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Abstract: Background: Shift work has been associated with unhealthy lifestyle habits and a higher
prevalence of obesity, which negatively impacts the health of shift workers. The objective of our study
was to examine the influence of shift work on obesity, as well as on sociodemographic variables,
anthropometric measurements, and lifestyle habits in individuals working this type of schedule.
Methods: An observational, cross-sectional, descriptive study involving 53,053 workers from var-
ious labour sectors across several Spanish autonomous communities was conducted. It included
31,753 men (17,527 of them working shifts) and 21,300 women (11,281 of them working shifts). The
relationship between shift work and obesity was examined, as well as its association with sex, age,
social class, education level, smoking, alcohol consumption, sedentary behaviour, and unhealthy
diet. Results: Obesity showed higher prevalence and mean values among shift workers across all
four formulas used (BMI obesity, WtHR high, CUN BAE obesity, METS-VF high). All variables
related to unhealthy lifestyle habits revealed a significantly greater prevalence among shift workers,
with high statistical significance (p < 0.001). Age, sex, and social class affected the risk of obesity,
with a greater prevalence observed in shift workers compared to non-shift workers (p < 0.001). Men
had a higher risk than women, with an OR ranging from 1.17 (1.12–1.21) for BMI obesity to 7.45
(6.71–8.20) for METS-VF high. Conclusions: Shift workers exhibit a higher prevalence of obesity and
unhealthy lifestyle habits, with men at greater risk. The variables that most significantly increase
the risk of obesity include age, physical inactivity, low adherence to the Mediterranean diet, and
alcohol consumption.

Keywords: obesity; shift work; lifestyle habits; Mediterranean diet; exercise; smoking; social class

1. Introduction

Obesity is one of the most significant and prevalent public health issues worldwide,
affecting both developed and developing countries. According to the World Health Organi-
zation (WHO), more than 1.9 billion adults were overweight in 2016, with over 650 million
classified as obese [1]. This condition is associated with a significant increase in the risk of
developing various chronic diseases, including cardiovascular diseases, type 2 diabetes,
certain types of cancer, and musculoskeletal disorders [2–4]. In addition to the adverse
effects on individual health, obesity imposes a considerable economic burden on healthcare
systems due to the costs associated with its management and treatment [5,6].
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Obesity is a multifactorial condition influenced by a complex interplay of genetic,
environmental, and behavioural factors. Identifying and understanding the factors con-
tributing to the development of obesity are essential for formulating effective prevention
and treatment strategies [7].

Obesity is more prevalent in middle adulthood, particularly between the ages of 40
and 60, a life stage characterized by changes in body composition and metabolism [8].
A decrease in basal metabolic rate with age, along with a reduction in muscle mass and
an increase in adipose tissue, contributes to the development of obesity in older adults.
Furthermore, hormonal differences between sexes also play a significant role [9]. Under-
standing how obesity varies across different life stages is essential for designing age-specific
interventions that are more effective.

In terms of sex differences, women tend to have a higher prevalence of obesity than
men, especially after menopause. Oestrogens, which have a protective effect against
abdominal fat accumulation, significantly decrease after menopause, leading to an increase
in central obesity in women [10,11]. Behavioural patterns related to diet and physical
activity have also been observed to vary between sexes, which may contribute to the
differences noted in obesity prevalence [12]. Recognizing these sex differences is crucial for
developing personalized approaches in the prevention and treatment of obesity.

Socioeconomic determinants, such as social class and educational level, are critical
factors in the aetiology of obesity. Individuals from lower social classes and with lower
educational levels have a higher prevalence of obesity [13]. This is influenced by lower,
unhealthy lifestyle practice [14], and limited access to obesity prevention and treatment
programs [15,16].

Lifestyle habits also have a significant influence on obesity. Smokers tend to have a
lower body weight than non-smokers, which has been attributed to the appetite-suppressing
effects of nicotine and the stimulation of thermogenesis [17]. In recent years, as smoking
rates have declined in many countries, the prevalence of obesity has been on the rise. This
post-cessation weight gain underscores the need to develop post-smoking cessation inter-
ventions that also address weight gain prevention in order to maximize health benefits [18].
Alcohol consumption can lead to an increase in food intake, as it may disinhibit eating
behaviours, resulting in the consumption of calorie-dense and fatty foods. Several studies
have examined the relationship between alcohol consumption and obesity with mixed
results. Some studies suggest that moderate alcohol consumption may not be associated
with obesity and, in some cases, may even be linked to a lower body mass index (BMI) [19].
However, excessive alcohol consumption and regular intake of high-alcohol-content bever-
ages have consistently been associated with an increased risk of abdominal obesity [20].
Regular physical activity is widely recognized as a key protective factor against obesity.
Exercise helps maintain a negative energy balance by increasing energy expenditure and
improving body composition by increasing muscle mass and reducing fat mass [21]. More-
over, exercise has beneficial effects on lipid metabolism and insulin sensitivity, contributing
to the prevention of obesity and related metabolic diseases [22]. A meta-analysis conducted
by Armstrong et al. in 2022 revealed that regular moderate-intensity physical exercise leads
to a reduction in visceral adipose tissue, with more pronounced benefits when the exercise
performed is of vigorous intensity [23].

Finally, a healthy diet is another crucial lifestyle factor in the prevention of obesity. The
Mediterranean diet has been associated with a range of health benefits [24,25], including a
protective effect against obesity [26]. Components of the Mediterranean diet, such as its high
fibre and antioxidant content along with the quality of fats, contribute to appetite regulation,
improved insulin sensitivity, better type 2 diabetes control, and reduced inflammation [27].
Multiple studies have shown that adherence to the Mediterranean diet is inversely related to
the risk of obesity and long-term weight gain [28–31]. The study conducted by Estruch et al.
revealed that individuals following a Mediterranean diet supplemented with extra virgin
olive oil or nuts had a lower incidence of abdominal obesity compared to those following a
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low-fat diet [32]. These findings underscore the potential of the Mediterranean diet not only
as a tool for obesity prevention but also as a dietary intervention for weight management.

