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Obesity, defined as having a Body Mass Index (BMI) of 30 kg/m2 or above, has emerged as a major
public health challenge worldwide, and Iran is no exception. This study aimed to examine the
socioeconomic and behavioral factors associated with obesity prevalence in Iran by gender from 2006
to 2019, and predict future trends at both national and subnational levels up to 2040. Obesity rates
from 31 provinces in Iran between 2006 and 2019 were obtained from the Iran Statistical Yearbook.
Spatio-temporal modeling was applied to assess gender-specific factors influencing obesity at the
provincial level. Predictions for future obesity trends were generated using spatiotemporal forecasting
techniques. Female obesity was significantly associated with divorce (B =0.239), urbanization
(B=0.035), internet usage (B =0.040), Log GDP (B =3.195), and soft drink consumption (§=0.153).

In contrast, male obesity was significantly related to marriage (B=0.059), divorce (8 =0.124),
urbanization (B =0.012), Log GDP (B =1.079), soft drink intake (f =0.002), tobacco usage (=0.217),
and meat consumption habits ( =0.030). Spatiotemporal predictions indicate a continued rise in
obesity prevalence over the next two decades, with female obesity projected to reach 52.84% by 2040
and male obesity expected to rise to 33.40%. Mazandaran Province is predicted to have the highest
obesity rates in 2040, affecting 72.57% of women and 48.21% of men, whereas Sistan and Baluchistan
will likely exhibit the lowest obesity prevalence (37.66% in women and 21.43% in men). The findings
highlight the urgent need for policy interventions to address the rising prevalence of obesity in Iran.
Given the significant socioeconomic and behavioral determinants identified, targeted public health
initiatives, lifestyle modifications, and regulatory policies are essential to mitigate the long-term
impact of obesity on the healthcare system and overall public health.
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Abbreviations

GDP Gross Domestic Product
BMI Body Mass Index

SES Socioeconomic Status

WHO World Health Organization

ARIMA  Autoregressive Integrated Moving Average
AR Autoregressive

MA Moving Average

The prevalence of obesity, defined as a body mass index (BMI) of 30 kg/m2 or more, has been increasing globally
in recent years, particularly in low- and middle-income countries'?. In 2016, the worldwide obesity rate among
adults was 13%, with higher prevalence rates among women (15.3%) than men (11.1%)%. In Iran, the prevalence
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of obesity among men and women in 2016 was 18.4% and 36.8%, respectively, representing a significant increase
from 1990°. Obesity is a leading cause of disability and premature mortality, reducing quality of life and increasing
the risk of cardiovascular diseases, diabetes, and cancer. It also results in higher healthcare costs for countries®™.
Obesity is a complex issue and associated with biological, psychological, behavioral, environmental
and socioeconomic status (SES)3~!2. Age, sex, urbanization, income'*!¥, marital status, education level,
employment'>!¢, smoking and alcohol consumption, physical activity'’~'%, and dietary patterns®?*2! are among
the factors related to the prevalence of obesity. However, the influence of SES on the prevalence of obesity is
different and is sometimes inconsistent across countries. For instance, while a study in the United States found
that obesity chances increased with decreasing levels of education and income?’, studies in Turkey and Botswana
reported that obesity chances increased with increasing levels of education and income!®?2. Gender also plays
a significant role in the relationship between SES and obesity, with determinants varying by gender'>?*. The
impact of SES on obesity has been found to differ between men and women in various studies. For example,
a study in rural China reported that women with low education and men with high per capita income had a
higher prevalence of obesity?’. Another study across 31 countries found that moderate or light smoking in men
was inversely associated with obesity, while daily consumption of fruits and vegetables was protective against
obesity in men but not in women?*. In Mexico, obesity was increased in men with a high level of education and
in women with a high wealth index®. So, failing to consider gender differences in the relationship between SES
and obesity could lead to inappropriate targeting of populations for reducing obesity prevalence?.
Globalization has led to changes in socioeconomic conditions, including the increase in urbanization rates
and disposable income, and has changed lifestyles, which affect the incidence of obesity?. To tackle obesity, we
must first fully understand its prevalence and future trends at the global and national levels?’. On the other hand,
the spatial and temporal dimensions are crucial in epidemiological studies of disease spread or health outcomes,
and should be taken into account during analysis?®. Bayesian spatio-temporal modeling has recently been used
to estimate the relationship between environmental predictors, socioeconomic factors, and obesity in both men
and women!®%. Given that health policymakers require reliable evidence on the prevalence and distribution
of obesity risk factors in both women and men to fulfill global and national obligations in non-communicable
disease risk reduction, prevention, and control. However, there is no research that comprehensively analyzes the
temporal and spatial trends of obesity in the world and Iran and makes predictions for the future. This study
aims to study gender differences in the prevalence of obesity among adults in Iran using the Bayesian spatio-
temporal model and predict the prevalence of obesity until 2040 at both national and subnational level of Iran.

