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Abstract

Introduction: Obesity is a multifactorial chronic disease that, due to the continuous increase in its prevalence worldwide and its
high associated morbidity and mortality, is currently considered the pandemic of the 21t century. The objective of this study is
o assess how various sociodemographic variables and health habits are associated with the prevalence of excess weight, as
determined by five different scales, in a large cohort of healthcare workers.

Methodology: A dual study design —longitudinal-retrospective and cross-sectional— was conducted among healthcare workers
divided into four categories (physicians, nurses, healthcare technicians, and auxiliary staff). The study evaluated the association
of age, sex, professional category, smoking habits, physical activity, and adherence to the Mediterranean diet with obesity, as
determined by five different scales: Body Mass Index (BMI), Walist-to-Height Ratio (WtHR), Body Adiposity Index (BAI), Clinica
Universidad de Navarra Body Fat Estimator (CUN BAE), and the Visceral Fat Metabolic Score (METS-VF).

Results: All the variables analyzed in the study were associated with high values on the five overweight-obesity scales, with age
showing the strongest association (as reflected in odds ratio values).

Conclusions: The healthcare worker profile at the highest risk of obesity, according to any of the five scales, is an older male,
working as auxiliary nursing staff or porter, who smokes, is sedentary, and has low adherence to the Mediterranean diet.

Key words: Obesity, Mediterranean diet, physical activity, healthcare worker, smoking, CUN BAE.

Resumen

Introduccidn: La obesidad es una enfermedad cronica multifactorial que debido al incremento continuo de su prevalencia en todo
el mundo vy a su elevada morbimortalidad asociada es considerada en la actualidad como la pandemia del siglo XXI. El objetivo de
este estudio es evaluar como las variables sociodemogréficas y los habitos de salud estan asociados con la prevalencia de exceso
de peso, determinada mediante cinco escalas diferentes, entre los trabajadores sanitarios de todas las regiones de Espana.
Metodologia: Un estudio doble: longitudinal-retrospectivo y transversal en trabajadores sanitarios divididos en cuatro categorias
(médicos, enfermeras, técnicos sanitarios y personal auxiliar) evalud la asociacion de la edad, el sexo, la categoria profesional, el
tabaquismo, la actividad fisica y la adherencia a la dieta mediterranea con la presencia de obesidad determinada con cinco escalas
diferentes: indice de masa corporal (MC), indice cintura/altura (WtHR), indice de adiposidad corporal (BAl), Clinica Universitaria de
Navarra Estimador de grasa corporal (CUN BAE) y puntuacion metabolica para grasa visceral (METS-VF).

Resultados: Todas las variables analizadas en el estudio se asociaron con la presencia de valores altos de las cinco escalas de
sobrepeso-obesidad, siendo la edad la que mostrd una mayor asociacion (reflejada en los valores de odds ratio).
Conclusiones: £l perfil de trabajador sanitario con mayor riesgo de presentar obesidad con cualquiera de las cinco escalas seria
un varon, de edad avanzada, auxiliar de enfermerfa o celador, fumador, sedentario y con baja adherencia a la dieta mediterranea.

Palabras clave: Obesidad, dieta mediterranea, actividad fisica, trabajador sanitario, consumo de tabaco, CUN BAE.
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Introduction

Obesity is a chronic, multifactorial disease characterized
by an abnormal or excessive accumulation of body fat
that can harm health'. It is recognized as one of the
most critical public health issues worldwide? due to its
high prevalence® and severe conseguences in terms of
morbidity and mortality*. According to the World Health
Organization (WHO), in 2022, 43% of adults aged 18
years and older were overweight, and 16% were obese®.
These figures have continued to rise, highlighting
the need for a comprehensive understanding of the
epidemiological, pathophysiological, diagnostic, and
complication-related aspects of obesity?®.

The prevalence of obesity has alarmingly increased
in recent decades, affecting individuals of all ages,
genders, and socioeconomic levels. This phenomenon
has been termed the "global obesity pandemic"’. In
regions such as North America and Europe, over 25%
of the adult population is estimated to be obese®. In
developing countries, epidemiological transitions have
led to a rapid increase in obesity prevalence, coexisting
with issues of undemutrition®. Moreover, childhood
obesity has grown significantly, with nearly 39 million
children under the age of 5 being overweight or obese in
2020. Childhood obesity constitutes a major risk factor
for its persistence into adulthood, further contributing to
the global healthcare burden’®,

Obesity results from a chronic imbalance between caloric
intake and energy expenditure, regulated by a complex
neurohormonal  system involving the hypothalamus,
adipose tissue, the gastrointestinal system, and
endocrine signals™. Adipose tissue plays a central role in
the pathophysiology of obesity'2, functioning not only as
an energy storage depot but also as an active endocrine
organ that secretes adipokines such as leptin's,
adiponectin, and resistin'™. These molecules regulate
metabolism, inflammation, and insulin  sensitivity'®.
In obesity, adipose tissue expands and becomes
dysfunctional, resulting in a state of chronic low-grade
inflammation and insulin resistance’”.

Additionally, the distrioution of body fat significantly
impacts metabolic risk, with visceral fat being more
harmful than subcutaneous fat. The accumulation of
visceral fat is assoclated with metabolic dysfunction',
lipotoxicity'®, and an increased production of inflasmmatory
cytokines such as tumor necrosis factor-alpha (TNF-q)
and interleukin-6 (IL-6)%°.