Shift work, particularly night shifts, has been identified as a significant risk factor for
obesity. Disruptions to circadian rhythms and sleep patterns can lead to imbalances in
metabolism, appetite regulation, and body composition [33]. A study conducted by Qian
et al. demonstrated that shift workers have a significantly higher risk of obesity compared
to those working conventional hours, which may be explained by the dysregulation of
ghrelin, a key hormone in appetite regulation [34]. Moreover, exposure to artificial light
during the night can disrupt melatonin levels, impacting metabolic homeostasis [35].
These findings underscore the importance of considering shift work as a relevant factor
in the aetiology of obesity and highlight the need to develop interventions that mitigate
its adverse effects [36–40]. Despite the abundance of studies examining the relationship
between shift work and obesity, little is known about whether this relationship varies
according to different anthropometric variables and lifestyle habits [41–43].

The objective of our study was to investigate the influence of shift work on obesity, as
well as the sociodemographic, anthropometric, and lifestyle variables in individuals who
work shifts. This would be useful for establishing public health policies that implement
various interventions aimed at improving the health and quality of life of shift workers.

2. Materials and Methods
2.1. Participants

Our research was based on a cross-sectional, observational, and descriptive study in-
volving 53,053 workers from different autonomous communities in Spain (Balearic Islands,
Andalusia, Canary Islands, Valencian Community, Catalonia, Madrid, Castilla-La Mancha,
Castilla y León, Basque Country) and various sectors, particularly hospitality, commerce,
health, public administration, transportation, industry, and cleaning. The study included
31,753 men (of whom 17,527 worked shifts) and 21,300 women (of whom 11,281 worked
shifts). The workers selected for this study were those who participated in the mandatory
annual periodic medical examinations conducted by the various participating companies.
The selection period spanned from January 2019 to June 2020.

We defined shift work based on the Workers’ Statute, which defines it as ‘any form of
organization of teamwork in which workers successively occupy the same jobs according
to a certain rhythm, continuous or discontinuous, requiring the worker to provide their
services at different hours over a specified period of days or weeks. In our sample, all shift
workers rotated between daytime, evening, and night shifts.

Inclusion Criteria:

• Aged between 18 and 69 years.
• Employed under contract with one of the companies participating in this study.
• Consent to participate in this study.
• Permission for the use of their data for epidemiological purposes.

Exclusion Criteria:

• Age below 18 years or above 69 years.
• Non-employment in one of the participating companies.
• Refusal to participate in the research study.
• Refusal to consent to the use of data for epidemiological purposes.
• Lack of a required parameter for scale calculations.
• Presence of any type of cardiometabolic alteration.

Figure 1 displays the data from the workers’ flowchart after applying the inclusion
criteria.
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Figure 1. The data from the workers’ flowchart after applying the inclusion criteria. 
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Figure 1. The data from the workers’ flowchart after applying the inclusion criteria.

2.2. Determination of Variables

The personnel working in the occupational health departments of the participating
companies were responsible for collecting the data needed for this investigation. Anamnesis
was one of the methods used for data collection. Information on sociodemographic factors
(age, sex, socioeconomic class, and education level) and healthy habits (tobacco use, alcohol
consumption, adherence to the Mediterranean diet, and physical activity) was obtained
through a comprehensive clinical history.

• Clinical and Anthropometric Measurements: These included height, weight, waist
circumference, and systolic and diastolic blood pressure.

• Analytical Measurements: These covered blood glucose levels and lipid profiles.

The independent variables selected were those considered, according to the reviewed
literature, to be the most statistically and biologically recommended.

Standardizing the measurement methodologies for these variables was essential to
minimize potential biases in the study.

2.2.1. Anthropometric Measurements

Participants’ height and weight were measured while they were standing, wearing
only undergarments, with their arms at their sides, and their head and chest aligned. Values
were recorded in kilograms and millimetres using a SECA-type scale-measuring apparatus
(model: SECA 700 with a capacity of 200 kg and 50 g divisions, to which was added a SECA
220 telescopic height bar with millimetric division and 60–200 cm intervals, SECA, Chino,
CA, USA), following international standards for ISAK anthropometric evaluation [44].

Abdominal waist circumference was measured using a SECA model 200 (SECA, Chino,
CA, USA) measuring tape placed parallel to the floor, positioned midway between the
last rib and the iliac crest while the individual stood relaxed. Hip circumference was also
measured in this position by placing the tape measure parallel to the floor at the widest
point of the buttocks.

2.2.2. Clinical Measurements

Blood pressure was measured using a calibrated OMRON M3 automatic sphygmo-
manometer (OMRON, Osaka, Japan). For accurate assessment, the individual sat with
his/her back supported by the chair and rested for at least 10 min. Different cuff sizes were
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available to ensure a proper fit. Three blood pressure measurements were taken consecu-
tively, with one-minute intervals between them. The average of these three readings was
used as the final value. Individuals were considered hypertensive if their systolic blood
pressure was above 140 mm/Hg, their diastolic blood pressure was above 90 mm/Hg, or if
they were undergoing treatment for hypertension.

2.2.3. Analytical Measurements

Blood samples were collected via venipuncture after a 12 h fast. To ensure optimal
preservation, samples were processed and stored in a refrigerator for a maximum of 48 to
72 h before being analysed in reference laboratories using standardized techniques. Blood
glucose, triglycerides, and total cholesterol levels were measured using enzymatic methods,
while HDL cholesterol was measured using precipitation methods. LDL cholesterol was
indirectly estimated using the Friedewald formula, provided blood triglyceride levels were
below 400 mg/dL; if above this threshold, LDL cholesterol was measured directly [45]. All
analytical values were expressed in mg/dL. Patients were classified as dyslipidaemic if
their lipid levels exceeded the reference laboratory cutoff points or if they were receiving
treatment for dyslipidaemia.

2.2.4. The Overweight and Obesity Scales Determined

- Body Mass Index (BMI) [46]: BMI is calculated by dividing weight in kilograms
by height in meters squared. It is categorized as follows: underweight (less than
18.5 kg/m2), normal weight (18.5–24.9 kg/m2), overweight (25–29.9 kg/m2), and
obese (30 kg/m2 or more).

- Waist-to-Height Ratio (WtHR) [47]: This ratio is determined by dividing the waist
circumference by height. Values of 0.50 or higher are considered elevated.

- Clínica Universitaria de Navarra Body Adiposity Estimator (CUN BAE) [48]: The
formula for CUN BAE is the following: (CUN BAE)—44.988 + (0.503 × age) + (10.689
× sex) + (3.172 × BMI) − (0.026 × BMI2) + (0.181 × BMI × gender) − (0.02 × BMI ×
age) − (0.005 × BMI2 × gender) + (0.00021 × BMI2 × age). Male = 0 Female = 1.

