reduction for disorders.

Keywords: premarital screening and genetic counseling program; sickle cell disease;
a-thalassemia; (3-thalassemia; premarital screening

1. Introduction

Hemoglobinopathies are genetic disorders in the synthesis of hemoglobin and are
among the most common inherited diseases [1]. Global estimates indicate that approx-
imately 300,000-400,000 infants are diagnosed yearly with hemoglobin disorders [2,3].
Thalassemia and sickle cell disease (SCD) are autosomal recessive hemoglobinopathy dis-
orders that have received significant attention from the global public health community
because of their impact on increasing mortality and morbidity among affected individ-
uals [4,5]. Thalassemia is further broken down into thalassemia major and thalassemia
intermedia. These types of thalassemia require intensive care, resulting in a major dis-
ease burden. In general, individuals become clinically asymptomatic in the case of the
-thalassemia (3-thal) trait, which is also known as thalassemia minor [1].

Medicina 2025, 61, 1458 https://doi.org/10.3390/medicina61081458
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In Saudi Arabia, the prevalence of consanguineous marriages is high, contributing
to the propagation of hemoglobinopathies and further leading to ongoing health chal-
lenges in the Kingdom. Consanguineous marriages in Saudi Arabia are susceptible to
genetic disorders that may be inherited by their offspring [2]. Saudi Arabia has the highest
prevalence rates of 3-thalassemia and SCD compared to other Middle Eastern countries
(0.05-4.50%) [6]. The general statistics organization reported that Saudi Arabia has a high
prevalence of thalassemia and sickle cell disease, with an estimated prevalence of 1.5-17%
for 3-thalassemia and SCD, respectively [3,4]. Preventive screening programs have been
adopted in many countries, including Middle Eastern countries, to reduce the prevalence of
[-thalassemia and SCD, such as the premarital screening program and genetic counseling
(PMSGC), neonatal screening, and pre-implantation genetic diagnosis [7]. In 2001, Saudi
Arabia started a program known as the premarital screening program (PMS) to lower the
burden of hemoglobinopathy disorders and infectious diseases. The hemoglobinopathy
included B-thalassemia and SCD, and infectious diseases included human immunodefi-
ciency (HIV) and hepatitis B and C. However, this program became mandatory in 2004 for
both Saudi and non-Saudi couples prior to marriage [5-8].

National studies conducted in Saudi Arabia have shown a minor decline in the preva-
lence of SCD, but there are inconsistent reports on the prevalence of (3-thalassemia [1,8].
Studies have demonstrated that the highest incidence was in the eastern region (19.5%), fol-
lowed by Qunfudah (15.8%), Jazan (7.8%), Al-Hasa (3.1%), and Riyadh (0.15%) [9]. Surpris-
ingly, a-thalassemia was not included in all centers of PMS, as the most commonly reported
was «-3.7, which is not considered a risky mutation [10]. However, a-thalassemia has been
reported to be highly prevalent in the northern and eastern regions, ranging from 0.4% to
5.9%, respectively, and it is co-inherited with sickle cell disease and (3-thalassemia [11,12].
Moreover, a 2022 study reported that the «-thalassemia trait had the highest frequency in
Makkah city (6.3%) during premarital screening [13]. Alhuthali et al. (2023) [14] identi-
fied seven «-thalassemia mutations that might have a large effect on increased mortality
and morbidity.

In general, researchers have identified a marked decrease in the number of risky mar-
riages and have predicted a considerable reduction in the genetic disease burden in Saudi
Arabia in recent years as a result of premarital genetic counseling (PMSGC) [8]. The PMSGC
program has been one of the strongest tools for reducing genetic diseases by identifying
risk factors, providing vaccinations, and offering genetic consulting. Although Riyadh city
was reported to have the lowest prevalence rates of (3-thalassemia, «-thalassemia, and SCD,
there is a population increase in Riyadh city which will increase the prevalence rate [9,10].

Al-Saeed et al. [7] performed a study in Saudi Arabia on hemoglobinopathy disorders
and included a total of 13 cities in the Kingdom; however, Al-Kharj province was not
covered separately. According to the Saudi census of 2022, Al-Kharj has a population of
373,177, which is the largest province population in the capital city; however, the prevalence
of hemoglobinopathy disorders has not yet been recorded for Al-Kharj province. This study
aims to evaluate the prevalence of hemoglobinopathy in Al-Kharj province over five years
and identify the distribution of the disease among males and females. The findings of
this study could shed light on the increased incidence, highlighting the need for further
improvement in disease prevention efforts and health promotion. In addition, it could help
evaluate the effectiveness of genetic counseling programs in achieving a massive reduction
in disease burden.
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2. Materials and Methods
2.1. Sample and Population

The current study is a retrospective study that included all samples received at PMS
government centers located in Al-Kharj. The samples were collected from individuals,
aged 16-55 years, for hemoglobinopathy, HIV, and hepatitis B and C testing. Computerized
data were obtained from centers through a digital platform network utilized by health
authorities, including the Ministry of Health (MOH), for disease surveillance, reporting, and
data collection. The present study only used data uploaded through the network by centers
over a five-year period, from January 2017 to February 2021. A total of 21,150 samples were
accepted by government centers based on the clinical capacity for hemoglobinopathy and
infectious disease testing included in PMS.

2.2. Premarital Screening Program and Genetic Counseling Program (PMSGC)

The PMSGC program is supported by an extensive network spanning 13 administra-
tive districts and 131 Ministry of Health Centers throughout Saudi Arabia. PMSGS targets
couples pursuing marriage certificates as a prerequisite for screening. The PMS staff gather
demographic information, draw blood samples containing the ethylenediaminetetraacetic
acid [EDTA] anticoagulant, and offer educational materials that explain the program. Blood
samples were used for complete blood count (CBC) (DxH 600, Beckman Coulter, Brea, CA,
USA), peripheral blood film analyses, reticulocyte counts, high-performance liquid chro-
matography (HPLC) (Bio-Rad Variant II, Hercules, CA, USA), hemoglobin electrophoresis
(Interlab, Roma, Italy), sickling tests using sodium dithionite and serum ferritin, and virus
tests for hepatitis B, HIV, and hepatitis C.

The hemoglobinopathy test results sort individuals from potential couples into healthy,
carriers, and affected cases with regard to the genetic make-up of sickle cell disease and/or
thalassemia. A safe marriage was declared when both partners or at least one of them was
healthy. An at-risk marriage was declared when both partners were carriers or cases (one
was a case and the other was a carrier) of sickle cell disease and/or thalassemia. Couples
with safe marriage test results were issued instant compatibility certificates, whereas at-
risk couples were asked to attend personal genetic counseling meetings before issuing
incompatibility certificates. Further, molecular genetic testing was performed by sending
the samples to the MOH reference laboratory, which uploads the results to the center pool.

2.3. Hemoglobin Electrophoresis Analysis

Hemoglobin electrophoresis samples were examined to detect aberrant hemoglobin
bands using capillary electrophoresis, HPLC, or a combination of both. Diagnosis of the
-thalassemia trait is indicated when an individual exhibits a Mean Corpuscular Volume
(MCV) of <80 fL and Mean Corpuscular Hemoglobin (MCH) of <27 pg, alongside a
hemoglobin A2 level over 3.2%. HPLC tests were conducted regardless of the normal CBC
results. Diagnosis of «-thalassemia is indicated when the MCV is <80 fL or hypothermia,
the MCH is <26 pg, or both, in the absence of iron deficiency anemia. The couple’s results
were interpreted based on standard laboratory diagnostic protocols that were approved by
the MOH specifically for the program [15].

2.4. Statistical Analysis

Statistical analysis of the PMSGC data was performed using PRISM 10.4.2 and
Microsoft Excel 2007, including the analysis of prevalence trends and prevalence rates.
Statistical tests included descriptive data as mean and SD for both males and females.
In addition, statistical analysis was performed to calculate the percentage of sickle cell
anemia and thalassemia.
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3. Results
3.1. Details of Hemoglobinopathy Disorders

The overall study population consisted of 21,150 individuals who attended the PM-
SCG centers in Al-Kharj province from January 2017 to February 2021. The mean age of
the 508 participants was 30.0 + 12.0. Among the 21,150 participants, hemoglobinopathy
disorders were confirmed in 2.4% of cases (n = 508), with 1.57% (n = 333) diagnosed as
thalassemia and 0.82% (n = 157) as SCD. Also, in terms of gender distribution, 49% were
males and 51% were females, with no statistically significant difference between males and
females (p = 0.01). Table 1 shows the gender distribution of hemoglobinopathy disorders.
It is clear that females were predominant in thalassemia (51.1%) and in SCD (51%); in
contrast, males were the minority in both conditions, with 48.1% and 49.1%, respectively.

Table 1. Gender distribution among individuals diagnosed with hemoglobinopathy disorders.

Gender Thalassemia Trait SCD Hemoglobinopathy Disorders
Males 163 (48.9%) 86 (49.1%) 249 (49%)
Females 170 (51.1%) 89 (50.9%) 259 (51%)

3.1.1. Thalassemia Analysis

Among the total participants, 1.57% were confirmed as having thalassemia traits, of
whom 49% were male and 51% were female. Among males, 22.7% of the individuals were
under 18 years of age, while 20.75% were aged between 18 and 25 years. The demographics
of individuals aged 26 to 35 constituted 18.4%, while those aged 36 to 45 represented 19.63%.
The demographics of individuals aged 46-55 years were confirmed to represent 17.06%
of the total population. The distribution of females was as follows: 21.18% were under
18 years, 20% were between 18 and 25 years, and 21.76% fell within the 26 to 35 years age
range. The percentages of women aged 3645 and 46-55 were determined to be 20% and
17.06%, respectively. In this study, among the selected individuals of both genders, 21.9%
were under 18 years of age, 20.1% fell within the 18-25 and 26-35 age range, 19.8% were
aged 3645, and 18% were within the 46-55 age range. The majority of thalassemia traits
were identified in individuals under 18 years of age, encompassing both men and women,
as well as a mixed population. In females, thalassemia was notably higher in the age group
of 26-35 years at 21.7%, compared to 21.2% in those under 18 years. Table 2 provides the
percentages and prevalence of the thalassemia traits observed across different age groups.
A two-way ANOVA showed a significant association (p < 0.0001) between the male and
female groups. Further analysis was conducted to examine thalassemia prevalence.

Table 2. Age group distribution for males and females diagnosed with Thalassemia traits.

Gender Total Cases <18 Years 18-25 Years 26-35 Years 36-45 Years 46-55 Years

Males 163 (100%) 37 (22.70%) 33 (20.75%) 30 (18.40%) 32 (19.63%) 31 (19.02%)
Females 170 (100%) 36 (21.18%) 34 (20%) 37 (21.76%) 34 (20%) 29 (17.06%)

3.1.2. Screening of Thalassemia

This study diagnosed 333 patients with thalassemia, further dividing them into «- and
3-thalassemia groups. a-thalassemia accounted for 64.3% of cases, while (3-thalassemia
represented 35.7%. This study was conducted over a period of five years, i.e., from January
2017 to February 2021. Table 3 shows the prevalence of both - and 3-thalassemia over
a period of five years along with a graph representation, which is displayed in Figure 1.
The prevalence of «-thalassemia was recorded to be 18.7%, 20.1%, 27.6%, 27.1%, and 6.5%,
respectively, between 2017 and 2021, while 3-thalassemia prevalence was found to be
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17.6%, 19.3%, 24.4%, 25.2%, and 13.4%, respectively. The highest recorded prevalence of -
and (3-thalassemia was documented in 2019 and 2020, respectively.

Table 3. Positive results confirmed for «- and p3-thalassemia traits during the period of 2017-2021.

Year «-Thalassemia Trait (n = 214) B-Thalassemia Trait (n = 119)
2017 40 (18.7%) 21 (17.6%)
2018 43 (20.1%) 23 (19.3%)
2019 59 (27.6%) 29 (24.4%)
2020 58 (27.1%) 30 (25.2%)
2021 14 (6.5%) 16 (13.4%)

B a-Thalassemia B B-Thalassemia

60
50
40
30
20
1
0

2017 2018 2019 2020 2021

o

Figure 1. Trends of «- and p3-thalassemia traits from 2017 to 2021.

3.2. Prevalence Rate of SCD

In this study, 175 patients were diagnosed with SCD over a duration of five years in
Al-Kharj province. The proportion of males and females with SCD was 49.1% and 50.9%,
respectively. The analysis was conducted based on age-wise criteria for both males and
females. Among men, 9.7% of the participants were younger than 18 years old, 10.3%
were 18 to 25 years old, 13.1% were 26 to 35 years old, 8.6% were 36 to 45 years old, and
7.4% were 46 to 55 years old. Among women, 11.4% were younger than 18 years old,
14.9% were 18 to 25 years old, 7.4% were 26 to 35 years old, 10.3% were 36 to 45 years old,
and 6.9% were 46 to 55 years old. The highest prevalence of SCD was observed in males
aged 26-35 years (13.1%) and in females aged 18-25 years (14.9%). The details are listed
in Table 4.

Table 4. Distribution of age groups among male and female individuals diagnosed with SCD.

Gender <18 Years 18-25 Years 26-35 Years 36-45 Years 46-55 Years
Males 17 (9.7%) 18 (10.3%) 23 (13.1%) 15 (8.6%) 13 (7.4%)
Females 20 (11.4%) 26 (14.9%) 13 (7.4%) 18 (10.3%) 12 (6.9%)

3.3. Prevalence of SCD Between 2017 and 2021
Table 5 confirms the documented prevalence of SCD between the years 2017 and 2021
in Al-Kharj city. The prevalence of SCD was found to be 18.9%, 20%, 21.7%, 25.7%, and

13.7%, respectively, in the years 2017 to 2021. However, the highest prevalence of SCD was
21.7% in 2019.
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Table 5. Year-wise SCD prevalence in Al-Kharj province from 2017 to 2021.

Year-Wise Diagnosis of Sickle Cell Traits (1 = 175)
2017 33 (18.9%)
2018 35 (20.0%)
2019 38 (21.7%)
2020 45 (25.7%)
2021 24 (13.7%)

3.4. Prevalence Rate in Hemoglobinopathy Disorders

Overall, the prevalence rate estimated for «-thalassemia in the study population over
the 5-year period was 10 per 1000, and the prevalence rate for 3-thalassemia was 5.6 per
1000. In addition, the prevalence rate of SCD was estimated to be 8 per 1000 among the
21,150 people examined. Details are shown in Table 6. Among the 21,150 subjects, 23.6%
of the participants were recruited between 2017 and 2020, but only 5.4% were enrolled in
2021. The prevalence of thalassemia («x and ) was 12.2%, 13.2%, 17.6%, and 26%, and in
SCDs, it was 6.6%, 7%, 7.6%, 9%, and 20%, respectively.

Table 6. Prevalence rates of «-/3-thalassemia and SCD in Al-Kharj province between 2017 and 2021.

Population Screened «-Thalassemia B-Thalassemia
Year Total Participants Positive Subjects Confirmed Subjects PR
(n =21,150) (n=119) (n=214)

2017 5000 (23.6%) 40 (18.7%) 21 (17.6%) 12.20%
2018 5000 (23.6%) 43 (20.1%) 23 (19.3%) 13.20%
2019 5000 (23.6%) 59 (27.6%) 29 (24.4%) 17.60%
2020 5000 (23.6%) 58 (27.1%) 30 (25.2%) 17.60%
2021 1150 (5.4%) 14 (6.5%) 16 (13.4%) 26%

4. Discussion

In Saudi Arabia, hemoglobinopathies are considered the most prevalent disorders,
although their prevalence varies among cities in the Kingdom. Variations in thalassemia
and SCD rates can be attributed to multiple factors, including genetic and environmental
factors, along with cultural aspects and diseases in the families. Hemoglobin disorders are
common monogenic disorders worldwide, in which «-thalassemia, (3-thalassemia, SCD,
and hemoglobin-E diseases are considered to be more prevalent. All genetic disorders
associated with hemoglobin are referred to as hemoglobinopathies and recognized as single-
gene disorders [9]. The rate of consanguineous marriage in Saudi Arabia was documented
to be high at approximately 56%, which indicates that genetic diseases are common [10].

Saudi Arabia initiated the concept of a premarital screening program, also known as
the Healthy Marriage program, in 2001, and it was strictly implemented in 2004. The MOH
started and planned this program to identify genetic risks (3-thalassemia and SCDs) and
reduce the risk of infectious diseases (HIV and hepatitis B and C) among Saudi couples
before marriage. Screening for these diseases can help prevent infectious diseases, identify
their prevalence in couples before marriage, and promote a healthier life for their offspring.
o-thalassemia was not included in most of the PMS [12]. In Saudi Arabia, the most
important issue in marriages is consanguinity, which has a powerful impact on marrying
within the family. With the help of genetic counselors, Saudi couples benefit from the PMS
program’s knowledge and importance. Finally, after the PMS certificate is issued, it allows
them to proceed with their marriage [6,11,12].



Medicina 2025, 61, 1458

The PMS program is mainly beneficial for documenting genetic disorders, particu-
larly in Saudi couples with high rates of consanguineous marriages. Autosomal recessive
disorders such as thalassemia and SCDs are prevalent in Saudi Arabia. Abnormalities in
thalassemia and SCDs will lead to anemia and organ damage, as well as other complica-
tions, and there are many risks affecting offspring when both parents are carriers of these
mutations, further compounded by the disadvantages of consanguineous unions [13,14].

The prevalence of hemoglobinopathies in Saudi Arabia varies from city to city. The
study by Alsaeed et al. [7] established the highest prevalence of 3-thalassemia in Jazan
(32%), followed by the eastern region (23.7%), Makkah (14.4%), and Al-Baha (13.2%).
Furthermore, the distribution of confirmed cases was as follows: 8.1% in Madina, 7.6%
in the Northern Border, 7% in Riyadh, 6.7% in Asir, 6.3% in Tabuk, 4% in Qasim, 3.3% in
Hail, 2.9% in Al-Jouf, and 2.4% in Najran [7]. An updated study in the southern region
has confirmed a prevalence of 7% in hemoglobinopathies [15]. Another study from Jeddah
has documented hemoglobinopathy screening results, reporting a 7.2% prevalence of (3-
thalassemia and 9.4% for SCD [16]. A recent study in Riyadh city has documented an SCD
prevalence of 4.7% and a (3-thalassemia prevalence of 1.2% [17]. All previous studies in
PMS have focused on f3-thalassemia and SCD, and only a few mention «-thalassemia [11].
Moustafa et al. [13] have reported the highest frequency of a-thalassemia in Makkah
city, with a PR of around 6.3%. Molecular screening and identification of x-thalassemia
contribute to prenatal diagnosis and realistic genetic counseling in regions at risk for
thalassemia, yet these services are not available at most MOH centers [12].

A significant occurrence of hemoglobinopathies has been recorded in Saudi Arabia
among the GCC nations, followed by Oman, which exhibits a notable prevalence of the
sickle cell trait. In contrast, the UAE, Qatar, and Bahrain demonstrate a lower frequency of
these conditions [17].

The aim of this study was to screen the PMS in Al-Kharj city. Overall, 21,150 individ-
uals participated in this study over a duration of five years, between 2017 and 2021. The
study results confirmed that 2.4% of the participants had hemoglobinopathy disorders,
in which 1.57% were confirmed for thalassemia and 0.82% for SCDs. The prevalence of
hemoglobinopathies was reported to be low in the central region of Saudi Arabia when
compared to other regions in the Kingdom. Studies have focused on (3-thalassemia and
SCDs, with none of the meta-analysis studies recording o-thalassemia because it is con-
sidered not risky [18]. A few studies have demonstrated that «-thalassemia mutations are
distributed around Saudi Arabia, and some of these are high-risk and might have a large
impact on increased mortality and need more attention [14]. A limitation of the current
study is the lack of molecular identification for «-thalassemia.

5. Conclusions

This study confirms a hemoglobinopathy prevalence of 1.57% in Al-Kharj city. This
is the first documented study in the Kingdom, and future studies are recommended
to investigate the prevalence and genetic mutations of hemoglobinopathies in detail in
Al-Kharj city.
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Abstract: Background and Objectives: Patients with idiopathic normal pressure hydro-
cephalus (INPH) present similar symptoms as other diseases, such as dementia (AD).
However, while dementia is not reversible, INPH dementia can be treated through neu-
rosurgery. This study aims to assess the Rorschach method as a valid tool to identify
INPH patients. Materials and Methods: The perception characteristics of a small sample
of patients (n = 19) were observed through the Rorschach Inblok test. Artificial neural
network (ANN) models allowed us to analyze the correlations between patients’ cognitive
functions and perception characteristics. Results: The results obtained revealed signifi-
cant insights about the independent traits in patients’ patterns of response with INPH
and AD. In performing the test, patients with INPH and AD concentrated more on the
cards displayed and what they perceived, while other patients concentrated on reactions
related to the image proposed. Conclusions: The Rorschach test is a valid predictor tool to
identify INPH patients who could successfully be treated with neurosurgery. Hence, this
methodology has potential in differential diagnosis applied to a clinical context.

Keywords: idiopathic normal pressure hydrocephalus (INPH); Alzheimer’s dementia
(AD); artificial neural network (ANN) models; Rorschach inkblot test

1. Introduction

Idiopathic normal pressure hydrocephalus (INPH) is a brain disorder characterized
by the enlargement of the brain’s ventricular system and cerebrospinal fluid (CSF) pressure
within the normal range. INPH mainly affects men over 65 years of age; it is a progressive,
chronic disorder causing cognitive impairment without a specific identifiable cause [1].
The idiopathic form must be distinguished from other chronic forms of hydrocephalus
conditions, which can derive from brain surgery, meningitis, or head injury in 50% of
cases [2].

INPH is characterized by ventricular enlargement without intracranial hyperten-
sion, which causes clinical gait disturbances, urinary incontinence, and dementia (known

Medicina 2025, 61, 1332 https://doi.org/10.3390/medicina61081332
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as the “Adams triad”) and accounts for 2-10% of all forms of dementia and 40% of
adulthood hydrocephalus.

The classic triad is similar in appearance to other neurological conditions, such as
Alzheimer’s Dementia (AD) [1]. However, while dementia is not reversible, INPH dementia
can be treated through neurosurgical procedures by installing a shunt to drain excess CSF
into another part of the body. This treatment may alleviate symptoms and help restore
normal cerebrospinal fluid dynamics [3].

In fact, after treatment, clinical improvements have been reported in 30-96% of pa-
tients [4]. It was found that 93% of patients experience gait improvements, and more than
50% undergo significant cognitive improvements [5,6].

Despite a large amount of data available, some aspects concerning the differential
diagnosis of various forms of dementia and the accuracy of patient selection for ventricu-
loperitoneal shunts are still controversial [7].

INPH is a significant challenge for the medical community [8]: it is extremely dif-
ficult to differentiate between INPH and AD based on neurological deficits and clinical
evidence only, such as measuring ventricular size through conventional medical imaging
techniques [9]. The distinction is clinically important because INPH is one of the few
treatable causes of dementia [10].

Hence, the main costs of INPH derive from its lack of diagnosis. Recently, this is-
sue was analyzed in a conference held at the Italian Ministry of Health (https://www.
sanitainformazione.it/idrocefalo-normoteso-attenzione-a-non-confonderlo-con-alzheimer-
o-parkinson/, accessed on 7 May 2025). The findings of this conference confirmed the
urgent attention this issue requires. Moreover, since there is no formal definition of INPH,
discrepancies are encountered when estimating its real incidence, which is thought to
range from 2 to 20 per million/people per year. The difficulty of distinguishing INPH
from other neurodegenerative disorders is the most likely reason why about 80% of cases
remain unrecognized and untreated [11]. Although data report a total of 5/100,000 new
cases diagnosed every year, the actual number of people with INPH is predicted to be
higher. A percentage ranging from 9 to 14% of the elderly living at home present with
INPH symptoms, and a further increase in the number of people suffering from this disease
can be assumed considering population aging.

Accurate diagnosis is necessary because conventional hydrocephalus treatments have
no benefit in non-hydrocephalus patients: if non-hydrocephalic patients are misdiagnosed
as hydrocephalic patients, treatment is not only ineffective but associated with significant
morbidity and increased costs [12].

In light of these considerations, since the overall prevalence of dementia rises progres-
sively as the population ages, even if INPH is responsible for only a small proportion of
senile dementia, successful treatment could help many patients [13]. They could be treated
in a short time and save on resources; costs due to incorrect therapies or inappropriate
diagnostic procedures would be lower, and patient’s quality of life would be higher.

Regarding the type of treatment and assistance used, the spontaneous course of INPH
requires most patients to rely on nursing care [14]. For those patients undergoing surgery,
continuous and regular checks are required by a neurosurgeon to ensure that the shunt is
working properly [15]; continuous follow-up and assistance can be complemented with
physiotherapy treatments, socialization, and psychological support.

A comprehensive estimation of INPH costs has not been performed as of yet. In 2000,
more than two decades ago, the cost of treating INPH in the US exceeded USD 1 billion;
there were 27,870 patients with treated INPH, while more than 8000 were newly cases
diagnosed. However, updated statistics are necessary [16].
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Together with considerations of costs, another field of analysis is the implementation
of new diagnostic tools. To our knowledge, no clinical or neuroradiological techniques have
been validated to clearly identify dementia from INPH, both of which share anatomical
and clinical similarities [17]. Magnetic resonance imaging (MRI) depicts ventricle size
accurately; however, findings on brain images are not sufficient to establish a diagnosis
alone because they provide minimal, if any, evidence of brain damage despite marked
deficits in motor skills and cognitive functioning [10,18,19].

In a study describing the advantages and drawbacks of MRI parameters, the
importance of finding specific imaging biomarkers likely to distinguish between the
two conditions has been emphasized [20]. If a screening tool can identify possible cases,
then further workup should be performed to confirm the diagnosis and determine the need
for shunting [21-23].

The Rorschach test is usually involved in psychological diagnosis; clinical, personality
assessments; and the selection context for the detection of a global personality profile
in patterns of response [24-28]. The response process of the inkblot is centered on the
identification of mental function, cognitive pattern, and characteristic traits of personal-
ity [29,30]. The answers to the questions posed through the perceptual task achieve patterns
of cognition alongside visual perception, language processing, or the inhibition of phases
of the response process [31-34]. In this study, the Rorschach test is not only a substitute for
clinical diagnosis but an exploratory tool to identify potential response patterns that may
help generate hypotheses and support the differential diagnosis between iNPH and AD.

Despite the pioneering nature of the present study;, its results must be carefully consid-
ered since they allow common traits and patterns of response to be identified in patients
with INPH and AD.

Hence, this study aims to assess the Rorschach method as a valid tool for identifying
INPH patients. The information collected by administering the test is analyzed through the
implementation of three different methods: Population, Self-Organizing Maps (SOMs), and
artificial neural networks (ANNSs). The characteristics of INPH vs. AD patients are outlined
and commented on. Some comments on the advantages of adopting the Rorschach test in
complex diagnoses will conclude the study. The innovative aspect of this work lies in the
proposal of an alternative methodology to support the identification of patients presenting
with cognitive decline. Importantly, the findings are intended to generate hypotheses and
do not serve a confirmatory diagnostic purpose.

2. Materials and Methods

A small sample of patients (1 = 19) was observed at the Polyclinic of Messina, Southern
Italy, in the year 2015. Eleven patients suffered from INPH, while the remaining 8 presented
with AD dementia. The observed patients (or their caregivers) provided written informed
consent, and the study was conducted in accordance with the Declaration of Helsinki and
approved by the Ethics Committee at the University Hospital of Messina (Prot. 28/219,
26 November 2014).

Two psychological tests were carried out.

The patient’s mental status was measured through the Mini-Mental State Examination
(MMSE) [35], an 11-item questionnaire testing areas of cognitive function (orientation,
registration, attention, calculation, recall, and language). A low score is indicative of
cognitive impairment.

Perception characteristics and personality traits were observed through the Person-
ality Rorschach Inkblot test [26,28,36-39]. The test comprises 10 symmetrical inkblots:
5 monochrome, 2 two-tone, and 3 colored inkblots. The images are brought to the attention
of the subject, one by one; there is no time limit imposed, and each response comprises an
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interpretation of the characteristics of each image, i.e., its form, content, and the determi-
nants, codified as form, color, shading, and movement [40-43]. The coding of the responses
is based on the time needed to provide or refuse an answer and provide any additional
comments [28,30].

The information provided on the general aspects of the inkblot (shape, color, etc.) and
the location (such as its details) are often considered more important than the content itself;
considering the originality of the response, this is considered positive or negative (+ or —)
in relation to good and poor form [37]. Considering the theme of the image, the content
(whether it is human, natural, animal, abstract, etc.) is classified into categories according
to the frequency of the interpretation [26,28,36]; the emotional life of the subject is centered
on the colors and its shading [41,43].

The literature provides an example of the clinical application of the inkblot task
in a sample of elderly subjects or suspected dementia patients [30,31] for the differential
diagnosis of brain impairment [44,45]. Organic signs were also observed in brain subcortical
and cortical involvement and in cognitive deficiency in the performance that occurred
in organic lesions [33,44,46,47]. The Inkblot task can detect perceptive and visuo-spatial
functions from a neuropsychological perspective in a clinical assessment [48-50].

The information collected from the administration of the Rorschach Inkblot Test was
analyzed using computational methods applying different algorithms.

These methods are as follows and in the Appendix A:

- Populations: This is a Multi-Dimensional Scaling algorithm that projects the observed
individuals on a bi-dimensional plane with coordinates X and Y [51];

- Self-Organizing Map (SOM): This is an example of an unsupervised neural net-
work, clustering the observed individuals and focusing on input variables on a bi-
dimensional matrix [52];

- Auto Contractive Map (AutoCM): This is an unsupervised neural network that detects
existing relationships between variables based on the values that can be attributed
to everyone; the results can be represented through a graph (the Maximally Regular
Graph, MRG) [53,54].

3. Results

The descriptive statistics of the sample examined can be observed in Table 1.

Table 1. Descriptive statistics.

Variable Mean Std. Dev. Min Max
Age 76.11 7.32 59 88
Age>75 0.58 0.51 0 1
Gender (1 = female; 0 = male) 0.58 0.51 0 1
Compulsory education 0.63 0.50 0 1
Married (1 = yes; 0 = no) 0.89 0.32 0 1
Number of answers 10.32 3.83 4 18
MMSE total score 17.89 5.15 8 27

Localization:

Global (G) 5.42 2.81 1 13
Details (D) 4.58 3.06 0 10
Little details (Dd) 0.11 0.32 0 1
Details — global (DG) 0.21 0.71 0 1
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Table 1. Cont.

Variable Mean Std. Devw. Min Max
Determinants:
F (shape) 8.53 4.14 2 16
F+ (positive shape) 5.63 3.20 1 12
F— (negative shape) 2.89 2.21 0 8
M (Human kinesthetic activity) 0.74 0.73 0 3
FM (Animal kinesthetic activity) 0.74 1.24 0 4
m (inanimate movement) 0.05 0.23 0 1
CF (color and shame) 0.05 0.23 0 1
FCho (diffuse shading) 0.11 0.32 0 1
Cho (pure shading) 0.05 0.23 0 1
Contents:
A (animals) 5.84 2.59 0 10
Ad (animal details) 0.47 1.02 0 4
H (human) 1.26 1.48 0 5
(h) (fantastic human) 0.11 0.32 0 1
Hd human details 0.37 0.83 0 3
Obj object 0.95 1.31 0 4
Cibo food 0.16 0.37 0 1
Nat nature 0.11 0.32 0 1
Botanic 0.58 0.96 0 3
Anatomical 0.32 0.75 0 3
Smoke 0.05 0.23 0 1
Cartoon 0.11 0.32 0 1
Art 0.11 0.32 0 1
Popular 221 1.17 0 4
Original 0.11 0.32 0 1
TRII (Erleibniss typus I) 1.74 0.99 1 3
TRI I (Erleibniss typus II) 2.16 0.96 1 3
IR (reality index) 3.58 1.80 0 6
Particular phenomena
Perseveration 0.37 0.50 0 1
Inadequacy 0.21 0.42 0 1
Insecurity 0.26 0.45 0 1
Stereotyped 0.05 0.23 0 1
Refuse 0.63 0.50 0 1
Confabulation 0.21 0.42 0 1
Abstraction 0.05 0.23 0 1
Contamination 0.05 0.23 0 1
Difficulty of naming 0.05 0.23 0 1
Self-reference 0.11 0.32 0 1
Devitalization 0.11 0.32 0 1
Sensation 0.11 0.32 0 1

The mean age of the observed patients was 76 years old (min 59 years; max 88 years
old). The sample included 11 males and 8 women; all male patients, apart from one,
suffered from INPH. Twelve patients were older than 75 years, and 89% were married. The
average number of answers was 10.32 for the ten tables (min 4; max 18).

Despite the small number of subjects in the sample, the methods employed for the
analysis allowed the two groups of patients to be clustered.
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3.1. Results with Populations

In Table 2, the input data employed in the calculations carried out with Populations are
shown. On each line, 19 subjects (also called “cases” or “records”) are reported; on each
column, 45 variables are employed.

The Populations method organized the 19 subjects on a two-dimensional plane. Each
subject is, therefore, represented by the point with coordinates x and y. The distance
between the points is the difference between the values of the 45 variables in the records.

The distribution obtained shows that, except for one subject (which we will refer to as
“dementia 1”), the system distinguished between the two populations of patients (Figure 1).
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Figure 1. Results with the Population algorithm.

Hence, according to this algorithm, the variables included in the analysis are sufficient
for the identification of the two types of subjects.

3.2. Results with SOM Algorithm

An SOM was set up with an output matrix measuring 5 x 5; therefore, it was poten-
tially possible to obtain 25 classes.

Given the reduced number of records (19) out of 25 “virtual” classes, SOM located
each subject in a class. Only in one case did two subjects share the same class (in the output,
this was class 5.2; the subjects were INPH9 and INPH?).

In Figure 2, it can be noted how the two populations were distributed in different
areas of the matrix.

¥ som el [E ]
eall FE®Ea =

Legend
Demenza
INPH

Figure 2. The results with SOM.
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The results confirm the findings obtained using the Populations method; therefore, the
45 variables are good indicators to distinguish between the two pathologies: INPH vs. AD.
More specifically, when processing the data, some variables, among which there were, for
example, the determining variables “Global”, “Detail”, “Form”, “Good form”, etc., did not
show a specific distribution. Instead, other variables, such as “Form over diffuse shading”,
“Original”, “Original characterized by good form”, and “Inadequacy”, showed a high value
in some classes only.

3.3. Results with AutoCM

Lastly, the AutoCM model is helpful in understanding the relationship between each
variable and the two populations of patients.

The web input was set up using the same 45 variables included in the two previous
experiments by adding two variables that discriminated between subjects according to their
pathology (see the last column of Table 3); in the graphical representation, the characteristics
of the two pathologies are highlighted.

The AutoCM learned the records made by the 19 subjects. Every layer of the web
(input, hidden, and output) was composed of 47 units. When the processing was finished,
the most relevant connections among the 47 variables were highlighted by the MRG.

Figures 3 and 4 show the graphs obtained with the ANNSs, respectively, both with and
without the values showing the relationship among variables. Some variables connected to
Rorschach’s interpretation are more closely linked to the diagnosis of INPH and AD.
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Figure 3. The MRG obtained by analyzing the connections between the hidden and output units of
the ANNSs.
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Figure 4. The MRG obtained by analyzing the connections between the hidden and output units of
the ANNSs (with indications for each value).

We can summarize the evidence obtained by these graphical representations.

For the INPH group, the most relevant variables were animal contents (A); form
response (F); details (D); popular response; and adequacy of index of reality (IR).

In AD, the most relevant variables were perseveration phenomena, inadequacy, and
particular phenomena, such as card rejection and linguistic errors.

That means that INPH (and, consequently, patients” behavior) is strictly linked (con-
nection value = 0.99) to animal forms, indicating higher emotional inhibition to common
responses (popular) and well-formed responses (connection value between popular re-
sponses and forms = 0.99). The number of responses, strictly linked to shape, was also
connected to the perception of details in the interpretation, well-formed responses, and the
reality index.

The data shows how the structure highlighted in this typology of patients has better
adaptation to reality with perception levels closer to the average population in comparison
to psychopathological phenomena observed in AD cases (i.e., perseveration, card rejection,
and linguistic errors).

Instead, patients with AD are more closely linked to phenomena highlighting the
behavior of subjects in relation to the stimulus represented on the board (i.e., particular phe-
nomena, for example, waste (0.99); subjects’ reactions are uncertainty (0.99) and preserved
(0.98). The latter is connected to inadequacy in the response.

4. Discussion

This study highlights the implications of using the Inkblot task in clinical practice and
neuropsychological assessments for the differential diagnosis of patients suffering from or-
ganic and neurodegenerative diseases, such as Idiopathic Normal Pressure Hydrocephalus
(INPH) and Alzheimer’s disease (AD).

As specified in the Introduction, INPH is a syndrome characterized by gait impairment,
cognitive decline, and urinary incontinence and is associated with ventriculomegaly in the
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absence of high cerebrospinal fluid (CSF) pressure [55]. It is different from AD, which is a
chronic neurodegenerative disease that usually worsens slowly over time.

The Rorschach method can be considered a neuropsychological method to detect
alterations in psychic functions [28,37,46,48]. In other contributions, alterations in psychic
functions have been studied in relation to memory deficits, poor emotional and impulse
control, linguistic errors, and processes of response [31,32,34,44]. In cognitive impairment,
elderly patients are unable to synthesize perceptual details or the organization of complex
forms, which is centered on the deficit of visual perception, recognition, a lack of awareness,
and signs of organicity [32,46]. Unlike patients with AD, those with INPH present an
interpretative awareness and do not make linguistic errors. Other authors highlight the
potential of this test in neuropsychological assessments related to response processes and
psychic functions as well as perceptual processing, attention, memory, and executive
functioning [32,45,48-50].

The first analysis technique employed showed how the two subsamples of patients are
distinct. Then, we processed data with the SOM. This technique, in line with the literature,
was a good indicator to distinguish between the two groups of patients.

In addition, the AutoCM model was useful in understanding the relationship between
variables (such as animal contents (A); form response (F); details (D); popular response;
and index of reality (IR)) that are strictly connected to INPH diagnosis. Variables connected
to AD diagnosis can be identified in perseveration phenomena, inadequacy, particular
phenomena, card rejection, and linguistic errors. As far as INPH is concerned, higher
emotional inhibition can be found in animal responses along with a higher adaptation rate
to reality, which differs from AD patients. These patients have a good adaptation to reality
and retain perception levels closer to the average population compared to the psychopatho-
logical signs that are observed in patients with AD, i.e., rejection, perseveration processes,
and linguistic mistakes. The neuropsychological aspects of patients with cognitive deficits
include an inability to grasp the theme regarding the difficulty of reenacting memory and a
low control of pulses, usually identified as C, CF, or extra-tensive resonance, codified in the
form of subjective Erlebnistypus [26,32,43,45,46].

The results obtained through the implementation of ANNs demonstrate the potential
of the Rorschach test to identify patients presenting with INPH, even within a small sample.
During the assessment, patients concentrated more on what the table displayed and their
perceptions, while AD patients concentrated on personal reactions (such as particular
phenomena) in relation to the image used.

The group INPH did not show clear signs of organic dysfunction, as is found specifi-
cally in people with AD. The cognitive patterns connected to AD, as stated in the literature,
include signs of perplexity in the interpretation process, the perseveration of the content,
visuospatial deficit, and language mistakes in the response process [32,44,50].

This evidence shows that the Rorschach method is a cognitive task involving the global
brain in the response process and is suitable for detecting perceptual deficits, including
visual perception patterns, object recognition, and language production [30,34].

5. Conclusions

A neuropsychological approach to clinical assessments represents a milestone for
empirical research in differential diagnosis from a clinical viewpoint.

The neuropsychological approach based on the signs of the Inkblot task has been
shown to distinguish between two different diagnoses. Overall, the test detected men-
tal alterations linked to each disease, identifying a pattern of cognitive functions (such
as signs of memory impairment, recognition, emotions and control impulses, visual at-
tention, and executive functioning, and language processes).Since it can be used on all
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individuals without the limitations of education level, this test is a valid predictor task in
broader neuropsychological evaluations and is able to identify the cognitive patterns of
INPH patients.

The three distinct methods used led to the same conclusions. Even if carried out on a
small sample, the present study suggests original and innovative results in the assessment
and clinical research of reversible dementia. If correctly and timely diagnosed, INPH
can be corrected through neurosurgical treatment, achieving an improvement in patients’
wellbeing and quality of life, together with a reduction in the cost of illness.
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Appendix A. Notes About the Methodology Used
Appendix A.1. Analysis Through Populations

The Populations algorithm [51] can be used as a framed framework within Multi-
Dimensional Scaling techniques. Reducing the dimensionality of a data set is a fre-
quent problem in the analysis of data and is of leading importance in the field of
exploratory analysis.

The Populations algorithm can compress N records of M-dimensional space (the “source
space”) into a subspace of Q dimensions (called the “projected space”) where Q << M,
maintaining the greatest possible number of existing relationships contained in the original
N records. Populations is an iterative algorithm based on the calculation of local fitness and
the distance between two points and is considered optimal when the differences between
the matrix of the distances of the source space and the matrix of the distances of projected
space are near zero.

This characteristic of Populations is its ability to converge on a solution without cal-
culating the global fitness, which determines the speed with which it finds a solution,
minimizing the global error compared to other algorithms of Multi-Dimensional Scaling.

Appendix A.2. Analysis Through the SOM

The SOM [52] classifies the input vectors, creating a prototype of the classes and a
projection of the prototypes on a two-dimensional map, which can record the relative
proximity between the same classes.

Therefore, the network offers the following important synthetic information on
the input:
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1. It performs the classification of the input vectors on the basis of their vector similarity
and assigns them to a class.

2. It creates a prototypical model of the classes with the same cardinality (number of
variables) as the input vector.

3. It provides a measurement, expressed as a numerical value, of the distance/proximity
of the various classes.

4. It creates a relational map of the various classes, placing each class on the map itself.

5. It provides a measurement of the distance/proximity that exists between the input
vectors from the class they belong to and between the input vectors and other classes.

A typical SOM network is made up of two layers of units: a one-dimensional input
and a two-dimensional output layer, also known as “Kohonen’s map”. A matrix of the
weights records the relationship between each unit of the output layer and each unit of the
input layer (W matrix). The weight vector connecting each output unit to an input unit is
called a “codebook”. Within the SOM network, each output unit can be interpreted as a
class with a codebook that represents the prototype.