Obesity is associated with a wide range of complications
affecting nearly all body systems. Major complications
include:

1. Metabolic: Insulin resistance, type 2 diabetes mellitus,
dyslipidemia, and metabolic syndrome?',

2. Cardiovascular: Hypertension, coronary artery disease,
heart failure, and stroke?2,

3. Respiratory: Obstructive sleep apnea syndrome and
restrictive lung disease®,

4.  Musculoskeletal:  Osteoarthritis  and
musculoskeletal pain, which can be disabling®.
5. Oncological: Increased risk of cancers such as breast,
colon, endometrial, and prostate cancer®.

6. Psychological: Anxiety disorders, depression, and
social stigmatization are commmon among individuals with
obesity?*,

chronic

These complications underscore the importance of early
identification and effective interventions for patients with
obesity.

Diagnosing obesity extends beyond quantifying excess
weight and includes evaluating body composition and fat
distribution. Key diagnostic methods include:

1. Body Mass Index (BMI): The most widely used method
for classitying obesity, calculated by dividing weight in
kilograms by the square of height in meters (kg/m2). While
useful for inttial classification, it does not differentiate
between fat and lean mass or assess fat distribution?’,
2. Waist-to-Height Ratio (WHIR): This metric relates waist
circumference to height, offering better evaluation of
metabolic risk associated with abdominal fat®,

3. Body Adiposity Index (BAl): Estimates body fat
percentage based on the ratio of hip circumference
to height. Although more specific than BMI, its use is
limited due to the need for validation across diverse
populations®,

4. CUN-BAE (Clinica Universidad de Navarra Body
Adiposity Estimator): A method using equations based
on BMI, age, and sex, shown to be a reliable tool for
estimating body fat in clinical settings®.

5. METS-VF (Metabolic Syndrome Visceral Fat Index):
Combines clinical and biochemical measures to
estimate visceral fat volume and its impact on metabolic
risk, particularly useful for identifying individuals at high
cardiometabolic risks!.

An integrative approach combining these metrics with
advanced methods such as bioelectrical impedance
analysis®, dual-energy X-ray absorptiometry (DXA),
and magnetic resonance imaging (MRI)** enables a
more accurate evaluation of obesity. This facilitates
risk  stratification, personalization of therapeutic
interventions, and effective treatment monitoring.

Study Objective

The objective of this study is to analyze how
different sociodemographic variables (age, sex, and
socioeconomic status) and health behaviors (smoking,
physical activity, and adherence to the Mediterranean
diet) are associated with various scales used to
evaluate overweight and obesity in a specific cohort of
healthcare workers.
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Methods

Study Design and Sample

This study utiized a mixed-methods approach,
incorporating both a retrospective longitudinal study and
a cross-sectional descriptive study. A total of 44,939
healthcare workers from various regions of Spain
participated, including 14,305 men (31.8%) and 30,634
women (68.2%). The participants were selected from
individuals undergoing mandatory annual medical check-
ups provided by their employers during the study period.
The longitudinal study covered the years 2010 to 2019.

Inclusion Criteria:
- Aged between 18 and 69 years.
- Employed by one of the participating companies.

« Provided informed consent to participate in the study.
- Authorized the use of their data for epidemiological
pUrposes.

Exclusion Criteria:

- Aged under 18 or over 69 years.

- Not employed by a participating company.

- Did not provide informed consent to participate in the
study.

- Did not authorize the use of their data for epidemiological
purposes.

The flow chart of the study participants is presented in
figure 1.

Figure 1: Presents the flowchart detailing the selection and inclusion process for study participants.
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(14,305 men and 30,634 women)

Data Collection Procedures

Data collection was conducted by occupational health
teams from the collaborating companies using the
following methods:

- Medical History: Sociodemographic information (age,
sex, occupation) and health-related data such as
smoking status, physical activity levels, adherence to the
Mediterranean diet, and stress levels were recorded.,

- Physical and Clinical Measurements: Data collected

included height, weight, waist circumference, hip
circumference, and blood pressure (systolic and
diastolic).

75 did not meet the inclusion criteria,
being under 18 or over 69 years of age

398 lacked a parameter for calculating scales

1937 people did not complete the study

- Laboratory Tests: Biochemical analyses included lipid
profiles, liver function tests, and fasting blood glucose
levels.

To minimize bias, all measurements adhered to
standardized protocols:

- Height and Weight: Measured using a SECA 700 scale
and SECA 220 stadiometer, with participants wearing
only underwear.

- Circumferences: Waist circumference was measured
using a SECA measuring tape placed between the
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lowest rib and the iliac crest, while hip circumference
was measured at the widest part of the buttocks, with
participants standing upright and relaxed.

- Blood Pressure: Measured using an OMRON-M3
sphygmomanometer after 10 minutes of rest in a seated
position, ensuring participants had not consumed
food, beverages, or tobacco in the prior hour. Three
measurements were taken at one-minute intervals, with
the average recorded.

Blood samples were obtained via venipuncture after a
12-hour fast, refrigerated, and processed in reference
laboratories  within - 72 hours. Laboratory analyses
included:

- Triglycerides, total cholesterol, and glucose levels:
Determined using enzymatic methods.

- HDL cholesterol: Measured by precipitation.

- LDL cholesteral; Calculated using the Friedewald formula,
provided triglyceride levels were below 400 mg/dL.