- Metabolic score for visceral fat (METS-VF) [49]:
METS-VF = 4.466 + 0.011 × (Ln(METS-IR))3 + 3.239 × (Ln(WHtr))3 + 0.319 × (Gender)
+ 0.594 × (Ln(Age)) where metabolic score for insulin resistance (METS-IR)45 is
obtained using the following formula: METS-IR = Ln (2 × glycaemia + triglycerides)
× BMI/Ln HDL-c.

Gender was categorized into two dichotomous variables: male and female. Age was
calculated by subtracting the date of birth from the date of the medical examination. Of all
the validated scales available for assessing obesity, these four were selected because BMI is
the most widely used scale in most epidemiological studies; WtHR is a good indicator of
abdominal fat; CUN BAE was validated in the Diabetes Care Study as a reliable estimator
of body fat; and METS-VF is a good estimator of visceral fat.

Educational level was classified based on the highest level of education completed,
with three defined categories: primary studies, secondary studies, and university studies.

Social class was determined according to the guidelines of the Spanish Society of
Epidemiology, using the types of occupations listed in the 2011 National Classification of
Occupations (CNO-11) [50]. Three social classes were identified:

• Social Class I: Includes university-educated professionals, managers, professional
athletes, and artists.

• Social Class II: Consists of intermediate professionals and qualified self-employed
individuals.

• Social Class III: Comprises workers with fewer qualifications.

In this study, anyone was considered a smoker if they had not quit smoking for at
least one year, or if they had used tobacco products in the previous thirty days.



Life 2024, 14, 1503 6 of 19

Adherence to the Mediterranean diet was assessed using a 14-question questionnaire
(MEDAS), where each question was scored 0 or 1 point. A total score of nine or more points
indicated a high level of adherence [51].

Level of physical activity was measured using the International Physical Activity
Questionnaire (IPAQ), a self-administered survey that evaluates physical activity over
the previous seven days [52]. The IPAQ classifies physical activity into three categories:
low, moderate, and high. The low category does not meet the current physical activity
recommendations for health. Therefore, in our study, we considered this as indicating no
physical activity.

Alcohol consumption was quantified using standard drinking units, which is the
reference method across all levels of care. This method allows for rapid quantification of
alcohol intake, easily converted into grams of pure alcohol. In Spain, one standard drinking
unit is equivalent to 10 g of alcohol, which corresponds to one serving of wine (100 mL),
champagne (100 mL), or beer (200 mL), and half a serving of spirits or mixed drinks
(25 mL). Exceeding 35 standard drinking units per week for men and 20 for women poses
a significant risk to long-term health [53]. Although we should consider only abstinent
individuals as non-drinkers, in our study, we evaluated non-drinkers as those who may
consume alcohol occasionally but do not drink daily and do not engage in compulsive
drinking—defined as consuming 60 g or more (6 UBEs) for men and 40 g or more (4 UBEs)
for women in a single day.

2.3. Statistical Analysis

The Kolmogorov–Smirnov test was used to assess the normality of the sample, confirm-
ing a normal distribution. To identify possible confounding variables, the corresponding
analyses were performed by stratifying the variables included in the model. These anal-
yses showed that none of the variables acted as confounding factors. Quantitative data
were analysed using Student’s t-test to determine means and standard deviations. The
chi-square test (χ2) was applied to calculate prevalence when the variables were categorical.
A multinomial logistic regression analysis was performed to calculate odds ratios with
95% confidence intervals. The dependent variables included BMI categorized as (under-
weight, normal weight, overweight, and obesity), waist-to-height ratio categorized as (low,
normal, high), CUN BAE categorized as (underweight, normal weight, overweight, and
obesity), and METS-VF categorized as (low, normal, high). All statistical analyses were
conducted using SPSS software, version 28.0. A p-value of less than 0.05 was considered
statistically significant.

3. Results

Table 1 presents the anthropometric, clinical, analytical, and sociodemographic charac-
teristics of the individuals included in this study. Values are categorized by sex and by the
presence or absence of shift work.

All clinical, analytical, and anthropometric parameters showed less healthy values
in individuals with shift work, and were consistently worse in men, except for HDL
cholesterol. In all cases, the observed differences between workers with and without shifts
showed statistical significance, with the exception of height.

The most common age group in both sexes was between 30 and 49 years. The majority
of workers, whether in shift work or not, belonged to the most disadvantaged socioeco-
nomic levels (social class III and with elementary education). The percentage of smokers
was higher among men with shift work and among women without shifts. Both high
adherence to the Mediterranean diet and physical activity were more frequently in both
sexes among individuals who did not work shifts. Alcohol consumption was significantly
higher among those with shift work.
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Table 1. Characteristics of the workers included in this study.

Non-Shift Work Shift Work Non-Shift Work Shift Work

Men n = 14,226 Men n = 17,527 Women n = 10,019 Women n = 11,281

Mean (SD) Mean (SD) p-Value Mean (SD) Mean (SD) p-Value

Age (years) 41.2 (10.9) 41.3 (10.5) 0.039 40.0 (10.5) 40.2 (10.3) 0.038
Height (cm) 173.8 (7.1) 173.7 (7.1) 0.219 161.0 (6.6) 161.2 (6.6) 0.075
Weight (kg) 81.5 (14.6) 84.5 (14.4) <0.001 63.6 (12.8) 68.6 (12.8) <0.001
Waist (cm) 89.5 (10.5) 90.8 (10.2) <0.001 74.7 (9.7) 77.6 (10.9) <0.001

Systolic BP (mmHg) 125.3 (15.7) 126.9 (16.0) <0.001 114.8 (15.5) 116.1 (15.6) <0.001
Diastolic BP (mmHg) 75.9 (10.7) 77.2 (11.0) <0.001 70.3 (10.6) 71.6 (10.8) <0.001

Total cholesterol (mg/dL) 197.3 (38.4) 201.2 (38.6) <0.001 192.3 (36.6) 196.9 (37.3) <0.001
HDL-cholesterol (mg/dL) 50.4 (7.8) 49.7 (7.7) <0.001 55.0 (9.1) 54.5 (9.2) <0.001
LDL-cholesterol (mg/dL) 120.9 (37.3) 123.8 (37.6) <0.001 119.6 (36.9) 123.5 (37.5) <0.001

Triglycerides (mg/dL) 129.3 (93.7) 136.8 (95.5) <0.001 87.5 (46.8) 93.6 (51.7) <0.001
Glucose (mg/dL) 91.9 (26.4) 93.3 (26.4) <0.001 86.6 (19.0) 87.8 (17.6) <0.001