Methods

Study design

This study employs a Spatio-temporal bayesian modeling approach to predict the prevalence of obesity
(BMI>30 kg/m?) in individuals aged 20 and older across 31 provinces of Iran from 2020 to 2040. The model
integrates historical obesity prevalence data (2006-2019) and socioeconomic and behavioral covariates to
estimate future trends.

Data sources and variables

Dependent variable (outcome)

The outcome variable is obesity prevalence, defined as BMI > 30 kg/m” based on the World Health Organization
(WHO) criteria®. Data on obesity prevalence by sex and province were obtained from the STEPS national
survey (2006-2019)3L.

Independent variables (predictors)
The explanatory variables included socioeconomic factors and behavioral determinants, selected based on prior
research on obesity risk factors. These variables were collected from the Iran Statistical Yearbook (2006-2019).

Definition of variables

Socioeconomic Factors

Provincial income and economic development were indicated by GDP. The urbanization rate was measured by
the percentage of people who are inhabitants of urban areas in each province. Unemployment rate was calculated
by the proportion of unemployed residents in the total resident population aged 15 years or above. Family
changed was shown by divorce rate which was referenced by the number of divorces per 1000 married female
residents. The marriage rate in each province was defined as the number of marriages per one thousand people
per year. The percentage of households that have access to the internet was a proxy of internet usage.

Behavioral determinants

Average annually household expenditures spent on fruit and vegetables, dairy products, meat, sugar, oil, soft
drinks, and tobacco were measured as an indicator of food and tobacco consumption of the households. The
information related to these variables was also extracted from the statistical yearbooks of each province from the
website of the Statistical Center of Iran2.

Variable selection and data processing

Variables were selected through a literature review, identifying factors significantly associated with obesity
prevalence. Missing data were handled using imputation techniques, and if a variable lacked sufficient data
coverage, it was excluded.
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Statistical modeling

Time-series forecasting of covariates (2020-2040)

To predict the future values of socioeconomic and behavioral variables, we employed Autoregressive Integrated
Moving Average (ARIMA) models for each covariate separately across all 31 provinces and two gender groups.

« The optimal autoregressive (AR) and moving average (MA) components were selected automatically using R
programming to enhance predictive accuracy.

o Forecasts of covariates were generated for 2020 to 2040.

o Then these predicted covariates were then integrated into the spatio-temporal obesity prediction model.