Obesity scales

- BMlis calculated by dividing weight by height in meters
squared. Obesity is considered to be over 30.

- Waist-to-height ratio (WtHR) is considered high from 0.5
- BAl was calculated using the equation ((hip
circumference)/(height1.5))—18((\text{hip circumference})
/ (ext{heightir{1.5})) - 18(lhip  circumference)/
(height1.5))-18, as proposed by Bergman et al*. The
resulting values were categorized as low, normal, high, or
very high based on the criteria established by Gallagher
et al®®, for the White population.

- CUN BAE (Clinica Universidad de Navarra Body
Adiposity Estimator)®” The formula is:-44.988 + (0.503 x
age) + (10.689 x gender) + (3.172 x BMI) - (0.026 x BMF?)
+(0.181 x BMI x gender) - (0.02 x BMI x age) - (0.005 x
BMI’x gender) + (0.00021 x BMIF? x age). Where male sex
equals O and female sex equals 1

- Metabolic score for visceral fat (METS-VF)® METS-VF
= 4.466 + 0.011*(Ln(METS-IR))® + 3.239*(Ln(WtHR))®
+ 0.319%(Sex) + 0.594%(Ln(age)). Man = 1 woman =
0 METS-IR = Ln [(2*glycaemia) + Triglycerides]*BMI)/
(Ln[HDLc]) High risk is considered as from 7,18.

Operational Definitions

Professional Categories: Healthcare workers were
classified into four groups: physicians, nurses, health
technicians (e.g., laboratory, pathology, radiology), and
nursing assistants/orderlies.
- Smoking: Defined as consuming at least one cigarette
per day in the previous 30 days or having quit within the
preceding year.
- Mediterranean Diet Adherence: Assessed using the
PREDIMED questionnaire, with high adherence defined
as a score of 9 or higher®,
- Physical Activity: Measured using the International
Physical  Activity Questionnaire  (PAQ), evaluating
frequency, duration, and intensity“,

Statistical Analysis

Descriptive analysis of categorical variables was performed
using frequencies and distributions. The Kolmogorov-
Smimov test assessed the normality of quantitative
variables, followed by the calculation of means and
standard deviations. Bivariate analysis included Student’'s
t-test for comparing means and the chi-square test for
proportions. Variables associated with obesity scales
were analyzed using a binary logistic regression model,
with- model fit evaluated using the Hosmer-Lemeshow
test. Stratified analysis was conducted to identify potential
confounding factors, but no significant confounding was
found. Concordance between scales was assessed
using Cohen’s kappa coefficient. Statistical analysis was
performed using SPSS version 29.0, with a significance
level of 0.05.

Ethical Considerations

The study complied with the ethical principles outlined
in the Declaration of Helsinki and was approved by
the Ethics and Research Committee of the Balearic
Islands (CEI-IB) under code 1B 4383/20. All participants
provided signed informed consent, and their data were
anonymized in accordance with Spain's Organic Law
3/2018 on Data Protection.

Results

The anthropometric, clinical, analytical, sociodemo-
graphic, and health-related data for the 44,939 workers
included in the study are presented in table I. The par-
ticipants' mean age was slightly over 41 years, with lower
values consistently observed in the female group. The
population's mean age predominantly ranged from 30 to
49 years,

Adherence to the Mediterranean diet was reported by
45.8% of men and 37.9% of women. Regular physical
activity was practiced by 47.5% of men and 38.9% of
women. Smoking prevalence was 16.1% in men and
15% in women.

Tables Il and lll present the mean values and prevalence
of high values for the various scales assessing
overweight and obesity, stratified by sociodemographic
variables and health behaviors. The results indicate that
both the mean values and the prevalence of high values
on the overweight-obesity scales increase progressively
with age and decrease as socioeconomic status
declines. These values are higher among smokers,
sedentary individuals, and those with low adherence to
the Mediterranean diet. In contrast, all values are lower
in women. The observed differences are consistently
statistically significant (p < 0.001).
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Table I: Characteristics of the population.

Men n=14,305 Women n=30,634

Mean (SD) Mean (SD) p-value
Age (years) 41,1 (10,6) 40,4 (10,5) <0.001
Height (cm) 176,0 (7,5) 162,6 (6,0) <0.001
Weight (kg) 81,2 (14,5) 63,7 (13,3) <0.001
Waist circumference (cm) 89,7 (12,6) 76,7 (11,8) <0.001
Hip circumference (cm) 101,7 (8,8) 99,3 (10,7) <0.001
Systolic blood pressure (mmHg) 128,2 (13,1) 116,1 (13,8) <0.001
Diastolic blood pressure (mmHg) 79,9 (10,6) 74,8 (10,1) <0.001
Total cholesterol (mg/dL) 191,8 (37,2) 187,8 (34,6) <0.001
HDL-c (mg/dL) 48,9 (11,2) 59,3 (12,8) <0.001
LDL-c (mg/dL) 165,2 (46,2) 144,8 (38,9) <0.001
Triglycerides (mg/dL) 111,0 (73,2) 81,7 (47,0) <0.001
Glucose (mg/dL) 93,6 (18,2) 88,9 (12,4) <0.001
AST (U/1) 241 (17,2) 18,2 (8,0) <0.001
ALT (U/1) 29,0 (36,7) 17,3 (13,7) <0.001
GGT (U/l) 30,2 (28,8) 18,1 (18,1) <0.001