% % p-Value % % p-Value

18–29 years 16.4 13.8 <0.001 18.6 17.5 0.041
30–39 years 29.3 29.8 31.0 31.3
40–49 years 29.0 31.3 29.6 30.6
50–59 years 20.9 20.9 17.9 17.5
60–69 years 4.4 4.2 2.9 3.1
Social class I 6.8 8.2 <0.001 11.6 14.6 <0.001
Social class II 20.7 26.6 27.6 37.0
Social class III 72.5 65.2 60.8 48.4

Elementary school 69.5 63.8 <0.001 53.7 43.2 <0.001
High school 24.4 28.9 36.2 44.2
University 6.1 7.3 10.1 12.6

Non-smokers 67.9 66.0 <0.001 66.3 69.1 <0.001
Smokers 32.1 34.0 33.7 30.9

Physical inactivity 55.2 67.9 <0.001 40.8 60.7 <0.001
Physical activity 44.8 32.1 59.2 39.3

NAD Mediterranean diet 58.2 71.5 42.0 63.1
AD Mediterranean diet 41.8 28.5 <0.001 58.0 36.9 <0.001

Non-alcohol consumption 70.4 63.2 <0.001 85.3 83.5 <0.001
Yes alcohol consumption 29.6 36.8 14.7 16.5

BP, Blood pressure. HDL, High density lipoprotein. LDL, Low density lipoprotein. AD, Mediterranean diet:
Adherence to the Mediterranean diet. NAD, Mediterranean diet: No Adherence to the Mediterranean diet.

Table 2 (men) and Table 3 (women) present the prevalence of high values of the four
scales assessing excess weight. In all of them, and in both sexes, the values increased with
age and decreased in social class. These values were also higher among smokers, sedentary
individuals, and those with low adherence to the Mediterranean diet, as well as among
those who habitually consumed alcohol. The high percentages values of all scales according
to sociodemographic variables and healthy habits were consistently higher in the shift
work group, with statistically significant differences in all cases (p < 0.001).

Table 4 The results of the multinomial logistic regression analysis are presented,
indicating that all variables increase the odds ratio for elevated values across the four scales
measuring excess weight. The variables with the greatest association were age, physical
inactivity, low adherence to the Mediterranean diet, and alcohol consumption.
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Table 2. Percentage of high values of different obesity scales according to shift or non-shift work and
according to different sociodemographic variables and healthy habits in men.

Non-Shift Work Shift Work

BMI
Obesity

WtHR
High

CUN BAE
Obesity

METS-
VF High

BMI
Obesity

WtHR
High

CUN BAE
Obesity

METS-
VF High

Men n % % % % n % % % %

18–29 years 2329 7.6 32.1 18.1 0.6 2425 17.3 41.4 32.2 1.5
30–39 years 4174 13.7 47.3 38.0 4.6 5228 25.7 56.8 54.3 6.5
40–49 years 4130 25.3 63.2 64.0 19.3 5477 32.1 68.5 73.5 19.9
50–59 years 2972 35.6 72.8 80.9 34.9 3666 38.7 76.1 86.5 35.9
60–69 years 621 36.1 73.8 90.2 38.6 731 40.8 78.4 93.7 42.8
Social class I 972 20.3 54.9 49.5 13.6 1438 21.0 59.3 58.9 14.5
Social class II 2942 20.5 55.6 53.5 15.9 4669 25.6 63.2 65.7 16.8
Social class III 10,312 25.7 59.6 54.9 18.1 11,420 32.8 64.6 67.1 21.1

Elementary school 9874 26.7 58.8 57.0 18.7 11,169 32.0 63.8 67.6 19.8
High school 3478 21.2 57.8 52.5 16.0 5070 27.2 62.4 65.2 16.3
University 874 19.8 55.0 52.0 13.0 1288 21.9 61.3 61.0 13.8

Non-smokers 9656 19.8 54.7 48.7 12.5 11,567 27.3 59.0 58.7 13.9
Smokers 4570 25.8 61.2 60.6 17.7 5960 31.2 65.4 69.1 18.8

Physical inactivity 7851 39.1 77.9 87.1 28.9 11,899 44.0 78.1 89.2 31.8
Physical activity 6375 4.8 28.9 17.8 2.9 5628 3.2 31.8 22.1 4.6

NAD Mediterranean diet 8275 37.1 75.2 79.2 26.8 12,536 41.7 75.8 83.3 27.5
AD Mediterranean diet 5951 5.9 29.2 17.8 3.9 4991 6.2 31.7 21.2 4.1

Non-alcohol consumption 8996 6.5 35.1 30.3 12.8 12,332 7.0 36.2 54.0 14.6
Yes alcohol consumption 5230 28.5 66.3 79.8 41.2 5195 35.6 76.9 86.8 56.8

BMI, Body mass index. WtHR, Waist to height ratio. CUN BAE, Clínica Universitaria de Navarra Body Adiposity
Estimator. AD, Mediterranean diet: Adherence to the Mediterranean diet. NAD, Mediterranean diet: No
Adherence to the Mediterranean diet. METS-VF, Metabolic score for visceral fat. p < 0.001 in all cases.

Table 3. Percentage of high values of different obesity scales according to shift or not shift work and
according to different sociodemographic variables and healthy habits in women.

Non-Shift Work Shift Work

BMI
Obesity

WtHR
High

CUN BAE
Obesity

METS-
VF High

BMI
Obesity

WtHR
High

CUN BAE
Obesity

METS-
VF High

Women n % % % % n % % % %

18–29 years 1869 3.4 9.2 12.5 0.1 1975 6.9 19.7 34.5 0.2
30–39 years 3103 6.8 14.0 21.1 0.4 3530 20.1 26.5 45.8 0.5
40–49 years 2965 14.2 25.2 47.4 2.3 3450 23.2 35.9 65.7 2.9
50–59 years 1791 27.7 37.4 75.1 6.9 1974 30.6 43.9 84.0 7.9
60–69 years 291 31.3 40.2 91.1 10.7 352 37.8 45.5 92.6 11.4
Social class I 1164 3.9 10.7 16.4 0.5 1644 11.8 22.2 39.4 0.9
Social class II 2763 7.8 19.9 25.9 2.9 4175 16.6 32.0 51.5 3.8
Social class III 6092 16.8 24.0 49.2 3.9 5462 30.8 34.6 68.7 5.1