Appendix A.3. Analysis Through AutoCM

The AutoContractive Map neural network AutoCM has an architecture based on three
layers of nodes: an input layer that captures the signal from the environment, a hidden
layer that modulates the signal within the network, and an output layer that returns a
response to the environment based on the processing that occurs [56]. These three layers
have the same number (N) of nodes. The connections between the input layer and the
hidden layer are mono-dedicated, whereas those between this hidden layer and the output
layer are completely connected.

Each connection is assigned a weight: v; for connections between the ith input node
and the corresponding hidden node; w;; for those between the generic jth node of the
hidden layer and the ith node of the output layer.

At the end of the analysis, the results are displayed in a graph. The minimum spanning
tree (MST) graph is often used as a filter on the correlations matrix between objects to
highlight their most significant relationships. Instead, the Maximally Regular Graph (MRG)
reaches the highest value among all the graphs generated by adding the original MST to
the most relevant data set connections [56-58].
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Abstract: Background and Objectives: Body composition changes with aging and menopause,
often leading to increased adiposity and a shift in fat distribution. While BMI is commonly
used in clinical practice, it does not accurately reflect fat mass or distribution. This study
aims to evaluate age-related changes in both total and regional adiposity using DXA-
derived indices in Korean women aged > 40 years and to assess the limitations of BMI-
based obesity classification. Materials and Methods: This retrospective multicenter study
analyzed the DXA scans and clinical records of 914 Korean women aged 40-80 years
who attended menopause clinics across multiple institutions between 2018 and 2021. We
analyzed five adiposity indices: body mass index (BMI), total body fat percentage (TB%F),
fat mass index (FMI), visceral adipose tissue (VAT) area, and android-to-gynoid (A/G) fat
ratio. Excess adiposity was defined as BMI > 23 kg/ m2, TB%F > 40%, FMI > 9 kg/ m?Z,
VAT > 100 cm?, or A/G ratio > 1.0. Age group comparisons were made using ANOVA,
and misclassification was assessed by comparing BMI with other indices. Results: Mean
BMI increased with age, peaking in the 60s before declining in the 70s. TB%F and FMI
peaked in the 50s, while VAT and A /G ratio increased continuously with age. Excess
adiposity was found in 41.9% of women by TB%F, 40.5% by FMI, and 59.4% by VAT in the
70s. Notably, 22% of women with normal BMI (<23 kg/ m?) had VAT > 100 cm?, and 35.7%
had A/G > 1.0, indicating central obesity. Conclusions: DXA-based indices provide a more
accurate assessment of adiposity and associated cardiometabolic risks in aging women
than BMI alone. Clinical screening strategies should consider incorporating regional fat
distribution markers, particularly in midlife and postmenopausal populations, to better
identify individuals at risk.

Keywords: body composition; adiposity; menopause; abdominal fat; absorptiometry

1. Introduction

Obesity is a multifactorial health issue with rising global prevalence, especially in
aging populations [1,2]. In women, the menopausal transition accelerates changes in
body composition, including an increase in fat mass and a redistribution toward central fat
accumulation. These alterations are driven by hormonal shifts, reduced energy expenditure,
and lifestyle factors [3,4].
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1.1. Biological and Hormonal Mechanisms of Aging in Women

Midlife represents a critical period during which biological aging and hormonal
changes converge to influence body composition and metabolic health. As part of the
physiological aging process, adults typically experience a gradual decline in organ and
tissue function, with estimates suggesting a reduction of up to 2% annually. This decline
contributes to a progressive loss of skeletal muscle mass and a concomitant increase in
adipose tissue, even in the absence of overt disease [5]. In young adults, skeletal muscle
turnover—comprising both protein synthesis and degradation—is tightly regulated to
preserve lean body mass [6,7]. However, aging disrupts this balance. Muscle mass, which
accounts for approximately 30% of total body protein turnover in youth, may decline to
below 20% in older adults. Beginning around the age of 50, skeletal muscle mass decreases
by an estimated 1-2% per year, a trajectory that may accelerate with sedentary behavior or
chronic disease [8,9].

Longitudinal analyses indicate that between ages 30 and 60, adults may gain roughly
0.45 kg of fat and lose 0.23 kg of lean mass per year. Over several decades, this pattern
can culminate in a net increase of over 14 kg in fat and a loss exceeding 6 kg in muscle,
contributing to a body composition profile increasingly characterized by sarcopenic adipos-
ity [10]. In women, these age-related changes are compounded by the hormonal alterations
of menopause. The sharp decline in estrogen during the menopausal transition facilitates
a shift in fat storage patterns—from predominantly subcutaneous depots to increased
visceral adipose tissue (VAT) accumulation [11]. This redistribution has important clini-
cal implications, as the proportion of VAT typically rises from 5-8% of total fat mass in
premenopausal women to 15-20% following menopause [12].

These physiological alterations have important clinical consequences, as women in
midlife are particularly vulnerable to cardiometabolic complications associated with obesity.
Epidemiological data suggest that the burden of obesity is disproportionately higher
in women than in men; for example, findings from the National Health and Nutrition
Examination Survey (NHANES) report a higher prevalence of obesity among women
(40.4%) compared to men (35.0%) in the United States [13]. While midlife weight gain has
traditionally been regarded as a natural consequence of chronological aging, evidence from
the longitudinal Study of Women’s Health Across the Nation (SWAN), which followed more
than 3300 women, indicates that hormonal shifts—particularly the decline in circulating
estrogen—play a pivotal role in driving fat redistribution and adverse changes in body
composition during the menopausal transition [14].

1.2. Limitations of BMI and the Clinical Value of DXA in Midlife Women

Menopause is now recognized as a pivotal period in women’s metabolic health, during
which the decline in estrogen contributes to profound changes in adipose tissue biology [15].
Postmenopausal women experience a shift from subcutaneous to visceral fat deposition,
along with adipocyte hypertrophy, chronic low-grade inflammation, and impaired insulin
signaling [16,17]. This adipose tissue remodeling, characterized by increased macrophage
infiltration and pro-inflammatory cytokine release, promotes systemic metabolic dysfunc-
tion [18]. These alterations not only increase total fat mass but also disproportionately
affect the quality and distribution of fat, thereby increasing the risk of cardiometabolic
diseases such as type 2 diabetes, hypertension, and atherosclerosis—even in women with
normal BMI [19].

Central obesity, particularly the accumulation of visceral adipose tissue (VAT), is
strongly associated with adverse cardiometabolic outcomes [20]. Traditionally, obesity has
been assessed using body mass index (BMI), a simple and widely used metric derived
from weight and height [21,22]. However, BMI does not differentiate between fat and lean
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mass, nor does it capture regional fat distribution—especially VAT—which has a closer
relationship with metabolic risk [23].

Dual-energy X-ray absorptiometry (DXA) is a validated method for assessing body
composition that offers accurate and reproducible measurements of total and regional
adiposity. DXA-derived indices, including total body fat percentage (TB%F), fat mass index
(FMI), VAT area, and android-to-gynoid (A/G) fat ratio, provide a more nuanced view of
adiposity and its health implications [24,25].

Notably, there is a lack of population-based data examining how DXA-derived adipos-
ity indices change with age in Asian women, particularly in the Korean population [26,27].
Understanding these age-related trends is critical for identifying women at elevated car-
diometabolic risk who may be misclassified by BMI-based criteria alone [28].

Therefore, the primary aim of this study was to investigate age-related trends in body
fat distribution using DXA-derived adiposity indices—including VAT, A /G ratio, TB%F,
and FMI—in Korean women aged 40 years and older. The secondary aim was to examine
the discordance between BMI-based obesity classification and DXA-derived adiposity
patterns, with particular emphasis on identifying women with metabolically unfavorable
fat distribution despite normal BMI. These objectives aim to inform more accurate risk
stratification strategies and support the integration of advanced adiposity indices into
routine clinical assessment for aging women.

2. Methods

This multicenter retrospective cross-sectional study analyzed 914 women aged
40-80 years who underwent DXA scans between June 2018 and June 2021 at a university
hospital and a regional medical hospital in Korea. All women had visited the menopause
clinic for routine evaluation or health screening. Exclusion criteria included a history of
malignancy, autoimmune disease, or any chronic illness known to affect body composition.

This study adhered to the STROBE (Strengthening the Reporting of Observational
Studies in Epidemiology) guidelines for cross-sectional studies. The STROBE checklist has
been submitted as a supplementary file [29].

Height and weight were measured using standardized protocols, and BMI was calcu-
lated as weight (kg) divided by height (m?) [30]. Whole-body DXA scans were performed
using a Hologic DXA system (Hologic Inc., Marlborough, MA, USA) with Horizon soft-
ware for analysis. All participating institutions used the same model of DXA device and
identical software versions to ensure methodological consistency. All DXA scans were
conducted by trained radiologic technologists following a standardized protocol across
both sites to ensure consistency. Centralized calibration and quality assurance procedures
were performed regularly to minimize inter-institutional variability. The following indices
were derived:

The adiposity indices assessed in this study included total body fat percentage (TB%F),
fat mass index (FMI), visceral adipose tissue (VAT) area, and the android-to-gynoid (A/G)
fat ratio. Total body fat percentage reflects the proportion of an individual’s weight
composed of fat mass. The fat mass index (FMI) is calculated by dividing the total fat
mass in kilograms by the square of the individual’s height in meters (kg/m?), offering a
height-adjusted measure of adiposity [25]. The VAT area, measured in square centimeters,
quantifies the amount of visceral fat—fat stored within the abdominal cavity, surrounding
internal organs [24]. The A/G fat ratio represents the distribution of body fat between the
android (abdominal) and gynoid (hip and thigh) regions, with higher values indicating a
greater degree of central (abdominal) fat accumulation [31].

Excess adiposity was defined based on established clinical thresholds. Overweight and
obesity were defined as a BMI of >23 kg/m? and >25 kg/m?, respectively, according to the
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WHO Asia-Pacific and Korean Society for the Study of Obesity (KSSO) guidelines [32]. A
TB%F of >40% was considered indicative of excess fat, as suggested by Dufour et al. [33-35].
An FMI of >9 kg/m?, as proposed by Kelly et al., was used to define elevated fat mass [25].
Central obesity was defined as a VAT area greater than 100 cm? [24], and an A/G fat
ratio exceeding 1.0 was considered indicative of an android or abdominal fat distribution
pattern [36,37].

Statistical analysis was performed using SPSS version 23.0 (IBM, Armonk, NY, USA).
Between-group comparisons used ANOVA with Bonferroni correction; chi-square tests
compared prevalence across age groups. Statistical significance was defined as p < 0.05.

3. Results

A total of 917 Korean women aged 40 years and older were included in the analysis.
Participants were categorized into four age groups: 40-49 years (n = 128), 50-59 years
(n = 545), 60-69 years (n = 209), and >70 years (n = 35). The mean age was 56.2 years. The
overall mean height was 157.7 cm, the mean body weight was 56.2 kg, and the mean body
mass index (BMI) was 22.8 kg/ m? (Table 1).

Table 1. General Characteristics of Study Participants by Age Group.

Age Group . Mean Age Mean Mean Mean BMI
(Years) (Years) Weight (kg) Height (cm) (kg/m?)
40-49 128 46.9 55.5 159.8 21.7
50-59 545 54.7 56.5 158.4 22.8
60-69 209 63.1 56.2 156.3 23.6
>70 35 72.7 54.2 154.2 22.8
Total 917 56.2 56.2 157.7 22.8

BMI, body mass index.

DXA-derived adiposity indices showed distinct patterns according to age. Mean BMI
increased with age and peaked in the 60s (23.6 kg/m?), followed by a slight decrease in the
70s (22.8 kg/m?). TB%F was highest in the 50s (39.0%), with a mild decline thereafter. Fat
mass index (FMI) demonstrated a similar peak in the 50s (8.85 kg/m?). In contrast, visceral
adipose tissue (VAT) and android-to-gynoid fat ratio (A /G ratio) increased consistently
with age, peaking in the 70s at 107.6 cm? and 1.06, respectively (Table 2).

Table 2. DXA-Derived Adiposity Indices by Age Group.

Age Group (Years) BMI (kg/m?) TB%F (%) FMI (kg/m?) A/G Ratio VAT (cm?)
40-49 21.7 38.2 8.34 0.93 87.7
50-59 22.8 39.0 8.85 1.09 99.6
60-69 23.6 38.6 8.72 1.01 102.2
>70 22.8 38.4 8.64 1.06 107.6
Total (Mean =+ SD) 228+72 38.8 +4.8 8.74 + 2.38 1.05 £ 1.82 98.8 +40.4

BMI, body mass index; TB%F, total body fat percentage; FMI, fat mass index; A /G ratio, android-to-gynoid fat
ratio; VAT, visceral adipose tissue area.

Excess adiposity was prevalent across all age groups. The proportion of overweight
and obese individuals (BMI > 23 kg/m?) was 38.8%, with the highest prevalence in the
60-69 age group (44.5%). A TB%F > 40% was observed in 41.9% of participants, most
commonly in women in their 50s (44.6%). FMI > 9 kg/ m? was found in 37.6% of the
cohort, with the highest prevalence in the 60s (43.5%). The proportion of participants with
VAT > 100 cm? increased steadily with age, from 22.6% in the 40s to 48.5% in the 70s. An
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A/G ratio > 1.0, indicative of central adiposity, was observed in 49.2% of participants and

showed a progressive increase across age groups, from 31.3% in the 40s to 60.0% in the 70s.

A more detailed breakdown of high-risk adiposity indices by age group is presented

in Table 3. The highest proportion of women with TB%F > 40% was observed in the 50s
(44.6%), whereas FMI > 9 kg/m? peaked in the 60s (43.5%). VAT >100 cm? increased consis-
tently with age, suggesting age-related accumulation of visceral fat. The detailed adiposity

outcomes for each individual by age in the total cohort are provided in Supplementary
Data S1.

Table 3. Prevalence of Excess Adiposity According to DXA-Based Indices by Age Group.

Age Group (Years)

BMI > 23 (%)

TB%F > 40% (%)

FMI > 9 kg/m? (%)

A/G Ratio > 1.0 (%)

4049 28.9 33.6 28.9 31.3
50-59 38.7 44.6 37.4 50.1
60-69 44.5 39.7 43.5 55.9

>70 42.8 429 374 60.0
Total 38.8 41.9 37.6 49.2

BMI represents the combined proportion of individuals classified as overweight (BMI 23.0-24.9 kg/m?) and obese
(BMI > 25.0 kg/ m?), based on WHO Asia-Pacific and KSSO criteria. BMI, body mass index; TB%EF, total body fat
percentage; FMI, fat mass index; A /G ratio, android-to-gynoid fat ratio; VAT, visceral adipose tissue area.

3.1. Adiposity Characteristics According to BMI Categories in Women over Age 40

In this study, we analyzed adiposity indices including total body fat percentage
(TB%F), fat mass index (FMI), visceral adipose tissue (VAT), and android-to-gynoid (A/G)
fat ratio according to BMI categories in Korean women aged 40 years and older (Table 4).

Table 4. Adiposity Distribution by BMI Category.

VAT
TB%F FMI - - - Apple Pear Shape
BMI Category (Mean & SD) (Mean + SD) Normal Borderline High Risk Shape (%) (%)
>100 (%) 100-160 (%) <160 (%)

Underweight 322437 5.6 £0.8 100 0 0 8.3 91.7
Normal 37.3+39 79+22 78.0 21.6 0.4 35.7 64.3
Overweight 405+ 3.7 95+1.0 31.2 62.8 6.0 67.3 32.7

Obese > 25 43.0+ 3.5 113+13
7.6 55.4 36.9 82.8 17.2

Severe Obese > 30 479 +10.1 13.6 +2.8

BMI, body mass index; TB%F, total body fat percentage; FMI, fat mass index; VAT, visceral adipose tissue area.

3.1.1. General Trends in Body Fat Accumulation (TB%F, FMI)

Both TB%F and FMI demonstrated a progressive increase across BMI categories.
Underweight women had a mean TB%F of 32.2% and an FMI of 5.6 kg /m?, while those with
obesity (BMI > 25 kg/m?) had markedly elevated values (TB%F 43.0%, FMI 11.3 kg/m?).
The severely obese group (BMI > 30 kg/m?) showed the highest TB%F (47.9%) and FMI
(13.6 kg/m?), with standard deviations indicating greater variability within this group.

These findings suggest that while total adiposity increases with BMI, the variance in fat

composition becomes more prominent in the highest BMI category.

3.1.2. Visceral Fat Accumulation (VAT Stratification)

VAT distribution varied significantly across BMI categories. Notably, 100% of un-
derweight women and 78.0% of those with normal BMI had VAT < 100 cm? (classified
as “normal”). However, among overweight women, only 31.2% remained in this normal
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range, while 62.8% had VAT between 100 and 160 cm? (borderline), and 6.0% exceeded
160 cm? (high risk). In the obese group, the prevalence of VAT > 160 cm? rose dramatically
to 36.9%. These findings highlight that even within the overweight category, visceral
adiposity becomes prominent and potentially harmful.

3.1.3. Central Fat Distribution Pattern (A /G Ratio and Body Shape)

An age-related and BMI-dependent shift from gynoid (pear-shaped) to android (apple-
shaped) fat distribution was clearly observed. Among women with normal BMI, 35.7%
had an android body shape. This proportion increased to 67.3% in overweight women
and further to 82.8% in those classified as obese. In contrast, pear-shaped distribution was
dominant in the underweight (91.7%) and normal BMI groups (64.3%) but diminished with
increasing BMI.

In summary, while BMI, TB%F, and FMI peaked during midlife and plateaued or
declined thereafter, VAT and A /G ratio continued to increase into older age. These findings
highlight the progressive nature of central fat accumulation with aging and the need for
comprehensive adiposity assessment beyond BMI in postmenopausal women.

4. Discussion

This study investigated age-related changes in adiposity patterns among Korean
women aged 40 years and older using DXA-derived body composition indices. The
findings demonstrate that while general adiposity indices such as BMI, TB%F, and FMI
tend to peak during midlife (50s-60s), regional adiposity markers, particularly VAT and
A /G ratio, show a continuous upward trend into older age. This progressive increase
in central adiposity with age has significant implications for cardiometabolic health in
postmenopausal women [19].

The results are consistent with previous studies suggesting that the menopausal tran-
sition accelerates the redistribution of fat from peripheral to central compartments, driven
by estrogen deficiency, changes in energy balance, and age-related metabolic decline [3,15].
Notably, our study revealed that nearly half of all participants had an A/G ratio > 1.0 and
that VAT > 100 cm? was observed in over 40% of the cohort. These proportions increased
markedly with age, underscoring the need to evaluate regional fat accumulation as women
age [24].

An important observation was the discrepancy between BMI and DXA-derived adi-
posity indices. A substantial proportion of women classified as having normal BMI
(<23 kg/m?) demonstrated excess VAT and elevated A /G ratios, suggesting the presence
of metabolically unfavorable fat distribution that may not be detected through BMI alone.
These findings reinforce concerns that reliance on BMI may lead to the underestimation of
central obesity and associated health risks, particularly in aging Asian women who may
exhibit normal-weight obesity (NWO) phenotypes [19,24].

Furthermore, the strong correlation between general obesity (BMI > 25 kg/m?) and
A/G ratio > 1.0 in over 80% of participants in this category highlights that central adiposity
commonly accompanies overt obesity. However, its presence in normal-weight individ-
uals warrants targeted screening using DXA or other imaging modalities, especially for
preventive cardiometabolic risk stratification [38].

The continuous rise in VAT and A /G ratio into the 70s contrasts with the plateau ob-
served in BMI and TB%F, suggesting that age-related metabolic risk increases may be more
closely associated with fat distribution than with absolute fat mass [39,40]. These findings
support the incorporation of regional adiposity indices in routine assessment, particularly
for older women who may be misclassified by conventional BMI-based criteria [41].
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4.1. Clinical Implications and Integration with Updated Obesity Guidelines

The observed age-related increase in central adiposity—particularly in VAT and the
android-to-gynoid (A/G) fat ratio—has critical implications for clinical screening and
intervention strategies in midlife and older women. These regional fat indices revealed
substantial proportions of women with metabolically adverse fat profiles despite normal
BMI classifications. Notably, 22% of women with BMI < 23 kg/m? had VAT > 100 cm?,
and 35.7% had A/G ratio > 1.0, highlighting the presence of hidden central adiposity.
These findings suggest that traditional reliance on BMI alone may overlook women at high
cardiometabolic risk due to normal-weight obesity (NWO), especially prevalent in Asian
populations [42,43].

To address this diagnostic gap, our study aligns with the 2025 definition of obesity
recently proposed by The Lancet Diabetes & Endocrinology Commission, which introduces
a paradigm shift from BMI-centric classification to a function- and organ-impairment-based
approach [44]. This framework distinguishes between preclinical obesity—characterized
by excess adiposity without overt metabolic dysfunction—and clinical obesity, where
functional limitations or organ impairment are present [44]. Importantly, the Commission
recommends direct body fat measurement tools such as DXA as core diagnostic components.
Our use of DXA-derived VAT and A /G ratio thus offers practical validation of this model
and supports its application in real-world settings, particularly in resource-equipped
clinical environments [44].

In line with this emerging perspective, we propose that clinicians incorporate re-
gional adiposity markers into routine evaluation protocols, particularly for peri- and post-
menopausal women. Targeted DXA screening may be especially warranted for women over
50 years of age, even when BMI is within the normal range. In low-resource settings where
DXA is unavailable, bioelectrical impedance analysis (BIA)—as a low-cost and widely
accessible method—may offer a viable alternative for estimating visceral fat and body
composition with greater precision than traditional anthropometric indices [45,46]. Waist
circumference also remains a useful surrogate marker for central fat accumulation [47-49].

Furthermore, these findings support the need to develop population-specific guide-
lines that consider cultural and ethnic variations in body composition. For example, the
Korean Society for the Study of Obesity (KSSO) defines overweight as BMI > 23 kg/m?
and obesity as BMI > 25 kg/m?, thresholds that better reflect the elevated cardiometabolic
risk in Asian populations compared to Western criteria [32]. Additionally, these find-
ings highlight the need for further epidemiological research to define population-specific
thresholds for regional adiposity indices—such as VAT area and A /G ratio—and to clarify
their associations with cardiovascular and metabolic outcomes across different ethnic and
geographic populations.

Together, our findings advocate for a more nuanced, function-oriented framework for
obesity diagnosis and risk stratification in women across midlife and aging, consistent with
both international and national recommendations.

4.2. Study Limitations: Methodological, Demographic, and Measurement Considerations

This study has several limitations that must be acknowledged. First, the retrospec-
tive cross-sectional design precludes causal inference regarding the relationship between
age and adiposity changes. Second, the sample size was unevenly distributed across age
groups, with a markedly smaller number of participants aged > 70 years. This imbalance
may have limited statistical power and increased variability in estimates for the oldest
group. Although our primary aim was to assess overall trends across midlife and ag-
ing, the interpretation of findings in the >70 group should be made with caution. Third,
menopausal status was not directly measured and was instead inferred based on age, which
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may have led to misclassification. Fourth, while participants were recruited from both a
university hospital and a regional medical center, the cohort may not be fully representative
of the general Korean female population. Cultural, behavioral, and environmental fac-
tors unique to this population—such as dietary patterns, physical activity, and healthcare
access—may limit generalizability to other populations. Moreover, as the entire cohort
consisted exclusively of Korean women, our findings may not be generalizable to non-
Asian populations. Prior studies have demonstrated significant ethnic differences in fat
distribution patterns and in the relationship between BMI and body fatness, particularly
between Asian and Western populations. Therefore, caution is warranted when extrap-
olating these results to ethnically diverse or global populations. Fifth, although DXA is
a validated method for body composition analysis, its estimation of visceral fat remains
indirect compared to gold-standard imaging modalities such as CT or MRI. Lastly, several
potential confounders—including socioeconomic status, dietary intake, physical activity,
and hormone therapy use—were not assessed and could have influenced the observed
adiposity patterns. Future prospective studies with larger and more balanced sample sizes
across age groups, as well as the direct assessment of menopausal status and inclusion of
diverse populations, are warranted to validate and extend these findings.

4.3. Study Strengths: Comprehensive DXA-Based Assessment and Clinical Relevance

This study has several notable strengths. It included a relatively large and age-diverse
sample of 917 Korean women aged 40 years and older, allowing for robust comparisons
across age groups. Second, we utilized standardized whole-body DXA measurements to
assess not only general adiposity indices such as BMI and total body fat percentage (TB%F),
but also regional fat distribution markers including fat mass index (FMI), visceral adipose
tissue (VAT), and the android-to-gynoid fat ratio (A /G ratio). This comprehensive approach
enhances the precision of body composition assessment and highlights the limitations of
BMI-based obesity classification. This study provides valuable population-specific data
on Asian women, particularly on Korean women, a group underrepresented in existing
DXA research. Lastly, our findings emphasize the presence of metabolically unfavorable
fat distribution—such as excess VAT and elevated A /G ratio—even in women with normal
BMLI, thereby underscoring the need for improved risk stratification methods beyond BMI.

Importantly, to the best of our knowledge, this is the first study to focus specifically on
adiposity changes from the perimenopausal to postmenopausal period in Korean women
using DXA-derived indices. By identifying progressive central fat accumulation during
this transitional stage, our findings offer clinically relevant insights for the early detection
of cardiometabolic risk in aging women.

5. Conclusions

This study highlights distinct age-related trends in body fat distribution among Korean
women aged 40 years and older. While general adiposity measures plateau in later life,
central adiposity—as reflected by increasing VAT and A /G ratio—continues to rise with
age. A significant proportion of women with normal BMI exhibited excess visceral fat and
unfavorable fat distribution, indicating the limitations of BMI in detecting metabolically
relevant adiposity. These results underscore the clinical value of incorporating DXA-
derived indices into obesity assessment to more accurately identify women at elevated
cardiometabolic risk. Comprehensive body composition evaluation may contribute to
earlier identification and intervention in aging women, ultimately improving long-term
health outcomes. Our findings support the integration of regional fat distribution indices
into clinical screening protocols, particularly for midlife and older women who may be
misclassified by BMI alone.
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Abstract: Background and Objectives: Osteoporosis is a common chronic condition after
menopause that increases the risk of fractures. In South Korea, the prevalence of osteo-
porosis among adults aged 50 and older is 22.4%, with 94.4% of treated patients being
women, highlighting its significant impact on postmenopausal health. In this study, we
examine the sales trends of osteoporosis medications in Korea from 2018 to 2023 to under-
stand current usage patterns and market dynamics. Materials and Methods: This study is
a retrospective analysis based on pre-recorded sales data from Intercontinental Marketing
Services (IMS). Data covering a five-year period (2018-2023) were analyzed to examine the
sales trends of osteoporosis medications, including bisphosphonates, selective estrogen
receptor modulators (SERMs), parathyroid hormone analogs, denosumab, romosozumab,
and others. Romosozumab, approved in November 2019, was included in the analysis.
Given the nature of this study, no direct patient data or clinical interventions were involved.
Results: The total market size for osteoporosis medications in South Korea reached USD
285.42 million in 2023, reflecting a 15.3% increase from 2022. Bisphosphonates, previously
the dominant therapy, experienced an 11% decline in market share over five years. Mean-
while, denosumab, a receptor activator of the nuclear factor-«B ligand inhibitor, showed a
remarkable growth rate of 957.6% from 2018 to 2023, surpassing bisphosphonates in their
market share. Romosozumab, a newly introduced anabolic agent, accounted for 7.4% of
the market, with sales increasing by 59% in 2023. Conclusions: This analysis revealed major
shifts in treatment preferences, with newer drugs like denosumab and romosozumab gain-
ing prominence over traditional bisphosphonates. These trends highlight the increasing
clinical adoption of anabolic agents for high-risk patients and the impact of expanded re-
imbursement policies on osteoporosis management. Given the increasing use of advanced
therapies, it is essential to monitor treatment access, patient adherence, and long-term clin-
ical outcomes. Understanding these sales trends can aid healthcare professionals and poli-
cymakers in optimizing osteoporosis treatment strategies and ensuring better patient care.

Keywords: osteoporosis; romosozumab; denosumab; hormone replacement therapy;
menopause; marketing; retrospective studies

1. Introduction

The World Health Organization (WHO) defines osteoporosis as “a systemic skele-
tal disease characterized by low bone mass, deterioration of bone tissue, and disrup-
tion of bone microarchitecture, leading to compromised bone strength and an increase
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in the risk of fractures [1].” The US National Institutes of Health simply defines it as
“a skeletal disease in which the risk of fracture increases due to weakening of bone
strength [2].” The WHO estimates that over 200 million people worldwide suffer from
osteoporosis, contributing to 8.9 million fractures annually, or approximately one fracture
every three seconds [3,4]. Osteoporosis is a major global health issue, particularly among
postmenopausal women, due to the associated risk of fractures and increased healthcare
burden.

National Health Insurance data indicate that the prevalence of osteoporosis in South
Korean adults aged 50 or older is 22.4%, while that of osteopenia is 48%. More than 5000
out of 100,000 people are counted as suffering from osteoporosis in South Korea [5].

From 2018 to 2023, the number of patients treated for osteoporosis steadily increased
at an average annual rate of 4.8%, from 9.8 million in 2018 to 11.8 million in 2022. As
of 2022, female patients accounted for 94.4% of the total, indicating that the frequency of
osteoporosis in women is about 17 times greater than that in men [6]. Along with this trend,
the total medical expenses for osteoporosis increased by 51% from 2015 to 2019 (from USD
155 million to USD 234 million), while the medical expenses per patient increased by 3.7%
annually, reaching USD 216 [7].

Osteoporosis treatment can be broadly divided into general lifestyle recommenda-
tions, which can benefit most postmenopausal women, and specific pharmaceutical treat-
ments [8]. General recommendations include using non-pharmacological strategies such
as calcium and vitamin D supplementation, performing appropriate weight-bearing and
muscle-strengthening exercises, avoiding smoking and excessive alcohol consumption,
and preventing falls [9]. Antiresorptive and osteoanabolic drugs are used as pharmaceuti-
cal treatments in patients with osteoporotic fractures and in those with increased fracture
risk due to osteoporosis [10].

Since the WHO declared the coronavirus disease (COVID-19) a pandemic in 2020,
prolonged restrictions on healthcare accessibility, reduced outdoor activity, and increased
indoor living have heightened the risk of vitamin D deficiency in patients with osteoporo-
sis [11,12]. Vitamin D is an essential nutrient that facilitates calcium absorption and regu-
lates bone formation, playing a crucial role in the prevention and treatment of osteoporo-
sis [13]. Notably, during the COVID-19 pandemic, the use of vitamin D supplements in-
creased, and some studies have suggested that vitamin D may exert immunomodulatory
effects, potentially offering protective benefits against viral infections [14]. These findings
underscore how the importance and consumption of specific treatments can be signifi-
cantly influenced by changing global circumstances.

Bisphosphonates represent a class of antiresorptive drugs that currently dominate
pharmaceutical treatment worldwide, but their use is limited because they only inhibit
bone resorption and have been associated with various side effects such as atypical femoral
fractures, osteonecrosis of the jaw, and gastrointestinal irritation [15,16]. However, the re-
cent development of denosumab, the most powerful antiresorptive agent, and the osteoan-
abolic drug romosozumab have increased treatment options for patients with osteoporosis.
With the continuous introduction of new medications and changes in usage standards, the
trend of use is also changing.

Our primary objective in this study was to analyze the market dynamics of osteo-
porosis medications in South Korea from 2018 to 2023 using data from Intercontinental
Marketing Services (IMS). Specifically, we aimed to assess sales trends, shifts in market
share among drug classes, and the impact of newer treatments, such as denosumab and
romosozumab, on prescribing patterns. The secondary objectives were to evaluate factors
influencing these market trends, including changes in osteoporosis treatment guidelines,
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reimbursement policies, and the potential impact of external factors such as the COVID-19
pandemic on drug utilization.

2. Methods

The list of drugs approved for the treatment of osteoporosis in South Korea in 2023 is
provided in Supplementary Table S1 [17]. Among them, the costs of items and drugs sold
for osteoporosis prevention and treatment between 2018 and 2023 were calculated based
on IMS data (in USD).

Osteoporosis drugs were divided into general treatments (calcium and vitamin D sup-
plementation) and pharmaceutical agents (hormone and non-hormonal therapies). In ac-
cordance with IMS recommendations, the analysis of hormone therapy included female
hormones (estrogen only or an estrogen—progesterone combination), tibolone, and a tissue-
selective estrogen complex (TSEC). Non-hormonal therapies included bisphosphonates;
selective estrogen receptor modulators (SERMs); raloxifene and bazedoxifene; calcitonin;
parathyroid hormones (PTHs); denosumab, the recently approved receptor activator of
nuclear factor-«B ligand (RANKL); and romosozumab, the monoclonal anti-sclerostin an-
tibody. This study was granted an exemption by the Institutional Review Board (IRB) of
The Catholic University of Korea, Seoul, St, Mary’s Hospital (IRB No KC21ZASI1011). This
study followed the Reporting of Studies Conducted Using Observational Routinely Col-
lected Data (RECORD) guidelines to ensure transparency and reproducibility in reporting
pharmaceutical sales data. RECORD provides a structured framework for studies using
administrative and healthcare databases. Additionally, the Consolidated Health Economic
Evaluation Reporting Standards (CHEERS) checklist was applied to enhance the clarity of
the economic analysis. CHEERS ensures the standardized reporting of key elements in
health economic evaluations. By adhering to these guidelines, we aimed to improve the
methodological rigor and clarity of our findings [18,19].

Statistical Analysis

To evaluate temporal trends in the annual sales volumes of osteoporosis medications
between 2018 and 2023, we conducted a linear trend analysis using simple linear regres-
sion. For each medication, the year was treated as a continuous independent variable, and
the annual sales volume was treated as the dependent variable. The slope and p-value of
each regression model were examined to determine the presence of a statistically signifi-
cant increasing or decreasing trend over time. A p-value of less than 0.05 was considered
indicative of a significant trend. The coefficient of determination (R?) was also reported to
evaluate the goodness-of-fit for each model. All statistical analyses were performed using
SPSS version 23.0 (IBM Corp., Armonk, NY, USA).

3. Results
3.1. Market Size for Osteoporosis Medications in Korea in 2023

The total market size of osteoporosis medications in 2023 was USD 285.42 million,
which is a 15.3% increase from USD 257.38 million in 2022. Denosumab accounted for
39.2%, followed by bisphosphonates at 30.0% of the total market size (USD 85.69 mil-
lion), menopausal hormone therapy at 10.2%, SERMs at 7.1%, and anabolic agents at 13.5%
(Figure 1). Among pharmaceutical treatments, hormonal and non-hormonal drugs for os-
teoporosis accounted for 10.2% (USD 30.38 million) and 89.8% (USD 266.31 million) of the
total market, respectively.
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Bisphosphonates

$85.69 million
MHT

$29.23 million

Total SERMs
USD 285.42 million $20.28 million

Denosumab Anabolic agents
$111.81 million $38.48 million

Bisphosphonates MW SERMs M Anabolic agents B Denosumab MHT

Figure 1. Market size for osteoporosis treatment in Korea in 2023. SERMs, selective estrogen receptor
modulators; MHT, menopausal hormone therapy; USD, US dollar.

3.2. Hormonal Treatments

Postmenopausal female hormone therapy includes estrogen-only (ET) treatment,
estrogen—progestogen therapy (EPT), tibolone, and TSEC. The total cost of hormonal
agents used in 2023 was USD 30.38 million, showing no significant change compared to
USD 30.31 million in 2018. In 2023, ET and EPT treatments represented 51.4% of the total
market share, followed by tibolone at 46.1% and TSEC at approximately 2.5%. A linear
trend analysis was conducted to assess annual changes in the sales volumes of four os-
teoporosis medications from 2018 to 2023. Among the four agents, TSEC showed a sta-
tistically significant decreasing trend over the 6-year period (slope = —1.028, p = 0.033,
R? = 0.718), whereas tibolone exhibited a significant increasing trend (slope = +0.877,
p=0.023, R?=0.764). No statistically significant trend was observed for EPT (slope =—0.039,
p=0.833, R?=0.013) or ET (slope =+0.172, p = 0.278, R? = 0.282), although ET demonstrated
a slight upward trend over time. (Figure 2).
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Figure 2. Trends in hormonal treatments for osteoporosis (2018-2023). EPT, estrogen—progestogen
therapy; TSEC, tissue-selective estrogen complex; ET, estrogen-only therapy.

3.3. Non-Hormonal Treatments

Excluding hormonal treatments, the total sales of osteoporosis drugs in 2023 was USD
266.31 million, with bisphosphonates accounting for approximately one-third of the mar-
ket share (33.4%, USD 89.08 million). Denosumab, a RANKL inhibitor, accounted for the
largest share of the market at 43.6% (USD 116.23 million). Sales rose from USD 11 million
in 2018 to USD 36.38 million in 2019 and further to USD 116.23 million in 2023, represent-
ing a 957.6% increase. In 2023, denosumab experienced a 31.6% increase compared to the
previous year and ranked first in sales among single-agent components. SERMs (including
bazedoxifene and raloxifene) accounted for 7.1% of the market share (USD 20.28 million),
while anabolic agents such as teriparatide and romosozumab accounted for another 13.5%
(USD 38.48 million). Romosozumab has been available in the South Korean market since
2020, accounting for 7.4% (USD 21.31 million) of the market share in 2023. (Figure 3).

Alinear trend analysis was conducted to evaluate changes in the annual sales volumes
of five major osteoporosis medications from 2018 to 2023. Bisphosphonates showed a sta-
tistically significant decreasing trend over this period (slope = —2.83, p =0.0262, R =0.748),
while RANKL inhibitors demonstrated the most substantial increase (slope = +19.92,
p<0.0001, R?=0.990). Sales of sclerostin inhibitors also increased significantly (slope =+4.38,
p = 0.0021, R? = 0.927), reflecting the emerging role of anabolic agents in osteoporosis
treatment. In contrast, there were no statistically significant trends observed for SERMs
(slope = +0.11, p = 0.6611, R? = 0.053) or PTH analogs (slope =—0.49, p = 0.4835, R? = 0.130),
suggesting a relatively stable market trend for these agents during the study period.
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Figure 3. Trends in non-hormonal treatments for osteoporosis (2018-2023). SERM, selective estrogen
receptor modulator; RANKL, receptor activator of nuclear factor kappa-B ligand inhibitor; PTH,
parathyroid hormone.

3.4. Changes in Prescription Patterns for Bisphosphonates

The analysis of bisphosphonate usage trends from 2018 to 2023 revealed a decline in
the overall market volume, with a 5-year reduction of 11% (100.38 in 2018 to 89.08 in 2023).
While oral bisphosphonates, such as alendronate and ibandronate, have shown consistent
decreases in their usage over the years (—19% and —25%, respectively), risedronate demon-
strated a modest recovery with a 2% increase in 2023 compared to 2022. Intravenous bis-
phosphonates present a contrasting trend; while zoledronate usage decreased significantly
by 36% over five years, intravenous ibandronate stood out with a 20% increase during the
same period, and its upward trend was sustained in the most recent year (Table 1).

Table 1. Evolving prescription trends for oral and intravenous bisphosphonates.

1-Year 5-Year
Category Therapy 2018 2022 2023 Growth Rate Growth Rate
(2022 vs. 2023) (2018 vs. 2023)

Alendronate 25.15 20.92 20.46 —2% —19%

Oral BP agent  Risedronate 26.08 19.85 20.31 2% —22%

Ibandronate 11.77 9.08 8.85 —3% —25%

Zoledronate 9.69 6.92 6.23 —10% —36%

IV BP agent
Ibandronate 27.69 32.77 33.23 1% 20%
Total Bisphosphonates 100.38 89.54 89.08 —1% —11%

(US million dollar). BP, bisphosphonates; IV, intravenous.
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3.5. Global Trends in Osteoporosis Drug Sales
Three Year Sales Trends in the United States, Japan, and South Korea (2021-2023)

From 2021 to 2023, the total sales of osteoporosis drugs increased significantly in the
United States by 37.45%, highlighting its robust market expansion. This is primarily at-
tributed to the significant growth in RANKL and sclerostin inhibitors. South Korea also
experienced a substantial growth rate of 28.97%, reflecting its emerging market potential.
In contrast, Japan recorded a modest growth of only 1.16%, indicating a stagnant or mature
market with limited expansion during this period. This appears to have been impacted by
the decreased use of bisphosphonates and PTH (Figure 4).
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Figure 4. Three-year sales trends in the United States, Japan, and South Korea (2021-2023). (A).
Total sales of osteoporosis medications over three years in the United States, Japan, and South Ko-
rea. (B). The growth rate of each osteoporosis medication by country. SERMs, selective estrogen
receptor modulator; RANKL, receptor activator of nuclear factor kappa-B ligand inhibitor; PTH,
parathyroid hormone.
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4. Discussion

Currently, 200 million people worldwide have osteoporosis, with estimates indicating
that even more are living with osteopenia [20]. More than 8.9 million fractures are caused
by osteoporosis every year, occurring approximately once every 3 s [21]. The number of
patients with osteoporotic compression fractures in South Korea increased from 117,361
in 2012 to 139,889 in 2016, and 54.3% of these patients received hospital treatment [22].
Along with the increase in the number of fractures, treatment costs have also increased
rapidly [22]. In 2003, the estimated total socio-economic loss associated with osteoporosis
in South Korea was USD 871.7 million, with annual medical expenses and loss of produc-
tivity costs reaching USD 364.6 million and USD 566.4 million, respectively [22]. Similarly,
the osteoporosis drug market also continues to expand, and the seven major markets for
osteoporosis treatment in the United States, Japan, and Europe are expected to grow from
approximately USD 6.1 billion in 2014 to USD 9.34 billion in 2024 [23]

This study aimed to analyze the size and trends of the osteoporosis drug market in
South Korea from 2018 to 2023. According to a previous study that evaluated markets
for hormonal and osteoporosis treatments in South Korea from 2016 to 2019, the osteo-
porosis drug market has expanded from approximately USD 133.4 million in 2016 to USD
210 million in 2019, with bisphosphonates accounting for the largest share and exhibiting a
steady increase [24]. In the analysis of hormonal therapies for the prevention and treatment
of postmenopausal osteoporosis, the authors noted that sales of TSEC increased annually
while EPT sales gradually decreased [24]. However, in the case of TSEC, the product was
withdrawn from the market in 2019 due to a defect in the aluminum laminate packaging,
which allowed oxygen ingress and subsequently reduced the dissolution rate of the ac-
tive pharmaceutical ingredient. After quality improvements were made, its supply was
resumed in 2023 [25]. From 2019 to 2023, the sharp decline in TSEC sales, accompanied by
a gradual increase in tibolone use, resulted in a stagnation in the overall market share of
postmenopausal hormonal agents in 2023 compared to 2018.