N (%) N (%) p-value

< 30 years 2400 (16.8) 5984 (19.5) <0.001
30-39 years 4200 (29.4) 8304 (27.1)
40-49 years 4512 (31.5) 10128 (33.0)
50-59 years 2449 (17.1) 5150 (16.8)
60-69 years 744 (5.2) 1120 (3.6)
Physicians 5064 (35.4) 5024 (16.4) <0.001
Nurses 4008 (28.0) 12752 (41.6)
Health Technicians 1728 (12.1) 4128 (13.5)
Nursing assistants or orderlies 3505 (24.5) 8782 (28.5)
Non-smokers 12001 (83.9) 26094 (85.0) <0.001
Smokers 2304 (16.1) 4592 (15.0)
No physical activity 7512 (52.5) 18744 (61.1) <0.001
Yes physical activity 6793 (47.5) 11942 (38.9)
Non Mediterranean diet 7771 (54.2) 19213 (62.1) <0.001
Yes Mediterranean diet 6534 (45.8) 11413 (37.9)

HDL High density lipoprotein. LDL Low density lipoprotein. AST Aspartate Aminotransferase. ALT Alanine Aminotransferase. GGT Gamma-glutamyl transpeptidase. SD
Standard deviation.

Table Il: Mean values of obesity scales according sociodemographic variables and healthy habits by sex.

BMI WtHR BAI CUN BAE METS-VF

Men n Mean (SD)  p-value Mean (SD) | p-value Mean (SD) p-value Mean (SD) p-value Mean (SD) p-value
< 30 years 2400 | 24.1 (4.1) | <0.001 | 0.46 (0.06) | <0.001 | 23.9(4.3) | <0.001 | 19.7 (6.6) | <0.001 5.6 (0.8) | <0.001
30-39 years 4200 | 25.4 (4.0) 0.49 (0.06) 25.1(3.7) 23.1 (5.6) 6.1 (0.6)
40-49 years 4512 | 26.6 (3.9) 0.52 (0.06) 25.7 (3.4) 26.0 (5.3) 6.5 (0.6)
50-59 years 2449 | 28.0 (4.1) 0.55 (0.08) 27.6 (4.6) 29.4 (5.4) 6.9 (0.6)
60-69 years 744 | 28.3 (4.4) 0.56 (0.06) 27.7 (5.1) 30.3 (4.9 7.1(0.4)
Physicians 5064 | 25.9(3.7) | <0.001 | 0.50 (0.06) | <0.001 | 24.7 (5.2) | <0.001 | 23.6(6.2) | <0.001 6.1(0.7) | <0.001
Nurses 4008 | 25.7 (4.2) 0.50 (0.07) 25.3(3.6) 24.6 (6.0) 6.2 (0.7)
Health Technicians 1728 | 26.3 (4.9) 0.51 (0.09) 25.7 (3.9 24.9 (7.6) 6.3 (0.9)
Nursing assistants or orderlies | 3505 | 27.2 (4.7) 0.53 (0.08) 26.5 (4.5) 26.6 (6.6) 6.6 (0.8)
Non-smokers 12001 25.8 (4.3) | <0.001 | 0.50 (0.07) | <0.001 | 25.3(4.2) | <0.001 | 24.6 (6.4) | <0.001 6.2(0.8) | <0.001
Smokers 2304 | 26.2 (4.3) 0.51(0.07) 25.7 (4.2) 25.0 (6.5) 6.4 (0.8)
No physical activity 7512 | 27.3(4.7) | <0.001 | 0.53(0.08) | <0.001 | 26.6 (4.4) | <0.001 | 26.5(6.9) | <0.001 6.6 (0.8) | <0.001
Yes physical activity 6793 | 25.0 (3.5) 0.49 (0.06) 24.7 (3.6) 23.1 (5.5) 6.1(0.7)
Non Mediterranean diet 7771 | 27.0(4.6) | <0.001 | 0.52(0.07) | <0.001 | 26.1(4.4) | <0.001 | 26.0(6.3) | <0.001 6.6 (0.8) | <0.001
Yes Mediterranean diet 6534 | 25.6 (3.7) 0.49 (0.07) 25.2 (3.8 23.8 (56.8) 6.2 (0.8)
Women n  Mean (SD) p-value Mean (SD) p-value Mean (SD) p-value Mean (SD) p-value Mean (SD) p-value
< 30 years 5984 | 22.3(3.6) | <0.001 | 0,43 (0.05) | <0.001 | 27.9(4.6) | <0.001 | 28.9(5.7) | <0.001 4 7(0.8) | <0.001
30-39 years 8304 | 23.2 (4.8) 0.45 (0.07) 28.9 (6.3 31.6 (6.4) 2(0.8)
40-49 years 10128 24.8 (4.8) 0.48 (0.07) 30.8 (5.4) 35.2 (5.9) 5 8 (0.8)
50-59 years 5150 | 25.9 (5.1) 0.51(0.08) 32.2 (6.7) 38.1(6.1) 6.2 (0.8)
60-69 years 1120 | 26.1 (56.5) 0.53 (0.07) 32.3(6.0) 39.3 (6.0) 6 4(0.7)
Physicians 5024 | 22.1(3.2) | <0.001 | 0.44 (0.05) | <0.001 | 28.0(4.3) | <0.001 | 30.3(5.7) | <0.001 0(0.9) | <0.001
Nurses 12752 | 23.4 (4.3 0.46 (0.07) 29.2 (5.2) 32.3(6.1) 5 3 0.9
Health Technicians 4128 | 25.2 (5.2 0.49 (0.08) 31.1(6.7) 35.2(7.2) 5.7 (0.9)
Nursing assistants or orderlies | 8782 | 25.9 (5.6) 0.51 (0.08) 31.9 (6.9 36.7 (6.9) 6 0(0.9)
Non-smokers 26094 | 24.0 (4.7) | <0.001 | 0.47 (0.07) | <0.001 | 29.9 (5.4) | <0.001 | 33.5(6.8) | <0.001 5(0.9) | <0.001
Smokers 4592 | 24.4 (5.6) 0.48 (0.08) 30.5 (6.1) 34.3(7.1) 5 7(0.9)
No physical activity 18744 | 24.8(5.3) | <0.001 | 0.48(0.08) | <0.001 | 30.9 (6.8) | <0.001 | 34.6(7.3) | <0.001 7(0.9) | <0.001
Yes physical activity 11942 | 23.0(3.7) 0.45 (0.06) 28.7 (4.8) 32.2 (5.9 5 3 0.9
Non Mediterranean diet 19213| 24.5(5.3) | <0.001 | 0.48(0.08) | <0.001 | 30.3 (6.7) | <0.001 | 34.1(7.0) | <0.001 7(0.8) | <0.001
Yes Mediterranean diet 11413| 23.5(3.8) 0.46 (0.07) 29.2 (6.9 32.8 (6.0) 5 4 (0.8)