Spatio-temporal bayesian modeling of obesity prevalence

To analyze long-term provincial trends in obesity, we employed a spatio-temporal bayesian hierarchical model,
which is particularly suitable for data with both geographic and temporal structure. This framework enables
the simultaneous modeling of variations over space and time and allows for more precise estimates, especially
in the presence of spatial correlation and unobserved heterogeneity. Compared to classical regression or
MCMC-based Bayesian methods, the Integrated Nested Laplace Approximation (INLA) approach offers faster
computation and reliable approximation of posterior distributions, making it appropriate for our large-scale,
high-dimensional dataset. We have a Spatio-temporal model which the data are defined with space (i) and time
(t) indexed. Allowing interaction between space and time (Jit), the model is formulated using the following
specification:

YinN(pu,o?) . i=1,.....,3L t=1,.....,14 (1)
g =XuB + Witv)+ ¥, +9,)+0u ©)

Let y, denote the prevalence of obesity in province i at year t which follows a Gaussian distribution. In this
model, X is the matrix of covariates,  represents fixed effect coefficients, (ui+vi) are structured and unstructured
spatial random effects, (v, + ¢ ;) are structured and unstructured temporal random effects and ¢ ;; captures
space-time interaction.

Bayesian Estimation Framework

o Priors: A non-informative exchangeable prior was assigned to the accuracy parameters to minimize bias. The
prior distribution for random effects was assumed as:
Log Gamma (1, 0.0005).

 Parameter Estimation: The model was implemented using Integrated Nested Laplace Approximation (INLA)
within the INLA package in R (version 3.6.1).

Model validation and sensitivity analysis

« Cross-validation: The model’s predictive performance was assessed using Root Mean Squared Error (RMSE)
and Akaike Information Criterion (AIC).

o Sensitivity analysis: Conducted to examine the robustness of predictions under varying socioeconomic sce-
narios.

Prediction of obesity prevalence (2020-2040)
Using the fitted spatio-temporal model, gender-specific obesity prevalence was predicted for all 31 provinces
from 2020 to 2040, incorporating:

1. Predicted socioeconomic and behavioral covariates (ARIMA models).
2. Spatio-temporal bayesian modeling (INLA framework).

All analyses and predictions were performed in R software, ensuring robust and reproducible forecasting of
obesity trends in Iran.

Results

As illustrated in Fig. 1, obesity prevalence exhibited an increasing trend over the 14-year period for both sexes.
However, females consistently showed a higher prevalence of obesity compared to males throughout the study
period. Specifically, the obesity prevalence in 2006 was 10.51% for men and 22.62% for women. By 2019, these
rates had risen to 20.55% for men and 40.17% for women, reflecting a notable increase in obesity rates for both
genders over the study period.

Based on the Fig. 2, in almost all provinces, the prevalence of obesity is higher in women than in men
across most regions in 2019. Overall, the lowest and highest rate of obesity prevalence was observed in Sistan
& Baluchistan (male obesity: %11.87, female obesity: %26.25) and Mazandaran (Male obesity: %27.45, female
obesity: %50.74), respectively.

The provided Table 1 enumerates that the marriage rate had a significantly positive effect on male obesity.
As a result, per 1 unit increase in the marriage rate, the prevalence of obesity among men increased by %0.05.
Moreover, a 1 unit increase in urbanization rate increased significantly male obesity by 0.012%. Additionally, the
prevalence of obesity among men increased by % a 1.07 per one unit increase in GDP. Variables such as fruit and
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Fig. 1. The prevalence rate of obesity by sex in Iran in the period of 2006-2019.
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Fig. 2. Mean prevalence of obesity among men and women by province in 2019.

vegetable consumption, dairy consumption, and oil consumption have an adverse but not significant correlation
with obesity in males. Soft drink consumption illustrated a direct and statistically significant correlation with
male obesity, which means that a %0.002 rise in body weight was associated with a 1 unit rise in soft drink
consumption. Per unit increase in smoking rate linked to a %0.21 rise in the prevalence of obesity among men.
The effect of meat consumption on male obesity was positive and significant (0.03).