Denosumab received approval for reimbursement as a second-line treatment for os-
teoporosis in October 2017 in Korea [26]. Initially, the criteria for the reimbursement of
Prolia as a second-line treatment were restrictive, requiring patients to have experienced
new fractures or a decrease in their T-score on bone density tests after using bisphospho-
nates for more than one year [26]. However, in April 2019, the approval was expanded to
include denosumab as a first-line treatment, leading to a significant increase in sales [26].
Denosumab is a human monoclonal antibody against RANKL that inhibits differentia-
tion and bone resorption in osteoclasts [27]. Previous clinical studies have highlighted
the excellent efficacy and safety of denosumab treatment in reducing fracture incidence
in various patient groups [27]. The most important study that demonstrated the efficacy
of denosumab in postmenopausal women with osteoporosis was the Fracture Reduction
Evaluation of Denosumab in Osteoporosis Every Six Months (FREEDOM) study [28]. Sub-
sequently, the FREEDOM Extension study, which evaluated the efficacy and safety of the
drug over 10 years by extending the study period by 7 years, revealed that the incidence
of new vertebral fractures was 0.90-1.86%, while the incidence of non-vertebral fractures
was 0.84-2.55% [29]. The Determining Efficacy: Comparison of Initiating Denosumab
versus Alendronate (DECIDE) study compared the effects of bisphosphonates and deno-
sumab [30]. The denosumab administration group exhibited significantly higher bone den-
sities in the lumbar spine, femoral neck, and femur than the alendronate administration
group (with increases of 1.1%, 0.6%, and 1.0%, respectively), indicating that its effects were
superior to those of existing drugs [30]. Furthermore, the FREEDOM Extension study re-
ported that the incidence of adverse reactions such as severe infections, cellulitis, eczema,
and malignant tumors was low in patients treated with denosumab [29]. In addition, os-
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teonecrosis of the jaw occurred in only 5.2 cases per 10,000 patient years, indicating that
denosumab administration does not require an off period during long-term use in contrast
to bisphosphonates [29]. Based on the current analysis, the use of denosumab is predicted
to increase due to its demonstrated efficacy, low risk of side effects, and the expansion of
insurance standards in 2019.

Romosozumab is the latest osteoporosis treatment to be approved by the U.S. FDA
(April 2019) [31]. PTH agents, which represent the only anabolic agents approved for os-
teoporosis prior to April 2019, increase both bone formation and resorption [32]. In con-
trast, despite being a single drug, romosozumab inhibits bone resorption while promoting
bone formation [33]. In the FRActure study in postmenopausal woMen with osteoporo-
sis (FRAME), a phase 3 clinical trial of romosozumab showed vertebral and femoral bone
densities to increase by 13.3% and 6.8%, respectively, after one year of treatment with ro-
mosozumab when compared to those observed in the placebo group [34].

The STRUCTURE trial compared outcomes for romosozumab treatment with those
for treatment with teriparatide, which is the same type of anabolic agent, reporting better
results in the romosozumab group, showing a more positive effect on hip bone mineral
density in particular [35].

In the Active-Controlled Fracture Study in Postmenopausal Women With Osteoporo-
sis at High Risk (ARCH) study comparing the outcomes of romosozumab and alendronate
treatment after 1 year, there was a 2.5% incidence of cardiovascular adverse events in the ro-
mosozumab group compared to 1.9% in the alendronate group, even though the incidence
of fractures was significantly reduced in the romosozumab group [36]. Hence, the FDA
approved the use of romosozumab with the stipulation that it cannot be used in patients
who have recently experienced a myocardial infarction or stroke [37]. Recently, osteoporo-
sis treatment groups have been classified according to fracture risk, and the use of anabolic
agents is primarily recommended in groups with a very high risk of fracture (e.g., patients
with severe osteoporosis accompanied by fractures or multiple vertebral fractures) [38].

In the United States, following FDA approval in April 2019, romosozumab was in-
cluded in Medicare Part B, the public health insurance system operated by the federal gov-
ernment. Additionally, many major private insurers began covering this medication as a
reimbursable treatment starting in 2020 [39]. Through this process, initial reimbursement
coverage targeted patients with severe osteoporosis, allowing treatment without prior au-
thorization or step therapy requirements. This increased the acceptance of the new drug
among physicians and patients, driving significant growth in the osteoporosis market.

Similarly, in Japan, following its approval in May 2019, the Osteoporosis Fracture
Score system was developed to identify high-risk groups for hip fractures and empha-
size the importance of proactive early treatment with anabolic agents. Patients diagnosed
with osteoporosis continued to receive medical insurance coverage without interruption,
as there were no criteria for discontinuing reimbursement, leading to a high proportion of
romosozumab usage in treatment [40—42].

Romosozumab was approved by the Ministry of Food and Drug Safety in South Korea
in June 2020, allowing its use in the country [43,44]. In South Korea, the current insurance
coverage criteria limit its use to patients for whom previous anti-osteoporosis therapies
have been ineffective or to patients aged 65 and older with a T-score of —2.5 or below and
two or more osteoporotic fractures [45]. Although these restrictions have resulted in a
relatively low market share of 7.4% for romosozumab, its high therapeutic efficacy has led
to a growing trend in usage, with a notable 59% increase in sales in 2023 compared to 2022.
In addition, the recently published guidelines from the American Association of Clinical
Endocrinologists (AACE) and the American College of Endocrinology (ACE) recommend
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romosozumab as a first-line treatment for patients at very high risk of fractures, and its
use is expected to increase further [38].

In addition to the shift toward newer agents such as denosumab and romosozumab,
notable trends have been observed within the bisphosphonate class. Between 2018 and
2023, the overall market volume of bisphosphonates declined by 11%, reflecting a grad-
ual reduction in the use of oral formulations. Specifically, the use of alendronate and oral
ibandronate decreased by 19% and 25%, respectively. In contrast, risedronate showed a
modest rebound with a 2% increase in 2023 compared to the previous year. Interestingly,
intravenous bisphosphonates exhibited divergent trends; while the usage of zoledronate
declined sharply by 36% over five years, intravenous ibandronate experienced a 20% in-
crease during the same period, and this upward trend has been sustained in the most recent
year. These findings suggest a growing preference for intravenous agents— particularly
ibandronate—likely due to its quarterly dosing regimen and lower gastrointestinal side
effects, which may enhance patient adherence [46]. This underscores the increasing im-
portance of treatment convenience and tolerability in the evolving landscape of osteoporo-
sis management.

These findings should also be considered in the context of broader social and health-
care system changes. With the onset of the coronavirus infection in China at the end of
2019, COVID-19 in 2020 was classified as a pandemic by the WHO on 11 March 2020. In re-
sponse, many countries have implemented unprecedented measures to contain the spread
of the virus, including nationwide lockdowns, massive social quarantines, restrictions on
public gatherings, and travel bans. These social distancing strategies created difficulties
in the management of many chronic diseases. It cannot be ruled out that this social and
medical environment may have caused changes in drug treatment.

In osteoporosis medication treatment, a critical focus lies in the treat-to-target strategy
for reducing fracture risk and implementing national treatment strategies that ensure the
continuity of care through changes in the reimbursement criteria. In South Korea, signif-
icant changes in medication usage frequency have been noted following modifications to
the reimbursement criteria. For medications with restrictive reimbursement criteria, their
usage frequency has been observed to be relatively low despite their clinical efficacy.

However, as of May 2024, reimbursement criteria were revised. Previously, osteo-
porosis medications were reimbursed only for patients with a T-score of —2.5 or lower [47].
The updated criteria now extend reimbursement eligibility to patients with T-scores ex-
ceeding —2.5 but not exceeding —2.0, allowing continuous treatment for up to two years.
This revision applies to raloxifene, bazedoxifene, bisphosphonates, and denosumab injec-
tions, with flexibility for switching between these treatments based on dosage and admin-
istration requirements. This expansion ensures the continuity of treatment.

4.1. Perspectives for Clinical Practice

The findings of this study provide valuable insights into the evolving landscape of
osteoporosis treatment in South Korea and have significant implications for clinical prac-
tice. The increasing use of romosozumab and denosumab indicates a shift toward anabolic
and potent antiresorptive agents for high-risk patients with osteoporosis. The 2024 re-
imbursement revision expanded coverage to T-scores between —2.5 and —2.0 and is ex-
pected to improve treatment access and long-term outcomes. The decline in oral bisphos-
phonate use and the preference for injectables highlight the need for treatment adherence
and patient-centered care. Clinicians should consider shared decision-making to optimize
therapy selection.

The monitoring of real-world effectiveness and long-term outcomes is essential for
refining osteoporosis management and healthcare policies.
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4.2. Limitations

First, although hormonal replacement therapy has been indicated to prevent and treat
osteoporosis, it is also used to treat other menopausal symptoms. However, our ability to
subdivide and understand these different indications was limited. Second, since the mar-
ket size was determined based only on the total sales, there may be a difference between
the actual numbers of prescriptions or agents used. Nonetheless, most drugs, including
hormonal replacement therapy, have been analyzed, making it easy to evaluate the over-
all drug market. Third, the sales trends do not directly capture patient adherence, treat-
ment persistence, or clinical outcomes. Fourth, this study does not quantitatively assess
the long-term impact of the COVID-19 pandemic on osteoporosis management. Future
research incorporating real-world evidence studies, long-term treatment outcomes, and
international comparisons are necessary to refine osteoporosis treatment strategies and
improve patient care. Despite these limitations, this study provides critical insights into
the evolving osteoporosis drug market and serves as a foundation for future research.

5. Conclusions

This study highlights key trends in the osteoporosis drug market in South Korea from
2018 to 2023, including the increasing use of anabolic agents, such as romosozumab and
denosumab, and the impact of the 2024 reimbursement revision, which expands treatment
access for patients with T-scores between —2.5 and —2.0.

The shift from oral bisphosphonates to injectable therapies emphasizes the need for
patient-centered treatment approaches that improve adherence and convenience. While
this study provides valuable market insights, it does not capture patient adherence, treat-
ment persistence, or long-term clinical outcomes.

Future research should incorporate real-world evidence and long-term effectiveness
studies to further refine osteoporosis treatment strategies and healthcare policies.
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Abstract: Background and Objectives: Fibromyalgia (FM), through the presence of widespread
chronic pain, stiffens the musculoskeletal system and causes sleep disturbances and fatigue.
Through this study, we aimed to compare the effectiveness of two different recovery
interventions for improving sleep quality: a standard, multidisciplinary intervention in
a recovery hospital versus a therapy focused on intrinsic relaxation at home. Materials
and Methods: This study included 60 adult patients who participated voluntarily and were
diagnosed with FM by a rheumatologist, randomly divided into two groups. During this
study, 30 patients out of the 60 were randomly assigned to experimental group 1 and
underwent treatment at the Recovery Clinical Hospital in Baile Felix. The other 30 patients
were assigned to experimental group 2 and underwent treatment at home. They were
assessed on the first and last day of the recovery program using the Fatigue Severity Scale
(FSS) and the Pittsburgh Sleep Quality Index (PSQI). Results: In experimental group 1,
where by patients underwent hospital recovery (EG1), the results show that the severity
of fatigue (FSS) was significantly reduced, with p = 0.00 and an effect size of 0.77, which
suggests a general improvement in the state of fatigue, as well as in the quality of sleep
evaluated with the PSQI (p = 0.00, effect size = 0.55). In experimental group 2 (EG2), no
change was observed between assessments in terms of the FSS, but in terms of the quality
of sleep, there was a small decrease in the PSQI score (p = 0.083), with a small effect size of
0.09. Conclusions: The results show that, from a clinical point of view, a complex treatment
carried out daily improves sleep quality and reduces fatigue.

Keywords: fibromyalgia; sleep quality; fatigue; chronic pain

1. Introduction

Fibromyalgia is a complex syndrome characterized by chronic pain, joint stiffness,
fatigue, sleep disturbances, brain dysfunction, and depression [1,2]. The history of fi-
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bromyalgia is complex and has evolved gradually as doctors and researchers have tried
to better understand the condition. However, the terms and explanations varied a lot [3].
In 1970, FM was associated with a central nervous system condition [4]; then, in 1976, the
link between sleep disorders and chronic pain was first described [5]. In 1981, the Yunus
criteria included in FM diagnosis comprised fatigue, sleep problems, sensitivity to weather,
and chronic pain, all of which are aggravated by the presence of stress and anxiety [6].
Patients with fibromyalgia have been observed to have an increased sensitivity to stimuli
that would not normally cause pain, a phenomenon known as allodynia [7]. In addition,
research has shown that the neurotransmitters responsible for pain, such as substance P
and serotonin, are involved in the exacerbation of symptoms [8]. Reflex phenomena are
considered among the most important factors triggering FM, and they are associated with
deep chronic pain produced by the activation of a pain—spasm cycle through the presence
of repeated trauma or postural stress [9]. The exact causes and pathogenic mechanisms
of fibromyalgia are unknown. Biological, psychological, and socio-cultural factors have
been suggested as possible contributors, including abnormal pain signaling, abnormal
activity of the neuroendocrine and autonomic systems, genetic predisposition, certain
environmental triggers, and sleep disturbances [10]. These factors hypersensitize patients
to pain [11]. Since the pathogenesis of this disease is not well known, the diagnosis is
only made clinically at this time. Oxidative stress, mitochondrial dysfunction, mineral and
vitamin deficiencies, and disproportions in other components are interesting and attractive
topics from a clinical point of view, which require further studies to clarify the status and
development of FM [12]. It is necessary to find the most appropriate solutions to reduce
the permanent fatigue faced by these patients.

The European League against Rheumatism states that, for the management of FM,
physical exercises represent the only effective recommendation over time, being adapted
according to the needs of patients, with some patients not being able to tolerate strength
and flexibility exercises even though they seem to be the most beneficial [13]. Regarding the
management of FM [14], treatment requires a comprehensive approach that combines non-
pharmacological interventions, such as exercise, and pharmacological management with
duloxetine, pregabalin, milnacipran, and amitriptyline, which have remarkable benefits for
fibromyalgia symptoms. Pure mu-opioid agonists such as NSAIDs and acetaminophen
do not have effective results, and methylphenidate, despite improving mental status and
fatigue, requires further studies [15]. However, pharmacological therapy is only useful for
individual symptoms [16], with non-pharmacological interventions being more effective
according to systematic reviews, because combining aerobic exercise with resistance and
stretching reduces FM symptoms and the stress response [17]. Some authors believe that
accepting pain without daily attempts to reduce it has positive effects on improving daily
functioning [18].

Psychological factors should be considered alongside the management of FM, as they
contribute significantly to both symptomatology and the functioning of the treatment.
Relaxation therapy is an autonomous process, representing a main goal in the prophylaxis
and recovery of a patient, because it brings a state of rest to the muscles and inhibits
nervous tension. Intrinsic relaxation rebalances the well-being inside the body. Studies
on mind-body recovery are limited, and further research is needed. Published studies
have limited effects due to low-quality evidence or lack of recent studies [19]. At the same
time, mind-body therapies are favorable in pathologies that have affected psychological
function [20], aiming to induce the body’s relaxation response [21]. The author Liraz
Cohen-Biton concludes that holistic therapies focusing on body, mind, and soul provide
an appropriate response that promotes the health status of patients with FM [22]. A
study of this therapy was conducted with 28 women with FM via the Zoom platform.
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This study showed that performing eight sessions of conscious breathing and listening
to one’s own body for 8 weeks reduced physical and mental suffering, fatigue, fear, and
disabilities, p < 0.001 [23]. During home therapy, FM patients were assessed on several
dimensions such as the presence of stress in their daily environment, program resilience,
and coping to check the effectiveness of treatments and to understand the weaknesses they
face [24]. Also, according to Theadom [25], mind-body therapies could be good therapeutic
strategies for physical and psychological improvement because mind, body, and behaviors
are interconnected. Another purpose of using relaxation through online consultations is the
permanent adherence of patients to recovery, something that would be impossible during
pandemics such as SARS-CoV-2, which negatively affected the management of chronic
health conditions by imposing isolation restrictions [26-28].

Regarding sleep, it is known that there are two types of sleep, i.e., REM and non-REM.
The non-REM period has four stages with waves that have certain electroencephalographic
characteristics [29,30]. In fibromyalgia, there are disturbances in the fourth phase of non-
REM sleep, which are translated by the appearance of alpha waves that overlap the normal
delta waves. The results from specialized literature show that sleep disorders are one of
the most important aspects of FM [31] poor sleep quality being a fundamental index in the
pathophysiology of FM, together with fatigue and pain. The prevalence of sleep quality
shows that only 11% of FM patients reported good sleep quality, while up to 99% of patients
report having problems with the amount, initiation, and maintenance of sleep during the
night, with long refresh times or waking up too early in the morning, which makes it
difficult to start their daily activities [32]. Kline et al. [33] mentioned that the definition of
sleep quality should be related to the personal experience of each person, depending on
the stage that affects them. Poor sleep quality has a negative impact because it lowers the
pain threshold and increases the level of its catastrophizing. At the same time, this cycle of
sleep impairment causes a high level of fatigue; studies show that poor sleep quality leads
to the appearance of cognitive, social, and integration problems [34], having a tendency to
become chronic [35]. Patients with fibromyalgia complain of sleep disturbances and the
intensification of pain, stiffness, and fatigue after waking up [36]. Often, when patients are
asked if they wake up rested, the answer is negative, with sleep being impaired in over
80% of FM patients [37]. Often sleepless nights are followed by worsening pains [38]. Some
studies suggest that fatigue is a cause of FM and not a symptom [39]. In the anamnesis, there
are frequent associations with diseases that recognize a stress etiology, such as ulcerative
hemorrhagic colitis, irritable colon, migraine, hypertension, and so on [40].

We created this study by observing the negative impact of FM on patients’ lives and
the lack of evidence for the introduction of programs focused on relaxation. The aim
of this study is to compare the effects of applying two different types of intervention
on sleep quality and fatigue in fibromyalgia patients, respectively, a therapy without
additional costs, focused only on intrinsic relaxation carried out at home in relation to a
multidisciplinary therapy.

2. Materials and Methods

Following visits to the rheumatologist, 67 patients with fibromyalgia were invited,
by the physical therapist, to participate in the present study. Seven of them withdrew
before the start of the initial assessments at the time of the study presentation. A total of
60 patients participated in this study. Patients were chosen following the inclusion and
exclusion criteria. The main inclusion criteria were the age of at least 18 years, the presence
of a diagnosis of fibromyalgia, voluntary and independent participation in this study, and
the absence of contraindications for the intervention. At the same time, pregnant women
and those who were absent from the evaluation were excluded from this study.
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The allocation of patients was carried out by the method of simple randomization,
without knowing the severity of the symptoms, so that at the end of this study, the chance
of specific recovery would be given to the group with more effective intervention. Fur-
thermore, 30 patients out of 60 were randomly assigned to experimental group 1 and
underwent treatment at the Recovery Clinical Hospital in Baile Felix. The other 30 pa-
tients were assigned to experimental group 2 and performed the treatment at home. The
period of this study is January—-November 2024. All 60 patients also administered the
pharmacological treatment received during the study period upon learning the diagnosis.

The two groups received treatment for 2 weeks. EG1 performed 10 standard recovery
sessions in the presence of a physical therapist. They had a complex recovery program
consisting of 30 min of individual physical therapy that included warm-up exercises
and mobilization exercises for all joints, followed by muscle-strengthening exercises and
stretching at the end for increased flexibility [41-47]. Each exercise was performed in 4 sets
of 10 repetitions. The exercises were performed from dorsal decubitus, ventral decubitus,
standing, and quadrupedal positions and were performed in breathing rhythm. Patients
also had electrotherapy sessions at the BTL 5000 machine with low frequency (80-130 Hz)
transcutaneous electrical nerve stimulation (TENS) for 15 min to reduce chronic pain
and classic Swedish massage for 10 min. They also had group hydrokinetotherapy for
20 min from orthostatism at a water temperature of 36-37 degrees Celsius, which facilitates
movement and reduces gravitational forces [48], the benefits of thermal water being known
since ancient times [49]. Exercise is part of managing fibromyalgia as it reduces pain and
improves sleep and overall functioning [45]. Physiotherapy is the most important basis
because it is based on movement, which is essential for life. Mobilizations, tractions, active
exercises, active exercises with resistance, isometrics, and stretching are performed because
people with FM have low endurance and muscle strength [46]. Massage brings a general
and local state of well-being, reduces pain, and improves circulation and is useful when the
patient’s mobility is reduced, helping to rebalance the posture, improve muscle relaxation,
and eliminate acute pain [47]. Electrotherapy reduces pain and can be used for medical
purposes because the human body works mostly electrically [50]. Hydrokinetic therapy
is one of the main forms of restoring diminished functions because water can support
90% of the body’s weight, reducing the muscle effort required to perform movements and
increasing the amplitude of movements [48].

Experimental group 2 (EG2) performed at home for 2 weeks without the physical
supervision of a physiotherapist, 20 min of intrinsic relaxation specific to the author Parow,
every evening before going to bed. Parow’s relaxation technique is based on intrinsic
relaxation, which helps to actively induce relaxation and ensures mutual inhibition between
muscles and psyche. It is performed without other auxiliary tools and can be performed
at home. The author recommends maintaining the supine position in bed for 20 min,
breathing freely. During this time, it is recommended to inhale through the nose and exhale
with a long “sh” to automatically induce general muscle relaxation. All patients in this
group were helped before the start of the 10 recovery sessions to perform the breathing
technique correctly and communicated daily, online, with the physiotherapist to record
the session performed and to offer them help if they needed it. This intervention, focused
only on intrinsic relaxation, is based on the need to integrate a recuperative program as
simplified as possible and accessible to anyone, the specialists in the field claiming that
notable improvements in the clinical profile occur in people who have a high adherence to
the treatment.

Each group was analyzed after signing consent for the processing of personal data
to ensure voluntary participation. After signing the documents, the first assessment was
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carried out one day before the start of the treatment, and the final assessment was carried
out at the end of the recovery sessions, after the two weeks of treatment.

The data collected were used for this study only, and patients could withdraw from
this study at any time. In the studies, only patients’ initials were used, and no pictures
were taken during this period. To respect their right to privacy, the recovery was carried
out only in the presence of the physical therapist.

2.1. Instruments

To find out information about the subjects, an assessment form was drawn up that
included questions about independent variables such as age, height, sex, weight, duration
of the condition, associated diagnoses, symptomes, triggers, background, occupation, and
medication. The following two questionnaires were assigned to the dependent variables:
the Fatigue Severity Scale (FSS) questionnaire to assess fatigue and the Pittsburgh Sleep
Quality Index (PSQI) for sleep quality.

2.1.1. Assessment of Fatigability and Fatigue

Fatigue severity was assessed using the Fatigue Severity Scale (FSS) [51]. The Fatigue
Scale is used to measure the severity, frequency, and impact of fatigue, typically in patients
with chronic conditions such as cancer, multiple sclerosis (MS), or other long-term illnesses
such as fibromyalgia. Fatigue is a common symptom that affects a person’s physical,
emotional, and mental well-being, and these scales help clinicians and researchers provide
better diagnosis, monitoring, and treatment. The scale is self-reported, requiring only
paper and pen. Subjects responded to the 9 items using a 7-point Likert scale (1 = strongly
disagree, 7 = strongly agree). The minimum score is 9 and the maximum is 63, which
indicates a severe state of fatigue.

2.1.2. Assessment of Overall Sleep Quality

Sleep quality has a clinically relevant influence on a person’s daytime function-
ing. The degree of sleep disturbance has been studied most with the help of the Pitts-
burgh Sleep Quality Index (PSQI) questionnaire [52], which comprises 19 items related
to 7 subcategories: subjective sleep quality, latency period, sleep duration, usual sleep
efficiency, sleep disorders, sleep medication use, and daytime dysfunction. Five additional
roommate-rated questions are included for clinical purposes but are not scored. The ques-
tionnaire is validated for patients with major depressive disorders, sleep initiation and
maintenance disorders, excessive sleepiness disorders, insomnia, depression, chronic pain,
and other health conditions, cancer, and fibromyalgia. It is also used in research studies
to investigate how sleep quality is related to various health outcomes. The questionnaire
consists of a combination of Likert-type and open-ended questions that will later be con-
verted to scaled scores using guidelines provided by the authors. Patients are asked to
indicate how often they have experienced certain sleep difficulties in the last month. Scores
for each question range from 0 to 3, with higher scores indicating more disturbed sleep [53].
The component scores are then summed to give a global PSQI score, ranging from 0 to 21,
where scores < 5 indicate good sleep quality, scores > 5 indicate poor sleep quality, and
scores > 10 suggest a potential sleep disorder.

2.2. Statistical Analysis

The results were interpreted, and the statistical analysis aimed at improving the vari-
ables after treatment for each group. The IBM SPSS Statistics for Windows software, Version
29.0, was used for the statistical processing of the study data (30-day trial version; Armonk,
NY, USA: IBM Corp). Nominal data were described as frequency and percentage and
continuous variables as mean, median, standard deviation, frequency ranges, minimum,
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and maximum. Differences between groups and time points were assessed using Student’s
t-test and Chi-square test, with a significance threshold of p < 0.05 and high significance
defined as p < 0.01. The independent samples ¢-test was used to compare the means with
respect to the dichotomous variables in this study. To compare two dependent or paired
datasets, we used the t-test for dependent (paired) samples. The t-test for dependent
samples (pairs) is used in research protocols that involve repeated measurements on the
same individuals or on individuals with similar characteristics (even twins). The data are
considered paired because for each value there is a matched value. The test evaluates the
difference score within each pair so that subjects are compared only with themselves or
their pair. The t-test of the difference between the means of two dependent samples allows
the evaluation of the significance of the variation of a certain characteristic in the same
individuals in two different situations (for example, “before” and “after” the action of a
certain condition, or in two different contexts, regardless of the time of their manifestation).
The major advantage of this statistical model is that it captures the so-called “intrasubject”
variation by the fact that the basis of calculation is the difference between the two values of
each individual subject.

2.3. Sample Size

The general formula for calculating the size of the patient sample used in this study
was is expressed as follows:

n=(Zo/2 + Zp)2-(262)/d2,

where

e nisthe sample size.

o  Za/2=1.96is the critical value of the standard normal distribution (Z) corresponding
to the significance level x (0.05).

e  Zf =0.801is the critical value of the standard normal distribution corresponding to the
power of the test (1 — ).

e 0o is the population standard deviation.

e  dis the minimum effect size we want to detect.

Thus, n = (1.96 + 0.84)2-(2:102) /52 = 62.7.
In this study, 67 patients were recruited.

3. Results

The results include the evaluation of the two analyzed groups.

3.1. Patient Data

In Table 1, the average age difference between EG1 (46.97 years) and EG2 (44.73 years)
is 2.233 years, and the p-value is 0.484. This is a relatively small difference, suggesting that,
in terms of age, the two groups are comparable.

Table 1. Distribution by age of patients.

Group N Mean SD
EG1 30 46.97 13.163
EG2 30 4473 11.317

SD = standard deviation.
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The gender distribution, observed in Table 2, shows a female prevalence of FM in both
EG1 and EG2. In other words, there is no significant association between gender and the
group to which the participants are assigned.

Table 2. Distribution according to patient gender.

Gender
Group Total
Male Female
Count 2 28 30
EG1
Yo 6.7% 93.3% 100.0%
Count 3 27 30
EG2
Y% 10.0% 90.0% 100.0%
| Count 5 55 60
Tot
o % 8.33% 91.6% 100.0%

Below, in Table 3, it can be seen that all patients followed a pharmacological treatment
based on non-steroidal anti-inflammatory drugs, which shows the homogeneity of the
study groups.

Table 3. Distribution according to pharmacological treatment.

Pharmacological EG1 EG2 Total EG1 + EG2
Treatment (Count/%) (Count/%) (Count/%)
Ibuprofen 16 (52) 14 (48) 30 (50)

Acetaminophen 14 (48) 16 (52) 30 (50)

The distribution by body mass index (BMI) shows, in Table 4, that the p-value (0.426)
is much higher than the usual significance threshold of 0.05, indicating that the difference
between the groups is not statistically significant. Thus, there is insufficient evidence to
state that the BMI between experimental groups 1 and 2 is significantly different.

Table 4. Distribution of patients according to BMI.

Mean
Group N SD Mean t df p Difference
EG1 30 24.4207 4.41671
0.801 58 0.426 0.78600
EG2 30 23.6347 3.05794

N = the number of patients; SD = standard deviation; t = the t-test of the difference in means; df = the difference
between the two values; p = statistical significance coefficient.

Table 5 shows the distribution of symptoms reported by participants in the two groups.
Both groups experience a significant number of symptoms, with a similar prevalence for
many of them. However, EG1 reports a higher prevalence for certain symptoms, such
as migraines, paresthesias, and anxiety, and EG2 reports a higher prevalence for chronic
fatigue. In general, symptoms such as chronic pain, fatigue, and sleep disturbances are
common in both groups.
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Table 5. Distribution of symptoms reported by EG1 and EG2 participants.

Grou
Symptom 2 UM. P Total
EG1 EG2
Count 29 29 58
Chronic diffuse pain
% 96.7% 96.7%
o Count 19 15 34
Fatigability
Y% 63.3% 50.0%
Count 15 13 28
Headache
% 50.0% 43.3%
o Count 12 7 19
Migraines
% 40.0% 23.3%
Count 14 11 25
Paresthesia
% 46.7% 36.7%
Count 18 17 35
Myalgia
% 60.0% 56.7%
Count 7 6 13
Irritable bowel syndrome
% 23.3% 20.0%
Count 9 4 13
Restless legs syndrome
% 30.0% 13.3%
Count 2 2 4
Cognitive disorders
% 6.7% 6.7%
Count 14 15 29
Sleep disorders
% 46.7% 50.0%
) Count 9 6 15
Depression
% 30.0% 20.0%
) Count 17 12 29
Anxiety
Y% 56.7% 40.0%
Count 19 23 42
Chronic fatigue
% 63.3% 76.7%
Oth Count 2 0 2
t
“ 6.7% 0.0%
Total Count 30 30 60

@ Percentages and totals are based on respondents; U.M. = unit of measure.

Table 6 shows the distribution of frequencies for the triggering factors according to the
type of lot. The contingency table shows how many participants in each group reported
each trigger. There is a diversity of triggers reported in the two groups, with psychological
stress being the main common factor and the most frequently mentioned. Factors such
as infections and physical trauma are less relevant in this analysis, and the experimental
group tends to have a higher prevalence of psychological stress and hormonal changes.
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Table 6. The distribution of patients according to the triggering factors.

The Triggering Factor EG1 EG2 Total
Count 7 9 16
I do not know
% 23.3% 30.0%
Count 3 0 3
Infections (parvovirus or Lyme)
% 10.0% 0.0%
) Count 2 0 2
Physical trauma
% 6.7% 0.0%
) Count 19 14 33
Psychological stress
% 63.3% 46.7%
Count 8 5 13
Hormonal changes
% 26.7% 16.7%
Count 1 0 1
Medicines and vaccines
% 3.3% 0.0%
Count 1 1 2
Catastrophic events (war, etc.)
% 3.3% 3.3%
N Count 1 3 4
Ot
“ % 3.3% 10.0%

3.2. The Results of the Evaluation of the State of Fatigue Evaluated with the FSS, Respectively of

the Quality of Sleep Evaluated with the PSQI

In Table 7 and Figure 1, the intervention applied to EG1 shows that sleep duration
increased, with patients able to fall asleep faster and maintain sleep for a longer period.
Diurnal dysfunction caused by lack of sleep was reduced, with patients reporting better
overall sleep quality with a moderate effect size of 0.55 points. Fatigue Severity (FSS) was
significantly reduced, p = 0.00, with a moderate effect size of 0.77 points, suggesting an
overall improvement in fatigue status. Overall, the intervention had a significant positive
effect on various aspects of sleep and daytime functioning.

53.6
45.97
11.37 9.1 9.07 g 97 .
H =

PSQl EG1 PSQl EG2 FSS EG1

H Initial M| Final

Figure 1. The results of FSS and PSQI scores from the two groups, EG1 and EG2.

In EG2, the intervention had limited effects. No significant changes were observed
between baseline and final values in most sleep components, such as sleep quality, sleep
duration, sleep efficiency, sleep medication use, and Fatigue Severity Scale. The global
sleep quality score (PSQI) decreased slightly, with a low effect size of 0.09 points, and the

fatigue state remained at the same value.
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Table 7. Comparison of the parameters between the initial and final moment within EG1 and EG2,

respectively.
Paired-Sample Statistics
Paired-Sample Test
Component Mean SD
Group N Initial Final Initial Final t df p
EG1 30 2.07 1.53 0.740 0.571 5.757 29 0.000
Sleep Quality
EG2 30 1.83° 1.83° 0.834 0.834
EG1 30 1.67 1.37 1.155 0.928 3.525 29 0.001
Sleep latency
EG2 30 0.80 0.77 0.925 0.898 1.000 29 0.326
EG1 30 1.63 1.20 1.098 0.961 4.709 29 0.000
Sleeping duration
EG2 30 1.20° 1.20° 0.761 0.761
. EG1 30 1.73 1.10 1.143 0.995 4.289 29 0.000
Sleep efficiency
EG2 30 1.03° 1.03° 1.066 1.066
EG1 30 1.67 1.57 0.547 0.568 1.795 29 0.083
Sleep disturbance
EG2 30 1.57 1.53 0.504 0.507 1.000 29 0.326
Use of sleeping EG1 30 0.63 0.47 0.890 0.776 2.408 29 0.023
medication EG2 30 0.50 ¢ 0.50 ¢ 0.731 0.731
. . EG1 30 1.97 1.53 0.765 0.571 4.709 29 0.000
Daytime dysfunction
EG2 30 1.93 1.90 0.828 0.803 1.000 29 0.326

2 The correlation and t cannot be computed because the standard error of the difference is 0; N = the number of
patients; SD = standard deviation; t = the t-test of the difference in means; df = the difference between the two
values; p = statistical significance coefficient.

In Table 8, regarding the comparison of the two groups at baseline, significant differ-
ences can be observed between EG1 and EG2 for sleep latency, sleep efficiency, PSQI global
score, and FSS score. EG1 shows poorer sleep quality and more sleep-related problems
compared to EG2. However, no significant differences were observed for sleep quality,
sleep disturbances, sleep medication use, and daytime dysfunction. The results of the final
evaluation show significant differences between the EG1 and EG2 regarding sleep latency
and daytime dysfunction. EG1 had higher latency and lower diurnal dysfunction compared
to EG2. Regarding sleep quality, sleep duration, sleep efficiency, sleep disturbances, use
of sleep medication, PSQI total score, or FSS total score, no significant differences were
observed between the two groups (p > 0.05). During the sleep analysis, it can be seen
that the patients in EG2 with more negative symptoms have significant improvements
regarding latency and daytime dysfunctions compared to the less symptomatic patients in
group 2.

Table 8. Comparison of parameters between the two groups at baseline and endpoint (independent
samples test).

4
Component
Initial Final
Sleep Quality 0.256 0.109
Sleep latency 0.002 0.014
Sleeping duration 0.081 1.000
Sleep efficiency 0.017 0.803
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Table 8. Cont.

14
Component

Initial Final
Sleep disturbance 0.464 0.811
Use of Sleeping Medication 0.529 0.865
Daytime dysfunction 0.872 0.046
PSQI total 0.048 0.899
FSS total 0.020 0.916

p = statistical significance coefficient.

4. Discussion

The specialized literature confirms the need for more in-depth studies regarding
the management of fibromyalgia, especially regarding beneficial therapeutic measures
to improve the inner state. Although this study has some limitations, especially the
short period of the intervention, significant results can be observed in the case of the
multidisciplinary intervention, as the sessions were conducted daily. This study has clinical
importance due to the novelty of comparing these two types of intervention.

In terms of age and gender correlation with treatment efficacy, there is no clinical
connection, with improvement occurring on average equally across all ages.

The homogeneity of the groups in terms of age, gender, muscle mass index, pharma-
cological treatment, and felt symptoms demonstrates that the changes occurring during
the treatment are due only to the recovery intervention.

In terms of symptoms, FM patients show symptoms of fatigue, headaches, paresthesias,
myalgias, irritable bowel syndrome, micturition disorders, cognitive and sleep disorders
including depression and anxiety that lead to the inability to perform daily activities [54].
These symptoms are also present in the study carried out, in different percentages, each
having a role in maintaining chronic pain that leads to a state of general fatigue and
disturbed sleep quality.

The use of massage as a decontracting means applied externally to the body helps
to reduce the state of muscle tension and stops the stagnation of non-oxygenated blood;
patients have a more efficient sleep, managing to fall asleep faster and maintain sleep for
a longer period. Electrotherapy applied by means of low-frequency currents has effects
on the production of endorphins, reducing pain, the results of the intervention indicating
a significant reduction in the use of sleep medications. Exercises for resistance, muscle
strengthening, and flexibility help to stimulate circulation and better oxygenation, which
reduces fatigue and diminishes the diurnal dysfunctions that most patients face when
performing daily activities. Thus, by using these techniques alongside hydrokinetotherapy;,
which through the action of water reduces physical stress, the fatigue-restless sleep cycle is
inhibited. The quality of sleep being improved, the accumulated fatigue is also reduced.
Overall, the intervention in the case of EG1 had beneficial effects on the studied variables.

The induction of relaxation through the internal rebalancing of the body based on
breathing and muscle rest has limited effects (p > 0.05) in the short term on the quality of
sleep, slightly improving by eliminating the state of tension during the period of maintain-
ing sleep and helping to reduce diurnal dysfunctions and disorders that occur during sleep,
but the difference compared to the first group is visible at the level of fatigue, the patients
not having improvements in this chapter.

Regarding within-group variations, at EG1, the decrease in mean score indicates an
improvement in patient-reported fatigue between the two assessments, with a general
trend observed and improvement in fatigue symptoms for most participants, not just those
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with score extremes. The standard deviation decreased from 10.811 to 8.763, suggesting
a leveling of fatigue severity across participants. At the beginning, the variability of the
scores was greater, but at the end, the differences between the participants became smaller,
which may indicate a generalized and more even improvement. The decrease in values for
each component and the total PSQI suggests an overall improvement in sleep quality and a
reduction in sleep-related problems following the intervention.

Intra-group variations within EG2 show that there is no change in the mean score
between the initial and final assessment, suggesting that the intervention did not influence
the participants’ perceived level of fatigue. Both the mean and median constants indicate
that the fatigue felt by the group remained uniform before and after. The standard devi-
ation of 12.820 indicates moderate variability between participants, both at baseline and
at follow-up.

Referring to the purpose of this study, we can conclude that a multidisciplinary
therapy has meaningful effects on FM patients, while the recovery based only on relaxation
does not focus on all the weak points of the patients; in this case, the hypothesis is not
confirmed. The results of this study have clinical relevance and help specialists in the field
to improve management.

Contextualizing the obtained results, the influence of different recovery procedures on
fatigue and sleep quality can be seen below. Fibromyalgia has a low incidence; most studies
in the specialized literature are conducted on a small sample. The author Andrade C. [55]
etal. looked at the effects of water training in women with fibromyalgia. After the 16 weeks
of intervention, the amount of VO2 increased in the experimental group (p = 0.04), the pres-
sure pain threshold increased (p = 0.02), but the effects on sleep quality were insignificant.
In this study, it was concluded that aquatic exercises improve cardiovascular function but
have no significant effects on the other variables. However, aquatic exercise combined with
individual physical therapy, manual therapy, and electrotherapy by EG1 produced a signifi-
cant difference (p = 0.00) between ratings, suggesting a significant decrease in sleep severity.
In another article by Hauser et al. [56], it was concluded that aerobic exercises combined
with flexibility and muscle-strengthening exercises do not have significant effects on sleep
quality (SMD = 0.01), while Steffens et al. [57] showed that aerobic exercise combined with
hydrokinetotherapy has a moderate effect on improving sleep quality. Also, Kundakci
et al. [58] found that strength training has significant effects of improving sleep quality with
a moderate clinical effect (SMD = —0.74), and Busch et al. [59] reached the same conclusion
about aerobic exercises. The author Cuenca-Martinez F. et al. [60] explained that relaxation
exercises combined with aerobic and strength exercises bring about a real improvement
in the quality of sleep that will lead to an improvement in the quality of life, compared to
recovery programs isolated.

The author Nadal et al. [61], following the effects of manual therapy, concluded that
there are no significant improvements regarding FSS and PSQ], the p-value being greater
than 0.05, but this form of therapy decreases the perception of pain, thus concluding that
interventions based on relaxation, both intrinsic and extrinsic through massage, do not
change the state of fatigue.

Strengths and Limitations of This Study

As, to our knowledge, this is the first study in Romania comparing two types of
intervention on patients diagnosed with FM, this is also the strength of our study.

This study has limitations regarding the short duration and the small number of
patients due to the incidence of FM because the diagnosis is very difficult to make, and
patients find out the exact cause over several years. Short intervention periods are due
to country legislation because Romanian legislation only offers 10 free recovery sessions
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for 2 weeks, once every 6 months. To carry out this study over a longer period, it would
have been necessary to change the location, which involved giving up hydrokinetotherapy.
EG2 had the same limitation in terms of recovery time because it was desired to follow
the effectiveness of two different programs in the same number of sessions. Conducting
recovery sessions at home has both positive effects in terms of the psychological state
and stress being eliminated, as well as negative effects caused by the lack of permanent
supervision. These limitations, together with the performance of a single procedure alone,
attracted lower clinical improvements compared to group 1.

To observe the long-term results, the patients in experimental group 1 will be re-
evaluated 6 months after the intervention, and the patients in experimental group 2 received
the recommendation to continue the relaxation technique at home for 6 months, monitored
online by a physiotherapist to avoid biases. The purpose of continuing the program is
to observe if a treatment based on a single form of relaxation can improve the state of
fatigue by acting on sleep, following this period to begin multidisciplinary treatment if no
beneficial results appear on the variables evaluated.

5. Conclusions

Due to the unclear pathogenesis of fibromyalgia, the multidisciplinary approach fo-
cused on improving flexibility, extrinsic relaxation, and muscle tone has better effectiveness
on sleep quality than therapy focused only on intrinsic relaxation. Although the inter-
vention was of a short duration, the daily sessions made an increased contribution to
the recovery. This study offers a new perspective on the integration of simple recovery
programs in chronic pathologies. The clinical relevance of our findings helps specialists
have better management of FM, since better quality of sleep ultimately improves the quality
of life.