Elementary school 5377 17.0 25.3 49.0 4.0 4871 29.7 38.6 70.0 5.2
High school 3628 9.2 18.2 43.5 2.9 4984 19.5 27.9 52.1 3.8
University 1014 3.5 10.7 30.7 0.5 1426 10.4 22.2 37.9 0.8

Non-smokers 6638 9.6 18.0 32.9 1.5 7794 19.7 28.7 54.2 1.9
Smokers 3381 14.4 23.0 42.1 2.7 3487 24.1 33.2 59.8 3.5

Physical inactivity 4090 31.4 45.2 73.3 5.6 6842 37.6 48.6 84.1 6.8
Physical activity 5929 4.8 4.5 15.3 0.4 4439 6.9 5.9 17.8 0.5

NAD Mediterranean diet 4206 30.5 44.1 67.9 5.4 7115 36.1 47.1 80.1 6.0
AD Mediterranean diet 5813 5.9 4.9 18.0 0.6 4166 7.3 5.8 20.4 0.8

Non-alcohol consumption 8361 3.5 12.0 28.4 0.3 9619 16.2 25.4 51.9 0.6
Yes alcohol consumption 1658 49.9 68.5 92.5 12.6 1662 60.6 69.0 93.5 16.8

BMI, Body mass index. WtHR, Waist to height ratio. CUN BAE, Clínica Universitaria de Navarra Body Adiposity
Estimator. METS-VF, Metabolic score for visceral fat. AD, Mediterranean diet: Adherence to the Mediterranean
diet. NAD, Mediterranean diet: No Adherence to the Mediterranean diet p < 0.001 in all cases.
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Table 4. Multinomial logistic regression in shift and non-shift workers.

Non-Shift Work Yes Shift Work

BMI Obesity WtHR High CUN BAE Obesity METS-VF High BMI Obesity WtHR High CUN BAE Obesity METS-VF High

Non-Shift Work OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Women 1 1 1 1 1 1 1 1
Men 1.14 (111–1.17) * 2.85 (2.50–3.21) * 1.84 (1.69–1.99) * 4.19 (3.30–5.09) * 1.33 (1.25–1.41) * 3.19 (2.60–3.79) * 2.13 (1.80–2.46) * 5.12 (4.31–5.93) *

18–29 years 1 1 1 1 1 1 1 1
30–39 yearss 1,12 (1.10–1.15) * 1.16 (1.12–1.20) * 2.11 (1.80–2.42) * 1.23 (1.20–1.27) * 1.19 (1.15–1.23) * 1.32 (1.25–1.40) * 2.16 (2.00–2.33) * 1.30 (1.21–1.40) *
40–49 years 1.23 (1.19–1.27) * 1.29 (1.23–1.35) * 3.69 (3.11–4.27) * 2.03 (1.78–2.28) * 1.33 (1.25–1.41) * 1.49 (1.30–1.68) * 4.02 (3.30–473) * 2.11 (1.81–2.41) *
50–59 years 1.41 (1.35–1.47) * 1.61 (1.50–1.72) * 6.78 (5.80–7.77) * 4.32 (3.60–5.05) * 1.56 (1.41–1.71) * 1.85 (1.60–2.11) * 7.21 (5.98–8.44) * 4.59 (3.90–5.29) *
60–69 years 1.82 (1.71–1.93) * 1.91 (1.78–2.04) * 9.62 (8.50–10.73) * 8.99 (7.50–10.50) * 2.12 (1.80–2.45) * 2.42 (2.01–2.83) * 10.60 (8.91–12.30) * 9.31 (8.01–10.62) *
Social class I 1 1 1 1 1 1 1 1
Social class II 1.27 (1.2–1.33) * 1.26 (1.20–1.32) * 1.48 (1.40–1.57) * 1.30 (1.23–1.37) * 1.39 (1.30–1.49) * 1.38 (1.30–1.47) * 1.52 (1.40–1.64) * 1.39 (1.29–1.50) *
Social class III 1.51 (1.43–1.59) * 1.45 (1.36–1.55) * 1.99 (1.80–2.09) * 1.49 (1.35–1.64) * 1.69 (1.51–1.87) * 1.59 (1.49–1.69) * 2.21 (1.81–2.61) * 1.61 (1.48–1.74) *

University 1 1 1 1 1 1 1 1
High school 1.24 (1.20–1.29) * 1.23 (1.19–1.27) * 1.20 (1.16–1.24) * 1.28 (1.22–1.34) * 1.35 (1.29–1.41) * 1.40 (1.32–1.48) * 1.49 (1.40–1.59) * 1.41 (1.30–1.52) *

Elementary school 1.56 (1.43–1.69) * 1.49 (1.36–1.62) * 1.49 (1.32–1.66) * 1.44 (1.30–11.58) * 1.75 (1.60–1.90) * 1.58 (1.47–1.59) * 2.24 (1.70–2.79) * 1.60 (1.50–1.71) *
Non-smokers 1 1 1 1 1 1 1 1

Smokers 1.12 (1.09–1.15) * 1.14 (1.09–1.20) * 1.40 (1.28–1.52) * 1.32 (1.25–1.39) * 1.23 (1.18–1.29) * 1.26 (1.20–1.32) * 1.41 (1.30–1.53) * 1.38 (1.30–1.47) *
Physical activity 1 1 1 1 1 1 1 1

Physical inactivity 7.65 (6.80–8.51) * 4.85 (4.04–5.65) * 7.45 (6.60–8.31) * 7.21 (6.01–8.41) * 8.83 (7.13–10.54) * 5.69 (4.70–6.69) * 8.23 (7.01–9.45) * 8.39 (7.02–9.77) *
AD Mediterranean diet 1 1 1 1 1 1 1 1

NAD Mediterranean diet 4.11 (3.51–4.72) * 2.23 (1.90–2.56) * 2.29 (2.00–2.59) * 3.12 (2.61–3.63) * 4.39 (3.70–5.09) * 2.89 (2.40–3.39) * 2.50 (2.02–2.98) * 3.60 (2.99–4.21) *
Non-alcohol consumption 1 1 1 1 1 1 1 1
Yes alcohol consumption 6.12 (5.13–7.12) * 5.65 (4.98–6.33) * 6.22 (5.02–7.43) * 7.39 (6.00–8.79) * 8.19 (7.01–9.38) * 6.12 (5.02–7.23) * 7.30 (6.11–8.50) * 8.40 (7.02–9.79) *

BMI, Body mass index. WtHR, Waist to height ratio. CUN BAE, Clínica Universitaria de Navarra Body Adiposity Estimator. METS-VF, Metabolic score for visceral fat. AD, Mediterranean
diet: Adherence to the Mediterranean diet. NAD, Mediterranean diet: No Adherence to the Mediterranean diet. (*) p < 0.001. p < 0.001 in all cases.
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4. Discussion

Obesity is a major public health issue worldwide, raising significant concern due to
its increasing prevalence and association with a wide range of chronic diseases. These
include type 2 diabetes (T2DM), cardiovascular diseases (CVD), metabolic syndrome,
atherosclerosis, various types of cancer, and a series of diseases secondary to sustained
systemic inflammation [54].