Based on the result of Table 2, the divorce rate had a positive and significant relationship with obesity among
women. Therefore, the per unit increase in divorce rate increased significantly the rates of obesity by %0.02.
Similarly, for a percentage increase in the urbanization rate, a %0.03 increase in the prevalence of female obesity
was observed. Regarding the impacts of internet use on female obesity, a per unit increase in the percentage of
internet users was significantly associated with a %0.04 increase in obesity prevalence. Likewise, obesity prevalence
in women increased by %3.9 as the GDP grew by 1 unit. Variables such as fruit and vegetable consumption, oil
consumption, and dairy products have an adverse association with the prevalence of obesity among women,
but they were not significant. Furthermore, soft drink consumption had a positive and significant correlation
with obesity prevalence among women. For a 1% increase in the consumption of soft drinks, there was a %0.15
increase in the prevalence of female obesity. Moreover, factors including marriage rate, unemployment rate,
tobacco intake, and meat consumption have a direct link with female obesity, but they were not significant.
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Variables Mean (SD) 2.5% quant | 97.5% quant
Intercept 1.670 0.55 2.78
Marriage rate* 0.059 (0.025) 0.010 0.110
Divorce rate* 0.124 (0.010) 0.103 0.144
Urbanization* 0.012 (0.005) 0.002 0.021
Unemployment rate 0.015(0.010) | —0.006 0.037
Internet usage 0.003 (0.004) | —0.004 0.011
Log (GDP)* 1.079 (0.067) 0.094 1.211
Consumption of fruits and vegetables | —0.009 (0.014) | —0.039 0.020
Dairy consumption -0.030 (0.031) | —0.092 0.031
Oil consumption —0.176 (0.044) | —0.261 0.090
Sugar consumption 0.012 (0.022) | —0.057 0.032
Soft drink consumption* 0.002 (0.032) 0.060 0.065
Tobacco use* 0.217 (0.043) 0.133 0.300
Meat consumption* 0.030 (0.012) 0.006 0.052

Table 1. The effects of socioeconomic and behavioral factors on obesity prevalence among men (results from
spatio-temporal models with fixed effects). *Significant at 0.05. SD Standard deviation.

Variables Mean (SD) 2.5% quant | 97.5% quant
Intercept 0.139 (0.587) | —0.996 1.272
Marriage rate 0.004 (0.051) | —0.096 0.104
Divorce rate* 0.239 (0.022) 0.196 0.281
Urbanization* 0.035 (0.010) 0.015 0.055
Unemployment rate 0.046 (0.024) | —0.002 0.093
Internet usage* 0.040 (0.007) 0.026 0.054
Log (GDP)* 3.195 (0.202) 3518 4312
Consumption of fruits and vegetables | —0.008 (0.032) | —0.070 0.054
Dairy consumption —0.080 (0.069) | —0.022 0.056
Oil consumption —0.361 (0.094) | —0.545 0.176
Sugar consumption 0.035 (0.050) | —0.133 0.063
Soft drink consumption* 0.153 (0.071) 0.014 0.293
Tobacco use 0.162 (0.092) | —0.018 0.343
Meat consumption 0.011 (0.025) | —0.039 0.060

Table 2. The effects of socioeconomic and behavioral factors on obesity prevalence among women (results
from spatio-temporal models with fixed effects). *Significant at 0.05. SD Standard deviation.

According to Table 3, there is a consistent increase in obesity prevalence (BMI>30) among Iranian women
across all provinces from 2020 to 2040. In 2020, Tehran had the highest obesity prevalence at 55.33%, which is
projected to rise to 68.75% by 2040. Similarly, Mazandaran had an initial obesity prevalence of 46.55% in 2020,
and this is expected to increase significantly to 72.57% by 2040, indicating a considerable rise over the 20-year
period.

Conversely, South Khorasan and Sistan & Baluchistan had the lowest obesity rates among Iranian women,
starting at 31.86% and 31.64%, respectively, in 2020. These rates are expected to rise to 48.57% and 37.66%,
respectively, by 2040. Nationally, the obesity prevalence in Iranian women is projected to rise from 40.25% in
2020 to 52.84% in 2040, reflecting a substantial increase in the overall burden of obesity across the country.
Certain provinces, including Isfahan, Alborz, and Tehran, are expected to see particularly sharp increases in
obesity rates. These provinces are predicted to experience more than a 10% increase in obesity prevalence over
the next 20 years.