BMI Body mass index. WHR Waist to height ratio. BAI Body adiposity index. CUN BAE Clinica Universidad de Navarra-Body adiposity Estimator.

METS-VF Metabolic score for visceral fat.SD Standard deviation.
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Table llI: Prevalence of high values of obesity scales according sociodemographic variables and healthy habits by sex.

BMI obesity WtHR high BAI obesity CUN BAE obesity = METS-VF high
Men n % p-value % p-value % p-value % p-value % p-value
< 30 years 2400 9.1 <0.001 20.9 <0.001 5.8 <0.001 16.8 <0.001 2.1 <0.001
30-39 years 4200 10.3 37.7 10.2 26.9 6.9
40-49 years 4512 14.4 54.8 14.5 52.7 12.8
50-59 years 2449 29.4 76.4 20.3 77.5 421
60-69 years 744 32.3 83.9 22.5 82.8 48.4
Physicians 5064 12.0 <0.001 41.9 <0.001 16.8 <0.001 32.9 <0.001 8.4 <0.001
Nurses 4008 13.7 45.0 9.9 46.4 13.3
Health Technicians 1728 16.7 50.0 8.5 47.2 19.4
Nursing assistants or orderlies | 3505 22.6 63.7 12.3 56.2 27.4
Non-smokers 12001 15.6 <0.001 48.9 <0.001 10.5 <0.001 37.5 <0.001 14.6 <0.001
Smokers 2304 15.8 49.4 14.2 46.6 16.4
No physical activity 7512 21.7 <0.001 62.9 <0.001 22.1 <0.001 58.1 <0.001 23.3 <0.001
Yes physical activity 6793 9.2 34.3 7.3 30.8 8.1
Non Mediterranean diet 7771 20.9 <0.001 60.0 <0.001 20.5 <0.001 52.8 <0.001 21.5 <0.001
Yes Mediterranean diet 6534 10.1 37.8 8.3 34.2 9.8
Women n % p-value % p-value % p-value % p-value % p-value
< 30 years 5984 4.5 <0.001 1.0 <0.001 1.9 <0.001 15.2 <0.001 0.5 <0.001
30-39 years 8304 6.9 191 4.6 26.0 1.3
40-49 years 10128 131 31.8 5.1 44.2 2.2
50-59 years 5150 18.3 51.0 71 63.7 9.3
60-69 years 1120 18.6 55.7 7.9 74.3 12.9
Physicians 5024 2.2 <0.001 1.5 <0.001 9.2 <0.001 19.4 <0.001 0.6 <0.001
Nurses 12752 7.5 191 4.2 29.9 1.6
Health Technicians 4128 17.2 38.0 3.4 46.5 3.9
Nursing assistants or orderlies | 8782 17.9 47.0 6.9 56.5 6.4
Non-smokers 26094 10.6 <0.001 27.5 <0.001 3.9 <0.001 37.4 <0.001 3.0 <0.001
Smokers 4592 12.2 33.4 51 41.5 3.8
No physical activity 18744 13.8 <0.001 34.7 <0.001 10.3 <0.001 44.3 <0.001 4.5 <0.001
Yes physical activity 11942 6.2 18.4 3.2 28.1 0.9
Non Mediterranean diet 19213 13.3 <0.001 33.0 <0.001 10.0 <0.001 41.9 <0.001 4.0 <0.001
Yes Mediterranean diet 11413 7.0 19.6 4.2 31.3 1.3

BMI Body mass index. WIHR Waist to height ratio. BAl Body adiposity index. CUN BAE Clinica Universidad de Navarra-Body adiposity Estimator.

METS-VF Metabolic score for visceral fat.

Table IV: Multinomial logistic regression.