The impact of obesity occurs both at the population health level and economically,
leading to premature deaths, lost workdays, and costs associated with related diseases.
These costs can become unsustainable for healthcare systems, with indirect costs estimated
to account for 65% of the total expense, in addition to the direct costs of obesity. This
necessitates urgent actions that include both prevention and early diagnosis aimed at
curbing obesity. It is essential to address the obesogenic environment in our society by
studying all elements that may contribute to its prevalence [55].

Various factors are known to contribute to the development and maintenance of
obesity, including both sociodemographic factors and lifestyle choices [56]. This analysis
focuses on discussing how shift work, age, sex, social class, educational level, tobacco use,
alcohol consumption, physical activity, and adherence to the Mediterranean diet influence
the risk of obesity. Additionally, we examine how shift work is associated with unhealthy
lifestyle habits that promote the development of obesity. To achieve this, we assessed
obesity using four validated scales to determine weight and obesity (BMI, WtHR, CUN
BAE, METS-VF), and separated the data by sex, as few studies have investigated the
differences in shift work by sex, and the results obtained are contradictory [38,39].

In our study, a total of 53,053 workers from various companies across different au-
tonomous communities in Spain were included. The sample consisted of 31,753 men (of
whom 17,527 worked shifts) and 21,300 women (of whom 11,281 worked shifts).

Various studies suggest that shift workers have a higher body mass index (BMI) and
prevalence of obesity compared to daytime workers [57]. Among the mechanisms that
promote the development of obesity is circadian dysregulation, which affects metabolism
and the release of appetite-related hormones, such as leptin and ghrelin [34,58]. This
dysregulation occurs when energy intake, wakefulness, and activity take place during the
biological night. Circadian disruption also impacts sleep cycles, as daytime sleep alters
metabolic reactions and protein dynamics [59]. These irregular sleep patterns common
among shift workers, are associated with increased caloric intake and a preference for less
healthy foods high in carbohydrates and fats [60].

Age is a key determinant in the development of obesity. The risk of obesity has been
observed to increase with age until reaching middle age, after which it may stabilize or
even decrease. This can be explained by changes in body composition, decreased muscle
mass, reduced basal metabolic rate, and hormonal changes that occur with aging [61].
Additionally, sedentary behaviour tends to increase with age, which also contributes to
weight gain [62]. In our study, we observed that the percentage of obese individuals
increases with age for both men and women. This progression is so pronounced that, when
assessing obesity rates using the CUN BAE formula, the percentage of individuals with
obesity exceeds 90% in the age group of 60 to 69 years for both sexes, regardless of shift
work. This confirms the association between age and obesity.

When comparing the percentages of obesity between individuals who work shifts and
those who do not, the results show a greater number of obese individuals, with statistical
significance (p < 0.001) across all formulas used in both sexes for shift work. Multinomial
logistic regression further supports these findings, showing a higher odds ratio (OR) for
shift workers across all formulas used. OR values range from the lowest with BMI, where
OR is 1.82 (1.71–1.93) in non-shift workers compared to 2.12 (1.80–2.45) in shift workers,
to the highest with the CUN BAE formula for obesity: OR of 9.62 (8.50–10.73) in non-shift
workers versus 10.60 (8.91–12.30) in shift workers in the 60–69 age group.

The impact of sex on obesity is complex and multifactorial. Many studies indicate that
women exhibit a higher prevalence of obesity compared to men, which may be linked to
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biological, social, and behavioural factors [63]. There are numerous studies examining the
relationship between shift work and obesity; however, it is less well understood whether
this relationship varies by sex. Most studies have either included only men [64], only
women [65], or have not made comparisons between both sexes [66]. In studies that have
compared both sexes, the results have been contradictory [52,67–69]. Therefore, given the
number of jobs currently involving shift work and its impact on health, it is important to
investigate the response of both sexes to shift work.

Our results indicate a higher percentage of obesity among women working shifts
compared to their counterparts who do not work shifts, with a high statistical significance
(p < 0.001) across all variables. When comparing the percentage of elevated obesity values
between men and women working shifts, we found that this percentage is higher in men
across all variables studied and for all formulas, except in alcohol consumption assessed
by the CUN BAE and BMI formulas, where the percentage is higher in women (93.5% in
women versus 86.8% in men for CUN BAE and 60.6% in women versus 35.6% in men for
BMI). In the case of women, the highest obesity percentages are found using the CUN BAE
and WtHR high measurements across all studied variables, with higher percentages among
shift workers compared to those who do not work shifts. These differences are significant
in all cases (p < 0.001). It is noteworthy to highlight the high values of WtHR high, which
are indicative of abdominal obesity, representing the phenotype of obesity with the highest
risk of morbidity and mortality [70].

In the multinomial logistic regression, when assessing the relationship between sexes,
higher odds ratios (OR) are observed for men across all formulas used, with the highest
ratio in the METS-VF high (OR5.12 [4.31–5.93]), for shift workers. These findings are
consistent with those reported by Son et al. in a Korean population [67].

The relationship between socioeconomic status, educational level, and obesity is well-
documented. Generally, a higher prevalence of obesity is observed among individuals of
lower socioeconomic classes and those with lower levels of education [71]. This may be
attributed to several factors, including limited access to healthy foods, lack of knowledge
regarding proper nutrition, and restricted access to physical activity facilities [72]. A
lower educational level may also be associated with low-paying jobs that involve irregular
hours, thereby increasing the risk of unhealthy behaviours such as poor diet and lack of
exercise [41]. Although socioeconomic class and educational level are interrelated, they
were studied separately in our analysis. Our results show a higher percentage of obesity as
socioeconomic class decreases in both sexes. When comparing these results between shift
workers and non-shift workers, we found higher values across all social classes and for
all obesity assessment formulas among shift workers. This trend was consistent in both
men and women, with a high statistical significance across all social classes (p < 0.001).
Multinomial logistic regression confirms the association between social class and obesity,
both in shift workers and non-shift workers. Shift workers show a higher OR across all
formulas used, ranging from 1.59 (1.49–1.69) according to high WtHR to 2.21 (1.81–2.61)
according to the CUN BAE formula. A similar trend was observed with educational level.
As with social class, multinomial logistic regression indicated that educational level was
associated with obesity risk, with higher ORs observed in the shift worker group. In
this case, the OR between university education and primary education ranged from 1.58
(1.47–1.59) in the high WtHR formula to an OR of 2.24 (1.70–2.79) for the CUN BAE formula.