Based on the Table 4, the prevalence of obesity among Iranian men is expected to increase steadily from
21.04% in 2020 to 33.40% in 2040. The growth reflects a compounded increase over the 20-year period,
highlighting an urgent need for national-level preventive programs. The province of Mazandaran exhibits the
highest predicted obesity rate, rising from 28.30% in 2020 to 48.21% in 2040. In contrast, Sistan and Baluchistan
maintain the lowest prevalence, increasing from 12.83 to 21.43% over the same period.

As the data indicate, Ardabil (26.27-43.28%), Yazd (22.37-40.42%), and Mazandaran (28.30-48.21%)
show the most significant relative increases. Isfahan, Kermanshah, and Alborz exhibit moderate growth, with
projected increases of approximately 13-14% over two decades. Sistan and Baluchistan (12.83-21.43%) and Ilam
(17.46-27.69%) demonstrate the slowest growth, albeit with consistent upward trends.
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Province 2020 |2025 | 2030 | 2035 | 2040
East Azerbaijan 42.61 | 46.67 | 50.52 | 53.49 | 56.34
west Azerbaijan 38.24 | 41.86 | 45.23 | 48.28 | 50.41
Ardabil 37.80 | 42.90 | 47.99 | 52.40 | 56.48
Isfahan 47.61 | 51.32 | 54.58 | 57.61 | 60.54
Alborz 47.50 | 52.09 | 55.50 | 58.42 | 61.15
Tlam 34.57 | 37.07 | 39.03 | 40.65 | 42.28
Iran 40.25 | 44.12 | 47.38 | 50.23 | 52.84
Bushehr 44,58 | 47.01 | 47.97 | 48.68 | 49.29
Tehran 55.33 | 59.44 | 62.65 | 65.76 | 68.75
Chaharmahal & bakhtiari 34.41 | 38.39 | 41.76 | 44.26 | 46.28
South Khorasan 31.86 | 36.47 | 40.88 | 45.08 | 48.57
Razavi Khorasan 45.05 | 49.32 | 52.94 | 55.93 | 58.85
North Khorasan 31.76 | 34.64 | 37.29 | 39.83 | 42.29
Khuzestan 46.66 | 49.32 | 51.21 | 52.73 | 54.24
Zanjan 35.88 | 40.01 | 43.55 | 46.34 | 48.58
Semnan 37.07 | 39.18 | 40.15 | 40.92 | 41.61
Sistan & Baluchistan 31.64 | 33.82 | 35.54 | 37 37.66
Fars 44.56 | 48.77 | 52.29 | 55.35 | 58.05
Qazvin 41.22 | 46.37 | 50.81 | 54.73 | 58.54
Qom 41.98 | 46.62 | 50.31 | 53.70 | 56.95
Kurdistan 36.33 | 38.28 | 40.03 | 41.25 | 42.04
Kerman 41.29 | 45.86 | 49.36 | 52.71 | 55.96
Kermanshah 38.87 | 42.30 | 45.40 | 47.75 | 49.73
Kohgiluyeh & Boyer Ahmad | 37.80 | 40.26 | 41.86 | 43.38 | 44.92
Golestan 35.57 | 39.18 | 42.64 | 45.94 | 48.92
Gilan 43.77 | 48.55 | 52.62 | 56.21 | 59.70
Lorestan 37.40 | 42.08 | 46.47 | 49.99 | 53.39
Mazandaran 46.55 | 53.88 | 60.44 | 66.56 | 72.57
Markazi 4290 | 47.12 | 50.76 | 54.13 | 57.32
Hormozgan 37.85 | 41.48 | 44.21 | 46.55 | 48.78
Hamedan 38.08 | 41.35 | 44.35 | 47.16 | 49.56
Yazd 40.86 | 46.16 | 50.44 | 54.44 | 58.22

Table 3. Prediction of obesity prevalence among Iranian women by Province from 2020 to 2040 (researcher’s
calculations).