BAI obesity CUN BAE obesity METS-VF high
OR (95% CI) OR (95% CI) OR (95% CI)
1 1 1

BMI obesity WtHR high
OR (95% ClI) OR (95% CI)
Women 1 1
Men 1.92 (1.80-2.04) 3.64 (3.47-3.82)
< 30 years 1 1
30-39 years 1.36 (1.20-1.52) 1.75 (1.56-1.95)
40-49 years 2.35(2.08-2.62) 3.98 (3.55-4.41)
50-59 years 3.96 (3.47-4.46) 7.45 (6.64-8.27)
60-69 years 4.41(3.81-5.02) 12.47 (11.01-13.93)
Physicians 1 1
Nurses 1.14 (1.10-1.18) 1.33(1.24-1.43)

Health Technicians

Nursing assistants or orderlies
Non-smokers

Smokers

Yes physical activity

No physical activity

Yes Mediterranean diet

Non Mediterranean diet

1.68 (1.55-1.81)
2.85 (2.60-3.11)
117 (1 .112-1 22)
2,52 (2.236-2.69)
1.90 (1 .171 -2.10)

2.15 (2.03-2.27)
3.38 (3.16-3.60)
1.18(1 .113-1 24)
2.87 (2.174-3.01)
2.02 (1 .234-2.21)

8.46 (7.90-9.03)
1

1.65 (1.57-1.73)
1

5.86 (5.01-6.73)
1

1.19 (1.14-1.25) 224 (1.97-2.51) 1.77 (1.55-1.99)
1.34 (1.21-1.47) 5.38 (4.75-6.02) 3.89 (3.69-4.20)
1.79 (1.60-1.99) 7.89 (7.01-8.77) 7.81(6.91-8.72)
2.45 (2.05-2.86) 11.21 (10.01-12.42) | 14.20 (12.99-15.42)

;

1,17 (1.13-1.21)

1.64 (1.50-1.78)

1.84 (1.68-2.00)
1

1.14 (1.10-1.18)
1

2.16 (2.02-2.31)
1

1.72 (1.55-1.89)

;

1.21 (1.13-1.29)

1.78 (1.69-1.88)

2.48 (2.33-2.69)
1

1.33 (1.21-1.45)
1

2.58 (2.47-2.69)
1

1.98 (1.85-2.12)

]

1.32 (1.17-1.48)

1.91 (1.70-2.12)

3.94 (3.50-4.39)
1

1.25 (1.19-1.32)
1

3.94 (3.57-4.31)
1

2.87 (2.60-3.15)

BMI Body mass index. WtHR Waist to height ratio. BAI Body adiposity index. CUN BAE Clinica Universidad de Navarra-Body adiposity Estimator. METS-VF Metabolic

score for visceral fat. OR Odss ratio.

Table IV presents the results of the multinomial logistic
regression analysis, showing that all variables included
in the model are associated with the presence of high
values on the overweight-obesity scales. Among all
variables, the strongest association (highest odds ratio
values) is observed for age, followed by professional
category and physical activity.

The Pearson correlation index is very high among all
the scales assessing excess weight, whereas Cohen's

kappa concordance coefficient values are low, except
for the pairs BMI and BAI, WtHR and CUN-BAE, and
BAI and METS-VF. Full data can be found in table V.

Table VI presents the results of the retrospective
longitudinal study, showing the prevalence of high
values on the overweight-obesity scales during the
pre (2010) and post (2019) periods. The differences
in prevalence between these periods increased with
age and decreased with socioeconomic status. These
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differences were more pronounced among smokers,
individuals who do not engage in regular physical activity,
and those with low adherence to the Mediterranean diet.

Table V: Pearson and kappa Cohen coefficient.

BMI

Pearson

BMI
WtHR
BAI

CUN BAE
METS-VF

kappa Cohen

BMI obesity
WtHR high
BAI obesity

CUN BAE high

METS-VF high

1

BMI obesity

1

WtHR
0.896

WtHR high
0.467

1

In all cases, the prevalence differences were smaller
among women. In all cases the differences observed
show statistical significance (p<0.001).

BAI

0.855
0.820

BAI obesity

0.552
0.220
1

CUN BAE

0.955

0.904

0.835
1

CUN BAE high

0.331

0.706

0.150
1

METS-VF

0.816

0.937

0.774

0.906
1

METS-VF high

0.404

0.151

0.553

0.100
1

BMI Body mass index. VWHHR Waist to height ratio. BAl Body adiposity index. CUN BAE Clinica Universidad de Navarra-Body adiposity Estimator. METS-VF Metabolic score for visceral fat.

Table VI: Differences in the prevalences of high values of overweight and obesity scales between the pre and post periods by sex.