Author Contributions: Conceptualization, TEB., A.P. and M.M.; methodology, TEB. and C.D.N.-C.;
software, T.EB.; validation, A.P., EL.A.-C., D.I.C. and E.T.; formal analysis, E.T. and M.M.; inves-
tigation, T.F.B.; writing—original draft preparation, T.EB., A.P.,, G.C. and M.M.; writing—review
and editing, E.T., D.I.C., EL.A.-C. and C.D.N.-C. All authors have read and agreed to the published
version of the manuscript.

Funding: The APC was founded by the University of Oradea, Oradea, Romania.

Institutional Review Board Statement: The research was carried out in accordance with the ethical
principles of the Nuremberg Code, the Declaration of Helsinki with its amendments, and the approval
of the Ethics Commission of the Faculty of Medicine and Pharmacy, Oradea, number 22 of 26
February 2021.

Informed Consent Statement: The documentation of the entire research activity was carried out in
compliance with the principles and norms of ethics, the documents prepared for carrying out the
activity being kept and archived.

Data Availability Statement: Data is contained within the article.

Acknowledgments: The authors wish to thank the University of Oradea for supporting the payment
of the invoice through an internal project.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Teodoro, T.; Edwards, M.].; Isaacs, ].D. A unifying theory for cognitive abnormalities in functional neurological disorders,
fibromyalgia and chronic fatigue syndrome: Systematic review. J. Neurol. Neurosurg. Psychiatry 2018, 89, 1308-1319. [CrossRef]
[PubMed]

64



Medicina 2025, 61, 285

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Metyas, C.; Aung, T.T.; Cheun, J.; Joseph, M.; Ballester, A.M.; Metyas, S. Diet and Lifestyle Modifications for Fibromyalgia. Curr.
Rheumatol. Rev. 2024, 20, 405-413. [CrossRef] [PubMed]

Wolfe, E; Rasker, ].J. The Evolution of Fibromyalgia, Its Concepts, and Criteria. Cureus 2021, 13, €20010. [CrossRef] [PubMed]
O’Brien, A.T.; Deitos, A.; Trinane Pego, Y.; Fregni, F,; Carrillo-de-la-Pena, M.T. Defective Endogenous Pain Modulation in
Fibromyalgia: A Meta-Analysis of Temporal Summation and Conditioned Pain Modulation Paradigms. J. Pain 2018, 19, 819-836.
[CrossRef] [PubMed]

Treede, R.-D.; Rief, W.; Barke, A.; Aziz, Q.; Bennett, M.I.; Benoliel, R.; Cohen, M.; Evers, S.; Finnerup, N.B.; First, M.B.; et al.
Chronic pain as a symptom or a disease: The IASP Classification of Chronic Pain for the International Classification of Diseases
(ICD-11). Pain 2019, 160, 19-27. [CrossRef] [PubMed]

Clauw, D.; Sarzi-Puttini, P,; Pellegrino, G.; Shoenfeld, Y. Is fibromyalgia an autoimmune disorder? Autoimmun. Rev. 2024, 23,
103424. [CrossRef]

Vierck, C.J., Jr. Mechanisms underlying development of spatially distributed chronic pain (fibromyalgia). J. Pain 2006, 124,
242-263. [CrossRef] [PubMed]

Meyer, H.P. Myofascial pain syndrome and its suggested role in the pathogenesis and treatment of fibromyalgia syndrome. Curr.
Pain Headache Rep. 2002, 6, 274-283. [CrossRef]

Bradley, L.A. Pathophysiology of fibromyalgia. Am. J. Med. 2009, 122 (Suppl. 512), 522-S30. [CrossRef]

Gyorfi, M.; Rupp, A.; Abd-Elsayed, A. Fibromyalgia Patophysiology. Biomedicine 2022, 10, 3070. [CrossRef]

Bhargava, J.; Hurley, J.A. Fibromialgie; Editura StatPearls: Treasure Island, FL, USA, 2021.

Siracusa, R.; Paola, R.D.; Cuzzocrea, S.; Impellizzeri, D. Fibromyalgia: Pathogenesis, Mechanisms, Diagnosis and Treatment
Options Update. Int. J. Mol. Sci. 2021, 22, 3891. [CrossRef]

Macfarlane, G.J.; Kronisch, C.; Dean, L.E.; Atzeni, F; Hauser, W.; Flu3, E.; Choy, E.; Kosek, E.; Amris, K.; Branco, ].; et al. EULAR
revised recommendations for the management of fibromyalgia. Ann. Rheum. Dis. 2017, 76, 318-328. [CrossRef]

Jones, E.A ; Asaad, F; Patel, N.; Jain, E.; Abd-Elsayed, A. Management of Fibromyalgia: An Update. Biomedicines 2024, 12, 1266.
[CrossRef] [PubMed]

Alorfi, N.M. Pharmacological treatments of fibromyalgia in adults; overview of phase IV clinical trials. Front. Pharmacol. 2022, 13,
1017129. [CrossRef] [PubMed]

Chen, J.; Han, B.; Wu, C. On the superiority of a combination of aerobic and resistance exercise for fibromyalgia syndrome: A
network meta-analysis. Front. Psychol. 2022, 13, 949256. [CrossRef] [PubMed]

Couto, N.; Monteiro, D.; Cid, L.; Bento, T. Effect of different types of exercise in adult subjects with fibromyalgia: A systematic
review and meta-analysis of randomised clinical trials. Sci. Rep. 2022, 12, 10391. [CrossRef]

Tangen, S.F; Helvik, A.S.; Eide, H.; Fors, E.A. Pain acceptance and its impact on function and symptoms in fibromyalgia. Scand. J.
Pain. 2020, 20, 727-736. [CrossRef] [PubMed]

Steen, ].P,; Kannan, V,; Zaidi, A.; Cramer, H.; Ng, ].Y. Mind-body therapy for treating fibromyalgia: A sys-tematic review. Pain
Med. 2024, 25, 703-737. [CrossRef]

Pieczynski, J.; Cosio, D.; Pierce, W.; Serpa, ].G. Mind-Body Interventions for Rehabilitation Medicine: Promoting Wellness,
Healing, and Coping with Adversity. Phys. Med. Rehabil. Clin. N. Am. 2020, 31, 563-575. [CrossRef]

Relaxation Techniques: What You Need To Know [Internet]. National Center for Com-plementary and Integrative Health. 2021.
Available online: https:/ /www.nccih.nih.gov/health/relaxation-techniques-what-you-need-to-know (accessed on 17 January
2024).

Cohen-Biton, L.; Buskila, D.; Nissanholtz-Gannot, R. Review of Fibromyalgia (FM) Syndrome Treatments. Int. . Environ. Res.
Public Health 2022, 19, 12106. [CrossRef] [PubMed]

Paolucci, T.; de Sire, A.; Ferrillo, M.; di Fabio, D.; Molluso, A.; Patruno, A.; Pesce, M.; Lai, C.; Ciacchella, C.; Saggino, A.; et al.
Telerehabilitation proposal of mind-body technique for physical and psychological outcomes in patients with fibromyalgia. Front.
Physiol. 2022, 13, 917956. [CrossRef] [PubMed]

Meulenberg, C.J.W.; de Bruin, E.D.; Marusic, U. A perspective on implementation of technology-driven exergames for adults as
telerehabilitation services. Front. Psychol. 2022, 13, 840863. [CrossRef] [PubMed]

Theadom, A.; Cropley, M.; Smith, H.E.; Feigin, V.L.; McPherson, K. Mind and body therapy for fibromyalgia. Cochrane Database
Syst. Rev. 2015, 2015, CD001980. [CrossRef] [PubMed]

Haugmark, T.; Hagen, K.B.; Smedslund, G.; Zangi, H.A. Mindfulness- and acceptance-based interventions for patients with
fibromyalgia—A systematic review and meta-analyses. PLoS ONE 2019, 14, €0221897. [CrossRef]

Agostini, F.; Mangone, M.; Ruiu, P; Paolucci, T.; Santilli, V.; Bernetti, A. Rehabilitation setting during and after Covid-19: An
overview on recommendations. J. Rehabil. Med. 2021, 53, jrm00141. [CrossRef] [PubMed]

Cankurtaran, D.; Tezel, N.; Ercan, B.; Yildiz, S.Y.; Akyuz, E.U. The effects of COVID-19 fear and anxiety on symptom severity,
sleep quality, and mood in patients with fibromyalgia: A pilot study. Adv. Rheumatol. 2021, 61, 41. [CrossRef]

65



Medicina 2025, 61, 285

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.
41.

42.

43.

44.

45.

46.

47.
48.

49.

50.

51.

52.

53.

54.

55.

Paul, ].K; Iype, T; Dileep, R.; Hagiwara, Y.; Koh, ].W.; Acharya, U.R. Characterization of fibromyalgia using sleep EEG signals
with nonlinear dynamical features. Comput. Biol. Med. 2019, 111, 103331. [CrossRef] [PubMed]

Haack, M.; Sanchez, E.; Mullington, ].M. Elevated inflammatory markers in response to prolonged sleep restriction are associated
with increased pain experience in healthy volunteers. Sleep 2007, 30, 1145-1152. [CrossRef]

Kleinman, L.; Mannix, S.; Arnold, L.M.; Burbridge, C.; Howard, K.; McQuarrie, K.; Pitman, V.; Resnick, M.; Roth, T.; Symonds, T.
Assessment of sleep in patients with fibromyalgia: Qualitative development of the fibromyalgia sleep diary. Health Qual. Life
Outcomes 2014, 12, 111. [CrossRef] [PubMed]

Wagner, J.-S.; DiBonaventura, M.D.; Chandran, A.B.; Cappelleri, ].C. The association of sleep difficulties with health-related
quality of life among patients with fibromyalgia. BMC Musculoskelet. Disord. 2012, 13, 199. [CrossRef] [PubMed]

Kline, C. Sleep Quality. In Encyclopedia of Behavioral Medicine; Gellman, M.D., Turner, ]J.R., Eds.; Springer International Publishing:
Cham, Switzerland, 2013; pp. 1811-1813. [CrossRef]

Mannerkorpi, K.; Gard, G. Hinders for continued work among persons with fibromyalgia. BMC Musculoskelet. Disord. 2012, 13,
96. [CrossRef] [PubMed]

Lawson, K. Sleep Dysfunction in Fibromyalgia and Therapeutic Approach Options. OBM Neurobiol. 2020, 4, 49. [CrossRef]
Okifuji, A.; Bradshaw, D.H.; Donaldson, G.W.; Turk, D.C. Sequential analyses of daily symptoms in women with fibromyalgia
syndrome. J. Pain 2011, 12, 84-93. [CrossRef] [PubMed]

Wu, Y.L.; Chang, L.Y.; Lee, H.C.; Fang, S.C.; Tsai, P.S. Sleep disturbances in fibromyalgia. A meta-analysis of case-control studies.
J. Psychosom. Res. 2017, 96, 89-97. [CrossRef]

Bennett, RM.; Jones, J.; Turk, D.C.; Russell, L].; Matallana, L. An internet survey of 2,596 people with fibromyalgia. BMC
Musculoskelet. Disord. 2007, 8, 27. [CrossRef] [PubMed]

Finan, PH.; Goodin, B.R.; Smith, M.T. The association of sleep and pain: An update and a path forward. J. Pain 2013, 14, 1539-1552.
[CrossRef] [PubMed]

Clauw, D.J. Fibromyalgia and related conditions. Mayo Clin. Proc. 2015, 90, 680-692. [CrossRef] [PubMed]

Sanudo, B.; Galiano, D.; Carrasco, L.; Blagojevic, M.; Hoyo, M.; Saxton, J. Aerobic Exercise Versus Combined Exercise Therapy in
Women With Fibromyalgia Syndrome: A Randomized. Arch. Phys. Med. Rehabil. 2010, 91, 1838-1843. [CrossRef]

Assumpgao, A.; Matsutani, L.A.; Yuan, S.L.; Santo, A.S.; Sauer, J.; Mango, P.; Marques, A.P. Muscle stretching exercises and
resistance training in fibromyalgia: Which is better? A three-arm randomized controlled trial. Eur. |. Phys. Rehabil. Med. 2017, 54,
663-670.

Jones, K.D.; Burckhardt, C.S.; Clark, S.R.; Bennett, R.M.; Potempa, K.M. A randomized controlled trial of muscle strengthening
versus flexibility training in fibromyalgia. J. Rheumatol. 2002, 29, 1041-1048.

Maindet, C.; Maire, A.; Vermorel, C.; Cracowski, C.; Rolland, C.; Forestier, R.; Comte, A.; Roques, C.E,; Serra, E.; Bosson, J.L.
Spa Therapy for the Treatment of Fibromyalgia: An Open, Randomized Multicenter Trial. J. Pain 2021, 22, 940-951. [CrossRef]
[PubMed]

Neelapala, Y.V.R.; Mercuri, D.; Macedo, L.; Hanna, S.; Kobsar, D.; Carlesso, L. Mechanisms hypothesized for pain-relieving effects
of exercise in fibromyalgia: A scoping review. Ther. Adv. Musculoskelet. Dis. 2023, 15, 1759720X231182894. [CrossRef]

Bidonde, J.; Busch, A.].; Schachter, C.L.; Overend, T.J.; Kim, S.Y.; Gées, S.M.; Boden, C.; Foulds, H.].; Cochrane Musculoskeletal
Group. Mixed exercise training for adults with fibromyalgia. Cochrane Database Syst. Rev. 2019, 5, CD013340. [CrossRef]
Kalichman, L. Massage therapy for fibromyalgia symptoms. Rheumatol. Int. 2010, 30, 1151-1157. [CrossRef]

Bidonde, J.; Busch, A.J.; Webber, S.C.; Schachter, C.L.; Danyliw, A.; Overend, T.J.; Richards, R.S.; Rader, T. Aquatic exercise training
for fibromyalgia. Cochrane Database Syst. Rev. 2014, 2014, CD011336. [CrossRef] [PubMed]

Bungau, S.G.; Popa, V.-C. Between religion and science: Some aspects: Concerning illness and healing in antiquity. Transylv. Rev.
2015, 26, 3-19.

de Silva Salazar, A.P; Stein, C.; Marchese, R.R,; Plentz, R.D.M.; Pagnussat, A.D.S. Electric Stimulation for Pain Relief in Patients
with Fibromyalgia: A Systematic Review and Meta-analysis of Randomized Controlled Trials. Pain Physician. 2017, 20, 15-25.
[CrossRef]

Krupp, L.B.; LaRocca, N.G.; Muir-Nash, J.; Steinberg, A.D. The fatigue severity scale: Application to patients with multiple
sclerosis and systemic lupus erythematosus. Arch. Neurol. 1989, 46, 1121-1123. [CrossRef]

Nelson, K.L.; Davis, J.E.; Corbett, C.E. Sleep quality: An evolutionary concept analysis. Nurs. Forum 2022, 57, 144-151. [CrossRef]
[PubMed]

Buysse, D.J.; Reynolds, C.F, 3rd; Monk, T.H.; Berman, S.R.; Kupfer, D.J. The Pittsburgh Sleep Quality Index: A new instrument
for psychiatric practice and research. Psychiatry Res. 1989, 28, 193-213. [CrossRef] [PubMed]

Gerdle, B.; Bjork, J.; Coster, L.; Henriksson, K.; Henriksson, C.; Bengtsson, A. Prevalence of widespread pain and associations
with work status: A population study. BMC Musculoskelet. Disord. 2008, 9, 102. [CrossRef]

Andrade, C.P; Zamunér, A.R.; Forti, M.; Tamburts, N.Y; Silva, E. Effects of aquatic training and detraining on women with
fibromyalgia: Controlled randomized clinical trial. Eur. J. Phys. Rehabil. Med. 2019, 55, 79-88. [CrossRef]

66



Medicina 2025, 61, 285

56.

57.

58.

59.

60.

61.

Héuser, W.; Klose, P.; Langhorst, J.; Moradi, B.; Steinbach, M.; Schiltenwolf, M.; Busch, A. Efficacy of different types of aerobic
exercise in fibromyalgia syndrome: A systematic review and meta-analysis of randomised controlled trials. Arthritis Res. Ther.
2010, 12, R79. [CrossRef] [PubMed]

Steffens, R.D.; Andrade, A.; Grisard, F.,; Dominski, FH.; de Orleans Casagrande, P. Efeitos dos exercicios fisicos no sono de
pacientes com sindrome da fibromialgia: Revisao sistematica. ConScientiae Saiide 2014, 13, 298-304. [CrossRef]

Kundakci, B.; Kaur, J.; Goh, S.L.; Hall, M.; Doherty, M.; Zhang, W.; Abhishek, A. Efficacy of nonpharmacological interventions
for individual features of fibromyalgia: A systematic review and meta-analysis of randomised controlled trials. Pain 2022, 163,
1432-1445. [CrossRef] [PubMed]

Busch, AJ.; Schachter, C.L.; Overend, T.J.; Peloso, PM.; Barber, K.A.R. Exercise for Fibromyalgia: A systematic review. J. Rheumatol.
2008, 35, 1130-1144.

Cuenca-Martinez, F.; Suso-Marti, L.; Fernandez-Carnero, J.; Mufioz-Alarcos, V.; Sempere-Rubio, N. Exercise-based interventions
on sleep quality in patients with fibromyalgia syndrome: An umbrella and mapping review with meta-analysis. Semin. Arthritis
Rheum. 2023, 61, 152216. [CrossRef]

Nadal-Nicolés, Y.; Rubio-Arias, ].A.; Martinez-Olcina, M.; Reche-Garcia, C.; Herndndez-Garcia, M.; Martinez-Rodriguez, A.
Effects of Manual Therapy on Fatigue, Pain, and Psychological Aspects in Women with Fibromyalgia. Int. ]. Environ. Res. Public
Health 2020, 17, 4611. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

67



medicina ﬁw\p\py

Article

Evaluation of Hypertension-Related Knowledge, Medication
Adherence, and Associated Factors Among Hypertensive Patients
in the Aljouf Region, Saudi Arabia: A Cross-Sectional Study

Bashayer Farhan ALruwaili

Department of Family and Community Medicine, College of Medicine, Jouf University, Sakaka 72388,
Saudi Arabia; bfalrwili@ju.edu.sa; Tel.: +966-551913665

Abstract: Background and Objectives: Hypertensive patients” knowledge and adherence to prescribed
medicines are critical in managing their condition, as poor adherence may lead to adverse cardiac and
cerebrovascular events. The present study assessed hypertension-related knowledge and medication
adherence among hypertensive patients attending primary health centers (PHCs) in the Aljouf
Province, Saudi Arabia. Materials and Methods: Using a cross-sectional design, we conducted this
survey on 390 patients. Self-reported hypertension knowledge was assessed using the Hypertension
Knowledge Level Scale (HK-LS), and medication adherence was determined using the Hill-Bone
Medication Adherence Scale. We used binomial regression analysis (adjusted with other variables)
to find the associated factors of medication adherence. Results: This study found that nearly half
(49.2%) of the participants had inadequate knowledge, and poor medication adherence was noted
in 40.8% of the participants. We found a positive correlation between HK-LS and the Hill-Bone
Medication Adherence Scale scores (Spearman’s rho = 0.312, p = 0.002). Medication adherence
was significantly associated with job status (private sector (ref: public sector, adjusted odds ratio
[AOR] = 2.02, 95% CI = 1.18-3.62, p = 0.005)), living in an urban region (ref: rural, AOR = 3.61, 95%
CI =1.85-5.72, p = 0.002), and duration since diagnosis of more than 5 years (ref: <1 year, AOR = 3.53,
95% CI = 2.36-4.95, p = 0.001). Conclusions: The present study findings indicate that there is still a
critical gap in managing hypertension at the PHCs in this region, and this may lead to poor health
outcomes among the patients and burden the healthcare system. Hence, continuous patient education
and targeted counseling are recommended for those with poor medication adherence.

Keywords: adherence; diet; knowledge; hypertension; patient education

1. Introduction

Globally, hypertension remains an important public health problem, and about 1.3 bil-
lion adults suffer from this chronic condition [1,2]. Nevertheless, the prevalence rate varies
across countries, with a higher rate in low- and middle-income nations [3,4]. This scenario
is further worsened by the persistent concepts of the “rule of halves” in hypertension [5].
Additionally, this chronic condition is one of the major modifiable risk factors (preventable)
for adverse cardiac and cerebrovascular events in adults [6,7]. Similar to the current global
situation, this chronic condition is highly prevalent in the Kingdom of Saudi Arabia (KSA);
a recent study by Alshammari SA et al. documented that hypertension is highly prevalent
(above 22%) among Saudi adults [8].

The management, diagnosis, and prevention of hypertension are influenced by several
factors. A lack of understanding and awareness of hypertension and its implications is
the main barrier to diagnosis and adequate treatment [9,10]. The existing literature indi-
cates that patients play vital roles in managing hypertension through a holistic approach,
including lifestyle changes, regular follow-up, and compliance with the physician’s rec-
ommendations [11,12]. According to the International Society of Hypertension and the
National Institute for Health and Care Excellence (NICE) in London, adhering to prescribed

Medicina 2024, 60, 1822. https:/ /doi.org/10.3390/medicina60111822 68 https://www.mdpi.com/journal /medicina



Medicina 2024, 60, 1822

anti-hypertensive drugs is essential for achieving appropriate hypertension control, which
lowers healthcare expenditures and reduces cardiovascular morbidity and mortality [13,14].

Adherence to prescribed hypertensive medication is facilitated by numerous fac-
tors [15]. These factors are generally divided into sociodemographic, patient-related
(such as knowledge), and available healthcare facilities. In the context of health liter-
acy, patients’ knowledge plays a central role in hypertension control, including medication
adherence [16,17]. Numerous authors have used different methods to explore hypertension-
related knowledge among patients. However, culturally suitable scales have yielded valid
and reliable results [18,19]. A comparative study conducted by Eshah N F et al. among
Jordanian participants showed that good knowledge was observed in the majority of their
participants [20]. However, their participants showed inadequate knowledge in some
domains, such as diet and lifestyle. Similarly, a study conducted by Abu H et al. in two
primary clinics found that patients lacked knowledge about the lifelong condition of hyper-
tension [21]. A recent study in 2024 conducted in the southern region of the KSA found
that most of the hypertensive patients had poor knowledge overall in several domains,
including medication compliance [22]. Health promotion and disease prevention are em-
phasized as crucial areas to enhance treatment quality and control costs in the Arab world
in hypertension awareness campaigns [8]. According to research conducted in Poland,
about 85% of patients correctly identified high blood pressure, but over two-thirds did
not know that once diagnosed, hypertension is lifelong, and one-third did not know that
hypertension can cause kidney impairment [23].

Healthcare related to hypertension has achieved significant advancement with differ-
ent strategies of screening programs, the availability of new-generation anti-hypertensive
medications, and personalized care [24,25]. Nonetheless, medication adherence remains a
critical unresolved issue in hypertension control and improving patients” health outcomes.
As mentioned earlier, researchers have noted several barriers and facilitators. Globally,
different tools were used to assess the medication adherence among the patients. These
tools are either generic or hypertension-specific [26-28].

Regardless of the tools used by different authors, the proportion of adherence among
hypertensive patients is low across the different countries, and there is a wide variation.
This warrants the necessity of region-specific data related to these aspects, which is crucial.
Furthermore, due to the dynamic nature of the influencing factors of adherence, it is highly
relevant to assess the medication adherence practice and influencing factors regularly to
guide practitioners and policymakers in implementing necessary programs or amend-
ing existing programs according to the latest available data. In this context, the present
study aimed to assess hypertension-related disease knowledge, medication adherence,
and associated influencing factors among patients from the Aljouf region, the KSA. More-
over, we determined the correlation between hypertension-related disease knowledge and
medication adherence using appropriate statistical tests.

2. Materials and Methods
2.1. Study Design and Setting

This cross-sectional survey was conducted in the Aljouf Province, the KSA, from May
2024 to September 2024. This province has four main regions: Sakaka, Dwamat Aljindal,
Tabarjil, and Qurrayat. According to KSA's statistics, about half a million people live in
this region. The present study includes adult (18 years and above) primary hypertensive
patients of Saudi nationals from all the primary health centers (PHCs) of the two regions
(Sakaka and Dwamat Aljindal). The survey excluded those who had known secondary hy-
pertension, pediatric hypertensive patients, hospitalized patients, unwilling (to participate)
patients, and known psychiatric patients. Furthermore, the author excluded those who
managed their hypertension only through lifestyle modifications.
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2.2. Sampling Description

The author calculated the sample size using an online calculator that followed the
principles of standard sample size protocols (n = zZpq/e?) [29]. In this formula, n = the
minimum required sample size. Considering that half of the patients (50%) have good
adherence (p = 0.5, and q = 0.5 [1 — p]), 80% power of the study, 95% confidence interval,
and 5% margin of error), the authors concluded that to obtain conclusive evidence, there
must be a minimum of 384 hypertensive patients participating in the survey. Moreover,
this formula was applied to an infinite population. The 50% expected proportion was taken
as a standard method to obtain the highest number of samples. We used the convenience
sampling method to recruit the study participants. In this method, the patients visiting
the selected PHCs were asked to participate in the survey after the follow-up checkup. To
ensure that the participants were distributed over the study period, this survey included
only five participants per day in one PHC.

2.3. Data Collection Procedures

Data collection started after clearance from the Local Committee for Bioethics, Jouf
University (No. 13-09-45, dated 12 May 2024). For data collection, the author coordinated
with the concerned family physicians from the selected PHCs. For this study, the data
collectors were given standardized training to collect data from hypertensive patients.
This study followed all the ethical guidelines according to the Declaration of Helinski.
After receiving the patients” informed consent, we requested that they complete the survey
through a Google form on data collectors’ electronic devices. The data collection form
included three sections. The first section asked for the hypertensive patients” background
information. The second section included 22 hypertension-related questions (ranging from
etiology to complication) using a hypertension knowledge level scale (HK-LS) that assessed
the patient’s knowledge [20]. The author obtained permission to use the Arabic tool from
the corresponding author of the published manuscript. The participants responded to
each item as “correct/wrong/not sure”. The correct answers were given as one mark. For
further analysis, the total score was summed and converted into a number out of 100. A
higher score in the knowledge section indicated better knowledge.

The final section determined the patients” medication adherence and refill practices. To
determine these aspects, we used the Hill-Bone Medication Adherence Scale (9-item). This
tool was created by the National Institute of Health and is freely available [30]. Previous
studies that used this tool for assessing medication adherence among hypertensive patients
stated that this tool is valid and reliable [30,31]. This tool was originally prepared in
English. Using appropriate measures, we translated this tool into Arabic. Regarding the
questions posed to the patients involved in this section, we asked them to respond on a
four-point Likert scale with the following responses: all the time (1 mark), most of the time
(2 marks), sometimes (3 marks), and not at all (4 marks). Like the knowledge section, the
total marks were added and then transformed into a number within 100. The higher the
score, the better the medication adherence practice. The present study’s data collection
tool was pre-tested on 31 hypertensive patients to determine cultural adaptability. The
Cronbach’s alpha values for the knowledge and medication adherence sections were 0.83
and 0.89, respectively. The knowledge scores were categorized into low (<median) and
high (>median). Regarding adherence, we categorized the scores into poor (less than 80%
of the overall score) and good adherence (80% or more of the overall score) [32,33].

2.4. Data Analysis

This study’s data were analyzed with the statistical package of social sciences (SPSS
V. 21.0). The descriptive data are shown in frequencies and proportions for categorical
variables, and the mean and standard deviation (SD) are used to depict the continuous
data. The correlation between HK-LS and Hill-Bone Medication Adherence Scale scores
was determined using Spearman’s correlation analysis. The predictors of medication
adherence (poor vs. good) were evaluated using binomial regression analysis, which
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is inherently a multivariate analysis method. In this method, the author attempted to
evaluate the predictors after adjusting with the covariables of this study. The statistically
significant value (alpha) was set as less than 0.05. Furthermore, binomial regression results
are depicted as the adjusted odds ratio (AOR), 95% confidence interval (CI) of AOR, and
p-values.

3. Results

During data collection, we asked 446 hypertensive patients to obtain the minimum
required participants (390) for this survey (response rate: 87.4%). The background char-
acteristics of the patients are shown in Table 1. Among 390 hypertensive patients, the
majority (48.7%) belonged to the age bracket of 46 to 60 years (mean &+ SD =49.5 £+ 11.2),
were male (55.9%), worked in the public sector (47.2%), were from the urban side (76.7%),
were non-smokers (63.3%), had an income from SAR 5000 to 10,000 (36.4%), and had
hypertension diagnosed for 2 to 5 years (42.1%).

Table 1. Background characteristics of the patients (n = 390).

Variables Frequency Proportion
Age (mean £ SD) 495 +11.2
Age group
<45 years 116 29.7
46 to 60 years 190 48.7
>60 years 84 21.5
Sex
Male 218 55.9
Female 172 441
Education level
Up to high school 175 44.9
Graduate and above 215 55.1
Job status
Public sector 184 47.2
Private sector 124 31.8
Unemployed 33 8.5
Retired 49 12.6
Residence
Urban 299 76.7
Rural 91 23.3
Monthly income *
<5000 116 29.7
5000 to 10,000 142 36.4
>10,000 132 33.8
Smoking status
Yes 143 36.7
No 247 63.3
Presence of other chronic diseases
Yes 139 35.6
No 251 64.4
Duration since diagnosis (years)
<1 68 17.4
2to5 164 42.1
>5 158 40.5
Number of medications
<2 175 449
>2 215 55.1

* Data mentioned here are shown in Saudi Riyals (SAR) (USD 1 = SAR 3.75).

Participants’ responses in HK-LS and the overall knowledge score are shown in Table 2.
The highest proportion of participants responded correctly to the item related to cardiac
complications associated with inadequate treatment (93.8%), followed by the necessity of
lifelong anti-hypertensive medicine for most cases (89.7%) and cerebrovascular accident
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(stroke) risk of untreated hypertension (85.6%). However, the highest number of wrong
answers were observed in the meat of choice (red meat—54.6% and white meat—52.3%) and
the significance of a regular intake of fruits and vegetables (40.5%). The overall mean + SD
of the HK-LS was 15.56 & 2.28. Of the studied patients, 49.2% had inadequate knowledge.

Table 2. Participants’ responses according to the hypertension knowledge level scale (HK-LS)

(n =390).
Items CorrecI: fiz?ponse Wronff1 I({;Sponse
An elevated diastolic pressure value denotes high blood pressure 293 (75.1) 97 (24.9)
Either systolic or diastolic pressure implies high blood pressure 309 (79.2) 81 (20.8)
Anti-hypertensive pills should be taken every day 317 (81.3) 73 (18.7)
High blood pressure medicines should be taken only when patients feel sick 235 (60.3) 155 (39.7)
In many cases, anti-hypertensive medicines should be taken for life 350 (89.7) 40 (10.3)
People with high blood pressure should take their medication to feel better 266 (68.2) 124 (31.8)
Lifestyle modifications are not required for patients with anti-hypertensive pills 292 (74.9) 98 (25.1)
Hypertension occurs due to growing old. Therefore, pills are not required 217 (55.6) 173 (44.4)
i?e:;anrzl iislis}; ifolr;}];peeiteecr;ssis\;er ;atients adopt healthier lifestyle changes, medical 268 (68.7) 122 (313)
Hypertensive patients can eat a salt-rich diet if they take medicines as prescribed 308 (79.0) 82 (21.0)
Smoking is not allowed for hypertensive patients 227 (58.2) 163 (41.8)
Hypertensive patients can drink alcohol regularly 300 (76.9) 90 (23.1)
Hypertensive patients must eat fruits and vegetables regularly 232 (59.5) 158 (40.5)
The best way to cook food is frying for patients with high blood pressure 324 (83.1) 66 (16.9)
The ideal cooking choice is boiling or grilling for patients 223 (57.2) 167 (42.8)
The ideal meat variety for high blood pressure patients is lean meat, such as chicken 186 (47.7) 204 (52.3)
The ideal meat option for patients with high blood pressure is red meat, such as beef 177 (45.4) 213 (54.6)
If we do not treat patients properly, they may die earlier due to complications 292 (74.9) 98 (25.1)
Ee‘;/:t (itc; Ef::(l)(’cstreat patients properly, patients may experience heart disease, such as 366 (93.8) 24 (16.4)
grx;vk)el jri snot treat patients properly, hypertensive patients may experience renal 326 (83.6) 64 (16.4)
ife :Z; ;t(l)(z] erllsoctl1t11:aerz;1:1 Cp;altzllee;l:)s properly, hypertensive patients may experience strokes (a 334 (85.6) 56 (14.4)
If we do not treat patients properly, patients may experience vision complications 227 (58.2) 163 (41.8)

Overall score: mean + SD, median (IQR)

15.56 + 2.28, 16 (3)

Participants’ responses to the Hill-Bone Medication Adherence Scale are presented in
Table 3. The highest proportion of “not at all” (desired responses) observed was missed
in taking anti-hypertensive medicines while feeling better (40.8%) and sick (40.5%). We
observed that a sizable proportion of the participants missed their medications (all the time
and most of the time) due to forgetfulness (8.2%) and running out of medication (8.2%).

The overall mean + SD of the HK-LS was 28.74 + 4.46.
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Table 3. Participant responses to the Hill-Bone Medication Adherence Scale (n = 390).

All the Time Most of the Time Sometime Not at All
n (%) n (%) n (%) n (%)
Forgot to take anti-hypertensive tablets 16 (4.1) 16 (4.1) 289 (74.1) 69 (17.7)
Chose not to take blood pressure medicine 24 (6.2) 8(2.1) 264 (67.7) 94 (24.1)
Forgot to refill anti-hypertensive medications 8(2.1) 17 (4.4) 289 (74.1) 76 (19.5)
Ran out of blood pressure tablets 16 (4.1) 16 (4.1) 265 (67.9) 93 (23.8)
Sklpperd b%o.od pressure medication before a 8(2.1) 16 (4.1) 256 (65.6) 110 (28.2)
doctor’s visit
Missed taking blood pressure medicine while
fecling better 8(2.1) 8(2.1) 215 (55.1) 159 (40.8)
Mls§ed tf;lkmg blood pressure medicine while 16 (4.1) 8 (2.1) 208 (53.3) 158 (40.5)
feeling sick
Missed taking blood pressure medicine due to 24 (6.2) 8(2.1) 231 (59.2) 127 (32.6)
carelessness
Overall score: mean £ SD, median (IQR) 28.74 £+ 4.66, 28 (4)
According to the cut-off described in the methods, 40.8% of the participants had
inadequately (poor) adhered to the prescribed anti-hypertensive medications.
The Spearman’s correlation test revealed that HK-LS and Hill-Bone Medication Ad-
herence Scale scores were positively correlated (rho = 0.314, p = 0.002) (Table 4).
Table 4. Spearman analysis results of HK-LS and Hill-Bone Medication Adherence Scale scores.
Correlation Variables Spearman’s Rho p-Value (Two-Tailed)
HK-LS vs. Hill-Bone Medication
Adherence Scale 0.314 0.002
The associated factors for medication adherence that were determined using the
binomial logistic regression analysis are depicted in Table 5. After adjusting for other
covariables of this study, we found that working in private sectors (AOR = 2.02, 95%
CI=1.18-3.62, p = 0.005), employment status (AOR = 1.42, 95% CI = 1.25-2.73, p = 0.017) (ref:
public sector), urban living (ref: rural, AOR = 3.61, 95% CI = 1.85-5.72, p = 0.002), smoking
status (ref: smokers, AOR = 0.45, 95% CI = 0.32-0.69, p = 0.015), duration since diagnosis of
more than 5 years (ref: <1 year, AOR =3.53, 95% CI = 2.36-4.95, p = 0.001), and adequate
knowledge (ref: inadequate, AOR = 2.93, 95% CI = 1.88-4.09, p = 0.003) were significant
associated factors (predictors) for medication adherence among hypertensive patients.
Table 5. Factors associated with medication adherence: test applied—binomial logistic regression
(multivariate regression analysis) (n = 390).
Binomial Regression Analysis Findings
Variables Overall Good Poor Adjusted Odds Ratio **
=231 ( - 159) juste S hkatio _
n ) " (95% Confidence Interval) p-Value
Age group
<45 years 116 57 59 Ref
46 to 60 years 190 107 83 1.09 (0.48-2.18) 0.149
>60 years 84 67 17 2.31 (0.91-3. 25) 0.074
Sex
Male 218 117 101 Ref
Female 172 114 58 0.82 (0.43-1.69) 0.595
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Table 5. Cont.

Binomial Regression Analysis Findings

. Good Poor
Variables Overall (a = 231) (n = 159) Adjusted Odds Ratio ** _Value
(95% Confidence Interval) P
Education level

Up to high school 175 112 63 Ref

Graduate and above 215 119 96 0.47 (0.23-1.27) 0.091

Job status

Public sector 184 104 80 Ref

Private sector 124 83 41 2.02 (1.18-3.62) 0.005

Unemployed 33 17 16 1.41 (1.25-2.73) 0.017

Retired 49 27 22 0.87 (0.63-1.57) 0.203

Residence

Rural 91 54 37 Ref

Urban 299 177 122 3.61 (1.85-5.72) 0.002

Monthly income *

<5000 116 74 42 Ref

5000 to 10,000 142 83 59 1.78 (0.76-3.12) 0.181

>10,000 132 74 58 2.13 (0.85-4.32) 0.103

Smoking status

Yes 143 68 75 Ref

No 247 163 84 0.45 (0.32-0.69) 0.015

Presence of other chronic diseases

Yes 139 106 33 Ref

No 251 125 126 1.35 (0.66-2.76) 0.412

Duration since diagnosis (years)

<1 68 33 35 Ref

2to5 164 89 75 1.77 (0.83-3.91) 0.537

>5 158 109 49 3.53 (2.36-4.95) 0.001

Knowledge category

Inadequate 192 98 94 Ref

Adequate 198 133 65 2.93 (1.88-4.09) 0.003

Number of medications

<2 175 110 65 Ref

>2 215 121 94 1.41 (0.87-3.30) 0.217

*USD 1 = SAR 3.75. ** Adjusted variables in the multivariate analysis: age group, sex, education level, job status,
residence, monthly income, smoking status, presence of another chronic disease, duration since hypertension
diagnosis, knowledge category, and number of anti-hypertensive medications.

4. Discussion

Hypertension continues to be one of the most significant public health problems
worldwide and in the KSA. In addition to appropriate treatment, it is very important for the
patients to have extensive knowledge and high adherence to the prescribed medications [1]
so that an effective reduction in morbidity and mortality associated with hypertension can
be achieved as a part of sustainable development goal 3 (target 3.4) [34]. In this context,
this study aimed to assess the level of disease knowledge in various aspects, medication
adherence to the prescribed pills, and factors influencing medication adherence in the
Aljouf region, the KSA.

Adequate knowledge of all domains of any chronic disease is essential, as the patients
are required to manage these conditions for life [16,35]. The present study demonstrated
that a higher proportion of correct answers were observed in domains related to compli-
cations (such as cardiac, about 94%, and cerebrovascular (stroke risk), about 86%) that
may occur for untreated or inadequately managed hypertensive patients. Similar to our
findings, some studies from the KSA and other countries, such as Malaysia, found that a

74



Medicina 2024, 60, 1822

higher level of knowledge of the complications was associated with hypertension [20,36,37].
For instance, Alshammari SA et al. reported that their participants provided more than 80%
correct responses for both cerebrovascular and cardiac complications [36]. The possible
high awareness of complications among patients could be due to sufficient emphasis given
by the family physicians on follow-up visits at the PHCs. However, this study found that
there was a lower level of correct responses in the domains related to the importance of
lifestyle changes, including diet, such as the best choice of meat and the importance of a
regular intake of adequate fruits and vegetables. These findings are critical to policymakers’
decisions to consider implementing counseling sessions for patients regarding diet and
other lifestyle changes. It is also worth mentioning that Dash S et al. reported that there
are numerous barriers to physicians delivering dietary advice to patients [38]. This further
supports the present study’s implications on the need for exclusive counseling sessions
regarding diet and other lifestyle changes for patients. In contrast to the present study,
some other studies have found different findings in assessing the dietary habits required
for hypertension patients [38,39]. The possibility of these differences across the study could
be differences in cultural settings, the tools used, and the availability of specific healthcare
services at the PHCs.

Regarding medication adherence, we found that 6 to 8% of participants responded that
they forget “all the time” about most of the items of the Hill-Bone Medication Adherence
Scale. Similarly, less than half of the participants responded in all the domains of the
scale as “not at all”, which is the desired response for better adherence to the prescribed
medicines. This finding is very critical for the family physicians at the primary health
centers to ensure the highest proportion of desired responses in medication adherence
domains. This can be achieved not only at the time of medical consultation at the clinics
but also through teleconsultation as a part of follow-up and continuous patient education.
Studies that used the same scale from different regions found varying findings [32,33,40].
Furthermore, using a cut-off value of 80%, we found that about 41% of the participants
had poor medication adherence practices. The present survey’s results are similar to those
of some studies and contrast with others. For instance, a study by Stanikzai M H et al.
found only a slightly higher proportion of non-adherence among their participants [33]. In
contrast, Thirunavukkarasu A et al. [41], Khayyat SM et al. [42] from the KSA, Pan ] et al.
from China [40], and a critical review from the USA [15] found much higher non-adherence
among hypertensive patients. These contrasting results across countries and within the
regions of the KSA indicate that one size does not fit all, and tailored, region-specific
interventions are required to enhance medication adherence. It is worth noting that similar
to non-adherence to hypertension, poor medication adherence for diabetes mellitus patients
was also observed by some authors [43,44].

The present study highlighted a positive correlation between HK-LS and medication
adherence scores. This positive correlation emphasizes the direct and positive effect of
enhancing medication that can contribute to better health outcomes among hypertensive
patients and decrease the burden on the existing healthcare system. However, patient
education must be continuous. This can be achieved through telehealth services, especially
in countries like the KSA, where telehealth services are free for citizens [45—47]. Similar
to our study, a significant association between higher knowledge and better medication
adherence was observed in the studies by Farah RI et al. [48] and Abdisa L et al. [49].

Regarding factors associated with medication adherence, the present study observed
that those working in the private sector, those living in urban areas, and those who had
hypertension had significantly higher levels of medication adherence than others. The
possible explanation for the results could be that private sector workers might have contin-
uous health monitoring, the availability of additional incentives, and more commitment
to keeping their health in a better position. However, in contrast to this study, some au-
thors found a non-significant association between adherence and residence status [48,49].
Similar to a recent study in the KSA, we found a positive association between medication
adherence and residence status [41]. The higher level of adherence among the participants
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from the urban side could be due to the availability and accessibility of health informa-
tion resources. The duration of illness is another important factor to be considered in
chronic diseases such as hypertension and diabetes, as they might have significant roles in
initiating medications, health outcomes, and medication adherence [41,50]. Interestingly,
the present study did not find a significant association with age, gender, and education
status. However, existing studies have documented differences in influencing factors; some
depicted significant associations, and others did not. These differences further emphasize
that medication adherence and associated factors are widely varied, and region-specific
policies and guidelines are required.