Subsequently, the projected obesity prevalence maps for men and women in different provinces of Iran up
to the year 2040 are displayed in Figs. 3 and 4, demonstrating an upward trend in obesity prevalence across all
provinces, as indicated by the maps.

Discussion

In the present study, we observed a significant increase in obesity rates across all provinces from 2020 to 2040.
Overall, the prevalence of obesity was higher among females compared to males, which is consistent with other
research findings**!. However, some conducted studies suggested that obesity prevalence is more prevalent
among men>>3®. Gender differences in obesity prevalence can be attributed to hormonal variations between
males and females, genetic factors, and eating habits. For instance, women tend to consume more calorie-dense
foods®”38.

Regarding socioeconomic determinants, our findings indicate a positive correlation between marriage
rate and obesity, which was confirmed by previous studies***°. Although this relationship was not statistically
significant for women.

Some authors suggest that weight gain after marriage or cohabitation may be due to increased opportunities
for shared, regular meals with larger portion sizes, decreased physical activity, and reduced focus on weight
maintenance for attracting an intimate partner‘-42,

Moreover, As previously reported??, there was observed a positive association between divorce or marital
dissolution and an increased risk of obesity in both females and males. Divorced individuals often exhibit poorer
health behaviors such as smoking, alcohol use, and depression which are known predictors of obesity*>44.

Moreover, we found a significant positive association between urbanization rates and obesity prevalence in
both genders, consistent with past research®*4>4°, The sedentary lifestyle commonly found among city dwellers,

combined with the scarcity of physical activity opportunities due to desk jobs, can be identified as the cause®.
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Province 2020 |2025 | 2030 | 2035 | 2040
East Azerbaijan 23.20 | 26.49 |29.67 | 32.73 | 35.76
west Azerbaijan 23.68 | 26.71 |29.62 | 32.41 | 35.04
Ardabil 26.27 | 30.57 | 34.90 | 39.10 | 43.28
Isfahan 21.94 | 25.37 | 28.60 | 31.72 | 34.81
Alborz 23.73 | 27.10 | 30.22 | 33.24 | 36.19
Tlam 17.46 | 20.11 | 22.66 | 25.17 | 27.69
Iran 21.04 | 24.32 | 27.43 | 30.44 | 33.40
Bushehr 19.48 | 21.85 | 23.83 | 25.74 | 27.61
Tehran 23.67 | 27.03 | 30.22 | 33.39 | 36.52
Chaharmahal & Bakhtiari 20.24 | 23.33 | 26.20 | 28.93 | 31.50
South Khorasan 15.80 | 19.26 | 22.67 | 26.02 | 29.30
Razavi Khorasan 19.43 | 22.82 |26.03 | 19.13 | 32.22
North Khorasan 18.96 | 22.04 |24.97 | 27.83 | 30.66
Khuzestan 21.46 | 24.16 | 26.78 | 29.27 | 31.75
Zanjan 20.56 |23.91 |26.90 | 29.74 | 32.44
Semnan 21.48 | 23.70 | 25.73 | 27.66 | 29.57
Sistan & Baluchistan 12.83 | 15.32 | 17.46 | 19.50 | 21.43
Fars 18.51 | 21.79 | 24.95 | 28.04 | 31.01
Qazvin 22.44 |26.34 | 30.02 | 33.60 | 37.14
Qom 24.60 | 28.14 | 31.54 | 34.82 | 38.06
Kurdistan 20.46 | 22.69 | 24.77 | 26.75 | 28.68
Kerman 16.24 | 19.80 |23.08 | 26.31 | 29.51
Kermanshah 21.54 | 24.51 | 27.30 | 29.96 | 32.54
Kohgiluyeh & Boyer Ahmad | 20.92 | 23.66 | 26.25 | 28.80 | 31.33
Golestan 24.38 | 27.55 | 30.68 | 33.72 | 36.65
Gilan 24.13 | 27.77 | 31.25 | 34.63 | 37.99
Lorestan 20.15 | 23.69 |27.13 | 30.44 | 33.74
Mazandaran 28.30 | 33.45 | 38.44 | 43.34 | 48.21
Markazi 22.01 | 2553 |28.84 | 32.06 | 35.21
Hormozgan 15.67 | 18.75 | 21.62 | 24.38 | 27.10
Hamedan 20.10 | 23.25 | 26.28 | 29.26 | 32.09
Yazd 22.37 | 27.13 | 31.65 | 36.07 | 40.42