When analysing lifestyle habits, we found that obesity shows a higher percentage
among smokers in both worker groups and for both sexes, with a statistically significant
difference (p < 0.001). In the multinomial logistic regression, we observed that smoking
increases the risk of obesity across all four formulas evaluated, with a higher odds ratio in
shift workers, ranging from 1.23 (1.18–1.29) using BMI to 1.41 (1.30–1.53) with the CUN-
BAE formula. The relationship between tobacco consumption and obesity is complex,
and the results obtained in our study do not align with those reporting a lower obesity
percentage among smokers [73,74]. However, our findings are consistent with other studies
indicating that obesity is more prevalent among long-term smokers [75,76].
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With regard to alcohol consumption, it has been associated with an increased risk of
obesity, although findings are inconsistent. Some studies suggest that moderate alcohol
consumption may be linked to a lower body mass index (BMI), while excessive alcohol
consumption is associated with an increased risk of obesity and metabolic syndrome [77].
Additionally, alcohol intake may increase appetite and lead to the consumption of un-
healthy foods, contributing to excess weight [78]. In our analysis, alcohol consumption
was associated with higher percentages of obesity across all formulas evaluated. These
differences were statistically significant (p < 0.001) across both sexes and for both groups
of workers. In the multinomial logistic regression, alcohol consumption yielded one of
the highest odds ratios (ORs) across the four formulas used in both worker groups. The
OR was higher among shift workers, ranging from 6.12 (5.02–7.23) using high WtHR to
8.40 (7.02–9.79) with high METS-VF, highlighting a strong association with visceral obesity.
These results are consistent with other studies identifying a robust relationship between
alcohol consumption and obesity [79,80].

Similar to alcohol consumption, physical inactivity shows a strong association with
obesity in our findings, with highly significant differences across all formulas (p < 0.001),
for both sexes and across both worker groups. The highest percentage of physical inactivity
was observed in shift workers, with a high level of statistical significance (p< 0.001). This
aligns with other publications reporting lower levels of physical activity among shift
workers [81,82]; however, some authors have noted variations depending on whether shift
work was rotational or strictly nocturnal, with night-shift workers exhibiting higher levels
of sedentary behaviour and lack of physical activity [83]. Regular physical activity burns
calories, improves body composition by increasing muscle mass and reducing body fat [84],
improves insulin sensitivity, and regulates appetite hormones [85]. In contrast, a sedentary
lifestyle, is associated with weight gain and obesity [86]. The circadian dysregulation
experienced by shift workers promotes a decrease in physical activity in both sexes, thus
facilitating obesity [87]. In the multinomial logistic regression, not engaging in physical
activity is the modifiable variable with the greatest influence on obesity. This increased risk
of obesity is observed across all four formulas, raising the risk by over 800% in three of
them for shift workers. The influence of sedentarism and physical inactivity on obesity has
long been established. A meta-analysis conducted by Silveira et al. in 2022 confirmed this
association [88].

The last variable evaluated in our study is adherence to the Mediterranean diet.
Similar to the other studied variables, a lack of adherence to the Mediterranean diet is
associated with higher obesity, with statistically significant differences across all cases
(p < 0.001). When analysing the entire sample, we found that the percentage of workers
who do not adhere to the Mediterranean diet is significantly higher among shift workers
of both sexes. The Mediterranean diet has been widely recognized for its health benefits,
including its role in obesity prevention. Adherence to this dietary pattern is associated with
reduced long-term weight gain and a lower prevalence of obesity [89]. The components
of the Mediterranean diet, such as the monounsaturated fatty acids from olive oil and the
antioxidants found in fruits and vegetables, contribute to better regulation of fat metabolism
and reduction of inflammation, which may help prevent obesity [90]. Therefore, if the
lack of adherence to the Mediterranean diet is a risk factor for obesity, and working shifts
significantly increases the lack of adherence to this diet, we can conclude that both are
associated and contribute to an increased risk of obesity. The multinomial logistic regression
presents it as the third modifiable variable that most increases the risk of obesity.

In various published studies, the relationship between shift work and a healthy diet
remains unclear. A study conducted among nursing staff in Spain found no differences in
adherence to the Mediterranean diet based on work shifts, with all cases exhibiting either
medium or low adherence [91]. On the other hand, a study conducted with healthcare
personnel in Poland found that shift-working healthcare professionals had a 50% lower
likelihood of adhering to the Mediterranean diet [92]. Our findings align with multiple
studies that have found an association between shift work and its negative impact on
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healthy lifestyle habits [93–95]. However, none of these studies include a sample size as
large as that of our study.

When comparing the different obesity formulas studied, we observed that the highest
percentages of obesity were obtained with the CUN BAE formula, in both sexes and across
both worker groups. These percentages were consistently higher in the shift worker group,
with high statistical significance (p < 0.001). We cannot assert which of these formulas is
the most useful for assessing obesity, as all are validated indirect methods that measure
different components of body fat. To make such a determination, a DXA (dual-energy X-ray
absorptiometry) scan would have been necessary, as it is currently a well-accepted method
for evaluating body composition and serves as a standard due to its accuracy and simplicity.
In the absence of an objective comparator, such a conclusion cannot be established.

The multinomial logistic regression of the study shows that among the non-modifiable
variables, both sex and age are factors that increase the risk of obesity. When comparing
the groups of workers, we find that shift workers have a higher odds ratio (OR) for obesity
across all the formulas studied, and these differences show high statistical significance
(p < 0.001). When evaluating the modifiable variables, we find that those that most signifi-
cantly increase the odds ratio (OR) for obesity are lack of physical activity, alcohol intake,
and non-adherence to the Mediterranean diet. As with the other variables, the ORs are
higher among shift workers (p < 0.001).