This study used a validated HK-LS and the Hill-Bone Medication Adherence Scale
in a unique sociocultural setting. Nonetheless, like any other research, this study also has
some limitations. First, hypertensive patients from a single KSA province were included in
this study. Therefore, the present study’s conclusions cannot be extrapolated to patients
in other provinces of the KSA. This is particularly because variances in knowledge about
hypertension and adherence behaviors could be expected due to sociocultural contexts,
education, and regional differences in access to healthcare services. Moreover, differences
in healthcare providers’ practices across the different facilities (primary health centers
and hospitals) and resources across facilities may contribute to patient compliance with
prescribed medications, making it difficult to generalize these results. Next, the research
participants were sourced from PHCs belonging to the Ministry of Health. Hence, the
adherence practices in other healthcare facilities, such as general hospitals and tertiary
care centers, may differ. Additionally, due to reliance on self-administered questionnaires,
this study could not analyze adherence levels based on specific types of anti-hypertensive
medications. Finally, restrictions related to the study design, such as a lack of the ability
to identify a temporal association, self-selection bias, and exaggerated responses, must be
kept in mind while interpreting the findings.

5. Conclusions

The present study observed that more than 40% of hypertensive patients who attended
PHCs in the Aljouf region, the KSA, had poor medication adherence. We also found a
positive correlation between patients” hypertension-related knowledge and medication
adherence. Medication adherence was significantly higher among certain categories of
patients. The present study’s findings indicate that there is still a critical gap in managing
hypertension at the PHCs in this region, and this may lead to poor health outcomes among
patients and burden the healthcare system. Hence, continuous patient education and tar-
geted counseling for those with poor medication adherence are recommended. This can be
achieved not only during medical consultations at clinics but also through teleconsultation
as a part of follow-up and continuous patient education. Multi-regional studies should be
conducted that explore the qualitative components that lead to poor medication adherence
to recognize region-specific variations and explore medication adherence patterns based
on anti-hypertensive drug types.
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Abstract: Background and Objectives: Limited research has focused on the relationship between cancer,
job loss, and factors associated with job loss among older workers. Therefore, in this study, we
aimed to examine the relationship between cancer and intention to leave and between physical-
health-related issues, mental-health-related issues, and cancer-related symptoms and intention to
leave among older workers with cancer. Materials and Methods: This cross-sectional internet-based
study included 4498 workers aged 60-75 years. Intention to leave was assessed based on whether
individuals considered quitting their current jobs in the near future. Results: A multivariate logistic
regression analysis showed a significant association between cancer and intention to leave (adjusted
odds ratio [aOR]: 1.42, 95% confidence interval [CI]: 1.01-2.00, p = 0.045). In addition, physical-health-
related issues (aOR: 2.33, 95% CI: 1.10-4.92, p = 0.026) and mental-health-related issues (aOR: 4.44,
95% CI: 1.80-10.98, p = 0.001) were significantly associated with the intention to leave. Conclusions:
Healthcare providers and employers must address the physical- and mental-health-related issues
facing older workers with cancer to help them secure their employment.

Keywords: cancer; intention to leave; older worker; unemployment

1. Introduction

The diagnosis and treatment of cancer significantly impact individuals’ lives. Recent
advances in medicine, especially in high-income countries, have improved the survival
rates of patients with cancer [1-3], highlighting the importance of research on the social
and occupational challenges faced by survivors of cancer. Unemployment is a critical issue
among survivors of cancer. Survivors of cancer have a higher rate of job loss than the general
population [4-6], and unemployment can lead to financial toxicity [7-9] and a reduction in
quality of life [10-14]. Therefore, the demand for strategies to avoid unemployment among
patients with cancer is increasing.

Notably, several factors have been associated with unemployment among survivors
of cancer. Personal factors include older age [6,14-17], female sex [6,18], low educational
level [6,19], lower income level [18,19], physically or mentally demanding work [17,19],
clinical stage [15,16,19], and type of treatment [15-17,19]. The modifiable factors include
physical-health-related issues such as low fitness levels and poor physical function [17],
mental-health-related issues such as depression [20], and cancer-related symptoms such
as fatigue and pain [21-25]. Therefore, healthcare providers, employers, and occupational
health staff should address these physical- and mental-health-related issues and cancer-
related symptoms to prevent job loss among patients with cancer.

The incidence of cancer is closely associated with aging, peaking in the population in
their 60s and 70s [26,27]. Furthermore, the rise in the aging population and retirement-age
groups in developed countries has led to a corresponding increase in the proportion of
older workers in the labor market [28]. At the intersection of these trends, the employment
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challenges faced by older survivors of cancer are expected to become increasingly signifi-
cant. However, limited research has focused on the relationship between cancer, job loss,
and factors associated with job loss among older workers. In the present study, we aimed to
(1) clarify whether cancer is associated with intentions to leave work among older workers
and (2) identify whether physical- and mental-health-related issues and cancer-related
symptoms are associated with intentions to leave work among workers with cancer.

2. Materials and Methods
2.1. Study Design and Participants

This cross-sectional internet-based study was conducted to explore the employment
and health challenges faced by older workers [29]. The survey targeted workers aged
60-75 years who were employed in the tertiary sector and registered with Cross Marketing
Inc. (Tokyo, Japan).

On 1 September 2022, invitations were sent via email or other methods to those
panelists who, at the time of their registration, indicated they were employed. The criteria
for exclusion included (1) unemployment at the time of the survey, (2) being younger
than 60 years or older than 75 years, (3) being self-employed or a family member actively
participating in a family business, (4) not working in the tertiary sector as defined by
the Indices of Tertiary Industry Activity in Japan, and (5) incorrect answers to a control
question designed to filter out unreliable data: “Identify the third largest number from a
list of five numbers”. The recruitment process concluded on 9 September 2022, with the
target of 5000 participants met. Fifty-two individuals who anticipated imminent retirement
due to reasons such as reaching retirement age or contract termination for the purposes
of this research were excluded, resulting in a final sample size of 4948 participants. All
the participants provided informed consent online through a survey interface. The study
protocol was approved by the Ethics Committee of the University of Occupational and
Environmental Health, Japan (R4-031).

2.2. Assessment of the Prevalence of Cancer

All participants were asked the question, “What illnesses do you have that require
outpatient visits or treatment?”. Those who responded “yes” to the option for cancer were
considered diagnosed with cancer.

2.3. Assessment of Physical, Mental, and Symptomatic Health-Related Issues

In this study, we investigated the health-related problems faced by the participants
that prevented them from continuing their current employment. Notably, we focused on
physical- and mental-health-related issues and cancer-related symptoms. The participants
were asked the question, “What kind of problems are you encountering in order to continue
your current job?”. Subsequently, the participants were presented with three items: “physi-
cal fitness-related problems”, “mental health-related problems”, and “problems associated
with cancer-related symptoms”. For each item, the participants were required to respond
with either “Yes” or “No”. This approach allowed for ascertaining the various health-
related challenges encountered by survivors of cancer in their workplace and quantitatively

assessing these barriers to sustained employment.

2.4. Assessment of Intention to Leave Work

We assessed the participants” intention to leave using the question “Do you intend to
leave your current job in the near future?” with the following response options: “Sure”, “I
think so”, or “Definitely yes”. If the participants answered, “I think so” or “definitely yes”,
they were deemed to have the intention to leave.

2.5. Assessment of Other Variables

The following variables were considered as covariates and were adjusted for in the
analysis: age, gender, educational background (junior high school/high school, vocational
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school/junior college/technical college, and university/graduate school), employment
status (regular or non-regular employment), job description (mainly or not mainly manual
work), work frequency (<3, 4, and >5 days/week), and company size (<10, 10-99, 100-999,
>1000 employees).

2.6. Statistical Analysis

All data were expressed as categorical variables using numerical values and percent-
ages. First, a logistic regression analysis involving all participants was performed, with the
intention to leave as the dependent variable and the prevalence of cancer as the independent
variable. Age, gender, educational background, employment status, job description, work
frequency, and company size were used as covariates to adjust for potential confounders.
Next, a subsequent logistic regression analysis involving participants with cancer, with
the intention to leave as the dependent variable and each health-related problem as the
independent variable, was performed. Age, gender, educational background, employment
status, job description, work frequency, and company size were used as covariates to adjust
for potential confounders. All statistical analyses were performed using Stata version 18.0
(StataCorp LLC, College Station, TX, USA). Statistical significance was set at p < 0.05.

3. Results

Table 1 presents the participants” characteristics. The prevalence of cancer was 59.1%
(154/4948). The cancer group had a higher proportion of individuals aged >70 years (12.3%
vs. 9.5%) and a higher percentage of those with non-regular employment (63.0% vs. 58.2%)
than the non-cancer group. Table 2 presents the proportion of participants with intentions
to leave their jobs according to their cancer status, along with the adjusted odds ratio
(aOR) and 95% confidence interval (95% CI) for the association between cancer and the
intention to leave a job. The proportion of participants who intended to leave was higher
in the cancer group than in the non-cancer group (33.1% vs. 26.2%). The multivariate
logistic regression analysis results indicated that cancer was significantly associated with
the intentions to leave (aOR: 1.42, 95% CI: 1.01-2.00, p = 0.045).

Table 1. Participants’ characteristics.

Cancer
Total (n = 4948)
Without (n = 4794) With (n =154)

Age

60-64 3348 (67.7%) 3257 (67.9%) 91 (59.1%)

65-69 1127 (22.8%) 1083 (22.6%) 44 (28.6%)

70-75 473 (9.6%) 454 (9.5%) 19 (12.3%)
Gender

Men 2474 (50.0%) 2399 (50.0%) 75 (48.7%)

Women 2474 (50.0%) 2395 (50.0%) 79 (51.3%)
Educational background

Junior high school/high school 1432 (28.9%) 1387 (28.9%) 45 (29.2%)

Vocational school/college 1107 (22.4%) 1069 (22.3%) 38 (24.7%)

University 2409 (48.7%) 2338 (48.8%) 71 (46.1%)
Employment status

Regular employment 2060 (41.6%) 2003 (41.8%) 57 (37.0%)

Non-regular employment 2888 (58.4%) 2791 (58.2%) 97 (63.0%)
Job description

Not mainly manual work 3374 (68.2%) 3271 (68.2%) 103 (66.9%)

Mainly manual work 1574 (31.8%) 1523 (31.8%) 51 (33.1%)
Work frequency (day/week)

<3 889 (18.0%) 862 (18.0%) 27 (17.5%)

4 722 (14.6%) 699 (14.6%) 23 (14.9%)

>5 3337 (67.4%) 3233 (67.4%) 104 (67.5%)
Company size (employees)

Micro-scale (<10) 686 (13.9%) 665 (13.9%) 21 (13.6%)

Small-scale (10-49) 1044 (21.1%) 1012 (21.1%) 32 (20.8%)

Medium-scale (50-999) 2018 (40.8%) 1956 (40.8%) 62 (40.3%)

Large-scale (>1000) 1200 (24.3%) 1161 (24.2%) 39 (25.3%)
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Table 2. Association between cancer and intention to leave (n = 4948).

Age and Gender Adjusted Multivariate Adjusted *
Intention to Leave
aOR 95% CI p-Value  aOR 95% CI p-Value
Cancer

Without (n = 4794) 26.2% (1255/4794) Reference Reference
With (n = 154) 33.1% (51/154) 1.42 1.01 2.00 0.043 1.42 1.01 2.00 0.045

* Adjusted for age, gender, educational background, employment status, job description, work frequency, and

company size. aOR, adjusted odds ratio; 95% CI, 95% confidence interval.

Table 3 presents the characteristics of the participants with cancer. Of the 154 partic-
ipants with cancer, 51 (33.1%) intended to leave their jobs. The group with intentions to
leave had a higher proportion of workers who worked >5 days weekly than the group
without such intentions (70.6% vs. 66.0%). Table 4 presents the prevalence of health-related
problems associated with the intention to leave a job and the aOR and 95% CI for the
association between each health-related problem and the intention to leave a job. The
prevalence of physical (40.7% vs. 24.7%) and mental (62.1% vs. 27.2%) health-related
problems was significantly higher in the group with the intention to leave than in the group
without this intention. The multivariate logistic regression analysis showed that physical
(aOR: 2.33, 95% CI: 1.10-4.92, p = 0.026) and mental (aOR: 4.44, 95% CI: 1.80-10.98, p = 0.001)
health-related problems were significantly associated with the intention to leave. However,
problems associated with cancer-related symptoms were not significantly associated with
the intention to leave (aOR: 1.01, 95% CI: 0.49-2.11, p = 0.969).

Table 3. Characteristics of participants with cancer.
Intention to Leave
Total (n = 154)
No (n =103) Yes (n = 51)

Age

6064 91 (59.1%) 65 (63.1%) 26 (51.0%)

65-69 44 (28.6%) 26 (25.2%) 18 (35.3%)

70-75 19 (12.3%) 12 (11.7%) 7 (13.7%)
Gender

Men 75 (48.7%) 50 (48.5%) 25 (49.0%)

Women 79 (51.3%) 53 (51.5%) 26 (51.0%)
Educational background

Junior high school/high school 45 (29.2%) 29 (28.2%) 16 (31.4%)

Vocational school/college 38 (24.7%) 27 (26.2%) 11 (21.6%)

University 71 (46.1%) 47 (45.6%) 24 (47.1%)
Employment status

Regular employment 57 (37.0%) 39 (37.9%) 18 (35.3%)

Non-regular employment 97 (63.0%) 64 (62.1%) 33 (64.7%)
Job description

Not mainly manual work 103 (66.9%) 68 (66.0%) 35 (68.6%)

Mainly manual work 51 (33.1%) 35 (34.0%) 16 (31.4%)
Work frequency (day/week)

<3 27 (17.5%) 19 (18.4%) 8 (15.7%)

4 23 (14.9%) 16 (15.5%) 7 (13.7%)

>5 104 (67.5%) 68 (66.0%) 36 (70.6%)
Company size (employees)

Micro-scale (<10) 21 (13.6%) 12 (11.7%) 9 (17.6%)

Small-scale (10-49) 32 (20.8%) 25 (24.3%) 7 (13.7%)

Medium-scale (50-999) 62 (40.3%) 40 (38.8%) 22 (43.1%)

Large-scale (>1000) 39 (25.3%) 26 (25.2%) 13 (25.5%)
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Table 4. Association of physical-health-related issues, mental-health-related issues, and cancer-related

symptoms with the intention to leave (n = 154).

Intention to Leave

Age-Gender Adjusted

Multivariate Adjusted *

aOR 95% CI p-Value  aOR 95% CI p-Value

Physical-health-related issue

Without (n = 73) 24.7% (18/73) Reference Reference

With (n = 81) 40.7% (33/81) 2.09 1.04 423 0.039 2.33 1.10 492 0.026
Mental-health-related issue

Without (n = 125) 27.2% (34/125) Reference Reference

With (n = 29) 62.1% (18/29) 3.69 1.59 858  0.002 4.44 1.80 1098 0.001
Cancer-related symptoms

Without (n =99) 33.3% (33/99) Reference Reference

With (n = 55) 32.7% (18/55) 1.03 051 209 0937 1.01 049 211 0969

* Adjusted for age, gender, educational background, employment status, job description, work frequency, and
company size. aOR, odds ratio; 95% CI, 95% confidence interval.

4. Discussion

The present cross-sectional study revealed that cancer was associated with the inten-
tion to leave work among older workers. Furthermore, physical- and mental-health-related
issues were associated with the intention to leave among older workers with cancer. These
findings suggest the need for physical and mental health support to facilitate the sustained
employment of older workers with cancer. The present study is novel because it examined
factors associated with the intention to leave among older workers who are survivors
of cancer.

The present study found a significant association between cancer and the intention
to leave work among older workers. These results are consistent with those of previous
studies indicating a higher risk of job loss among survivors of cancer than among the
general population [4-6], supporting the notion that unemployment among survivors
of cancer can lead to serious consequences such as financial toxicity and a decline in the
quality of life [7-14]. Medical and occupational health interventions are required to mitigate
these negative effects in older workers with cancer.

The present study also highlighted a significant relationship between physical- and
mental-health-related issues and the intention to leave among older survivors of cancer.
Physical limitations may restrict older workers’ abilities to meet the physical demands of
their workplace, and mental-health-related issues may further impair their adaptability
and performance. These factors may be associated with a decrease in cancer survivors’
work ability [30-32], potentially triggering the intention to leave. Physical- and mental-
health-related issues are not exclusive to older survivors of cancer; however, aging may
exacerbate these issues. Preventive measures can include multidisciplinary interventions
initiated during cancer treatment [33], such as occupational physical exercise, counseling,
and psychosocial support at work to facilitate sustained employment.

In contrast, issues associated with cancer-related symptoms were not associated with
the intention to leave among older workers who were survivors of cancer. This finding is
inconsistent with that of previous studies, namely that cancer-related symptoms are associ-
ated with job loss [21-25]. This discrepancy can be attributed to the healthy worker effect,
as our survey targeted employed individuals, possibly underestimating the association
between symptoms and the intention to leave. In addition, symptoms such as fatigue may
have been perceived as physical weakness rather than cancer-related symptoms, potentially
leading to an underestimation of their impact on the intention to leave a job. The association
between cancer-related symptoms and the intention to leave work was negative in the
present study; however, these symptoms have been associated with work outcomes such
as loss of productivity [17,30,32,34-37], emphasizing their importance in the context of
sustained employment.
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This study has some limitations that warrant further consideration. First, the gen-
eralizability of the study findings is limited. We did not consider cancer progression,
resulting in the likely underrepresentation of patients with advanced cancer, making the
results less applicable to those with severe conditions. This study focused only on tertiary
sector workers, so whether these findings apply to those in more physically demanding
industries is unclear. Additionally, owing to the recruitment of participants through an
internet survey, we could not rule out the possibility that the target population was biased
toward relatively well-educated older workers with access to the internet, as well as older
adults who are interested in their health. This study targeted only currently employed
individuals aged 60-75, who are generally healthier, potentially underestimating the true
impact of cancer on employment. Second, this was a cross-sectional study and may not
be suitable for drawing causal inferences. However, causal inferences are unlikely to be
reversed in the case of the relationship between cancer and intention to leave employment
and between physical and mental problems and intention to leave among patients with
cancer. In fact, analyses using panel data also suggest that unemployment itself does not
affect health, but health problems are associated with unemployment [38]. Third, this study
has unmeasured confounding factors. For example, workplaces with good job flexibility
and robust occupational health support systems might reduce the impact of cancer and
cancer-related health issues on the intention to leave. Conversely, the impact may be more
pronounced in workplaces lacking such flexibility and support systems. However, this
study does not account for these factors. Future analyses should consider the role of job
flexibility and occupational health support systems when examining the effect of cancer
and cancer-related health problems on turnover intention. Finally, the results of this study
represent the intention to leave, not actual retirement. How many older workers who have
the intention to leave the workforce actually leave is unclear, but it is possible that the
percentage is small. Therefore, it is not clear how much of an impact a cancer diagnosis or
cancer-related health problem has on actual retirement. Future prospective cohort studies
are needed to examine the relationship between physical health problems, mental health
problems, and cancer-related symptoms and the actual rate of leaving.

5. Conclusions

This study elucidated the impact of cancer on the intention to leave work among
older workers, highlighting the pivotal role of physical- and mental-health-related issues.
The findings suggest that a comprehensive approach to improving physical and mental
health is necessary to support the sustained employment of older survivors of cancer. The
development of such a comprehensive approach is urgently needed in many developed
countries with aging workforces.
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Abstract: Background and Objectives: Diabetes is a global public health challenge, with
increasing prevalence worldwide. The implementation of artificial intelligence (Al) in
the management of this condition offers potential benefits in improving healthcare out-
comes. This study primarily investigates the barriers and facilitators perceived by health-
care professionals in the adoption of AL Secondarily, by analyzing both quantitative and
qualitative data collected, it aims to support the potential development of Al-based pro-
grams for diabetes management, with particular focus on a possible bottom-up approach.
Materials and Methods: A scoping review was conducted following PRISMA-ScR guidelines
for reporting and registered in the Open Science Framework (OSF) database. The study
selection process was conducted in two phases—title/abstract screening and full-text
review—independently by three researchers, with a fourth resolving conflicts. Data were
extracted and assessed using Joanna Briggs Institute (JBI) tools. The included studies were
synthesized narratively, combining both quantitative and qualitative analyses to ensure
methodological rigor and contextual depth. Results: The adoption of Al tools in diabetes
management is influenced by several barriers, including perceived unsatisfactory clinical
performance, high costs, issues related to data security and decision-making transparency,
as well as limited training among healthcare workers. Key facilitators include improved
clinical efficiency, ease of use, time-saving, and organizational support, which contribute
to broader acceptance of the technology. Conclusions: The active and continuous involve-
ment of healthcare workers represents a valuable opportunity to develop more effective,
reliable, and well-integrated Al solutions in clinical practice. Our findings emphasize the
importance of a bottom-up approach and highlight how adequate training and organiza-
tional support can help overcome existing barriers, promoting sustainable and equitable
innovation aligned with public health priorities.

Keywords: diabetes; artificial intelligence; healthcare workers; scoping review; public
health
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1. Introduction
1.1. Prevalence of Diabetes and Social Impact

According to the International Diabetes Federation (IDF), diabetes currently affects
approximately 589 million individuals worldwide between the ages of 20 and 79. Among
the various forms of diabetes, Type 2 Diabetes (T2D) accounts for the vast majority of cases,
with a prevalence estimated between 87% and 91%. Projections for 2050 indicate a substan-
tial increase in global prevalence, expected to reach 853 million cases within the same age
range, which will likely be accompanied by a corresponding rise in healthcare costs [1-5].
The majority of individuals with diabetes are obese and physically inactive, particularly
within the 45-64 age group (28.9% of males and 32.8% of females) [6-8]. In Italy alone,
the prevalence of diabetes was estimated at 4 million individuals in 2023 [9,10]. While
genetic predisposition and advancing age are recognized contributors to the pathogene-
sis of numerous chronic diseases such as diabetes [11,12], it is predominantly unhealthy
lifestyle behaviors that significantly influence both the onset and progression of these condi-
tions [13-17]. In particular, dietary patterns characterized by excessive caloric intake, a high
consumption of refined grains in place of whole grains, and insufficient physical activity
constitute the principal modifiable risk factors [18-20]. These detrimental habits not only
facilitate the development of disease but also exacerbate its clinical course, substantially
increasing the risk of complications. Such complications include both peripheral vascular
disorders and more complex cardiovascular events, with potentially severe outcomes such
as acute myocardial infarction and cerebrovascular accidents (stroke), which are associated
with increased morbidity and mortality between in T2D and Type 1 Diabetes (T1D) [21-23].
In light of this evidence, the implementation of comprehensive primary and secondary
prevention strategies aimed at promoting healthier lifestyles is imperative [24-26]. Empha-
sis should be placed on balanced nutritional intake, caloric moderation, and the adoption
of regular physical activity, with the goal of reducing the global burden of disease and
improving population health outcomes in T1D and T2D [27-30].

1.2. Use of Devices and Technology in Diabetes Management

At the same time, with the promotion of healthy lifestyle behaviors, diabetes
management—particularly for TID—has long benefited significantly from technologi-
cal innovation applied in clinical settings, especially with regard to glucose self-monitoring
and insulin delivery. Devices such as continuous glucose monitoring (CGM) systems,
insulin pumps (IP), and smart multiple daily injection (MDI) systems, often integrated
into hybrid closed-loop systems, have become indispensable supports in daily clinical
practice [21,22]. They play a critical role in reducing glycemic variability and preventing
hypoglycemic episodes, thereby helping to avert major diabetes-related complications.
In the context of T2D as well, digital technologies—including self-management applica-
tions and telemonitoring tools—are proving valuable, particularly in the personalization
of therapeutic interventions and the optimization of clinical outcomes and complication
management [31-34]. In recent years, artificial intelligence (AI) has taken an increas-
ingly prominent role in both diabetes research and clinical practice, owing to its capac-
ity to process and analyze large volumes of clinical and behavioral data efficiently and
accurately [35-38]. Predictive models based on Al techniques such as machine learning
(ML) and deep learning (DL) are being developed and implemented to support clinical
decision-making, enhance the prediction of complication risks, and personalize treatment
pathways [39-41]. Applications of Al in diabetes care range from early diagnosis to au-
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tomated insulin dosing management and the identification of critical glycemic patterns,
thereby contributing to the emergence of a new paradigm in precision medicine for di-
abetes [35-41]. Nonetheless, the issue of potential barriers and facilitators perceived by
healthcare professionals in the effective implementation of these Al-based technologies in
routine clinical practice remains largely unexplored—a gap this study aims to address in a
bottom-up view, defined as “an approach guided by healthcare workers’ insights and daily
experiences” [42].

1.3. Study Aims

The primary objective of this study was to investigate the main barriers and facili-
tators perceived by healthcare professionals involved in the implementation of artificial
intelligence (Al) in diabetes management:

e  What are the barriers and facilitators to the use of Al by healthcare professionals in
the management of diabetes?

Secondarily, the study aims to explore and support research through the collection
of both quantitative and qualitative data to inform the development and implementation
of specific Al-based programs for diabetes management, following a bottom-up approach
involving healthcare professionals.

e  Which quantitative and qualitative insights, as perceived by healthcare professionals,
can most effectively inform the bottom-up implementation of Al in diabetes care?

2. Materials and Methods
2.1. Study Design and Registration

A scoping review was conducted to ensure methodological rigor and the relevance of
selected studies. This review followed the Preferred Reporting Items for Systematic reviews
and Meta-Analyses extension for Scoping Reviews guidelines (PRISMA-ScR) (PRISMA-ScR
checklist available in Supplementary Table S1) [43]. The protocol for this review was
registered in the Open Science Framework database (https://osf.io/xgy2z; accessed on
12 June 2025).

2.2. Search Strategy

The search strategy was developed adopting the Population, Concept, Context (PCC)
framework (Table 1), without temporal restrictions [44]. The search strategy, updated to
31 January 2025, involved the use of keywords matched using specific Boolean operators
such as AND/OR in the databases PubMed Medline, Scopus, CINHAL, and Embase.
Search strings are available in Supplementary Table S2.

Table 1. Inclusion and exclusion criteria, described according to the PCC framework.

Parameter Inclusion Criteria Exclusion Criteria

Studies involving healthcare professionals
Population (principally doctors, nurses, specialists,
technicians) who manage diabetes with Al

Studies that do not involve
healthcare workers.
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Table 1. Cont.

Parameter Inclusion Criteria Exclusion Criteria

Studies exploring the adoption and
implementation of Al in managing diabetes,
such as monitoring systems, diagnostics,
predictive therapy, and personalized patient
management. Al technologies extended in
ML or DL use.

Studies that address Al in
non-healthcare contexts or those
unrelated to managing diabetes;

technological interventions that do not
use Al, ML or DL.

Concept

Barriers and obstacles perceived from
healthcare workers in adopting Al (e.g.,
technological difficulties, cultural

challenges, insufficient training, resistance
Context to change). Facilitators and enabling factors

from healthcare workers in terms of Al

adoption (e.g., organizational support,
training, technology accessibility, evidence

of effectiveness).

Studies that do not explore barriers or
facilitators in Al adoption by healthcare
workers; research that only addresses
clinical outcomes of diabetes treatment
without focusing on perception,
implementation science, and attitude.

AL artificial intelligence; ML: machine learning; DL: deep learning.

2.3. Eligibility Criteria

The inclusion criteria encompassed primary studies published in English without
temporal restriction and relevant to the study’s objectives and involving healthcare workers
in Al processes. All studies that did not meet the stated inclusion criteria were excluded.
The authors nevertheless attempted to include studies in Chinese as well, after evaluating
the English-language abstract to ensure it met the inclusion criteria.

2.4. Study Selection Process

The study selection process for this review followed a two-phase procedure: an initial
screening of titles and abstracts, followed by a detailed evaluation of full-text articles.
All potentially relevant articles were imported into the reference manager Ryyan (https:
//www.rayyan.ai/; accessed on 20 June 2025) for data organization and management. The
initial screening was conducted independently and blind by three authors (G.C., A.M.,
and M.R.), who evaluated titles and abstracts based on their relevance to the study and in
accordance with the predefined inclusion criteria. A fourth independent researcher (A.C.)
resolved any disagreements at this stage. Following the initial screening, full-text articles
meeting the preliminary criteria were independently assessed by the first three researchers,
and the fourth still managed conflicts. Any discrepancies were resolved through consensus
meetings, with the last researcher (A.C.) acting as an arbitrator to ensure integrity in the
selection process. This systematic approach ensured a rigorous and unbiased selection of
studies for this review.

2.5. Data Extraction and Quality Appraisal

Data extraction from the included studies was organized into key categories, consis-
tent with the methodological framework [43,44]. This structured categorization facilitated
both detailed reporting and thorough analysis. The main categories included interven-
tion, outer setting, inner setting, individual characteristics, and implementation process.
This structured approach enhanced the clarity and depth of our analysis, aligning with
established methodological standards. The extracted data were presented as a narrative
summary, organized according to the review’s objectives and supplemented in Table 2.
The risk of bias and methodological quality of the included studies were assessed using
established guidelines of the JBI framework [43]. Two independent reviewers (A.M. and
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A.C.) conducted the evaluation to ensure objectivity. Any disagreements were resolved
through discussions with a third researcher (M.R.), ensuring that a consensus was reached.
The risk of bias and methodological quality of the included studies were evaluated using JBI
checklists for qualitative [45] and cross-sectional studies [46] and the MMAT tool for mixed-
methods studies [47]. Decisions regarding methodological quality of the studies included
were made, independently, by two reviewers, and any disagreements were resolved by
discussion. The sum of the points was classified as the percentage of the items present; thus,
a score lower than 70% was classified as low-quality, between 70 and 79% of the checklist
criteria was classified as medium-high-quality, between 80 and 90% was assigned high-
quality, and a score greater than 90% of the criteria was classified as excellent-quality [48].
However, due to the exploratory nature of the present work, no studies were excluded for
insufficient quality.

2.6. Conceptual and Analytical Framework

The synthesis and presentation of study results followed established guidelines [43,44].
The description of the identified barriers and facilitators is structured according to the
Consolidated Framework for Implementation Research (CFIR) [49], a comprehensive the-
oretical framework widely used to guide implementation research. CFIR comprises five
major domains—intervention characteristics, outer setting, inner setting, characteristics
of individuals, and implementation process—that offer a systematic approach to under-
standing factors influencing implementation. In this scoping review, CFIR was used as a
guiding structure to map and interpret both qualitative and quantitative data extracted
from the selected studies, enabling a comprehensive and theory-informed synthesis of the
findings. Key statistical measures, including means (M), standard deviations (SD), and
p-values, were integral to the analysis. To maintain the integrity of the original studies,
statistical significance reporting was preserved as presented in each study. Consistent with
scientific conventions, p-values of 0.05 or lower were considered statistically significant,
ensuring the inclusion of robust and meaningful findings in the review. In addition to the
quantitative synthesis, qualitative data were also systematically extracted and analyzed,
where applicable, to capture nuanced insights and contextual dimensions of the study
findings. The qualitative synthesis followed established principal thematic frameworks in
the study included and to further enhance and complete the analysis conducted.

2.7. Synthesis of the Results

In this review, while the benefits of meta-analysis are acknowledged, a combined quan-
titative synthesis was deemed not feasible due to the heterogeneity of the included studies.
This variability, characterized by differences in intervention types and methodologies for
quantifying relationships between variables, led to inconsistencies in both methodological
and statistical approaches. As a result, a detailed narrative synthesis was chosen, following
established guidelines for synthesis without meta-analysis (SWiM) [50]. This approach was
selected for its effectiveness in transparently and rigorously synthesizing diverse quantita-
tive data, aligning with the PRISMA guidelines [43]. Data synthesis was performed based
on the CFIR framework [49]. The CFIR is a well-established conceptual model in imple-
mentation science, and it is a comprehensive and standardized meta-theoretical framework.
The updated version of the framework is organized into five domains: intervention, outer
setting, inner setting, individual characteristics, and implementation process [49]. The
CFIR served as a foundational structure for the exploratory assessment of barriers and
facilitators to implementing imaging-based, Al-assisted diagnostic decision-making. The
comprehensive and adaptable use of the updated CFIR throughout data collection, analysis,
and reporting aimed to enhance research efficiency, generate generalizable findings to

92



Medicina 2025, 61, 1403

inform Al implementation practices, and contribute to a robust evidence base for tailoring

implementation strategies to overcome key barriers.

3. Results

The PRISMA flowchart of the screening process is shown in Figure 1. A total of
n = 3451 records were retrieved from the databases, and after carefully removing the
duplicates (n = 593), the researchers (GC, AM, AC, and MR) screened a total of n = 3143
for title and abstract. Thirty-two full texts were screened. Finally, a total of n = 7 studies,
conducted between 2019 and 2024, were included [51-57].

Identification of studies via databases and registers

Figure 1. PRISMA flowchart.

- 3451 records identified from
S
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Studies’ characteristics are shown in Table 2. The population varied from 10 partici-

pants to 207, with a range of ages from 40 to 60 years. The involved healthcare professionals

were mainly nurses, healthcare assistants, and doctors (i.e., ophthalmologists, diabetolo-

gists, endocrinologists, physicians, and general practitioners).

Table 2. Summary of the included studies.

Sample Size

Study Country Study Design Setting (N, % Female) Al Type
Smartphone-based and
Held et al., - . Al-supported diagnosis
2022 [51] Germany Qualitative Primary care 24 (42) tools for the screening
of diabetic retinopathy
Liao et al Hospital and Al-assisted system for
2024 [52]" China Qualitative community 40 (42.5) diabetic retinopathy
healthcare center screening
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Table 2. Cont.

Sample Size

Study Country Study Design Setting (N, % Female) Al Type
Petersen et al Al-assisted system for
2024 [53] 7 Denmark Qualitative Hospital 18 (61) diabetic retinopathy
screening
Al-powered clinical
decision support
Romero et al., . Mixed Primary care system for identifying
2019 [55] United States -methods outpatient clinics 83 (N/A) diabetes patients at
risk of poor
glycemic control
Roy et al Physicians in Al-based diabetes
2024 [54] India Cross-sectional clinical practice 202 (N/A) . d1agnos.t1c
interventions
Wahlich et al., United o Hospital aTnd AI.-assn"?ted system for
. Qualitative community 98 (N/A) diabetic retinopathy
2024 [57] Kingdom .
healthcare center screening
Wewetzer Al-assisted system for
etal., 2023 Germany Cross-sectional Primary care 209 (107) diabetic retinopathy
[56] screening

Al artificial intelligence; N: number; N/A: not applicable; %: percentage.

The study conducted by Liao et al. also included healthcare administrative staff and in-

formation technology experts [52]. The majority of the included studies were focused on the

use of Al for diabetic retinopathy screening [51-53,56,57], with only two studies focused on

Al as a tool for glycemic control and Al as a general tool for diagnostic intervention [54,55].

Most of the studies adopted a qualitative design (1 = 4) that used semi-structured in-

terviews [51-53,57]. Two quantitative cross-sectional studies were based on surveys [54,56],

and finally, one study adopted a mixed-methods design [55].

All the included studies described research conducted in primary care settings, with

the exception of the study conducted by Roy et al. [54], which was conducted in a clinic.

Notably, two studies were performed inside community healthcare centers [52,57].

3.1. Quality Appraisal

Table 3 shows the overall quality of the included studies according to the JBI frame-

work [44]. Complete quality appraisal is available in Supplementary Tables S3-55.

Table 3. Results of quality appraisal.

Study Checklist Overall Quality

Held et al., 2022 [51] JBI for qualitative studies Medium

Liao et al., 2024 [52] JBI for qualitative studies Excellent
Petersen et al., 2024 [53] JBI for qualitative studies High
Romero et al., 2019 [55] MMAT High
Roy et al., 2024 [54] JBI for analytical cross-sectional studies Low

Wabhlich et al., 2024 [57] JBI for qualitative studies Medium

Wewetzer et al., 2023 [56] JBI for analytical cross-sectional studies Medium

MMAT: Mixed-Methods Appraisal Tool; JBI: Joanna Briggs Institute.

Regarding the four qualitative studies, Whalich et al. [57] and Held et al. [51] were
rated as medium-quality due to the absence of statements addressing the researchers’
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cultural positions and the mutual influence between the researchers and the research
process. The studies by Liao et al. [52] and Peterson et al. [53] were well designed.

The two studies with a cross-sectional design presented as low-quality due to the lack
of information during the description of the inclusion and exclusion criteria [54] and the
setting of the study, while the study by Wewetzer et al. [56] was reported as medium-quality
owing to the lack of managing confounding factors.

Finally, the mixed-methods study performed by Romero et al. [55] all was well de-
signed and conducted, with a high-quality rating.

3.2. Barriers and Facilitators Identified According to the CFIR Framework

The following sections present findings according to the CFIR framework domains,
and Figure 2 illustrates the main identified barriers and facilitators. Comprehensive data
extraction is shown in Supplementary Table S6.

Insufficient funds

Unsatisfactory clinical
performance

Lack of a collaborative

Easiness of use N
professionals network

"Black box" topi High cost
acihox Jopic lohcas’s Primary care "filter" function strengthening

Time saving Unknown reliability

Empowered doctor-patient relationship

Improved clinical efficiency

Job displacement fear

Individuals

Positive Negative
personal attitude personal attitude

Lack of understanding of Al

Data security concerns

Poorly tailored reports Clinical autonomy threat

Intervention reasoning mechanisms Outer setting
" Hospital administrators/ .
Implementation department heads engagement Inner setting

Perceived Al- Patient visit
supported care omission

Lack of system Lack of adequate training

incorporation feedbacks

Increased care
coordination perception

Limited knowledge

Increased grading load

Clinicians active Limited Al systems integration
engagement

Increased workload Ease of integration

Barriers

Facilitators

Figure 2. Barriers and facilitators of Al implementation for diabetes management reported by

healthcare professionals.

3.2.1. Individuals Domain

The principal barrier is the negative personal attitude towards Al systems, with asso-
ciated skepticism [51], incompetence in understanding the Al reasoning mechanisms [52],
or forgetfulness to visit the patient [53].

The facilitators belonging to this domain are engagement of hospital administrators
or department heads [52], positive attitude towards the future of Al technology [57],
perception of increased care coordination [55], or perception of Al as a support [57].
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3.2.2. Intervention Domain

The relevant barrier under this domain is the unsatisfactory clinical performance of
the Al system. This aspect is related to image recognition, time (duration of examination
and latency of results), validity (Al system may miss some retinopathy changes), and
uncertainty about the accuracy and trustworthiness of Al outputs [51-54]. Also, Romero
et al. [55] reported as a barrier the high false positive rate in patient risk classification,
whereas the studies of Wewetzer et al. [56] and Wahlich et al. [57] highlighted diagnostic
limitations of Al systems (they may not detect other conditions besides the one for which
they have been designed for, leading to incomplete diagnosis). Finally, doubts about
reliability and accuracy may negatively impact physician confidence in the system [56,57].
Another common barrier is related to the financial burden of Al software/high acquisition
costs [52,53,56].

Another fundamental barrier to consider is the concern about data security, liability,
and how the system made the decision (black box problem) [54,55,57]. Romero et al. [55]
and Liao et al. [52] also reported the poorly tailored reporting of Al systems.

The identified facilitators are an improved clinical efficiency [52,54,55], easiness of
use [52,54], and the time sparing effect, both for the patient and for the physician [53,56,57].
Only one study reported a financial facilitator [51].

3.2.3. Implementation Process Domain

The principal barriers are the lack of feedback in incorporation of the system [52], the
increased workload due to extra steps outside the routine workflow [55], and the impact of
a grading workload [57].

The only facilitator identified in the implementation process is the successful active
engagement of the clinicians [52].

3.2.4. Inner Setting Domain

The principal barrier related to the inner setting is the lack of adequate training or
limited knowledge and training on the Al system [52,54,55]. Also, the lack of integration of
the Al system into the hospital/facility information system is another relevant concern that
acts as a barrier [54-56].

The only inner setting facilitator identified under this domain is the ease of integration,
with the associated simple installation [51,52].

3.2.5. Outer Setting Domain

For the outer setting domain, the crucial emerging barrier is the lack of a collaborative
network between primary, secondary, and tertiary hospitals, which includes the related
tensions between GPs and specialists with the concern of a lower referral rate [51,52]. Also,
the fear of job displacement or changes in clinical autonomy is another concern that is
reported as a barrier [54]. A study also reported that insufficient reimbursement by health
care systems may act as a significant barrier [56].

The facilitators reported that can be classified under this domain are the development
of national guidelines related to Al [52], the strengthening of the primary doctor filter
function, and an associated closer relationship between patient and GP [51].

4. Discussion

The implementation of Al systems in healthcare represents one of the most significant
challenges of the coming decade, not only for daily clinical practice but also for public
health systems as a whole. The findings of this study, interpreted through the CFIR
framework [49], clearly show that the barriers and facilitators to Al adoption operate on
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multiple levels, reflecting organizational, technological, individual, and systemic dynamics
that influence full implementation and value realization.

4.1. Innovation, Effectiveness, and Trust in Technology

The most critical issue that emerged relates to the perceived unsatisfactory clinical
performance—an aspect with profound implications for public health [58,59]. If Al systems
are unable to ensure adequate levels of sensitivity and specificity—or if their reliability
is perceived as uncertain—they risk undermining the quality of care and increasing the
chances of missed or inappropriate diagnoses [60]. In the context of population screening
(such as diabetic retinopathy), a high number of false positives or false negatives could
either overload the system or falsely reassure patients. This confirms what has already
been observed in international studies, which emphasize the need for rigorous clinical
validation before the large-scale deployment of Al systems [61,62]. Furthermore, the lack
of transparency in Al’s decision-making processes undermines the trust of healthcare
professionals and patients, posing an ethical and regulatory challenge essential for the
sustainable development of the technology [60,63]. This issue is currently the focus of
attention within the European Health Data Space and the EU Artificial Intelligence Act,
which introduces strict requirements for the “explainability” and traceability of collected
data [64]. These concerns are rooted primarily in the CFIR domain of intervention, where
the perceived evidence strength, complexity, and relative advantage of the Al tools are
critical to their adoption. Additionally, elements from the individuals domain emerge,
particularly regarding trust and acceptance by healthcare professionals.