Men

<30 years

30-39 years
40-49 years
50-59 years
60-69 years

Physicians
Nurses

Health
Technicians

Nursing
assistants

or orderlies
Non-smokers
Smokers

No physical
activity

Yes physical
activity

Non
Mediterranean
diet

Yes

Mediterranean
diet

Men

<30 years

30-39 years
40-49 years
50-59 years
60-69 years

Physicians
Nurses
Health
Technicians

Nursing
assistants
or orderlies

Non-smokers
Smokers

No physical
activity

Yes physical
activity

Non
Mediterranean
diet

Yes

Mediterranean
diet

n

2400
4200
4512
2449
744

5064
4008
1728

3505

12001
2304

7512

6793

7771

6534

n

5984
8304

%
pre-post
8.6-9.1
9.4-10.3

12.4-14.4

24.4-29.4
25.7-32.3

11.2-12.0
12.5-13.7
14.7-16.7

19.0-22.6

14.1-15.6
13.8-15.8

17.4-21.7

8.7-9.2

17.0-20.9

18.8-10.1

%
pre-post
4.4-45
6.5-6.9

10128/ 11.9-13.1

5150
1120

5024

15.6-18.3
15.5-18.6

21-2.2

12752 71-7.5

4128

8782

15.5-17.2

15.3-17.9

26094 9.7-10.6

4592

10.9-12.2

18744/11.3-13.8

11942 5.9-6.2

19213/10.9-13.3

11413 6.5-7.0

BMI obesity

difference
%

5.3
8.7
13.8
17.1
20.3

6.7
8.8
11.8

15.9

9.9
12.8
19.9

53

18.6

6.7

difference
%

2.8
6.1

8.9
14.8
16.9

3.1
572
8.9

14.3

8.6
10.8
18.3

5.4

17.8

6.5

p-value
<0.001

<0.001

<0.001

<0.001

<0.001

p-value
<0.001

<0.001

<0.001

<0.001

<0.001

%
pre-post

19.6-20.9
34.7-371.7
48.3-54.8
65.5-76.4
69.5-83.9

39.3-41.9
41.4-45.0
43.1-50.0

54.0-63.7

44.5-48.9
43.2-49.4

50.1-62.9

32.1-34.3

48.7-60.0

35.0-37.8

%
pre-post

10.6-11.0
17.9-19.1
28.8-31.8
44.2-51.0
46.3-55.7

11.1-11.5
18.3-19.1
35.0-38.0

412-47.0

25.3-27.5
30.3-33.4

29.0-34.7

17.4-18.4

28.0-33.0

18.3-19.6

WtHR high

difference
%

6.1
7.9
11.8
14.3
17.2

6.1
7.9
13.8

16.3

8.9
12.6
20.3

6.3

18.9

7.4

difference
%

3.3
6.4
9.5
13.4
16.9

36
44
79

12.3

79
9.3

16.5

53

156.3

6.4

p-value
<0.001

<0.001

<0.001

<0.001

p-value
<0.001

<0.001

<0.001

<0.001

<0.001

%
pre-post

5.4-5.8
9.2-10.2
12.5-14.5
16.7-20.3
17.9-22.5

156.5-16.8
9.0-9.9
7.5-8.5

10.3-12.3

9.5-10.5
12.5-14.2

17.3-22.1

6.8-7.3

16.4-20.5

7.7-8.3

%
pre-post

18-1.9
4.3-4.6
4.6-5.1
6.1-7.1
6.4-7.9

8.8-9.2
3.9-4.2
3.1-3.4

5.8-6.9

3.6-3.9
4.6-5.1

8.7-10.3

3.0-3.2

8.6-10.0

3.9-4.2

BAI obesity

difference
%

7.3
9.9
13.5
17.8
20.4

7.7
9.1
1.8

16.6

9.7
12.3
215

6.9

20.0

7.5

difference
%
39
6.3
9.9
13.4
18.9
4.8
6.1
9.9

15.3

8.6
10.5
15.8

6.2

6.9

p-value
<0.001

<0.001

<0.001

<0.001

<0.001

p-value
<0.001

<0.001

<0.001

<0.001

<0.001

CUN BAE obesity

% difference
pre-post % p-value
15.3-16.8 8.9 <0.001
235-269| 128
446-52.7| 153
62.6-77.5 19.2
64.3-82.8| 224
29.7-32.9 9.8
41.3-46.4| 109
39.5-47.2| 163
45.0-56.2| 199
32.7-37.5| 128 |<0.001
39.0-46.6| 16.3
44.4-58.1 235 |<0.001
28.7-30.8 6.9
415-52.8| 214 |<0.001
31.6-34.2 7.6

% difference
pre-post % p-value
14.5-15.2 45 <0.001
24.2-26.0 6.8
39.8-44.2 9.9
55.0-63.7| 136
61.2-74.3 17.6
18.4-19.4 49 <0.001
27.8-29.9 6.9
41.7-46.5| 103
43.1-56.5| 14.8
33.8-37.4 96 |<0.001
36.8-41.5| 113
36.1-44.3 18.6 <0.001
26.4-28.1 6.1
34.7-41.9 175 <0.001
29.0-31.3 7.2

METS-VF high
% difference
pre-post % p-value
1.9-2.1 7.3 <0.001
6.2-6.9 9.9
11.2-12.8) 124
35.9-42.1 14.8
39.3-48.4 189
7.7-8.4 7.9
121-13.3] 89
17.1-19.4| 118
22.6-27.4 175
13.1-146/ 101 | <0.001
14.3-16.4, 129
18.2-23.3| 21.8 |<0.001
7.5-8.1 7.9
17.1-215/ 205 |<0.001
9.0-9.8 8.6
% difference
pre-post % p-value
0.5-05 5.7 <0.001
1.2-1.3 8.2
2.0-2.2 10.3
7.8-9.3 15.9
10.4-129, 19.7
0.6-0.6 5.6 <0.001
1.5-16 79
3.4-39 12.8
54-6.4 15.8
2.7-3.0 109 | <0.001
3.3-38 13.1
3.6-4.5 20.4 1<0.001
0.8-09 7.9
3.2-4.0 19.5 | <0.001
1.2-1.3 8.6