Although we cannot modify a person’s sex or age, we can address the modifiable
variables, particularly physical activity, alcohol consumption, and diet, which have been
shown to significantly increase the risk of obesity. If interventions are implemented at
younger ages and tailored motivational actions are taken for each sex, they could reduce
the risk of obesity in older age groups, contributing to both social and personal well-being.
Further studies are needed to assess whether motivational factors for changing unhealthy
lifestyle habits among shift workers vary by sex, in order to identify the most effective
interventions for each. It is important to implement interventions in the workplaces
of these workers, as the disruption of circadian rhythms may facilitate the increase in
obesity. Among these interventions, we suggest the removal of vending machines offering
processed pastries and sandwiches, as well as those dispensing sugary and alcoholic
beverages. Additionally, implementing health promotion programs and other initiatives to
encourage healthier environmental and behavioural changes would be beneficial.

The results of our study demonstrate an undeniable association between shift work
and obesity. Shift workers also show a higher percentage of unhealthy lifestyle habits,
including smoking, alcohol consumption, sedentary behaviour, and a lack of adherence to
the Mediterranean diet (as a healthy dietary pattern). All of these variables have a direct
association with obesity. We also found an association between smoking and obesity, which
may corroborate the findings of studies with smaller sample sizes.

It is important to recognize that these factors do not operate in isolation but rather
interact in various ways to influence the risk of obesity. A person working night shifts may
have a higher risk of obesity not only due to the dysregulation of circadian rhythms but
also due to a lack of physical activity and the choice of less healthy foods during work
shifts. Considering that these variables are modifiable, it is crucial to identify them and
take public health and political action to improve the health status of shift workers.

5. Strengths and Limitations

Among the strengths of the study is the considerable sample size, which exceeds
53,000 individuals, providing a solid foundation for extrapolating the results to a broader
population. This large sample size is essential for enhancing the statistical precision and
reliability of the findings.

The origin of the sample from different autonomous communities and various profes-
sions may be representative of the Spanish population. In the shift work group, all shift
workers rotated between day, evening, and night shifts.
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The results obtained, which align with studies published in other countries, allow for
the extrapolation of our findings to these populations and validate those obtained from
smaller samples.

Another strength of our study is the examination of various variables linking shift
work to obesity, differentiated by sex, as there are very few studies in the literature that
address this topic, often with contradictory results.

The main limitation of this study is that being a cross-sectional study, it allows for an
association between the variables examined and obesity, but causality cannot be established.

The healthy worker effect is a common methodological issue in shift work research,
as workers with obesity may be less likely to take up shift work and may be more likely
to leave shift work compared to healthy workers. This could potentially underestimate
the results.

Since we lack information on the number of years that employees have been working
shifts, it is not possible to determine the relationship between the duration of shift work
and obesity.

Another limitation of our study is the absence of workplace location as a variable. This
omission could potentially lead to differences in results based on specific companies or
job positions.

In the assessment of the diet, by only considering adherence to the Mediterranean diet,
we lack data on the intake of fast food, sandwiches, pastries, snacks, etc.

6. Conclusions

Shift workers face higher obesity rates and unhealthy lifestyle habits, influenced
by occupational, demographic, and lifestyle factors. High-risk profiles include older
males from lower socioeconomic backgrounds who smoke, consume alcohol regularly, are
sedentary, and have low Mediterranean diet adherence.

Key contributors to obesity in shift workers include lack of physical activity (OR 8.83),
regular alcohol consumption (OR 8.40), and low Mediterranean diet adherence (OR 4.39).
Addressing these factors through public health policies, such as promoting healthy eating,
increasing physical activity access, and encouraging Mediterranean diet adoption, is vital
for effective obesity prevention and control.
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92. Wolska, A.; Stasiewicz, B.; Kaźmierczak-Siedlecka, K.; Ziętek, M.; Solek-Pastuszka, J.; Drozd, A.; Palma, J.; Stachowska, E.
Unhealthy Food Choices among Healthcare Shift Workers: A Cross-Sectional Study. Nutrients 2022, 14, 4327. [CrossRef] [PubMed]
[PubMed Central]

93. Peñalvo, J.L.; Mertens, E.; Muñoz-Cabrejas, A.; León-Latre, M.; Jarauta, E.; Laclaustra, M.; Ordovás, J.M.; Casasnovas, J.A.;
Uzhova, I.; Moreno-Franco, B. Work Shift, Lifestyle Factors, and Subclinical Atherosclerosis in Spanish Male Workers: A Mediation
Analysis. Nutrients 2021, 13, 1077. [CrossRef] [PubMed] [PubMed Central]

94. Nea, F.M.; Pourshahidi, L.K.; Kearney, J.M.; Livingstone, M.B.E.; Bassul, C.; Corish, C.A. A qualitative exploration of the shift
work experience: The perceived effect on eating habits, lifestyle behaviours and psychosocial wellbeing. J. Public Health 2018, 40,
e482–e492. [CrossRef] [PubMed]

95. Sugiura, T.; Dohi, Y.; Takagi, Y.; Yoshikane, N.; Ito, M.; Suzuki, K.; Nagami, T.; Iwase, M.; Seo, Y.; Ohte, N. Impacts of lifestyle
behavior and shift work on visceral fat accumulation and the presence of atherosclerosis in middle-aged male workers. Hypertens.
Res. 2020, 43, 235–245. [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.

https://doi.org/10.3390/medicina57060576
https://www.ncbi.nlm.nih.gov/pubmed/34199973
https://pmc.ncbi.nlm.nih.gov/articles/PMC8226908
https://doi.org/10.3390/nu14204327
https://www.ncbi.nlm.nih.gov/pubmed/36297011
https://pmc.ncbi.nlm.nih.gov/articles/PMC9611829
https://doi.org/10.3390/nu13041077
https://www.ncbi.nlm.nih.gov/pubmed/33810210
https://pmc.ncbi.nlm.nih.gov/articles/PMC8065668
https://doi.org/10.1093/pubmed/fdy047
https://www.ncbi.nlm.nih.gov/pubmed/29546282
https://doi.org/10.1038/s41440-019-0362-z
https://www.ncbi.nlm.nih.gov/pubmed/31780790

	Introduction 
	Materials and Methods 
	Participants 
	Determination of Variables 
	Anthropometric Measurements 
	Clinical Measurements 
	Analytical Measurements 
	The Overweight and Obesity Scales Determined 

	Statistical Analysis 

	Results 
	Discussion 
	Strengths and Limitations 
	Conclusions 
	References