4.2. Equity and Sustainability: Al Costs, Access, and Integration

The barrier represented by the costs of acquiring and managing Al can also be inter-
preted in terms of equity in access to healthcare innovations [65]. This economic barrier
was identified within the CFIR domain of intervention characteristics, highlighting the per-
ceived complexity and resource intensity associated with adopting Al-based tools. Mainly
in publicly funded universal healthcare systems, the adoption of expensive technologies
risks creating territorial inequalities, where larger or better-funded facilities can afford to
implement AI, while peripheral or resource-limited ones risk being effectively excluded [66].
This issue was already highlighted by the World Health Organization (WHO) in the 2021
report “Ethics and Governance of Artificial Intelligence for Health”, which urges careful
evaluation of Al's redistributive impact in public health contexts [67]. Adding to this is the
poor integration with existing information systems, which are often not designed to accom-
modate supplementary technologies, thereby hindering true interoperability. Without full
connectivity between Al, electronic health records, and healthcare management systems,
Al risks remaining an isolated technology, incapable of delivering real value to patient
care [68,69]. These considerations also align with the principles of the United Nations
Sustainable Development Goals (SDGs), particularly those promoting health, innovation,
and equity in access to care [70].

4.3. Healthcare System and Multilevel Governance

In terms of governance and shared decision-making, it becomes clear that the lack of
coordination between levels of care (e.g., primary care, specialists, hospitals) and potential
communication difficulties among professionals represent critical barriers to Al implemen-
tation. This issue is part of a broader challenge in healthcare governance, which calls for
dynamic and modern models of both vertical and horizontal service integration [71-73].
Technology alone does not solve these problems; on the contrary, it can amplify them
if introduced without a clear and shared organizational framework. The concern, par-
ticularly regarding the potential loss of clinical autonomy—clearly emerging from the
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data reviewed—is a key issue for the “social” legitimacy of digital innovations in health-
care [74,75]. According to Greenhalgh et al. (2017), the adoption of new technologies
requires a co-construction of change, in which professionals are actively involved not only
in the use but also in the design and evaluation of the tools to be implemented in clinical
practice [76]. These barriers align with the CFIR domains of inner setting and implementation
process, emphasizing organizational coordination gaps and limited stakeholder engagement
in technology adoption.

4.4. Training, Digital Literacy, and Empowerment

These issues fall within the CFIR domain of characteristics of individuals, particularly
focusing on knowledge, self-efficacy, and the need for ongoing professional development
to support effective Al adoption. From an internal perspective, the lack of adequate
training on Al tools is a systemic barrier that must be urgently addressed—especially if the
goal is to adopt Al-based care systems across multiple levels of healthcare delivery [77].
Structured pathways for continuous education are therefore essential, integrating “Al
literacy” into university curriculum, ongoing professional development programs, and
career advancement tracks. This ensures they do not become mere executors but rather
informed actors who use technology as an extension of their clinical skill expertise [78,79].

4.5. Opportunities for Public Health

Despite the critical issues that have emerged, the identified facilitators show significant
transformative potential. Time savings, increased clinical efficiency, the perception of
greater care coordination and positive acceptance by some operators are valuable elements
for the success of public policies that aim at the equitable and sustainable digitalization of
healthcare [80-82].

The presence of possible national and international guidelines to support health pro-
fessionals is perceived as an enabling element, and in this scenario, Al could represent
a turning point if integrated with global implementation strategies, clinical audits, and
impact assessment [64]. It is desirable that an international public control room is created
to guarantee the implementation of Al, capable of providing technical standards, ethical
assessments, and support to local decision makers and organizers of health services in gen-
eral that meet all the quality standards necessary for the use of Alin clinical practice [67,83].
These facilitators reflect the CFIR domains of outer setting and implementation process, partic-
ularly highlighting the role of policy support, external incentives, and structured strategies
to guide effective and equitable Al integration.

4.6. Barriers and Facilitators in a Bottom-Up Perspective

The introduction of Al and other technological tools into clinical settings—particularly
for the management of chronic diseases—represents a significant opportunity to rethink
traditional models of care and transition toward a more predictive, proactive, and personal-
ized approach [84-89]. Chronic conditions such as diabetes, hypertension, cardiovascular,
and respiratory diseases represent a substantial burden for public healthcare systems and
require coordinated, continuous, and patient-centered management strategies [90,91]. In
this context, Al can serve as a catalyst for innovation, provided that it is embedded in
a well-structured and responsive clinical and organizational ecosystem [92]. Building
on the CFIR framework, our analysis identified key barriers and facilitators across its
five domains: characteristics of the intervention, outer setting, inner setting, individual
characteristics, and implementation process. These domains provided the foundation for a
structured and theory-informed classification of the data, while the discussion reframed
these results in light of a bottom-up perspective—that is, how professionals working within
healthcare systems perceive, experience, and respond to the integration of Al in their
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clinical practice [49,93,94]. From a practical standpoint, Al-based systems—such as those
used for diabetic retinopathy screening or cardiovascular risk stratification [95,96]—can
support the early detection of complications, thereby reducing the need for hospital-based
interventions and enabling more timely, preventive care. This dual benefit supports both
patients, who receive appropriate interventions sooner, and healthcare systems, which
benefit from improved outcomes and resource efficiency [97]. However, integrating Al into
routine clinical practice necessitates parallel transformations in organizational routines,
workforce training, and digital competencies among healthcare professionals [98]. Rather
than framing Al as a substitute for human expertise, it is essential to foster a collaborative
model in which technology enhances the clinical judgment and skills of professionals. This
reframing can help overcome cultural resistance to adoption, often rooted in concerns about
professional identity and loss of autonomy [99,100]. Among the barriers, frontline pro-
fessionals reported challenges such as poor interoperability of Al with existing electronic
health records, lack of shared implementation strategies, and insufficient digital literacy.
These aspects reflect issues related to the CFIR domains of intervention characteristics,
inner setting, and outer setting. Additionally, fragmented care coordination and lack of
shared governance structures were seen as limiting factors in the effective deployment
of Al across healthcare levels [101,102]. Conversely, several facilitators emerged from a
bottom-up viewpoint, highlighting how Al adoption can be positively influenced by per-
ceived improvements in workflow efficiency, time savings, and greater integration between
primary and specialty care. Professionals also reported a willingness to engage with new
tools in general technology devices when training is adequate and when they are actively
involved in implementation decisions in clinical and social decision [103-105].

4.7. A Public Health View on Al in Clinical Practice

For chronic disease management, where continuity and coordination of care are essen-
tial, Al systems can support transitions between care settings, enhance remote monitoring,
and offer predictive insights that guide therapeutic decisions [106-108]. However, without
appropriate regulation and inclusive planning, the risk of exacerbating health inequities
remains high—particularly in underserved or digitally marginalized populations [109,110].
To prevent such disparities, healthcare professionals must be empowered not only as end
users but also as digital mediators and educators, helping to guide patients and caregivers
in the effective and ethical use of Al technologies [111-115]. Their proximity to patients
and deep understanding of local care pathways position them as crucial actors in fostering
responsible innovation. Finally, the development of Al for chronic care must be embedded
in a broader cultural and ethical framework that views data as a collective asset and public
health as the primary driver for technological development. This shift is necessary to ensure
that data-driven medicine evolves in a fair, sustainable, and inclusive direction [116,117].

4.8. Strengths and Limitations

The study’s strengths include its solid methodological framework, facilitated by the
adoption of the JBI methodology, the PRISMA-ScR guidelines for reporting [43,44], and the
registration of the protocol on the OSF database, elements that ensure transparency and
international rigor. The use of the CFIR framework [49] allowed for an in-depth analysis
of the factors influencing Al adoption by healthcare workers, facilitating a coherent and
useful classification from a public health perspective. However, some limitations should be
considered. The exploratory nature of the scoping review did not allow for a quantitative
synthesis of data due to the methodological heterogeneity of the included studies and
the cohorts considered. Additionally, many findings are based on subjective perceptions
of the involved workers in the studies included, which requires caution in interpreting
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the collected data and highlights the need for future integration with objective data and
evidence-driven research. For these elements, future studies aimed at addressing these gaps
are required. In particular, it is suggested to develop longitudinal research and randomized
studies that evaluate not only perceptions but also the real effectiveness and efficiency of
Al in managing diabetes and chronic diseases in general from a healthcare worker’s point
of view. This approach would help build more comprehensive and useful evidence for the
sustainable implementation of technological innovation in public health perspectives.

5. Conclusions

The adoption of Al in chronic care, particularly in diabetes management, is shaped by
a dynamic interplay of perceived barriers and facilitators among healthcare professionals.
Their active and continuous involvement represents a key opportunity to develop more
effective, reliable, and context-aware Al solutions that are better integrated into everyday
clinical workflows. Promoting targeted training programs and sustained organizational
support for healthcare workers involved in the complex management of diabetes may
help overcome current challenges, advancing more equitable and sustainable innovation.
Crucially, these findings point toward the value of a bottom-up approach—one that pri-
oritizes the perspectives and practical needs of frontline professionals—as a promising
pathway to support the successful implementation of Al in clinical practice. Framing Al
adoption within a broader public health perspective, attentive to systemic readiness and
social equity, can guide more inclusive strategies that align innovation with real-world
healthcare priorities.
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DL Deep Learning
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SWIM Synthesis Without Meta-Analysis
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Abstract: Background and Objectives: One of the challenges of modern healthcare systems, in
terms of economic and organizational sustainability and the impact on patients’ quality of
life, is the progressive increase in chronicity and care complexity. In this scenario, hospital-
community integration models represent possible strategies to ensure the continuity of
care, reduce readmission rates, and improve clinical outcomes. This study aims to map inte-
grated care models for patients with chronic diseases, with active involvement of the family
and community nurse, describing their functions and associated clinical, organizational,
and economic outcomes, as well as barriers and facilitators to their implementation. Materi-
als and Methods: The review was conducted using the JBI methodology and the PRISMA-ScR
protocol and identified 26 studies with a publication range from 2000 to 2025. Results: The
emerging results highlight the use of integrated and personalized organizational models in
the post-discharge phases, with a leading role for the family and community nurse in the
assessment, planning, and coordination of various steps. Conclusions: The interventions are
associated with an increase in patient and caregiver satisfaction, a reduction in outcomes
such as the rehospitalization rate, and greater continuity of care.

Keywords: family nurse; community nurse; chronic care; integrated care; hospital
discharge; nurse-led; case management

1. Introduction

Aging of the population has led to an increase in the prevalence of multiple diseases,
and this represents one of the most significant challenges for modern healthcare systems.
Over 50% of adults over 65 live with at least two chronic conditions, a situation that
increases the risk of hospital readmissions, loss of autonomy, deterioration in the quality
of life, and high healthcare costs [1]. In this new healthcare context, fragmented care
models may prove ineffective in ensuring effective, continuous, and patient-centered
management [2,3]. Organizational models of hospital-community integration have been
developed precisely to respond to this new need. The goal is to make patient care proactive,
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guiding and facilitating the transition between various care settings, ensuring continuity,
coordination, and the personalization of care, especially in such a delicate phase as hospital
discharge and returning home [4,5]. In this regard, the literature indicates that these
models, especially when they include structured nursing models (e.g., case management
and transitional care), can reduce readmission rates, healthcare costs [6], and mortality in
elderly patients with chronic diseases [3,7-9]. Recent studies emphasize the importance of
territorial reorganization strategies and chronic disease management, such as the adoption
of telemedicine and the activation of Territorial Operational Centers, with the aim of
strengthening the continuity of care and the coordination of integrated care pathways [7].
As highlighted in a recent scoping review, the use of digital and telemedicine tools in
transitional care has shown promising results in enhancing the continuity of care, improving
patient outcomes, and supporting healthcare professionals in managing postoperative
pain at home [8]. Moreover, protected discharge models with the adoption of combined
interventions, including nursing follow-ups and caregiver involvement, have proven to
be an effective strategy to improve the care experience of frail and chronic patients while
also reducing early readmissions [9]. In particular, the role of the family and community
nurse plays a key and strategic role in ensuring care transition, acting as a bridge between
various hospital and territorial services.

In several healthcare systems (e.g., Italy and Spain), this role is defined as a distinct
professional profile that requires specialized post-graduate training in family or community
nursing [10]. It differs from generalist community nursing positions by focusing on longi-
tudinal care, proactive case management, and structured support for patients with chronic
and complex conditions. However, its scope and implementation vary by country and orga-
nizational context [11]. The coordination of care by a responsible and designated healthcare
professional is considered one of the crucial elements in the provision of integrated care [12].
Through assessment, planning, education, psychosocial support, and follow-up activities,
the nurse figure can contribute to improving therapeutic adherence and self-care by chronic
patients [13,14]. However, despite several international experiences and pilot projects,
there is still no complete framework that clearly and concisely describes the characteristics
of these integrated models that directly involve the community nurse, nor the resulting
outcomes. Even the results of studies in the literature are sometimes heterogeneous or
limited to specific pathological contexts, such as heart failure or geriatric frailty [5,15].
Moreover, the literature shows a significant lack of standard definitions in care approaches
(e.g., nurse-led care, transitional care, integrated care, geriatric team, etc.), making it dif-
ficult to compare and use a uniform approach [1,2]. In light of the above, this scoping
review aimed to map hospital-community integrated models in the management of chronic
diseases with the active involvement of the family nurse, trying to describe the specificity
of their role, identify associated clinical, organizational, economic, and experiential out-
comes, explore barriers and facilitators to implementation, and assess the level of diffusion,
experimentation, or institutionalization in different international healthcare settings.

2. Materials and Methods

The study was conducted following the PRISMA-ScR checklist and the methodology
proposed by the Joanna Briggs Institute (JBI) for scoping reviews. All of the various
methodological steps were carried out with rigidity in order to ensure transparency and
reproducibility. The research questions addressed in the review are the following:

- What models of integrated hospital-to-community care are used for the management
of chronic conditions with nursing involvement?
- Whatis the role of the family and community nurse within these organizational models?
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- What outcomes (clinical, organizational, economic, or experiential) are associated with
such models?
- What barriers and facilitators influence the implementation of these models?

The PCC framework (Population, Concept, Context) was used to define the
inclusion criteria:

- Population: Nurses who work in community contexts or in integrated care settings,
including family and community nurses.

- Concept: Organizational models for the management of chronic conditions that
include an active role of nursing care.

- Context: Any health system, national or local, with no geographical restrictions.

2.1. Databases Used and Search Strategy

The bibliographic search was carried out using databases such as PubMed, Scopus,
and Web of Science. The search strategy was built using MeSH terms and keywords,

v /a7

, “community nurse”,

/TS

combining terms such as “family nurse “chronic care”, “integrated

care”, “hospital discharge”, “nurse-led”, and “case management” with Boolean operators.
Articles published from 2000 to the present were included, with the exclusion of letters,
editorials, abstracts without full text, and studies focused exclusively on the hospital setting.

The complete search strings for each database are available in Supplementary File S1.

2.2. Data Extraction

Referring to the JBI methodology for scoping reviews [16], a data extraction table was
created for the included studies. A standardized model was used to create the table. The
latter included the following elements: author/year, main theme, geographical context,
study design and methods, population and sample characteristics, key findings, and
research gaps.

2.3. Study Selection

Studies were excluded if they did not concern integrated hospital-to-community
models or were predominantly hospital-based, if they did not include the nurse as an active
part, or if they did not describe outcomes or processes relevant to the role of the family and
community nurse.

2.4. Screening Process

To ensure the accurate inclusion of studies relevant to the review, the process was
divided into two phases. In the first phase, two independent reviewers screened the titles
and abstracts of the articles identified through the search strategy, based on the selected
inclusion and exclusion criteria. In the second phase, the full texts of the studies were read
to confirm their compatibility with the objectives of the review. All studies were managed
using Zotero (Corporation for Digital Scholarship, George Mason University, Fairfax, VA,
USA), available at: https:/ /www.zotero.org/, last accessed 30 April 2025, which supported
the authors in organizing citations and full texts throughout the entire scoping review
process. Discrepancies between the two reviewers were resolved with the involvement of
three additional reviewers. The selection process is illustrated in the PRISMA 2020 flow
diagram (Figure 1), in accordance with the PRISMA-ScR protocol [17].
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Figure 1. PRISMA 2020 flow diagram illustrating the study selection process. The databases searched
were PubMed, Scopus, and Web of Science.

2.5. Quality Assessment and Risk of Bias

The risk of bias assessment was not performed for this study, as it is not required for
a scoping review. The aim of this study was to map and analyze the available evidence,
rather than to critically evaluate each individual study. The authors’ decision is consistent
with the methodological guidelines for scoping reviews, as outlined in the JBI Manual for
Evidence Synthesis and the PRISMA-ScR.

2.6. Data Synthesis

The results of the included studies were synthesized following the approach outlined
in the JBI Manual for Evidence Synthesis (2020) for scoping reviews. A descriptive synthesis,
without critical appraisal of methodological quality, was used to extract and organize the
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data as recommended for this type of review. The synthesis was structured into three
phases. In the first phase, after data extraction, two independent reviewers identified key
themes by analyzing the content of the studies to determine the characteristics of integrated
hospital-community care models, the role of the family and community nurse, and the
reported clinical, organizational, and experiential outcomes. In the second phase, the data
were grouped thematically, highlighting the following main areas: types of organizational
models adopted; functions and competencies assigned to the family and community nurse;
reported outcomes (e.g., improved continuity of care, reduced readmissions, and patient
and caregiver satisfaction); and barriers and facilitators to implementation.

In the third phase, the results were qualitatively described and synthesized. The
authors provided a structured overview of the available evidence, highlighting both the
potential and limitations of the analyzed organizational models. Although no formal risk
of bias assessment was conducted, the presence of several systematic reviews, random-
ized controlled trials, and mixed-methods studies suggests a moderate overall strength
of evidence. Findings were generally consistent for outcomes such as patient satisfaction
and reduced readmissions, while evidence on mortality and cost-effectiveness remained
more variable. To support and refine the language and style of the manuscript, the au-
thors used artificial intelligence (Al), specifically ChatGPT-40 (OpenAl, San Francisco,
CA, USA), available at: https://openai.com/index/hello-gpt-40/, last accessed 30 April
2025. All methodological steps and scientific decisions were made solely and exclusively
by the authors.

3. Results
3.1. Selection of Studies

The initial search conducted in electronic databases (PubMed, Scopus, and Web of
Science) yielded a total of 50 records (PubMed = 10; Scopus = 21; Web of Science = 19).
After the removal of 17 duplicates using Zotero, 33 records were screened by title and
abstract. This screening led to the exclusion of four studies. Subsequently, 29 full-text
articles were assessed for eligibility. Of these, three were excluded for not meeting the
review objectives, specifically for not addressing integrated hospital-to-community care
models, lacking active nurse involvement, or not reporting relevant outcomes. A total of
26 studies were included in the final analysis (Table 1). The selection process was conducted
independently by two reviewers, and any discrepancies were resolved through discussion
and consensus, with the support of three additional reviewers.

112



Medicina 2025, 61,1175

‘Juauregeurw 9sed AJTUNUIod
3N ut s1a1ed pue syusryed yjoq 105
o101 310ddns enp jo uonyerordxa
torxd pajrur] ‘urewop Lousjadurod

‘sauT[pIng yjyeay Jo yusuuredag

AU} UT PAUT[INO SUOT}EPUSWILIODT

oY) puosaq juom ‘410ddns

Teor3ojoypAsd pue £oedoape jo surra) ur
‘a1o1 12y [, “}10ddns [euonjows jo 921nos
d[qerfa1 AJuo ay) se , suoIjeur AJrununuod,,
BurquIdSap Ua1J0 ‘axed TEdTUT

(SLDJ) sysnag
meU %hwa_hnﬁ XIS SsOI1de

s8urpes Ayrunwuwod
UT SUOT}TPUOD ULId)-3uo]
103 Juduregeuewu

[eurroy e se j10ddns [erosoyoAsd pue j0ddns [pRosoupAsd 03 souersodir juswaSeurW 9SEd UOI}eUL Apnys aaneyfend) wop3ury pajun 5563 PoJ-oSIU O [2] £00T “Te 32 JuaSreg
jo uorsnpour 105 paau {(,,snjdins : : Amumururod guraredar
: : “ renba paudisse s1oardared pue syusrye | : - saandadsiad 1ared pue
uonejuawarduir, ) onoerd . , s1a1e0 76 pue syuanjed 7z
110ddns [ewosoydAsd (G) pue Koesoape juanyed Surpuejsiapun
prrom-fear pue suonrurap Adrjod , : , :
(¥) ‘uoryednpa yjreay (¢) ‘UoneurpIood
Teyjo usamiaq Aouedadsi(q 7, T
axed () ‘axed redturp (1) Juswegeuew
ased jo sapdpurid ayy uo paseq Aroarp
91D UT PIYTUSPT SI9M SeaIe A3 dAL]
's3umnyas ared snotrea o3 a[qejdepe
Ppue 2A1)29333 3¢ 0} pasoxd spppoux
pajerSajur pue paf-asinu ‘pazA[eue
s[ppow ay} Suoury A3oouda) 0} CoLIUNoD
"SUID)SAS STEDI[LI SIDAIP  $SIDDE PUEL “UOTJEITUNUILIOD “UOTJRUTPIO0D 1510 SuoWE S — :M Mo
UI S[OPOW JO SUN)Sa} IOYIINJ  UIed) ‘SadINOSI PIJIUI] S ons “padIawud P, OH JS——, o Qm\ﬁﬂ.g %@Eum &mh
pue spppowr pajdepe A[jernymnd SINSSI [EDNLID SWIOG "SAINJONLS Surpuny . slopout oLt 33 ASTOT ALY
B ) B} Pue “OTUOID “pIf-asInu s101e}I[IDR] pUR
10§ PaaU S[00) UOTJRN[EAD pue ‘drysiopesy ‘s1oa13ared pue syusnyed , , }
., s 9ATJRIOR[[0D “parerdajur s1aLLIRq Uon U du .
PaZIpIRPUE)S JO MOP[ {S)XAJU0D JO JUSWIDATOAUT 3y} “(SLD]) SAIS0[0uy 03} oL DO AGD SISO maraar Surdoog [euor U NIAL “edu “susuodos [1]$202 “Te 39 meweepug
PAUTEIISUOD-3DINOSAI UT AJIIqISe] UOTJEITUNUILIOD PUE UOTJEWLIOJUT JO SN P \% putp 1op :
: i o § : : {AyTpIgIOW [N DTUOID 113U} UO SN0
uoneuawS[dWr Uo 9dUSPIAS a “dn-morjog ‘suerd ared pazieuosiad LA S1TIE T0T STaPOL e i Ayprqrowmnu
PAIIWI] ‘SLIJUNOD SUIOIUT-MO] ‘surea) Areurdosipynuw Surpniur ‘M SHMpe 10§ Spop w fprgroum
\ a1ed JUISSaIppe SAIPNIS G STUOIYD 0]
Ul pajonpuod sarpnjs Maj Syuawa[a Ao [e19AdS PSSy SopOW o180 Suidde
siseue ay [, axed jo Ajipenb [rerono P tadeN
A} pue ‘SaW0INO [eay AdUSIdIJo
1500 ‘uonoeysyes juanyed saoxduur
03 pajuawa[duwir Usaq ALY S[POWE 318
away ], Tedx
sdeo) yoreasay sGurpury £y uonendog/ardureg adAy Apmig xaju0)) redornyderdoan urepy AOqRY

"(92 = u) sarpnis papnjoul Jo sdfsLoeIeyD) T d[qe],

113



Medicina 2025, 61,1175

“Kyiqeure)sns ura)-3uoy

‘Juowaeurw-y[as 105 310ddns

PUE “MIIADI UOT}LITPI “UOT}EIN P
juerjed papnNOUT SPPOW 91D dATIINIFD
jsour ay Jo syuauodiuod Surrmoax
pue £ ‘synsax paxiw paonpoxd
s3umas Jusryedino ur A[pArsnpPxa

L2 SSOUDATIIOLO-ISO0 L0 IOUIPIAD POISAI[OP SUOTUSAIDIUI JSLIJUOD QIn{rey }1eay dDIUOIYD
P - \.wcww odo tor cw>m. u U] "SUOISSTUIPEAI SUDNPAI UT dATIOIJJO syjuow 9 3sed| Je ynm syuaned Suoure
v:ﬂ mWE.% .33%5 :osz.wﬂ:mv:Mam. S PayIULPI OsTe a1aMm saypeordde jo dn-morjoj ‘Teyrdsoy ayy S 62 suorssiurpeas reyrdsoy
0 oe] ‘So1p]S SS0Ie Areuridosipymu oy Ajifeyrow woxy padreydstp A[jusdar 0 MO dEUINSAS [euoreun A pue Ajreprowr Supnpax [S]210Z “Te 32 epaseL
\?m:mmoaw i wm. dW A asned-[[e pue suorssiupeal [eyrdsoyy QIn{rej J1eay dIUOIYD j : : ur uorjeziue3Io AdIAIDS
tpea 30 mghmwoﬂw&ﬂ.u Ew: ndo wf. PadNPAI YJIM UOTJRIIOSSE UR PIMOYS ym syuanzed ynpe gH6s [eDTUI[D JO S[PpOW
QurpreSar surewax AJUreyIeoU Apuaystsuod sdn-morjoy suoydare) pue JUDIDJJTP JO SSAUDATIORT
P : : n ‘S)ISIA SWIOY “sasanu isiferdads papnyour
Jey) spppow Juswadeuew ased aenonaed
uf ‘suorjuaAzaur Areurjdosipynu
pue ‘axed juanedino “uawadeuew
3sed :dIn[Tey 1Ieal] M sjuarjed
UT pazZATeue S[PPO 316D 3N} Ik I ],
*S9DUDIJJTP JUBAJ[AI AUe MOY[S JOU
pIp osye sasATeue dnox8qng Ayeyrow 10
*SUOTJUS ATdIUT JO Suruury ‘uonezijeuonnIRsuL ‘suotssiwipe feydsoy a1ed TENSN 0}
pue sari03valer} AJresy uo yoIessa “Butuonduny [e10S “Lp[eay [ejuaw 100} 8UU2II>S paredwod synpe 1opjo
HSuor y "(as-0a) #1130 Anenb (GT-zyey) snyeys doig-om 21eDASVH
[eUIPNITISUO] ISY}INJ PUE SAINSLIU p : [Te1y 10§ JuswaSeueur
i d reuonouny Surpregar synsar juedyTudis ay) Sursn pagnuapt 1 d
OLIOITO PAISIU) LOSTS PIRIA JOU PIP J1 “T9AI MO “sSunaaur ‘(dnoi8 joxyuod aypy [eLI} PI[OIU0D 1SN SpUeLIByIaN oses Areurdpsiphnu [#] 9102 “Te 19 sy
10§ PIDU {SUOTUSAIDIUL JO SULIO[TR) 1 Kreundie L rdnoiS : U0 paseq [ppowt :
© 3 wea) Areurdosipynu pue ‘maiasr Ul g ‘dnoid uonusarajur £ 4 q
[enprarput pue Ajrouadorajoy , o P d R ared Areurtad pajer3agur
an - uoTedIpaW ‘Juauadeurwu ased ‘Suruue| Ay ur £87) siea
31 /5109JJ9 MOYS 0} JUSDIFNSUT _ UR JO SSUSAIIIDJD
ared aAndeod se yons suonua A UL 04< pade A1apia [rery 9¢g
3¢ Aewr UOTIRIND YJUOW-IA[OIM], , ay ajen[eas of,
paInidNIs papnoul ‘synpe 12p[o
Treay Suna8re) ared Arewrrd 105 paudisop
“wrer3oxd [apare)) 9y Jo asn Ay,
away L, Teax
sden) yoreasay sSurpury Aoy uonendog/ardureg adAy Apmig xaju0)) redornyderdoan urey i

Juo3 "1 3[qeL

114



Medicina 2025, 61,1175

‘s3un)jas ssorde sisA[eue
SSIUDAT}OIJJO-}SOD PUB UOTJRN[BAD

‘y10ddns [oAd[-ud)sAs pue

‘uorjerdajur feuorssajordiayur ‘Awouoine
Sursinu se yons s1030ej [ENJX)U0D

£q paduanyyur A[3uors sem spppour

9SA) JO SSOUIATIIDJD A, "dDUIPIAD
S[qeLIeA yjm ySnouje ‘sjisia juswredap
AouaBrowe pue suorssrupeai [eyrdsoy

SE UONS ‘SaDIAIIS JIRIYJ[edY JO dSN
pauuerdun ayj ur uoronpar e pAySySny

SPaaU }[eaY [eI0TARdq
pue dTuoIyd xa[dwod M

suoendod paaras
-I9pun 10y juswaSeueur
9SLASIP DTUOID

SPOIdW-PAXTUI SNOIOSLI 10] SITPNJS JWOG ADLDJI-J[3S Paseardur pUe UoT}eUIPIO0d
, , , QUWODUT-MO] PUE URDLIDWY
[Te2 ‘sawodno wry ajdnipeng) oy pue ‘uonoeysies jusned 1oySny ‘ared weonyy Aurew ‘(o £pnis uoneruswsdut 31D TRUONISURI)
JDdI Supjur] ouaprad redrrdurs Jo Aymuruod pasorduwr yjim pajerdosse v Wu‘s orie % prisuon .w\: miwwm : S9JLIG PATUN U0 Pasndoy [ppow (JDd) [#1] 120T “Te 30 Aa11yg
pajw ‘swdysAs pue suonendod QI9M SUOTJUSAISIUI PJRUTPIO0D-3SINN] - NWHUMIV W%w SL hdrRsed sonperd aaneIoqe[[od
1930 03 Aj1[Iqeziferouad Juawegeuew-jpas juaryed 1oy 310ddns P Sm, . % WHMM.WEW% cw reuorssajoxdiayur
pue ‘Ayiqeureysns ‘Ajifiqereds  pue ‘dn-mopog a8reydsip-jsod pamjonns M sinp Mm wammcw: ‘par-osu e
UO PIPadU |DIeasal IOUIIN,] Guruuerd axed parejusd-uosiod puep N Jo uoryeyuawaduur
‘uorjeroqe[[od Areurdsipynu pue juswdofaasg
PapPN[OUL SPPOW JAT}IDJJD JSOUL AU}
woiy Jurdraws syusuoduiod Loy ‘s3umnjas
uonejuawardur pue ‘suonerndod jo81e)
“udrsap jo surray ur Aypuadoraiay Yy
PaMOYS SITPNIS PIPNIIUT ) UT PaYTIUSPI
pue pazA[eue SPPOW 218D PI[-dSINU [,
a3ueyd
[eIN}[ND PUE UOI}RIOJR[[0D dAT}IIYJO
saxmbax sty jo [y “Sunyoeod pue jroddns
. TedTurpd pue ‘sfooy reoturp ajerrdordde juawaAoxdur 10§
syuarjed Surpnpur s1apjoyaye)s ;
0 JuawdO[aASP 3} ‘SISPIOSIP i[eal] sar3ajens pue
19130 Jo saandadsiad ay uo ,
[EIUSW UOWILIOD U0 Pasndoy Sururery SISPIOSIP SISPIOSIP [eJUdUL
pue s[003 Te313TP JO SSAUATIIJD
o : apnpur sardajens juswaordwr [enua}o [EIUSW UOWLIOD pue UOWIWOD PUE SISLISIP
9} UO PIPaaU DILISAT 1NN .
, (swstueypaw [euorjerado pue amimd  SISLISIP DTUOIYD YJOq JIIM Apmys aandrosap oruoayd 3ursIxa0d .
{SUOTJRIdPISUOD A}oFes [eInimnd epeue)) [£1] 20T ““Te 30 urpneag
euoneZIue3I0) SI0J08] [PUOTIOUN] PUE syuaryed 105 a1ed dn-mofyjo; aanardiajur aaryeyIEN) 1M syuanyed 105 sasInu
pue syromaurery uoryeyuawa[duur [ i1 IP j 1io; I U s
\ : : K103eSa1 pue ‘(uonisoduwrod wes) pue ur douarIadxa yym ared> Arewrtid £q 3roddns
JO oe[ ‘uoneISauI GG 103 ; £ a ) i d =
§]00} poZIpIepUE}s pue swesdosd uorjeroqe[od Areurjdosipiajur ‘sajor) sasmu ared Arewrid ¢z Juswadeurw-J[as
T au s10)0ey [euolssajord ‘(sapnjnie pue ‘s[ooy Jo uoryerdajur
uTuTeI) PajaSie) 10J PIdN . 3 ¥ :
[eJTUT[D “PROPLIOM “S[[IYS ‘@3 papmouy) ay) Sumduanyyur s1010L,]
s10308] [edTur apnput Jroddns
JusuRZeurW-J[3s paf-asinu jo peards
a SuduLNFuI SURUTULINIOP A% AL
sden) yoreasay sSurpury Aoy uonendog/ardureg adAy Apmig xaju0)) redornyderdoan uﬁwm \uo..%”w

Juo3 "1 3[qeL

115



Medicina 2025, 61,1175

*JX9)U0D [ITUI[D
ay 03 dfqeydepe pue ‘reonoerd

‘a1q1seay aq 03 pasoid uonua Az U

3, I0JEUTPIOO)) UOTISURI], B JO dduasaid

o1ed oy ySnoxyy mory reyrdsoy SurGeuew 1endsoy ared aynoe
Axewrid 0} roaopuey agreydsip i) 1 MO [eItasoy sul adxeyosip-ysod ue woIy padreydsip
: , : ur ajox aande ue pakerd sjeuorssajord : :
UT S9TDUR)SISUODUT /AJTPIGIOWI [N . : SYOOM ()]—9 10 PIMO[[OF Ayprqrowrmur
d QIRDYJ[LdY ‘QIOULIBYN,] ‘PIPIWIpLdT d
PIM sjuaned J0J JUSWSSISSE ST ITENIoE S1om o, 57 ATUO Doer iy et (SUOHHPUOD DIUOIYD O] 03 €) Spoyjouwr paxur errensn PIIM sjuaTje 115 SIAR,
d: As Treny Jo¥C ATUO "Pey U st Ayrprqrowmnu yjrm Suisn Aprys Ayiqrses, fensny npe 10§ yjesys[ l611¥720Z “1e 0 staeq
uorsstwpear [epdsoy dnewsys NPIGIOWR UL Y} 1sn Aprys Aypiqrseaq JNpe 10§ YTEsYR[R)
) uorsstwpear jo uondedrad paonpar e pue
jo aduasqe ‘Aousdyje-js0d h (s1eak g/ a3e BIA UOIJUSAID)UL
SIDIAISS 0} SS00€ paAoxdw “UoT)ORySTIes
PUE SSOUDATIORJJ SSISSE 0} [eLI) Q d . ueaw) syuaryed ynpe 1 a1ed [RUONISURI)
P3[[OTU0D PIZIWOPUERI B 10] PIIN Ys1y pariodar syusped ‘(WH{eaYa[s)) Ppa[-9sInu e Jo AN[IqIsea]
: 110ddns [euonisuer) sjowar pue ared s
JO A3INUTIU0D UO pasndoj ‘AjIprqrownnur
im sjuanjed 105 uonURAIIUT
par-osmu e pazAeue Apnjs oy,
"PaqLIdSAP IO PIPN[IUT A[DILT dIOM ‘synsax juedyudis A[feonsne)s
(sumdrpawaa) ~3-9) sardofout[da) jo [[EIOAO0 MOYS JOU PIp SasA[eue-ejowr
9SN A pUe ‘S}S0D “JUIWISINGUIIDL ‘ssaooe Juawjredap Aouagiowa ordoad
seyons spadsy yrom  pue [eyrdsoy pue Kyrpeyrow ‘o1 jo Lyijenb awoy je SurAr| Py S—— R 19p[0 Sur[emMp-awoy 10§

Pprnoys [ppour ayj moy urefdxa

uo s309jj0 aansod pajrodar sarpnys Auewr

(s1eak g9 Appsowr) synpe

S[opow a1ed pajerdapur

[81] 020¢ “Te 32 3pOoydsaq

. P pue MaradIdnewR)sAg  ‘edroury yiroN ‘edoing
0} sa11091) uorjejudwAduT ySnoyiy ‘swesy Areurdosipynur woiy I9PTO §91°TC ‘SATPMIS 6T PAT-9SINU JO S}O9JJ0
pasn [apow ou JSowy j10ddns pue suerd a1ed pazienprarpur pue sjusuodwod 9100
"SW0DINO U0 S30ayJa Juedytudis  ypim ‘yoeoxdde parsjusd-uosiad e premoy
MOUS JOU PIP SaSATeur-ejouw ay [, PAIUSLIO JI9M S[OPOW PI[-ISINU JSOJA!
*SULIOU [RIN}[ND [EDTYDIRIDIY
U SJUTRI)SUOD 3DINO0SAL SPN[OUL *SIDIAIIS PASed-A}IUNUIUod
uonejuawaydur 0 s1atrIeq m uoryerdajur Suomns Aq resdsoy Arena) e woiy Zury39s 90IMosaI-pajTuI|
renuajod ‘UOTSSTWpEaI /SSAU[T  pazLdjoereyd pue wied) Areuridosipymnu s1aped] [euonezuedio g © ur2Inyrey
03 anp uonedonred e Aq payroddns JuawaSeuewr pue ‘(uennarp pue Jeay yim syusryed
juanyed pajIwI] /SOLIUNOD 9SED Pa-asINU SeM (JHD) dIN[Iey 31eay qsoeurreyd 4si3oorpred Apmys uSisopoo y puefrey 10 [9POW 3IBD DTUOIYD [S1] S20T ““Te 32 Aefeyuooy
QWIOOUI-3[PPIW PUE -MO[ IO Ul DIUOID JO JuswdSeURW Y} 10§ 3[qEL)INS ‘S9SINU) SURIDIUI 9 Pa-9SINU “PAId)UII-IdSN
K)I[Iqe[edS pUE ‘SSOUDATIORJ-1S0D PUB 9A1309§§9 JSOW A} “Wa} Suoury quaryed anjrey e jo juawdofoaap
‘sawrod)no yusnyed uo joedurr ‘PAYIIUSPT 2T M dIED JO AJINUTIU0D jreay 1 :syuedonied g1 pue uSisopo)
s,ad£y0301d a3 jo uonyenyess Suraoxdwr je pawre SPPoOW SUIN
pue 3ur)sa) a1niny 10§ PN
dudy L Teax
sden) yoreasay sSurpury Aoy uonendog/ardureg adAy Apmig xaju0)) redornyderdoan urey i

Juo3 "1 3[qeL

116



Medicina 2025, 61,1175

‘S[opour ared
mau ut juswdopaap Auapr

pue uoreyuswadwr ure)-guoy
j10ddns 0y Sunydeq euoneziuedio
pue Sururer} Snonu[uod

‘A[reuorssajyord

pue A[reuosiad yjoq Surpremar uonrsod
ST} PUNOJ S19ZeUeU 9Sed ‘SIAIISIP

31 uorru300a1 Ay} SUTATEOAI JOU 0T

ay} 9jrdsa(] "sanTAnOR USRI SeURW ISED
woy Jurynsar syyauaq parediad ap pue
93 pa[Mow] pue STITYS JO FUSIAIURYUD [}

[opowr adeIqurg
ay) ySnomnyy syinpe
I9PO 03 1D pajerdajur

Jo doueyroduur oy JuswaSeuewr ‘59101 TeuOo1SS3j01d M3U JO UOTIONPOIIUT s1oSeuew ased T Apnys aanjeyrend) SpueLIByIaN pue parsjuad-uosiad [12] 810T “Te 32 SP01quanin
9sEd pue SI[01 [eUOnIpEI} ay “syusnyed 1apjo yym yoeordde SurArPp ur s1deueur
SUTUIqUIOD YTM SaNSST ‘U0 IULaP [eUOT}E[dI MU & PapN[OUl PASIowd ased jo uonejdepe
901 19139 pue ‘saurPpIng jel) sowdy) urew Ay, ‘Awouojne 901 pue sadudLIddXg
jo uonerdajur ‘sarnponns  juaned pue quourromodws ‘sdrysuonerar
j10ddns 1a1ead 105 paaN paseq-ysna Surp[mg uo 3ursnooj ‘ouo
PpaI1ajuad-uosiad e 0} [Ppow paseq-sse)
© WOoIj PIjJIys dALY SIaSeuew ase))
“uIea) ared-jo-A}murnuod
ayy ur paajoaut speuorssajord £Aq papraoxd
suonuRAIdIUL A} noqe reondays aq
0} papua) syromiau jroddns feurojur 10
SEOMU 3120 uSDO rewzoy uo Aa1 Apren3ar oym spenprarpuy
, - ‘paz1uB00a1 AJ[NJ JOU USJO ST anjea (a8pug areD
pue ‘safI[Iqe jusuaeuew-j[os \ werdoxd ared feuonisuen;
, pappe 1y y3noye poedwr aanisod JeIpIE))) UOTUSAIUT
[9A9] A)[Te1J 0] SUOTJUSAISIUT IOTTEe} © JO ULI UOTJUS AISIUI S} UL
\ B PRy 9SINU AJIUNUIWod sy} £q pajonpuod ' ared [RUONISURI) .
03 paau Jsow Jiauaq sdnoirdqns . pajedonred peyoym (378 Apnys aaneyrengd) SpuefIay3aN [0z] TZ0T “Te 3 ewda(
SJISTA QWIOF] ‘A}[TeI] IO SONIPIGIOWod | _ PRIBUIPIOOd-ISINU
juaryed yorym Jnoqe Ajureyradun :98e ueaw) s1eak ()£ < pade
\ 0 NP SAYNDLJTP PAde] SIANJIO e M sjuanjed derpred
UOTJUDAID)UT U} PUE 1D [ensn b d fud d syuaryed derpred [rexy 91 1
wasmipq SurgSIEUnSIP SO a[ym ‘syuawaroxduut [edrsAyd pajrodar I9P]O [redy Jo saduaLIdxy
S s QWIOS :PALILA SAOUILIAAX A19A0031
“TOAIMOL] "d1eD JO A}INUIIU0D PaInsua
YOTYM ‘sy1S1A dWoY a3 eydsip-jsod
y3noayy pasredar jroddns aanoe oy ypim
uonoejsies passaidxe syuedonred Apmg
away L, Teax
sden) yoreasay sSurpury Aoy uonendog/ardureg adAy Apmig xaju0)) redornyderdoan urey i