BMI Body mass index. WIHR Waist to height ratio. BAl Body adiposity index. CUN BAE Clinica Universidad de Navarra-Bodly adiposity Estimator. METS-VF Metabolic score for visceral fat.
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Discusion

N our study, we observed associations between
sociodemographic factors (age, sex, socioeconomic
status) and lifestyle factors (tobacco use, physical
activity, and adherence to the Mediterranean diet) with
the prevalence of overweight, assessed using indicators
such as BMI, waist-to-height ratio, BAl, CUN-BAE, and
METS-VF. These indicators provide a comprehensive
perspective on the distribution and impact of excess
weight in various contexts, including healthcare workers,
who are exposed to occupational and personal factors
that may influence their nutritional and metabolic status.

Age is one of the most consistently associated factors
with overweight in our research. This finding aligns with
previous studies that have shown a linear relationship,
where increasing age is generally linked to higher levels
of body fat up to a certain point, followed by stabilization
or decline in advanced ages due to muscle loss and
metabolic changes*'. In the context of healthcare
workers, this association may be influenced by the
nature of their work, which often involves irregular shifts,
variable physical demands, and high levels of stress*,
Additionally, indicators such as METS-VF*® and CUN-
BAE*, which provide more specific information on
visceral adipose tissue and fat distribution, have proven
particularly sensttive in detecting age-related changes.
Several recent studies suggest that healthcare
workers over 40 vyears of age are at higher risk of
developing visceral obesity compared to their younger
counterparts, which may increase their susceptibility to
metabolic diseases**“°,

Sex also plays a critical role in the prevalence and
distribution of excess weight, as evidenced by the results
obtained in this study. Various authors have demonstrated
that women tend to present higher levels of general and
subcutaneous  adiposity compared to men, who are
more prone to visceral fat accumulation, which is more
closely associated with metabolic complications*”#¢, In
the healthcare sector, women represent a significant
proportion of the workforce and are exposed to factors
that may exacerbate this tendency, such as long shifts
and additional responsibilities outside of work. Recent
research has shown that the CUN-BAE indicator may
be particularly useful in assessing adiposity in women,
as it incorporates sex- and age-specific factors in its
calculations*®, On the other hand, BMI and waist-to-
height ratio, while widely used, may underestimate
metabolic risk in men due to their inability to differentiate
between lean and fat mass®.

Socioeconomic status (SES) is a key social determinant
in the development of overweight. In our research, this
may be due to its influence on access to healthy foods,
opportunities for physical activity, and perceived stress
levels®'. Among healthcare workers, the impact of SES
could be mediated by professional categorization. For

example, technical or auxiliary workers may be more
exposed to factors that promote obesity, such as less
flexible schedules and reduced access to workplace
wellness programs®,

According to our results, tobacco use is associated with
high values on overweight and obesity scales. Some
authors have traditionally considered tobacco as a
protective factor against weight gain due to its appetite-
suppressing  effects®®, However, this relationship is
complex and depends on factors such as the duration
and intensity of smoking, as well as the potential for
weight gain after quitting™. Among healthcare workers,
tobacco may interact with other lifestyle factors to
influence overweight. For instance, a study conducted
on nurses and doctors showed that smokers had lower
BMI but higher levels of visceral fat, which could increase
their risk of cardiovascular diseases®™.

Physical activity is one of the most important protective
factors against overweight, as highlighted in our results.
In the case of healthcare workers, physical activity may
be limited by long working hours and associated fatigue.
A study conducted in the Valencian Community on 647
healthcare workers that evaluated physical activity both
at work and outside of it found lower activity levels among
women. Additionally, higher professional categories were
associated with higher levels of physical activity —two
findings that align with our results®t,

Adherence to the Mediterranean diet, according to our
findings, has been consistently associated with a lower
risk of overweight and metabolic diseases. This dietary
pattemn, characterized by high consumption of fruits,
vegetables, legumes, whole grains, fish, and olive all,
and low consumption of red meat and ultra-processed
foods, appears to have a protective effect against visceral
fat accumulation and chronic inflammation®’.  Among
healthcare workers, adherence to the Mediterranean diet
may e compromised by a lack of time to prepare healthy
meals and the availability of unhealthy food options
in hospital settings®®. Recent studies have shown that
higher adherence to this diet is associated with a lower
prevalence of overweight according to indicators such
as BAFF® and CUN-BAE®, underscoring the importance
of promoting this dietary pattern in intervention programs
targeting this population.

The strengths of this study include the large sample size
(nearly 45,000 healthcare workers), making it one of the
largest studies evaluating obesity in healthcare workers.
Another strength is the use of numerous validated scales
to assess overweight, addressing not only anthropometric
profiles but also the estimation of body and visceral fat.
Finally, we should highlight the inclusion of a wide range
of variables, both sociodemographic and health-related,
in the study.
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One limitation of the study is the exclusion of unemployed
individuals, retirees, those under 18, and those over
69 years of age. Although this exclusion reduces the
generalizability of the results to the broader population,
we believe that the large sample size partially mitigates
this effect. Another limitation is the lack of information on
potential confounding factors, such as the presence of
comorbidities or the use of pharmacological treatments,
due to the unavailability of these data.
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