Juo3 "1 3[qeL

117



Medicina 2025, 61,1175

‘sgunjos a1ed

aszaA1p ur uonedrdde repeoiq
pue indur 1opoyaye)s ajeprea

0} S[00} 10§ PISU ‘SIWOINO
U3[eaY U0 J09J39 pue ‘AjI[Iqeureisns

‘sgumas aredyjeay

JUDISJIP SSOIDL dILD JO AJINULUOD
SDULLUD PUe ‘D1 PAIajuad-uosiad

pue pazifeuosiad saImsus ‘syusuus[o
Q0URWISA0S pue [eIn[Nd sajeIdajur
‘S[PPOW JUSLIND JO JYSI[ Ut saSua[[eyd a1ed
Zumnsixa sassarppe )] ‘seare [euorerado

doyssyrom

UOTEPI[eA B PUR SWILIOY
ut pajedionaed (soruapeoe
pue ‘srouonioerd [eousd

20BJID)UI DIRdY}[edY
Arepuodas—Arewrtad
oy Je Ayrprarownmu
y1m ordoad 10y axed Jo

cuoneuewaldun; Sy S698se XIS PUE ‘(3115 PUE ‘UOGeIMIRITIO S9ATINDAXD mm>ﬁ\ﬁcmmm&mh aandrsap aaneens) erensny Aymurnuod ayy saoxduur [¢2] 020T “Te 39 siae(q
; ; , [eurdLioqy ‘sajedoape 0) [9POW UOT}RUIPIO0D
PInoys sarpnys armjny {(Apnys 9OURUISA0S “UOTJRUIPIO0D) SUTRWOP )
) Iawmnsuod ‘syeuorssajord a1ed pargjuad-uosiad
3} JO 7 11k Ul PIsSaIppe 3q 03) 1moj “(uoryeroqerod Areurydosipynu ¥ ,
yreay pare ‘suenisAyd par-asimu
sonpoead ur pajenyeas aq 03 394 are [e10309s193ur) Jusuodwod ,
y : : S9SINU) SIOP[OYIN LIS Fi e Jojuawdoraasg
joeduur pue Ajijiqisesy s, [ppow 3y, [eSIDASURI)} B PUNOIR J[IN( ST [9POW Y],
‘PauSISap sem [9pOU UOTRUTPIO0D dTed
par-osmu a[qejdepe pue onewsderd v
"SATTAT}OR UOTRUTPIO0D
aIeD pUE SJISIA WO YSNOIy} 92139p
yredunssyeaid o s, I9)seur e pue ururern padueApe M
SISINU Aq PAIDAT[DP d19M ‘D81 JO 9915 syuaryed Jnpe [t
PIoIA Jey) suonuaArajur oyads ) .
PaI9JJO “SATATIS DD A, ‘Juedytudis AJrestuoryd ur uorezinn
pure Surr) Sy U0 Papadur YDIeasal : PR pasnjai9gL : Cog
) A[reonsne)s Jou sem 31 ynoyje ‘parIasqo } areojeay Sunparx
ISU}INJ {PIAOUL IO SWID)ISAS S901AIDS DD pardadoe Apnjs [euoneAIssqo ,
I OS] SeM SJISIA JUSSIN-UOU UT 9, /F ;) 4 S3)LIG PATUN ur urex3oxd (JNDD) [22] 10T ‘prowry
3[eaY 930 pasn aAry Aew oym ; 1G] ‘9SLaSIP JIUOIYD SUO aanpadsoney
Jo uornpar y -ajedonred jou prp oym jusuRSeurw ased
syuaned jo Supyoer pajrui sowr jsea] ye yym syuanyed £0g
asoupy 03 pareduwrod suorsstwpe [eyrdsoy Ayrunuwuod paf-asimu
Jyouaq sdnoidqns yorym Ajruapr
UT 9SBAIDIP 9,19 B pue SHISIA Juduriredap © JO SSOUDATIORJT
03 eyep oryderdowap jo e
Ad>uaBrours ur uonONpPar 9,66 e
PpaduaLIadxa S31AIIS (ADD) JuswaSeureur
axed druony ut 3red y003 oym syusne g
away L, Teax
sden) yoreasay sSurpury Aoy uonendog/ardureg adAy Apmig xaju0)) redornyderdoan urey i

Juo3 "1 3[qeL

118



Medicina 2025, 61,1175

‘suorjendod [euar 1opeoiq ssone
AJIIqe[eDS PUR ‘SSOUDATIORJFI-1SOD
“S9U00INO ULId}-SUO[

SS9SSE 0} POPIAU SATPNS ISY}INg

'snje)s

Teay [eraao jo uordedrad [erousd

U} uT 10 Yj[eay redrsAyd ur paatasqo
919 M SIDUSIDJIP JULITUSIS OU “T9IAMOF]
“Buruonpuny [eos pue Kyirenb dosys
‘Jye3s axeoyyreay wouy 3roddns paareorad
papnUT SowodNo 2aRIsod feuonIppy
“uondeysyes juarjed pue ‘Suruonouny

(To1uod o3

ur g “dnoi8 uonusazsyur susisap 35a3-4sod

sisATerp [eauojrrad
BuroSrapun syuaned
JooyT

J0 Ayrrenb ayy aaoxduur

.mmuﬁmumuc 1P painip aaey Lewr Teos “Burag-[om euonows ‘ured ‘daays AU} UI £F) 2an[rey [eusx pue -a1d s et Buoy 3uoy 03 dn-morjoy suoydaray [sz1 010z “Buom % moud
PIYM TSLAISS SUIOY 03 S59000 ‘ AKoupny jo yoedur oy ‘swoydwAs o8eys-pus ynm syuaned PI[OTUOS pazItuopuey PUOT}RATIOW 3IM
pey osre dnoi8 joruod ‘srejrdsoy 9Seostp ASUPPA§ ! i pus Hed<8 [euoneAl o
ut pajou a1om syuduwaoxduy ‘sisATerp werdord yusweGeuew
0243 AJUO WOX UGN NI d Suro31epun syusyed ur 9SeD par-asInu
0} anp pajrw] AJ[IqeZI[eIausn) [E9UOILIDC SUIOSIOPUN SjUSHEd L bel v
o511 Jo Ajirenb oy paaoxduur Apyuestyus
‘sdn-mofjoy sauoydaja) [euoneanouwr
£q pamo[[o “[opow jusuaSeuewr
9SED PI[-aSINU Y} Jey} punoy Apnjs ay [,
‘uonEINPa ey
uo paoed sem siseyduuo 10jeard
eay paaredrad-jps  ‘suonrpuod Arojerrdsar yyim syuanjed 10,
josroprpard  sampadoid ared pue SANIATIOE UOLLINPD
Se PalIIUuaPI 2I9M SNJe)S [eIDURUY 3TeaY Aq PIMO[[O] ‘DIUR[[IDAINS SEM a8xeysip 193y spusned
pue ‘1opua8 ‘a8e ‘Afeuonippy  uonuaAmiul Sursinu pajdope Ajuouwrurod 11t Areoruonyd Suoure
‘suorssrwpeas [eyrdsoy JSOW A [ "SIOTARYD( Paje[dI-Uj[eay [eL1} PI[[OTU0D uorssrwpeas [eyrdsoy
I0J PUNOJ 9I9M S)O9JJ0 JULdTUSIS pue s1o3oej [edrdoforsAyd o3 pajefor syuanjed [t Afpedoruony 9§ pazrwopuer e eury) ‘Suoy Suopy  pue yjjeay payrodai-js [¥2] 800T ““Te 30 MOYD
A[reonsnels ou Jng ‘SuonIpPUod SI9M SINSST PaYTIUSPI JO AjLIofeur jsea Jo stsATeue Arepuodag U0 (SSND) SIIAIIS
Ie[noseAorpred pue A1ojeridsar  ayJ, ‘PaAIdsqo sem suolssrurpear feyrdsoy Sursmu Ayrunuuod jo
yim syuaned Suowre yyreay UT UOTONPaI JUBDYIUSIS OU “TOASMOL] joedwr ayj Jo uonenfeay
pajrodai-jas ut syuswasoxdur ‘suonTpuod A1ojerrdsar pue derpred
Jued[TU3IS 0] PIY SHSIA SWOE] ym syuaned jo snjess ypreay paatedrad
oy Suraoxduwur ur ofox jueyrodur ue
pakerd (sgND) sisiiedads asinu [eorur)D
sden) yoreasay sSurpury Aoy uonendog/ardureg adAy Apmig xaju0)) redornyderdoan uﬁﬂm \uo..“”w

Juo3 "1 3[qeL

119



Medicina 2025, 61,1175

‘uoryerdajur wa)sAs yjreay

‘[opowr
9DURIDJAI A} UTIIM spoadse [ermnymo
pue 2oueuIA0S JO uoTjRIZAIUT A}

pue uoneIoqe[[od AreurdosIphnw uo

pue sawodino jusned uo poedurr  paoerd st siseydus reonreJ ‘uorenieas < MME%OEJWSMH%,MMM
syt ATreradss “eonoerd prrom-reax pue ‘s3ur}as a1ed[eal] JUSISJJIP dsou & [EnPIAIpUL 10} S10}
Ul [9pow 3} Jo ADUSIDNYJO-)SOD  SSOIDE JIED JO UOTJRUIPIOOD ‘s1auonjioerd [earasoy ALeno) e ol 1000301d Aprys \HEOY SSOLOE ore) .
, ) , padxeydsip Arprqrownnur erensny Jo Aymurnuod dueyud [£2] 610T “Te 32 S1ae(q
pue ‘SSaURATIOYD “A[IqISeay U} [e1audd YIm uoredrunuwod ‘dn-morjoy SPOYIW-PIXIA
9JenTeAd 0} papaau siyIomaming  adreydsip-jsod ‘uerd ared pazienpiarpur ‘s sjuened O3 [Ppowt _um_.wmm::
‘parrodar usaq 194 aaey sawodno ue Jo uonyedynuapr ‘uonezieirdsoy eio :orm,EwEm_ it
[eorurp ou ‘jo00301d Apnys e sy Supmp juawssasse :saseyd pueusisod
XIS JO SISISUOD ] "[9POW UOT}RUIPIOOD
18D PI-9SINU PaIud-uosIad
‘a1qrxayy e sasodoiad [oo0joxd oy
‘Juawegeurw-jos
103 310ddns pue quaurromoduws
‘uonjezipeuosiad papnpour sradeuewn
3sed 3SINU A(| PIISATI[DP SUOTIUSAIAUT
a8xeypsip-jsod jo ssadons ayy
“RLIDILID 0} SUTNALIIUOD SJUIWIID A "SIWOIINO axeypsip
UOTSNOUT PUE JXJU0D [2D0] 0} aNP 3TeaY] [RJUSW UT PUNOJ 3I9M SIOUIJJTP reardsoy 1a3ye suonTpuod
payrwr] aq Aew Ajifiqezijerousd JueoyTudrs oN o1y Jo Ayirenb reorsAyd oruoxyd apdnnur yjrm
‘A)I[OPY UOJUSAISIUL  PuR ‘Snje)s Yj[eay paatadiad ‘Aoediyya-jas S}[NpPe I9P[O UT SSUW0dIN0
TeL1} PI[[OIU0d ,
pue diysuonyepar jused-asmu  ur sjuswaAoxdwr payrodar syusned asayy synpe 19p[o [8¢ Suoy Suoyy aaoxdwr 03 sar3ajens [92] $10T “Suop 3 moyD
Aq paduanpyur symsai LAjifiqeress ‘A[reuonippy a8reydsip 1oyje skep $ pozropuey Juaurromodurs ursn
PUE SSOUDAT}OJJO-}S0D 10] PIPIU UMM paonpar Ajueoyrudis arom sdnord wexdord juswadeuewr
UOTENTRAS IDUMNJ ‘SY99M 7] UOTIUSAISIUI U} UT $)I UOISSTUIPLAI Jey]) 9sLD paf-asInu
puo4aq yoedur urrey-3uoy 1eapun pamoys synsax ayJ, ‘dnoid joruod suo © JO SSaUSATIOdJJH
pue sdnoid uoruaazaur oM} 0} paudisse
ATwopuer axom Aay], ‘syred suoyd pue
S31S1A dWOY AT[ed1y1ads ‘Suonua ATajuL
JUSWIIZeURU 9SBD PIATSIAI SUOHTPUOD
JTUOID OM] JSEI JE YIIM S)[Npe Ip[0
away L, Teax
sden) yoreasay sSurpury Aoy uonendog/ardureg adAy Apmig xaju0)) redornyderdoan urey i

Juo3 "1 3[qeL

120



Medicina 2025, 61,1175

Juourromoduue yuaryed
pue ‘UOT}LIOR[[0D [EI0}DISIUT
“9oua3dwod [eanyno jo aduerodur

ayy paRy 31y 31y [PPOW SI ], "SIPIUNWWOD (sD171) suonrpuod
paSejueapesip unyjm juswadedus seare uonearidap-ySiy (&1oyedpnred pue ur1a)-guof
193ea18 pue suorsstwrpe reyrdsoy ur ur suoyendod uo ‘aaryeiuenb 1im Surar apdoad 1o,
g d P J@ﬁ%ﬁ.s. .w._% hei b) U 44-mw
‘Burpuad synsar  uonNPNpPaI e pamoys sasATeue ATeurwipI  SNdoJ ‘pasouderp A[mau 10 ‘dATyR}ITEN [opow a1ed pajerdajur .
wrey-3uo] pue ejep swodno [y Adexayy yiyeay pue Aymba ‘ojip jo £ypenb  {ejrdsoy e woxy padreyosip UOT}eN[RAD SPOL}oW PUPIEZ MON parjuad-uosiad [0€] 210z “Te 30 £oareH
‘a1ed JO AYIMUnuod papnpur paunuexa  Ausdar asoy) Ajrernoned -PaXIW Y3TM ‘pal-asiu e
syoadse Loy “suorsstwpe [ejrdsoy ‘sOITUIM sinpy  309foxd uoneyusuwrarduuy JO uorjeN[eAd pue
Buronpar Aqa1aly) ‘sadIAIAS ATepU0dds pue ‘uonejuawadwr ‘udisaq
Arewrrad usamyaq a1ed GuryeurpIood Jo
wre Ay} YIm (SON'T) SIUBINSU0D) 9SIMN
UOSTEI] JO 3[0I U} PAdNPOIUT [SPOUL AU,
‘TenuRssa st Aj[Iqrxey
pUe Pa)IUI[ ST SUIT} SISYM SSUIL)IS d1ed
awoy ut Ajferadsa ‘adrpoerd AepAroas ur (aayeyuenb) SUOMISURH 5185 DUE
Ardde 0y pr3ur pue xarduwod 003 aq 03 puay saneddrunu moy £ Hisued P
. - ) RS JIPIQIOW N UO SND0Y
awoy o3 Teyrdsoy wouy sAemyped onyads-aseasiq “uonTpuod ssone syuanjed b e
suonIsuer) ared Jurmp saurEpng 9[3uIs e ey JoYIeI SPasU [ENPIATPUL aIedI[EAY SWOY [9(9 Pue (2anesguen © UM [SSUHIOS o189
o i o § LI +aaneyienb) AemioN Arewrrd ur semiped [62] 810 ““Te 39 OwswLIo)
[edturpd jo uonyeydepe enyxayuod uo paseq semupyed axed pazijeuosiad SsjueIqRYUI JNPe 72/ 1T £ A S :
h I} PNIS SPOIW-PIXTA Tedturp dyads-aseasp
3} UO DILISAI JUSDLINSUL pue a[qixafy Sursn “parajuad-uosiad ‘(oanyeyirenb) sarpmys Qs
styprordde aandagge uy -ared Arewrnid jo ased om) Ut s1adeuewr pue o.u. S ﬁﬁmmw :
1x93u0d a1 ut sjuanyed druonyd Surdeuewr sreuorssajord yreay 661 JO AIqIseEad
10§ 3[qeyns Jou st skemupyed Testurpd
oy1ads-aseastp Jo Jurmions sy L,
'S[00] PajepI[eA JUISN SWOdINO
oy10ads e sk AJINUNUOD PaINSeaw Maj e
A[uo yng—iereSeurw pue ‘[eUOTRWLIONUT
. : : QDBJISIUT ATEdI[EAY
[eUOT}R[2I—aIEd JO AJINUIU0D PIINSUD )
repuodas—Arewrid
. Je) SUOTIUSAIIUT PIPN]IUT S|PpOUr S9SEIASIP
5100} JudIAINSEA A nunu0d ozATeue 9 ‘[oryuod woydwAs STUOIY UM (G6-67 Pade) MITADI au ssowe syuaed
JO uoTjEpI[EA PUE SITPNJS PozAl BV Ton } TUOIY2 YHM (G6-6C P . [euoreURMIAL ASLISIP DTUOIYD 10§ dILD [82] 120T “Te 32 siaeq

SSOUDAT}ORJJ-1SOD 0] PIIN

pasoxdwr pue “usuradeuewu-J[as 19)39q
‘a1 Jo Ayifenb paoueyus ‘uonoeysyes
juanjed paseaIdur ‘SUOISSTPLaT

syuaned 3npe p60F JO [e103
© [}IM Papn[out saTpnys {1

oIjeWIR)SAS DA RIUERNT)

Jo Aymurnjuod urasne
UT S9OTAIDS PI[-9SINU

pue suonezieidsoy paonpax JO SsIUIARYE
se yons ‘sawodino jusryed paaordur
UM PIJRIDOSSE 1 SIDIAISS PI[-9SINN
away L, 1e3)
sden) yoreasay sSurpury Aoy uonendog/ardureg adAy Apmig xaju0)) redornyderdoan urey i

Juo3 "1 3[qeL

121



Medicina 2025, 61,1175

“Kyixordurod juaryed jo s1oyedrpur
aswaid pue sporrad dn-mofjoy

oyads-aseasip jou

Buoy Appuardnyns yym ‘Aressadou “SILIOMNO [ETUITD ‘(SaNI[IqeIaU[NA [e100S pue 189 WY
S : ISU}0 UO S)[nsar Junsenuo)) - A : rexaua$ ur syuanyed
a1e (SL DY) S[eL1} PI[[OTIU0d , ‘Ayrprqrowod oreryoAsd
‘sy1s1A woox A>uaSraw uo joedur oy - o K10y nqure xa[dwod .
pazrwopuer Ayrenb-ySpy P : ‘Kyrprqrownmur +3-3) MIIASI DTJEWR)SAG reuoneun A [€€] 00T ““Te 32 oje]
. ‘uonoeysies yuaryed Uo $)09550 dATIISO] - 10§ yusweeuew
S9WODINO JO UOLIeN[eAD spaau xa[dwod
Smoys — 9sED paf-asInu
pazipIepue)s ayj Ut pue yim (s1eak g1 <)
Juawadeurew ased JursInu a3IeydsIp-1o,J JO SSaUDATIORJH
JAuaned xardwod,, jo suonuep synpe Lrojenquiy
A} UT Papaau st AJLred 191earn)
‘d[qeLea
210w 9q 0} paaoid Ajipeyowr pue ‘sjsod
‘SN SDTAISS dIedUI e UO Joeduur oy
“T19A3 MO *Aded1yJa-J[as pue ‘aj1[ jo Ajipenb
*S9W0DJNO PAJL[AI-}SOD pajerpi-yjeay ‘ared jo Ayenb paareorad joedwr suoruLAIIUL
pue wid)-3uo] ssasse 0} se yons ‘sawodno pajrodar-jusred 9SA} SAWODINO Y} pue
PaPaaU SUOTIENTEAD }SNGOT AIOUT UT JUSPTAS JSOW SIIM S}OJJJd corpmIS MIIADI dTJeuIR)SAS R “AyTprqIowmmnu yjm e 15 DRI
‘AyIprqrownnur pue AJINUmUod  SARISO ] “dIed Jo ANupuod pue ‘Suruuefd tprs 0c SPOYIW-PIXIA [EUOHEURINN a1doad 105 suonyuaazajur [ze] za0z “1e30 puekeddN
10§ S[00} P3JePI[LA IO SUOTTULIP ared parsjuad-uosiad Juawageuew-jos Pa[-9SINU JO UOT}eN[eAd
PpazZIpIiepue)s pasn SaIpnys Mo, 105 310ddns papnpur paynuapr samnjeay pue uoredYHUIP|
uowwo)) ‘sanuajadwod pasurape yym
sasInu Aq pa] [[e ‘S[PPOUI a1ed [euonIsuer)
10 JuaweUe W 35ed PIpN[IUL
POMIIASI SUOTJUS AU U} JO ISOIA!
‘S[opow
JUSISJITP 3} Sso1dk sanuajaduwod pue
‘S9101 “AWOUO)NE JO SWLID) UT PIAISSAO SEM
AJI[IqeIIeA “TOAIMOL] JududFeueu-j[os
Gunjoword pue ‘s3umnyes
ared ueamjaq suonrsuer; unroddns £
! VPIGIOWNUT YjM
. a1ed parajusd-jusrjed SurLAIRP
paxmbaz sapuajadwod syuanyed pazieyidsoy
jo 1eo8 ayy areys sayoeordde asayy
PU SD[01 9 U0 AJLIepp 10§ *(S103RUIPIO0D D1 puk S10jeIARU Sa1pN3S papnout maraar Surdod rUO UL 10§ spppow juawaFeueu [1€] “Te 39 SIATRSUO!
PO “S3POU 9D PI]-SEIL 103 v mp: p ! IpIIs papnpul 1 ! 1doog TeuonRULMIN G — 1€l Te0T T [edu0D
9sINU “3°3) SI0JLIITIDR] ISINU }TM
SUOTIULOP PIZIPILPUL)S JO Db P JO UOT)EDISSED
spPpow (¢) pue ‘(*039 ‘srouonnoerd asmu o Surdde
‘systrerdads asimu edrurpd Aq pay) sppour P tadEN
JuawaSeurw ased () /(SUOUDAIUL
pajadre; pue ‘soturp juanjedino ‘sanranoe
Buruuerd a8 reyostp se yons) surerdord
Pa-9sINU (T) :S[OPOW aIeD PI[-3SINU
JO $911089) D 921U} PIYLIUSPI MITASI Y[,
away L, Teax
sden) yoreasay sSurpury A3y uonendog/ardureg adAy Apmg xaju0)) redoryderdoan urey ——

Juo3 1 3qeL

122



Medicina 2025, 61,1175

"SSOUDATIORJJD pUe AJI[Iqeure)sns
WLIUOD O} SUOTeN|eAd

AW02JNO WiId)-SUO[ pue

‘sugisap pazrwopuel ‘suonendod
I9PROIq SPN[OUL P[NOYS SAIPNIS
a1mjny ‘serq donpoxnur Aew uSrsap
pazrwopuer-uou ‘2dods [euordax

*S)S0D DIRDY}[LAY] [[RIDAO0
UL UOLONPAI }SOPOUI B 0} PIINJLIFUOD pue
“a1ed Jo Aymuryuod pasoxdur ‘syuaryed
pazireyrdsoy Suoure uonyezijejidsoyax

JO MSLI 3} paonpa1 Apuedyrusis

sympe 19p[o [re1y 10§ axed Arewrrd ojur

([o13uod ur

/22 *dnoxd uonuaarayur
ur )0F) 9sn aIedyjreay
Y31y J0 ‘Qur[dap reuonduny
“Kyrrerour 10y st Y31y

je s1eak g9 < pade synpe

[eLI} PA[OTU0D
PaZIopueI-UON

ared Arewrtxd ur synpe
I9PIO [T A[[edTuonyd

10J )0 pue UoezInn
aredyjreay Sumnpar ur
[opow Juswadeurur ased
PO[-9SINU JAT)LIOFR[[0D

Ssaje]s pajrun

[9€] 800 "1 39 TopaeIyS

Ay A I s1a8euew ased asInu Jo uoreIdajur ay ], Buremp-Aununuod £/9 © JO SSOUDAT)IJJ
's19}0 Ay} 03 Jorradns aq 03 pasoxd
S[OPOW 33} JO SUOU “TOAIMOL] "PIAIISO
. OS[E SEM OIJeI SSOUDAT}OJJ-}SOD S[RIOAR)
9SBISIP ISAI] 10J S[PPO PI[-3SINU b : B SISOULILD JOAT]
© “sased awos uf *9J1 Jo Ayirenb pasorduur
pazijeuosiad ur Afjeroadsa % Q08 pajesuaduroosp
{SSPUDATIOD ) pue ‘Aoedtyza-J1as 193ea1d 93 paymouy d
1}09JJ0 P[IOM-[edI (errensny pue )M sjuane

POSEAIOUT ‘SUOTSSTUIPEAI PISLIIIIP

9)en(eAd 03 S| Y pPaulisap-[om , ! SIIPNYS papnPUI 9] “YSN Y3 ‘eISY 10§ SUOTJUSAI)UT .
10§ vwWﬁ ‘Kyrenb _mw_moﬁovwﬂwwﬁ Apperzowt poonpar se suMm SOWONO ! mtmwﬁm% :Mﬁw [caq) MatAdTInPWRNSAS ‘odoang Eobm&vz% &3-3%:8 juenyedino €] €20z “832 [1PW10D,0
MO[-0}-2]BI9POW pey SAIPNJS STOLIEA UF JUSWIDACICUIL 9U0 ISEI] 91) [euoreunNIAL Areurdostpymu pue
) e pajensuowdp saypeordde asayy [y
JSOW ‘S9UWO0DJNO PUE SUOTJUSATIIUL ; PaISISSL-ISINU JO S)I3JJd
sso1oe Ayrauagoraay yuedyudr dn-morjog reardsoy paziprepueis AU} JO JUDWISSISS
" O FULIHIUSES (¢) yuaweSeurew ased paf-asmN] (7) 3o v
‘SUOTJUSAISIUIT [euorjednpy (1) :paynuapt
JI9M SUOTIUIAIUI JO sad £} urewr aa1y ],
‘uonIsue) ) I9)ye pue ‘SuLmp ‘a10yaq
syueryed Sunroddns £q axed jo Aymuruod aredyj[EaY JNpe
‘uonisuen)-jsod jusuwradedus pamsua oym ‘(sgNOoD) sistferadg 0y orjerpad
pue ‘711 Jo Ajrenb ‘aduaiaype 9SINN] UOT}RUTPIO0)) JO J[OI Y} [3IM (£9a1ns uoroeysiyes) woiy 3UrAOu SUONTPUOd
UO PIpPasau UOTIEN[EAS I9Y}INJ Buore oeordde Areurdosipynu pue JUSUISSISSE SUI0dINO Ted13070INaU JTUOIYD
‘sy[nsai serq Aeur o;,g§ Jo ajex pazireuosiad e papN[OUT SSWOINO IS} syuanjed 11 aanenuenb yim dueL] ym sympe Sunok [#€] 8T0T “Te 39 UIDAODDIA!
asuodsar ‘eyep awodno wid)-3uo[ 03 SurnqLIuod s10oey A3y *(%16) syuared Apnjs [euoreAIasqo 10§ (JINN) wrexSoxd axed
Jo yoef ‘uSisop mjuad-a[durs  pue (%68) syuaned yjoq Aq payrodar azom aandrsaq [euonisuer) paf-asinu
03 anp Aj1pIqezifesousd pajruary UOT)ORJST)ES JO S[PA] YT ‘SUOT)TPUOD ‘Areurpdspymnw
Tesr3ooamau dTuon yirm syusred e JO uorjenjeaq
Jo sassadoxd uonsuer) 8y 03 Uone[RI Uf
sden) yoreasay sSurpury A3y uonendog/ardureg adAy Apmg xaju0)) redoryderdoan uﬁﬂm \uo..wﬂmww

Juo3 1 3qeL

123



Medicina 2025, 61,1175

3.2. Main Results

The analysis of the 26 studies showed significant diversity in organizational models,
clinical outcomes, and strategies adopted, but at the same time, it also highlighted common
patterns attributable to four thematic areas: organizational models, nursing roles and
functions, clinical and organizational outcomes, and barriers/facilitators.

e Integrated organizational models

The most widely implemented models are as follows:

- Nurse case management in the post-discharge phase, implemented through tools such
as telephone, home, or outpatient follow-up, has shown significant effectiveness in
reducing hospital readmissions [5,26,36].

- The transitional care model, led by specialist nurses or community matrons, has been
highlighted as effective in ensuring continuity of care after hospital discharge [2,23,34].

- Multidisciplinary team-based care, through the active and coordinated involve-
ment of physicians, social workers, family /community nurses, and psychologists,
has proven to be a valuable approach to improving care continuity and patient
outcomes [13,14,31].

- Codesigned or patient-centered models, such as those implemented in heart failure
care programs [15] or in neurological transitional care pathways [34], have demon-
strated the importance of tailoring interventions to individual needs and preferences.

The hospital-to-community transition is commonly implemented through person-
alized and structured interventions, based on multidimensional and multiprofessional
assessment [4,33].

e Role of the Community/Family Nurse

Nurses play a multifunctional and adaptive role in chronic care management. They
assess clinical and social needs and identify frail individuals [21,32]. They are responsible
for planning care pathways and for the proactive and personalized management of inter-
ventions [22,28]. They support self-care, therapeutic education, and motivational coaching,
often focused on chronic conditions [13,25]. They also act as clinical leaders within interdis-
ciplinary teams and in coordinating the hospital-to-community transition [14,36].

e  C(linical, organizational, and subjective outcomes

Among the most frequently improved outcomes are the reduction in hospital read-
missions within 30 to 90 days [5,26,37]. Across the various models applied, improvements
were also observed in perceived quality of care, care continuity, and patient and caregiver
satisfaction [15,32,34]. Additionally, the studies report an increase in self-care, disease
knowledge, and treatment adherence [13,36]. Notably, a positive impact on healthcare
costs and a reduction in length of stay were observed in chronic care systems with well-
coordinated and effective models [28,33]. However, effectiveness in terms of mortality,
functional outcomes (ADL/IADL), or economic indicators remains less consistent and
appears to depend on the intensity and continuity of the intervention [4,5].

e  Barriers and Facilitators

Among the barriers identified in the studies are the fragmentation of services in chronic
disease management and the poor interoperability between different care settings [28,32].
Another barrier is the lack of standardized clinical tools and uniform training on chronic
diseases [13,33], combined with nursing workload overload and cultural resistance to
integrated approaches [31]. Among the facilitators, nursing leadership stands out, with
strong trust in the case manager’s role in chronic care management and interprofessional
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collaboration [14,36]. Early discharge planning and the timely activation of hospital—-
community integration services are also highlighted as enablers [5]. Additionally, the use
of modern digital tools and telemonitoring technologies, although still not widely adopted,
emerges as a promising facilitator [1].

4. Discussion

In current international healthcare contexts, one of the most important, complex, and
relevant challenges is the management of chronic patients, not only for the economic
sustainability of the system, but above all for the social, organizational, and quality-of-
life consequences for patients and caregivers. This study acknowledges the effectiveness
of hospital-community integration models under the direct guidance of the family and
community nurse as a concrete response to the management of chronicity and as a con-
tribution to the improvement of continuity, quality of care, and satisfaction of patients
and caregivers. These models rely on proactive patient management, with the aim of
anticipating the patient’s needs through the construction of a personalized care pathway,
avoiding the fragmentation of episodic care. In this scenario, the nurse emerges as a key
connector between services, supporting the stages of assessment, therapeutic education,
follow-up, and coordination between different care settings. It should also be noted that
fragmented and uncoordinated organizational models can increase the phenomenon of
missed nursing care, with negative repercussions on care quality and patient safety [38].
The results of this scoping review are aligned with multiple findings from the international
literature. The study by Deschodt et al. [18], for example, analyzed studies that confirm the
importance of the nursing role in integrated chronic care management models. The study
by Counsell et al. [39] is consistent with the results of our work, showing how a nurse-led
multidisciplinary approach can improve quality of life by reducing emergency department
visits. Other studies, such as that of Suiker et al. [40], highlight an improvement in the
quality of life in chronic patients managed through multifactorial nursing models. This
confirms what emerged in our review in terms of perceived continuity, empowerment, and
satisfaction. Similarly, the study by Imhof et al. [41] demonstrates a significant reduction in
hospitalizations at three months in chronic patients managed at home by nurses, a result
that reinforces the idea of an effective community care model. Another point of reflection
comes from the study by Stijnen et al. [42], documenting the positive impact of home visits
on the social dimension, an aspect often overlooked by policy-makers, yet relevant to the
well-being of chronic and frail patients. However, the diversity of results, as demonstrated
by the study of Boult et al. [43], shows that the effectiveness of integrated models also
depends on contextual factors, such as staff training, care pathway personalization, and
institutional support. Other reviews in the literature confirm the aforementioned findings.
McParland et al. [32], through a review, summarized various nursing interventions aimed
at patients with multimorbidity, with positive outcomes on quality of life, satisfaction, and
the perception of care, reaffirming the centrality of the nurse-led model. Among the studies
included in the review, the Guided Care model demonstrated how the activity of the nurse
case manager improves the patient experience, enhances self-care, and reduces the use of
healthcare services. Along the same lines is the study by Naylor et al. [44], showing how
nurse-led management in the early stages post-discharge allows a significant reduction in
hospital readmission rates and length of stay, thanks to effective hospital-community conti-
nuity. Studies such as that of Rich et al. [45] confirm the above, highlighting the importance
and effectiveness of structured education and follow-up in reducing hospital readmission
rates in patients with chronic conditions such as heart failure. However, not all studies
in the literature confirm favorable outcomes: Weinberger et al. [46], for example, observe
improvements in satisfaction but not in readmission rates, emphasizing the importance of
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the organizational context for the effectiveness of interventions. Further positive confirma-
tions come from a study by Morilla-Herrara et al. [47], which demonstrates that structured
discharge planning with connection to community services through models such as nurse
case management leads to improvements. A review by Latour et al. [33] focuses on nurse
case management in the post-hospital discharge phases in complex and chronic patients,
showing positive clinical outcomes and high satisfaction in patients and caregivers. These
findings in the literature are integrated with those of our scoping review, where not only
clinical benefits emerged, but also relational and organizational ones. Comparing our
study with the systematic review by Deschodt et al. [18], interesting data emerge: although
aggregate outcomes (mortality, ADL, and hospitalization rate) are not always statistically
significant, the effects in terms of quality reported by patients, caregivers, and professionals
indicate added value in educational, relational, and organizational terms. This is highly rel-
evant for chronic care management, where therapeutic adherence, patient decision-making
capacity, and long-term support are key elements just as important as traditional clinical
indicators. In summary, the review confirms the importance of the nursing contribution
in the management of frail and chronic patients, and this is not limited only to clinical
surveillance but also to the promotion of empowerment, guidance in decision-making
processes, and long-term continuity of care. Personalizing the intervention, adopting
constant follow-up, and coordinating resources are factors that make holistic care feasible,
centered not only on the disease, but on the person and their life network. In this sense,
integrated models not only provide an organizational response but also represent a cultural
proposal for rethinking chronicity, based on proximity, relationship, and autonomy of the
assisted person.

4.1. Limitations of the Study

This scoping review was based on indexed sources, with the potential risk of excluding
unpublished data or policy documents. The descriptive nature of this review does not allow
for quantifying the effectiveness of the analyzed interventions. Moreover, the variability in
the study designs included, combined with terminological differences, made it difficult
to categorize care models uniformly. The use of Al (ChatGPT-40) supported the linguistic
refinement of the manuscript. While the content and methodological decisions were
entirely made by the authors, the influence of Al on language style and phrasing should be
acknowledged as a minor aspect potentially affecting narrative consistency.

4.2. Future Perspectives

Considering the results that emerged, further studies are needed to deepen the under-
standing of the effectiveness, sustainability, and transferability of hospital-to-community
integrated care models in the management of chronic conditions and frail patients. Longi-
tudinal studies and randomized controlled trials could systematically measure the clinical,
economic, and experiential outcomes associated with such models. In the future, it is
essential to standardize and develop tools for assessing continuity of care, as well as to
define shared roles and nursing competencies across different contexts. Moreover, modern
technologies such as telemonitoring, remote monitoring, and the use of artificial intelli-
gence represent a promising perspective that requires further exploration in the context
of chronic care management, hospital-community integration processes, and support for
patient self-care.

5. Conclusions

The scoping review confirms the need for integrated hospital-to-community care
models to support frail and chronically ill patients. A key finding of the study is that
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the leading role in this process must be played by the family and community nurse.
Despite the heterogeneity of the included studies, there is a general agreement that nursing
activity provides added value in ensuring continuity of care, promoting self-care, and
increasing therapeutic adherence and satisfaction among patients and caregivers. The
need for standardized post-discharge pathways, the adoption of case management models,
and collaboration with other healthcare professionals emerge as fundamental elements to
provide effective chronic care. The presence of a healthcare professional in close contact
with families within communities, equipped with clinical, educational, and relational skills,
proves to be crucial. In managing chronic conditions, it is essential to rely on a healthcare
professional who can oversee the transitional phases across different settings, prevent
fragmentation and delays, and ensure a holistic approach—leading to high standards of
quality and safety in care. However, the study also identifies challenges that need to be
addressed. Among these are the lack of standardized models, limited coordination and
integration between hospitals and community services, and the need to enhance training
and supportive organizational tools. Further robust experimental studies are necessary to
assess long-term outcomes such as economic sustainability and patient empowerment.

In conclusion, reducing the gap and finding an effective organizational solution for
managing chronic conditions requires the implementation of integrated care models and,
above all, recognition of the central role of the family and community nurse. This, however,
calls for a cultural shift among policy-makers towards a proactive, sustainable, and holistic
healthcare system capable of providing concrete responses to the complex needs of frail
and chronic patients.
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Abstract: Background and Objectives: Kazakhstan’s unique geographic, dietary, and cultural
factors contribute to the widespread occurrence of vitamin D deficiency across the entire
country population, particularly among children. This study aims to assess the mean
prevalence of vitamin D deficiency in children in Kazakhstan and determine whether it
differs between healthy and non-healthy children, as well as between infants and older
age groups. Materials and Methods: A comprehensive literature search was performed
across five databases by two researchers. Studies were eligible if they were observational
and provided the number of children with serum 25-hydroxyvitamin D levels below
20 ng/mL out of the total number of children assessed in Kazakhstan. Results: Eleven
studies were included in the analysis, assessing 1396 children, of whom 714 had the
outcome of interest. The pooled mean estimate of vitamin D deficiency among children was
56% (95% CI, 46-65%), with particularly concerning rates among infants at 65% (95% ClI,
44-82%). No substantial differences were observed between healthy and non-healthy
children. Conclusions: The prevalence of vitamin D deficiency among children is alarmingly
high. These results highlight the urgent necessity of tackling vitamin D deficiency as a
public health priority. Incorporating vitamin D deficiency prevention into Kazakhstan’s
national healthcare program is vital for improving child health outcomes and reducing the
long-term burden of associated complications.

Keywords: vitamin D; vitamin D deficiency; children; infants; prevalence; Kazakhstan;
national program; systematic review; meta-analysis

1. Introduction

Vitamin D plays a critical role in the growth and development of children, influencing
skeletal health, immune function, and overall well-being [1]. Sufficient vitamin D levels are
crucial for the absorption of calcium and the process of bone mineralization [2,3]. The most
common impacts of vitamin D deficiency (VDD) involve bone and musculoskeletal health,
leading to rickets in children and osteomalacia in adults. Beyond bone health, VDD has been
associated with several health complications in pregnant women, including pre-eclampsia,
pregnancy-induced diabetes, premature birth, and postpartum mood disorder [4]. In
infants and children, it is linked to low birth weight, reduced bone density, respiratory
tract infections, and worsening asthma symptoms [5,6]. VDD in infants and children is also
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linked to increased autoimmunity and allergies [7]. Given the vulnerability of children to
VDD due to their physiological growth demands, understanding its prevalence is vital for
developing effective prevention and management strategies.

Kazakhstan’s unique geographical, dietary, and cultural characteristics may contribute
significantly to VDD among its population, particularly children [8-10]. The country’s vast
territory experiences long winters and limited sunlight exposure during the colder months,
which restricts the synthesis of vitamin D through the skin. Additionally, traditional dietary
patterns in Kazakhstan often lack sufficient vitamin D intake sources, such as high-fat
fish, and dairy products with added nutrients [11,12]. Cultural norms, including modest
clothing styles in some communities, may further limit sun exposure, exacerbating the
risk of deficiency [13]. A systematic review of VDD among adults in Kazakhstan reported
alarmingly high rates of 57% [14]. These combined factors may contribute to the high
prevalence of VDD, especially among vulnerable groups like infants and children.

Despite these known risk factors, there is a notable lack of comprehensive data on
VDD among children in Kazakhstan. While several studies have examined vitamin D levels
in the Kazakhstani population, data specific to children remain scarce and not systemic.
Furthermore, no specific guidelines exist for the prevention and treatment of VDD in
children in Kazakhstan, aside from those addressing rickets [15]. This gap in research and
evidence is concerning, given the critical developmental window during childhood and
the potential long-term health consequences of deficiency. Previous studies conducted in
other countries have demonstrated the prevalence and determinants of VDD, but similar
data specific to Kazakhstan’s unique context is insufficiently explored [16-18]. This lack of
evidence hinders the formulation of targeted public health interventions and policies.

Addressing this research gap is imperative to guide public health initiatives in Kaza-
khstan. The aim of this study is to evaluate the mean prevalence of VDD among children
in Kazakhstan and examine whether it differs between healthy and non-healthy children,
as well as between infants and older children.

2. Materials and Methods
2.1. Search Strategy Framework

An initial search of the PROSPERO international database for registered studies
on similar topics identified a review protocol focusing on the mean vitamin D levels in
Kazakhstan and another protocol examining VDD levels specifically among adults in Kaza-
khstan [19,20]. To assess the mean prevalence of VDD among children in Kazakhstan, this
systematic review protocol was registered in the PROSPERO international database (PROS-
PERO ID: CRD42025635124). Subsequently, a comprehensive search was conducted across
five databases: PubMed, ScienceDirect, Scopus, Web of Science, and Google Scholar. The
search strategy employed the keywords “vitamin D” AND “Kazakhstan”. No restrictions
were applied regarding publication year, but the search was limited to studies published in
English and Russian, focusing on humans. The search was performed between 1 November
2024 and 31 December 2024. Additional filters were applied, including the selection of
research articles and the exclusion of other types of publications. In Google Scholar, the
search was restricted to titles only.

2.2. Inclusion and Exclusion Criteria of Studies and Data Extraction

To determine the eligibility of the retrieved articles, pre-specified inclusion and exclu-
sion criteria were applied, guided by the PICOS framework [21]. Population (P): Studies
focusing on children aged 0 to 18 years in Kazakhstan. Intervention/Exposure (I): Serum
25-hydroxyvitamin D (25(OH)D) levels were measured to determine vitamin D status,
with vitamin D deficiency (VDD) defined as a serum 25(OH)D level below 20 ng/mL.
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Comparison (C): Studies focusing on healthy children or children with acute or chronic
conditions. A secondary comparison was made based on different age groups. Outcomes
(O): Studies reporting the prevalence or number of children with VDD, along with data on
the total number of children assessed. Study Design (S): Observational studies, including
cohort studies with cross-sectional data, cross-sectional studies, and case—control studies
published in English or Russian. The exclusion criteria included studies that focused
exclusively on children with VDD or those that included a matched number of vitamin
D-deficient and non-deficient children; studies reporting only the mean serum 25(OH)D
levels without additional relevant data; studies with duplicate results already included
in the analysis; studies examining the adult population in Kazakhstan; reviews, confer-
ence proceedings, abstracts, case reports, editorials, and commentaries; and studies using
different cut-off values to define VDD.

The review and synthesis of the literature were carried out in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines [22]. After removing duplicates, two authors autonomously assessed the eligibility
of the studies based on the title and abstract of the search results. Full-text articles that
satisfied the preliminary screening criteria were then evaluated against the established
eligibility criteria for data extraction. Data extracted from the chosen studies included the
last name of the first author, publication year, study city or district, characteristics of the
study population (e.g., specific condition or healthy controls), sample size, number of boys,
age in years or in months, 25(OH)D levels in blood if provided, 25(OH)D level assessment
method, and the number of children diagnosed with VDD. The data extraction process
was conducted autonomously by two researchers responsible for data extraction, and any
disagreements were clarified through consultation with a third author to achieve consen-
sus. This collaborative approach ensured accuracy and consistency in study selection and
data extraction.

2.3. Risk of Bias Assessment

The risk of bias assessment was carried out using the Newcastle-Ottawa Scale (NOS),
which is specifically designed for case-control studies, as well as its revised form for cross-
sectional studies [23]. This scale evaluated each study based on eight criteria across three
domains: selection, assessed with four criteria; comparability, assessed with one criterion;
and exposure, assessed with three criteria. The adapted version for cross-sectional studies
evaluated each study based on six criteria divided into three main domains: selection,
assessed with three criteria; comparability, assessed with one criterion; and exposure,
assessed with two criteria. Each criterion was given a score of up to one point, with the
comparability criterion capable of earning two points. The overall score ranged from
0 to 9 for case—control studies and from 0 to 7 for cross-sectional studies, with higher
scores indicating better study quality. Two authors (IK and GB) independently assessed
the quality of the included studies, and a third author (NU) calculated the inter-rater
agreement between them. Case—control studies that achieved a score of seven or higher,
and cross-sectional studies with five points or more, were included in the review.

2.4. Statistical Strategy for Data Synthesis

The RStudio software (version 2024.12.0), along with the ‘metafor” and ‘meta’” pack-
ages, was utilized to determine the pooled mean prevalence of VDD among children in
Kazakhstan. This was performed employing a random-effects model for prevalence meta-
analysis, with 95% confidence intervals [24,25]. Forest plots were produced to visually
represent the pooled analysis results. A meta-regression analysis based on the year of pub-
lication and the number of boys in the study was applied to assess heterogeneity. To further
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explore the sources of heterogeneity, an influence analysis and leave-one-out analysis were
performed [25]. The study’s generalizability was examined through a publication bias
assessment, which involved visually inspecting a drapery plot and conducting statistical
analysis with Egger’s test. A subgroup analysis was used to compare healthy children
with those who had health conditions and to analyze differences between infants and older
children [25].

3. Results
3.1. Included Study Characteristics

The applied search strategy resulted in 234 articles. After removing 67 duplicates,
167 non-duplicative search results were initially screened, and 124 titles were deemed
ineligible for full-text review. Out of 43 remaining articles, 42 articles underwent full-text
review, as one article’s full text was not available. Upon full assessment, eleven studies met
the inclusion criteria. Seven studies focused on adults, five studies were reviews, and five
were excluded for other reasons. Seven studies were excluded because they either included
only children with VDD or included a matched number of vitamin D-deficient children
and non-deficient children [26-32]. Additionally, four studies presented the same results as
studies already included in the review [33-36]. In three of the excluded studies, VDD was
defined as serum 25(OH)D levels below 30 ng/mL or below 25 ng/mL [37-39]. Figure 1
displays the PRISMA flow diagram [22].

PRISMA 2020 flow diagram for new systematic reviews which included searches of databases

[ Identification of studies via databases }
—
c Records identified from:
% Blibred (r?=53) SR:rt:;r,::liis;?moved before
e WebioScience:(n=74) > Duplicate records removed
= Science Direct (n=67) (n='67)
] Scopus (n=30)
= Google Scholar (n=10)
I
Records screened Records excluded
—
(n=167) (n=124)
Reports sought for retrieval o | Reports not retrieved
2 (n=43) (n=1)
=
@ 1
=}
L)
oy Reports excluded:
Reports assessed for eligibility 5 Only D deficient or matched
(n=42) (n=7)
Adults (n=7)
Other reasens (n=5)
Review (n=5)
Same study results (n=4)
Different cut-off value (n=3)
A
B Studies included in review
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£

Figure 1. PRISMA Flow diagram of Study Selection.

The selected eleven studies were published between 2020 and 2024. Three studies were
conducted in Aktobe, Karaganda, and Astana, respectively, while one study was conducted
in Almaty and Semey. The methodological designs included five case—control studies,
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five cross-sectional studies, and one cohort study. Among these, three studies focused on
patients with chronic kidney disease, while one study examined cancer patients, recurrent
respiratory infection (RRI) patients, congenital pneumonia cases, diabetic nephropathy,
and patients infected with Helicobacter pylori (H. pylori). Additionally, five studies included
healthy patient groups. Three of the included studies focused exclusively on infants, while
the remaining studies examined children across various age groups. In total, 1396 children
were assessed across the eleven studies. Of these, 714 children were found to have serum
25(OH)D levels below 20 ng/mL, classifying them as vitamin D deficient. In seven out of
eleven studies, the method for serum 25(OH)D level assessment was not provided. Further
details regarding the selected and analyzed articles are presented in Table 1.

Table 1. Overview of the Included Studies.

. Age 25(0H)D
First Author, . . 25(0OH)D o
’ Region Study Design Groups Total Boys (Mean =+ SD) or (ng/mL) VDD (%)
Year Range (Mean + SD) Assessment
. Healthy, Kobda (a)
Zhumalina, _ . 52 (a) n/a 8-17 years (a) 28 + 11 (a) 14 (27) (a)
2019 [40] Aktobe Case—control Healthyztlf)enklyak 80 (b) n/a 8-17 years (b) 24+ 12 (b) n/a 26 (33) (b)
Balg(l)tzlﬁz?]ova, Almaty  Cross-sectional CKD 73 38 2-18 years Vggﬁ:;gd n/a 35 (48)
D}zll(.;;ie[rg}la, Karaganda  Cross-sectional CKD 40 16 1-17 years n/a ELISA 25 (62)
Zhg(f)rzﬁr}ﬁ]lo"f Astana  Cross-sectional RRI 94 53 5.8 + 3.3 years 3143 n/a 28 (30)
; Cross-sectional Cancer, control (a)
Naklp;)z, 2022 Astana data from Cancer, nutritional 1188 ((E; g’g ((gg 0-17 years 27 £12 n/a 29 ((g%) ((gg
[44] cohort intervention (b)
Dgg;;e[r;(;}la, Karaganda  Case-control CKD 90 34 1-17 years n/a n/a 36 (40)
Demeditec
Taiorazova, Seme Case—control Igsiltgl}:if:l) 152 () 67 (a) newborn 21 £6() 25-OH 63 (41) (@)
2023 [46] Y gent 76 (b) 44 (b) 12+ 7 (b) Vitamin D 60 (79) (b)
pneumonia (b) total ELISA
Zeziggge[lz%v &  Karaganda  Case-control ne?ﬁ?’gggfhy 109 n/a 0-17 years n/a n/a 75 (69)
Rysbekov, 2024 . Healthy (a) 65 (a) 29 (a) 10-14 years (a) 51 (78) (a)
(48] Astana Case—control H. pylori present (b) 63 (b) 20 (b) 11-15 years (b) n/a n/a 35 (56) (b)
Z;‘(;lzrfl“[‘}f;ia' Aktobe  Cross-sectional Healthy 198 98 62+ 2.4 months n/a oMo/ ll\é[gsy 58 (29)
7-12 months (a)
. _ 32 (a) 7-12 months (a) 34£6(a) 19 (59) (a)
4 tobe ross-sectiona » —6 months
ot Aktobe  C onal OB S 7 1-6 month: 21+2(b ECLIA 23 (85
Y 45 (c) 0-28 days (c) 13 +5(c) 39 (87) (c)

Healthy

Abbreviations: 25(0OH)D—25-hydroxyvitamin D; CKD—chronic kidney disease; ECLIA—electrochemiluminescent
immunoassay; H—healthy; H. pylori—Helicobacter pylori; LC-MS/MS—Liquid Chromatography-Tandem Mass
Spectrometry; n/a—not available; RRI—recurrent respiratory infection; SD—standard deviation; VDD—vitamin
D deficient.

3.2. Meta-Analysis of Vitamin D Deficiency Prevalence

Eleven studies, with seventeen groups, presented data on the prevalence of VDD
among children in Kazakhstan. Analysis of five studies with eight groups shows that the
pooled mean estimate of VDD in healthy children was 55% (95% CI, 39-71%), with high
heterogeneity: I? = 92%, Q (df = 7) = 92, p < 0.01. Analysis of eight studies with nine groups
shows that the pooled mean estimate of VDD in children with health conditions was 57%
(95% CI, 46-67%), with high heterogeneity: 1> = 87%, Q (df = 8) = 63, p < 0.01 (Figure 2a).

Additionally, an analysis of eight studies with eleven groups shows that the pooled
mean estimate of VDD in children of various ages was 52% (95% CI, 41-62%), with high
heterogeneity: I? = 89%, Q (df = 10) = 88, p < 0.01. Analysis of three studies with six groups
shows that the pooled mean estimate of VDD in infants was 65% (95% CI, 44-82%), with
high heterogeneity: I? = 94%, Q (df = 5) = 86, p < 0.01. The total pooled mean estimate of
VDD in children was 56% (95% CI, 46-65%), 12 = 91%, Q (df = 16) = 177, p < 0.01 (Figure 2b).
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Study
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Figure 2. Vitamin D Deficiency Rates Among Kazakhstani Children: (a) based on health con-
ditions; (b) based on age groups. Abbreviations: Cl—confidence interval; Zhumalina, 2019
(a) [40]—environmentally friendly region; Zhumalina, 2019 (b) [40]—oil and gas producing re-
gion; Nakipov, 2022 (a) [44]—children with oncology, no nutritional support; Nakipov, 2022
(b) [44]—children with oncology, with nutritional support; Taiorazova, 2023 (a) [46]—healthy; Taio-
razova, 2023 (b) [46]—diabetic nephropathy; Rysbekov, 2024 (a) [48]—children with no H. Pylori;
Rysbekov, 2024 (b) [48]—children with H. Pylori; Zhumalina, 2024 (a) [50]—7-12 months; Zhumalina,
2024 (b) [50]—1-6 months; Zhumalina, 2024 (c) [50]—0-28 days.

A meta-regression analysis demonstrated a significant positive association between
publication year and the pooled mean estimate of VDD. Specifically, more recent studies
reported a higher prevalence of VDD, a finding that was statistically significant (p < 0.01)
(Figure 3a). A second meta-regression analysis explored the influence of gender on the
pooled estimate of VDD. This analysis suggested that an increase in the proportion of
male participants was associated with a decrease in the pooled mean prevalence of VDD.
However, this relationship was not statistically significant (p = 0.07) (Figure 3b).

Meta-Regression of Vitamin D Deficiency by Publication Year Meta-Regression of Vitamin D Deficiency by Number of Boys
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Figure 3. Meta-Regression Analysis of the Pooled Mean VDD Estimate in Children: (a) by Year of
Publication; (b) by Number of Boys.

An influence analysis and leave-one-out analysis did not identify any studies that
significantly impacted the pooled estimate of the prevalence of VDD among children in
Kazakhstan (Figure 4a,b).
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Figure 4. Heterogeneity Assessment of the Pooled Mean VDD Estimate in Children: (a) Influence
Analysis; (b) Leave-One-Out Analysis.

Figure 5 presents the drapery plot of the publication bias assessment with no evident

asymmetry. The lack of publication bias was additionally validated through the non-

significant findings of Egger’s test for publication bias (p > 0.05).
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Figure 5. Drapery Plot of the Publication Bias Assessment.

3.3. Evaluation of Risk of Bias

The results of the risk of bias evaluation are outlined in Table 2, separately for case—
control and cross-sectional studies, according to the NOS. All the included case—control
studies achieved a NOS score of 7 or higher out of a possible 8, while all cross-sectional
studies obtained a minimum score of 5 out of 7. These scores indicate that the included

studies were of high quality with a low risk of bias. Consequently, they were included in

the present systematic review and meta-analysis.

Table 2. Newcastle-Ottawa Scale Results for Risk of Bias Assessment.

First Author, Year Selection Comparability Exposure Total
Study design: Case—control
Zhumalina, 2019 [40] 3 1 3 7
Dyussenova, 2023 [45] 3 1 3 7
Taiorazova, 2023 [46] 4 1 3 8
Zeinebekova, 2023 [47] 4 1 3 8
Rysbekov, 2024 [48] 3 1 3 7
Study design: Cross-sectional

Balmukhanova, 2021 [41] 3 2 6
Dyussenova, 2021 [42] 3 1 2 6
Zhamankulov, 2021 [43] 2 1 2 5
Nakipov, 2022 [44] 2 1 2 5
Zhumalina, 2024 [49] 3 1 2 6
Zhumalina, 2024 [50] 2 1 2 5
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4. Discussion
4.1. Main Findings of the Present Study and Their Practical Implications

This systematic review and meta-analysis sought to evaluate the prevalence of VDD,
defined as a serum 25(OH)D level below 20 ng/mL, among children in Kazakhstan. The
findings reveal an alarmingly high prevalence, with the total pooled mean estimate of
VDD in children in Kazakhstan at 56% (95% CI, 46-65%). Notably, the prevalence did
not significantly differ based on health status; VDD rates were nearly identical among
healthy and non-healthy children, at 55% (95% CI, 39-71%) and 57% (95% CI, 46-67%),
respectively. However, age emerged as a critical determinant of VDD. Infants demonstrated
a substantially higher prevalence, with almost two-thirds being vitamin D deficient at 65%
(95% CI, 44-82%) compared to children of various older age groups, where the prevalence
was 52% (95% CI, 41-62%).

These findings are consistent with trends observed in the global literature. For instance,
a recent meta-analysis on VDD among healthy children in Iran, using the same deficiency
threshold, reported a prevalence of 31% (95% CI, 30-31%), markedly lower than that ob-
served in Kazakhstan [16]. By contrast, a meta-analysis examining VDD among neonates in
Turkey revealed even higher rates of 87% (95% CI, 70-95%) [18]. Similarly, a meta-analysis
conducted in Africa, utilizing a higher cutoff for deficiency (serum 25(OH)D level below
30 ng/mL), reported a prevalence of 64% (95% CI, 9-100%) among newborns [17]. Impor-
tantly, these studies underscore the significant correlation between maternal and neonatal
vitamin D levels, a finding corroborated by our prior meta-analysis on adults in Kazakhstan,
which reported a similarly high prevalence of VDD (57%; 95% CI, 45-69%) [14]. These
consistent patterns highlight the widespread nature of VDD across different demographic
groups and emphasize the need for targeted interventions.

The high prevalence of VDD, particularly among infants, underscores the urgent
need for targeted interventions to address this public health challenge in Kazakhstan.
While the national healthcare development program outlines a comprehensive strategy to
prevent and manage non-communicable diseases by addressing key risk factors such as
hypertension, obesity, diabetes, and unhealthy lifestyle behaviors, the omission of VDD
prevention is a significant gap [51]. Given the critical role of vitamin D in bone health,
immune function, and overall well-being, particularly for children and pregnant women,
this omission warrants immediate attention [2,3]. Moreover, recent evidence links VDD
to an increased risk of respiratory tract infections, impaired growth, and poor dental
health in children, emphasizing the broader health implications of the deficiency [52-54].
Furthermore, emerging evidence highlights the broader implications of maternal VDD,
including its impact on neurocognitive development in offspring. For example, Melough
et al. (2020) demonstrated that maternal plasma 25(OH)D levels during gestation are
positively associated with neurocognitive development in children, underscoring the
importance of addressing VDD in pregnant women to mitigate long-term developmental
risks [55].

To address this gap, Kazakhstan should integrate strategies for the prevention and
management of VDD into its national healthcare development program. Successful exam-
ples from other countries provide actionable models. Finland, for instance, implemented
mandatory food fortification policies that significantly reduced population-level VDD [56].
In Poland, updated guidelines on the prevention and treatment of VDD emphasize daily
supplementation of cholecalciferol for high-risk populations and provide recommendations
for sun exposure [57]. In the United States, the Office of Dietary Supplements successfully
led the National Vitamin D Initiative from 2004 to 2018, promoting awareness and preven-
tion efforts [58,59]. Additionally, a national supplementation program for vitamin D in Iran
demonstrated efficacy in reducing the prevalence of VDD and highlighted the importance
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of a prevention-based approach over a treatment-focused one [60-62]. Similarly, Canada
has established robust supplementation programs targeting high-risk populations, such as
infants, pregnant women, and older adults, achieving measurable reductions in deficiency
rates and associated health complications [63,64].

Screening programs for pregnant women should also be prioritized in Kazakhstan,
as maternal vitamin D status directly impacts neonatal and infant outcomes [4,5]. Public
health campaigns promoting awareness of vitamin D’s importance, along with educational
initiatives about adequate sunlight exposure and dietary intake, are essential. Collaborative
efforts between healthcare providers, policymakers, and researchers are necessary to design
evidence-based guidelines that address VDD comprehensively. Such initiatives will not
only improve child health outcomes but also mitigate the long-term burden of health
complications associated with this preventable condition.

4.2. Limitations

First, we were unable to analyze region-specific data or stratify the findings based on
participants’ specific health conditions due to the limited number of studies included in
this analysis. Consequently, the heterogeneity in selected article populations and settings
may have influenced the pooled estimates. Second, limitations inherent in our previous
meta-analysis on adults, such as the absence of analyses accounting for metabolic condi-
tions, the seasonality of vitamin D measurements, and the amount of sun exposure among
participants, also apply to the present meta-analysis [14]. Finally, most studies did not
specify the assay method used to measure serum 25(OH)D. Among those that did, there
was considerable variability in the techniques employed. Differences in reagents, assay sen-
sitivity, and specificity are essential in the interpretation of the accuracy and comparability
of vitamin D measurements [65,66].

To mitigate potential biases and ensure methodological rigor, we adhered to a stan-
dardized protocol throughout the study. We used pre-defined eligibility criteria and a
structured data extraction table to minimize subjectivity during study selection, data extrac-
tion, and interpretation. Furthermore, we followed the PRISMA guidelines for conducting
systematic reviews at every step of the process and transparently reported the methods
used [22]. These measures strengthen the reliability of our findings, despite the inherent
limitations of the available data.

4.3. Future Research Directions

To address the limitations of this study and build a more comprehensive understand-
ing of VDD in Kazakhstan, future research should focus on:

e Investigating the role of metabolic disorders, seasonality, and sun exposure on vitamin
D levels in children of varying ages.

e  Assessing the prevalence of maternal VDD in Kazakhstan.

e  Evaluating the efficacy of maternal interventions, such as screening and supplementa-
tion, on reducing VDD in newborns.

e  Assessing the sensitivity and specificity of assays used

5. Conclusions

This meta-analysis highlights an alarmingly high prevalence of VDD among children
in Kazakhstan at 56% (95% CI, 46-65%), with particularly concerning rates among infants
at 65% (95% CI, 44-82%). These findings align with global evidence and underscore the
critical need to address VDD as a public health priority. Incorporating VDD prevention into
Kazakhstan’s national healthcare program is vital to improving child health outcomes and
reducing the long-term burden of associated complications. A comprehensive upstream
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approach that combines supplementation with broader public health initiatives will be key
to reducing VDD prevalence and protecting future generations.
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Abstract: Background and Objectives: Despite frequent references to the high prevalence of vitamin D
deficiency in Kazakhstan, a comprehensive synthesis of existing research on this issue among adults
is lacking. This systematic review and meta-analysis aim to address this gap by determining the
mean prevalence of vitamin D deficiency among adults in Kazakhstan. A secondary objective is to
evaluate whether the prevalence differs between healthy adults and those with chronic conditions.
Materials and Methods: A systematic search was conducted in PubMed, Scopus, ScienceDirect, Web
of Science, and Google Scholar by two independent researchers using the keywords: “vitamin D”
AND “Kazakhstan”, following the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines. Studies were included if they reported the prevalence of vitamin D in adults in
Kazakhstan, defined as a blood level of 25-hydroxyvitamin D 25(OH)D below 20 ng/mL. Results:
Seven studies were included in this review, encompassing 3616 individuals, of whom 2239 had
vitamin D deficiency. Using a random-effects model, the pooled mean prevalence of vitamin D
deficiency among adults with chronic conditions was 60% (95% CI, 38-79%), with high heterogeneity.
Similarly, the analysis of five studies involving healthy adults revealed a pooled mean prevalence
of 55% (95% ClI, 38-70%), also with high heterogeneity. Overall, the pooled mean prevalence of
vitamin D deficiency in the adult population was 57% (95% CI, 45-69%). Conclusions: This analysis
indicates a high prevalence of vitamin D deficiency among adults in Kazakhstan, with 57% of the
population affected. Addressing this issue requires a multifaceted approach, including policy reforms
that consider the impact of time zone changes on sunlight exposure and the active involvement of
nurse practitioners in preventive strategies.

Keywords: vitamin D; vitamin D deficiency; adults; prevalence; Kazakhstan; systematic review;
meta-analysis

1. Introduction

Vitamin D is integral to the regulation of calcium and phosphate metabolism and is
involved in melatonin synthesis and mitochondrial regulation, thereby playing a pivotal
role in maintaining bone integrity, mineral balance, and immune system function [1,2].
Primarily synthesized in the skin through the ultraviolet-B radiation-induced conversion
of 7-dehydrocholesterol, vitamin D can also be obtained from dietary sources, notably
fatty fish [3]. However, factors such as limited sun exposure, sedentary indoor lifestyles,
inadequate dietary intake, higher latitudes, obesity-related sequestration of vitamin D
metabolites in adipose tissue, and certain medical conditions impairing absorption con-
tribute to the widespread prevalence of vitamin D deficiency globally [4,5].
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Kazakhstan, a landlocked nation spanning approximately 2,724,900 square kilometers,
is frequently noted for its high prevalence of vitamin D deficiency [6-8]. Geographically,
the country extends from the 40th parallel north at its southernmost point to the 56th
parallel north at its northernmost reaches, placing it well above the Equator. This northern
latitude results in prolonged winters with reduced ultraviolet B exposure, significantly
limiting endogenous vitamin D synthesis. Furthermore, traditional dietary patterns in this
landlocked region are deficient in key vitamin D sources such as fish [9]. Modern indoor
lifestyles further reduce sun exposure, even during warmer seasons, compounding the risk
of deficiency.

Despite frequent references to the high prevalence of vitamin D deficiency in Kazakhstan,
a comprehensive synthesis of existing research on this issue among adults is lacking. This sys-
tematic review and meta-analysis aim to address this gap by estimating the mean prevalence
of vitamin D deficiency among adults in Kazakhstan. A secondary objective is to evaluate
whether the prevalence varies between healthy adults and those with chronic conditions.

2. Materials and Methods

The study protocol is registered with the National Institute for Health Research’s PROS-
PERO International Prospective Register of Systematic Reviews [10] (ID: CRD42024610447).

2.1. Search Strategy

An initial search of the PROSPERO database to identify registrations of comparable
studies revealed one study protocol that assessed the mean vitamin D levels among the
Kazakhstani population [11]. Since the objective of the present study was to evaluate
the mean prevalence of vitamin D deficiency among adult population in Kazakhstan, the
authors proceeded with registering the current study protocol in the PROSPERO database.
Following this, a systematic search was conducted across five electronic databases: PubMed,
Scopus, ScienceDirect, Web of Science, and Google Scholar. The search commenced on
2 July 2024, and concluded on 1 November 2024. The search strategy utilized the keywords:
“vitamin D” AND “Kazakhstan”. No restrictions were placed on publication date; however,
the results were limited to English- and Russian-language publications and studies con-
ducted on humans. Where applicable, filters were applied to include only research articles
and exclude other publication types.

2.2. Eligibility Criteria

The types of studies to be included were determined using the following eligibility
criteria: The inclusion criteria were as follows: 1. Studies reporting the number of adults
in the population in Kazakhstan with vitamin D deficiency, defined as a blood level of
25-hydroxyvitamin D 25(OH)D below 20 ng/mL. 2. Observational studies including cohort
studies, cross-sectional studies, and case—control studies. 3. Studies on the adult population
in Kazakhstan. 4. Studies published in English or Russian languages. The exclusion criteria
were as follows: 1. Studies reporting the mean value of 25-hydroxyvitamin D in serum or
lacking required information. 2. Studies with duplicative results. 3. Case reports, reviews,
editorials, and conference abstracts. 4. Studies published in languages other than English
or Russian.

2.3. Selection of Studies and Data Extraction

The literature review and synthesis were conducted according with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [12].
Two authors independently screened the titles and abstracts of the search results, following
duplicate removal, to assess their relevance. Full texts of studies that met the initial
criteria were retrieved and evaluated against the pre-defined inclusion and exclusion
criteria. Data extracted from eligible studies included the first author’s last name, year of
publication, region where the study was conducted, description of the included population
(e.g., disease name, if applicable, or healthy), sample size, number of male participants,
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mean age, mean serum 25(OH)D levels and number of adults with confirmed vitamin
D deficiency. Two authors independently performed data extraction from the selected
studies. Any discrepancies were resolved through consultation with a third author to
ensure consensus among all three authors responsible for the study selection and data
extraction process.

2.4. Risk of Bias (Quality) Assessment

The studies included in this review were evaluated for risk of bias (quality) using the
Newcastle-Ottawa Scale (NOS) for case—control studies and its adapted version for cross-
sectional studies, as recommended by the Cochrane Non-Randomized Studies Methods
Working Group [13]. The NOS for case—control studies assesses each study based on
eight criteria divided into three main categories: selection of study groups (four questions),
comparability of these groups (one question), and exposure (three questions). Each criterion
is assigned up to one point, while the comparability criterion can receive a maximum of two
points. The total score ranges from 0 to 9, with higher scores indicating better study quality.
The adapted NOS for cross-sectional studies evaluates each study across six criteria divided
into three main categories: selection (three questions), comparability (one question), and
outcome (two questions). Each criterion is assigned up to one point, and the comparability
criterion can receive a maximum of two points, yielding a total score ranging from 0 to
7, with higher scores reflecting better study quality. Quality assessments were conducted
independently by two authors (IK and GB) after agreeing on the assessment procedures. A
third author (AY) calculated the inter-rater agreement between the two assessors. In this
review, studies scoring seven points or higher were classified as high-quality, while those
scoring four points or less were deemed low-quality.

We conducted a self-assessment of the potential risk of bias (quality) assessment in our
systematic review using A Measurement Tool to Assess Systematic Reviews-2 (AMSTAR-2),
which evaluates the methodological quality of systematic reviews, including those with
randomized and non-randomized clinical studies [14]. AMSTAR-2 comprises 16 domains
that assess various aspects such as protocol registration, thoroughness of the literature
search, study selection, data extraction, risk of bias evaluation, heterogeneity, and reporting
of results. Each domain is rated to identify potential biases or methodological weaknesses,
culminating in an overall quality rating of low, moderate, or high.

2.5. Statistical Strategy for Data Synthesis

We utilized RStudio software (version 4.3.2) with the ‘meta’ and ‘metafor’ packages to
calculate the pooled mean prevalence of vitamin D deficiency among adults in Kazakhstan,
using a random-effects model for the meta-analysis [15,16]. Forest plots were generated to
display the pooled estimates. A meta-regression analysis was conducted with age and pop-
ulation size as covariates. To explore sources of heterogeneity, we performed an influence
analysis. The generalizability of the study findings was assessed through a publication bias
evaluation, which included visual inspection of a funnel plot and statistical analysis using
Egger’s test. Additionally, to further investigate sources of heterogeneity, we conducted a
subgroup analysis comparing healthy adults to those with chronic conditions [16].

3. Results
3.1. Included Study Characteristics

The initial database search yielded 226 articles. After removing 61 duplicates, 165 unique
articles remained for screening. Of these, 33 were retrieved for full-text review following the
exclusion of 132 non-relevant titles. Upon further assessment, seven articles met the inclusion
criteria. Ten studies lacked data on vitamin D deficiency, six focused on children [17-22], five
were excluded for other reasons, and four were reviews. A PRISMA flow diagram detailing
the study selection process is presented in Figure 1 [12].
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases
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Figure 1. PRISMA flow diagram of study selection process.

Identification of studies via databases

Identification

Records identified from:
Pubmed (n=51)
Web of Science (n=72)
Science Direct (n=66)
Scopus (n=29)
Google Scholar (n=8)

v

Records removed before
screening:
Duplicate records removed
(n=61)

[

:

Records screened

Records excluded
(n=132)

(n=165)
:

Reports sought for retrieval

Reports not retrieved
(n=1)

Screening

(n=33)
I

Reports assessed for eligibility
(n=32)

\d

[ Included ] [

Studies included in review
(n=7)

Reports excluded:
No deficiency data (n=10)
Children (n=6)
Other reasons (n=5)
Review (n=4)

The included studies were published between 2015 and 2024. Two studies were con-

ducted across multiple regions, two in Karaganda, two in Astana, and one in Almaty city.
Among these, two studies did not include healthy controls, one was conducted among a
healthy population only, and the remaining studies involved both patients with chronic
diseases and healthy controls. Collectively, the seven studies assessed a total of 3616 indi-
viduals, identifying vitamin D deficiency in 2239 participants. Detailed information on the
included articles is provided in Table 1.

Table 1. Description of the included studies.

. . 25(OH)D .
First Author, . . . Disease Age Numberwith
Year Region/City Study Design Name/Healthy Sample Male (Mean 4 SD) (ng/mL) VDD
(Mean + SD)
Nugmanova, HIV undet. (a) 304 (a) 168 (a) 38.2+9.0(a) 25.90 + 13.20 (a) 120 (a)
2015 [23] Almaty Case—control HIV det. (b) 260 (b) 143 (b) 359+87(b)  26.40 = 11.40 (b) 82 (b)
41.38 +4.2
Algazina, Psoriasis 20 (NH) 10 (NH) (NH) 7 (NH)
2019 [24] Astana Case—control Healthy 26 (H) 13 (H) 4157 +5.67 NA 0 (H)
(H)
Gromova, . Cross-
2020 [7] Multiple sectional Healthy 1347 528 44 +14 NA 943
) PCOS 51 (NH) 0 16.25 22 (NH)
Safi, 2020 [25] Astana Case—control Healthy 30 (H) 0 18-44 17.52 17 (H)
57.71 £13.7
Zhumina, Karagand Case—control Leukemia 31 (NH) 14 (NH) (NH) 10.85 + 7.00 (NH) 28 (NH)
2020 [26] araganda ase-contro Healthy 34 (H) 17 (H) 54.73 £ 15.1 21.61 + 7.78 (H) 22 (H)
(H)
Izmailovich, Cross- Allergic
2022 [27] Karaganda sectional Rhinitis 416 149 39+8 16.10 £ 6.90 312
Yerezhepov, Multipl Case—control Tuberculosis 411 (NH) 686 224 (NH) 35+ 13.1 (NH)  12.90 + 3.80 (NH) 360 (NH)
2024 [8] uiple ase-contro Healthy (H) 303 (H) 405+ 139 (H)  24.80 £ 3.10 (H) 326 (H)

Abbreviations: 25(OH)D—25-hydroxyvitamin D; H—healthy; HIV—Human Immunodeficiency Virus; NA—not
available; NH—not healthy; PCOS—polycystic ovarian syndrome; SD—standard deviation.
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3.2. Prevalence of Vitamin D Deficiency

Six studies, covering seven groups, reported on the prevalence of vitamin D deficiency
among patients with various health conditions. Using a random-effects model, the pooled
mean prevalence of vitamin D deficiency in adults with chronic conditions was 60% (95%
CI, 38-79%), with high heterogeneity. In contrast, analysis of five studies on healthy
adults using a random-effects model yielded a pooled mean prevalence of 55% (95% CI,
38-70%), also showing high heterogeneity. The overall pooled mean prevalence of vitamin
D deficiency in the adult population was 57% (95% Cl, 45-69%) (Figure 2).

Study or

Subgroup Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Nugmanova, 2015 (b) 82 260 9.6% 0.32[0.26; 0.37] . 3 :

Algazina, 2019 7 20 75% 0.35[0.18;0.57] —a—
Nugmanova, 2015 (a) 120 304 9.7% 0.39[0.34; 0.45] B

Safi, 2020 22 51 88% 0.43[0.30;0.57] ——
Izmailovich, 2022 312 416 9.7% 0.75[0.71; 0.79] S 1
Yerezhepov, 2024 360 411 9.6% 0.88[0.84; 0.90] : =
Zhumina 2020 28 31 6.4% 0.90[0.74; 0.97] : —
Tot 1 —.—
Algazina, 2019 0 26 25% 0.00[0.00;0.24] — :
Yerezhepov, 2024 326 686 9.8% 0.48[0.44; 0.51] B

Safi, 2020 17 30 82% 0.57[0.39;0.73) ——
Zhumina 2020 22 34 83% 0.65[0.48;0.79] —i—
Gromova, 2020 943 1347 9.8% 0.70[0.68;0.72] i
Total (95% CI) 3616 100.0% 0.57 [0.45; 0.69] et
Heterogeneity: Tau? = 0.6831; Chi® = 400.76, df = 11 (P < 0.01); 1> = 97%

Test for subgroup differences: Chi? = 0.16, df = 1 (P = 0.69) 02 04 06 08

Figure 2. Forest plot of vitamin D deficiency among adults in Kazakhstan. Abbreviations:
Cl—confidence interval; HIV—Human Immunodeficiency Virus; Nugmanova, 2015: (a) HIV viral
load undetectable; Nugmanova, 2015 (b): HIV viral load detectable.

3.3. Meta-Regression Analysis

A meta-regression analysis revealed a negative impact of age on the pooled mean
prevalence of vitamin D deficiency. The analysis indicates that as age increases, the preva-
lence of vitamin D deficiency also rises, although the finding was not statistically significant
(p > 0.05). (Figure 3).

Meta-Regression of Vitamin D Deficiency by Age

Logit Transformed Prevalence

T T T T T
35 40 45 50 55

Age

Figure 3. Meta-regression analysis of vitamin D deficiency by age.
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3.4. Heterogeneity Assessment

An influence analysis was conducted to identify the studies with the greatest impact
on the pooled estimate. The pooled mean estimate was primarily influenced by study #2,
by Nugmanova 2015 (b), which included patients with a detectable HIV viral load [23]
(Figure 4a). The leave-one-out analysis confirmed these results, showing that when the
Nugmanova 2015 (b) study was excluded, the pooled estimate reached its highest value
at 53% (Figure 4b). The AMSTAR-2 evaluation, detailed in the Supplementary Materials
(Table S1), indicates that this systematic review has a moderate level of methodological

quality.
rstudent dffits

- Nugmanova, 2015 (a) ———ei————— 0.43[0.24, 0.64]
B Nugmanova, 2015 (b) —————— 0.53[0.40, 0.67]

Algazina, 2019 — & . 0.44]0.25,0.66]
. Algazina, 2019 ——— 0.47[0.27,0.68]
: 2 Gromova, 2020 ——————— 0.46[0.26, 0.67]
= s Safi, 2020 —— 0.41[0.25, 0.60]

Safi, 2020 —— e 0.43][0.24,0.65]

Zhumina 2020 ——e——————— 0.42[0.24, 0.63]
g g Zhumina 2020 ——————+———— 0.45[0.25, 0.67]
i 5 Izmailovich, 2022 —————— 0.44[0.25, 0.66]
s i Yerezhepov, 2024 —~—————— 0.46[0.26, 0.67]

Yerezhepov, 2024 ——a—— 0.50[0.32, 0.68]

02 03 04 05 06 07
Summary proportions leaving out each study

(a) (b)

Figure 4. Influence analysis of vitamin D deficiency: (a) influence analysis; (b) leave-one-out analysis.
Abbreviations: Nugmanova, 2015: (a) HIV viral load undetectable; Nugmanova, 2015 (b): HIV viral
load detectable.

000 0.5

3.5. Publication Bias Assessment

Upon visual inspection of the funnel plot, no asymmetry was evident (Figure 5). The
absence of publication bias was further confirmed by non-significant results from Egger’s
test for publication bias (p > 0.05).

Standard Error
0.714 0.357 0
1 ] ]
.
.

1.071
L

1.427

Hedges' g
Figure 5. Publication bias assessment.

3.6. Risk of Bias (Quality) Assessment Results

All included case—control studies had a NOS score of 7 or higher out of 8, and all
cross-sectional studies had a NOS score of 6 out of 7, indicating the high quality and a low
risk of bias of the included studies, as presented in Table 2.

The AMSTAR-2 evaluation, detailed in the Supplementary Materials (Table S1), indi-
cates that this systematic review has a moderate level of methodological quality.
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Table 2. Newcastle-Ottawa risk of bias (quality) assessment results.

Study Selection Comparability Exposure Total
Case—control studies
Nugmanova, 2015 [23] 4 1 3 8
Algazina, 2019 [24] 3 1 3 7
Safi, 2020 [25] 4 1 3 8
Zhumina, 2020 [26] 4 1 2 7
Yerezhepov, 2024 [8] 4 1 3 8
Cross-sectional studies
Gromova, 2020 [7] 3 1 2 6
Izmailovich, 2022 [27] 3 1 2 6

4. Discussion

Our systematic review and meta-analysis reveals a significant prevalence of vitamin
D deficiency among adults in Kazakhstan, with an overall rate of 57% (95% CI, 45-69%).
Notably, the prevalence is slightly lower among healthy adults (55%, 95% CI, 38-70%) and
higher among those with chronic conditions (60%, 95% CI, 38-79%). Additionally, mean
serum 25(OH)D levels were below 20 ng/mL in four out of five studies that reported them,
particularly among adults with chronic conditions. These findings align with the existing
literature, which indicates high rates of vitamin D deficiency in northern-hemisphere
countries, especially those with limited fish consumption, underscoring a pressing public
health concern.

Addressing this widespread deficiency requires a comprehensive, multi-tiered strategy
at both the policy and primary healthcare levels. This approach aligns with the World
Health Organization’s framework for the global monitoring of non-communicable dis-
eases [28], given the limited fish consumption and sunlight exposure in the region.

Undoubtedly, policy-level interventions should focus on addressing social determi-
nants of health and ensuring an accessible, high-quality health system capable of delivering
essential preventive services. Kazakhstan has made significant progress in increasing
healthcare system financing through the introduction of the Compulsory Social Health
Insurance System in January 2020, which aims to improve healthcare service delivery [29].
Nevertheless, policy interventions should also encourage outdoor physical activities to
enhance sun exposure and decrease the risk of cardiovascular diseases and diabetes, the
leading causes of mortality among adults in Kazakhstan [30]. A policy change in March
2024, which unified the country under a single time zone (UTC + 5) [31], may have inadver-
tently reduced sunlight exposure and negatively impacted public health. This shift resulted
in earlier winter sunsets, around 4 PM, limiting daylight hours for outdoor activities, espe-
cially for those engaging in such activities for work. Given Kazakhstan's vast expanse of
approximately 2700 km from west to east, naturally spanning time zones from UTC + 3 to
UTC + 6, the adoption of a single time zone may not align with the country’s geographical
and solar realities [31].

The second implication of our study is the need for educational initiatives targeting
the general population. An Endocrine Society Clinical Practice Guideline on vitamin D
does not recommend empirical vitamin D supplementation beyond the current Dietary
Reference Intake or advocate routine screening for 25(0OH)D levels in the general popula-
tion [32]. Empirical supplementation of vitamin D can be achieved through a combination
of fortified foods [33] and daily food supplements, rather than through intermittent high
doses to reduce the risk of disease in healthy adults under the age of 75 [32]. Thus, pri-
mary healthcare providers and nurse practitioners, in particular, play a crucial role in
implementing these preventive strategies at the community level [34]. The ongoing in-
teractions of nurse practitioners with both healthy individuals and patients with chronic

150



Medicina 2024, 60, 2043

conditions position them uniquely to educate on the importance of vitamin D, its dietary
sources, and lifestyle modifications to improve vitamin D levels. Moreover, a study by
Gregor and Sebach showed the high effectiveness of a nurse-practitioner-led vitamin D
intervention program in a primary care setting [35]. In Kazakhstan, as in other post-Soviet
countries, the practice of dispanserization—regular monitoring of patients with chronic
diseases—facilitates frequent interactions between nurse practitioners and patients [36].
This framework enables nurse practitioners to deliver personalized guidance and raise
awareness about effective, evidence-based interventions for vitamin D supplementation.

Limitations

This study has certain limitations. The lack of region-specific data prevents an analysis
of potential geographical variations in vitamin D deficiency across Kazakhstan. Addition-
ally, we did not assess the presence of metabolic conditions, such as obesity, diabetes, and
hypertension, in the patient group. This omission is significant, as these conditions are
known to influence vitamin D metabolism and status [37]. Furthermore, the absence of
information regarding the timing of vitamin D measurements is a constraint, as vitamin
D levels are known to fluctuate seasonally. We also did not evaluate the extent of sun
exposure among participants, a factor that directly affects vitamin D synthesis [38]. Finally,
subjectivity in study selection, data extraction, and interpretation could introduce reviewer
bias. To mitigate this, the authors employed recommended strategies, such as utilizing a
standardized protocol, conducting assessments in duplicate, and resolving discrepancies
through consensus and third-party adjudication [14].

5. Conclusions

Our analysis reveals a high prevalence of vitamin D deficiency among Kazakhstan’s
adult population, with 57% affected. The deficiency rate remains concerning among healthy
adults at 55%, and even higher in adults with chronic conditions at 60%. Addressing this
issue requires a multifaceted approach, which includes policy reforms that take into account
the effects of time zone changes on sunlight exposure, as well as the active involvement of
nurse practitioners in implementing preventive educational strategies.

Future Research Directions

To build upon our findings and address the limitations of the current study, future
research should focus on the following: (1) investigating the impact of metabolic disorders
on serum vitamin D levels in the general population; (2) assessing variations in serum
vitamin D levels relative to sunlight exposure, considering factors such as seasonality
and regional differences; (3) conducting meta-analyses to evaluate mean vitamin D levels
across different demographics, including both adults and children, to inform targeted
interventions. By pursuing these research avenues, we can develop a more comprehensive
understanding of vitamin D deficiency in Kazakhstan, ultimately leading to more effective
public health strategies and policies.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/medicina60122043/s1, Table S1: AMSTAR 2 Results.
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