Table 4. Prediction of obesity prevalence among Iranian men by Province from 2020 to 2040 (researcher’s
calculations).

According to certain research, the occurrence of obesity is increasing at a higher rate in rural regions compared
to urban areas?>*.

In terms of behavioral factors, we found a positive association between internet use and obesity prevalence
in both sexes, which was align with some previous studies®?!*®4® however, this association was not significant
among men. Despite our result, one study reported a negative association?’. The intensive use of the internet
contributes to a lack of physical inactivity, increased consumption of snacks, sleep deprivation, and indirectly
results in obesity*.

Similar to previous researc , we observed a significant and positive relationship between GDP (as a proxy
of income) and the prevalence of obesity in men and women. As individuals’ incomes rise, they gain the ability to
afford an abundance of food beyond basic survival needs, resulting in increased nutrient intake*’. Additionally,
as a country’s economy becomes more industrialized, the food sector often shifts towards processed and fast
foods, which are linked to higher obesity rates>.

However, some studies contradict these findings

Consumption of sugary beverages, including soft drinks, has been consistently linked to excess weight and
an increased risk of obesity in both men and women, supported by previous studies’®*’. The presence of liquid
carbohydrates in these drinks reduces the feeling of fullness, causing inadequate energy compensation during
subsequent meals. The elevated fructose levels found in corn syrup used in soda may have a specific impact on
the risk developing of adiposity>®>°.

Tobacco use has also been associated with weight gain and an increased risk of obesity in both sexes, although
this relationship was not meaningful in women®"!. In contrast, some published studies reported a negative effect
of smoking on obesity?*%46. Heavy smokers tend to have higher body weight, potentially due to a combination
of risky behaviors such as low physical activity, poor diet, and smoking®*-®*. Furthermore, a protein-rich diet
has been linked to greater weight among both males and females, this association was not significant in females,
consistent with previous findings®>%°. However, some evidence suggests that meat intake has been beneficial in
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Fig. 3. The projected obesity prevalence among Iranian women across various provinces of Iran by 2040
(Researcher’s calculations).

weight loss®”’. Mechanistically, meat is a source of saturated fat energy content but a lower percentage of protein,

along with elevated levels of obesogenic elements such as nitrosamine and sodium®.

Projected obesity trends and public health implications

The findings of the spatiotemporal prediction models indicate a significant increase in obesity prevalence in Iran
over the next two decades, posing substantial implications for public health and the national healthcare system.
According to the results, obesity prevalence among Iranian women is projected to rise from 40.25% in 2020
to 52.84% in 2040, highlighting a concerning upward trend at the national level. A similar pattern is observed
among men, with obesity rates increasing steadily from 21.04% in 2020 to 33.40% in 2040. This substantial
increase in obesity prevalence, particularly among women, underscores the urgent need for targeted preventive
interventions and health policies. By 2040, Mazandaran Province is projected to have the highest obesity rates in
Iran, with 72.57% of women and 48.21% of men affected. In contrast, Sistan and Baluchistan will experience the
lowest obesity rates, with 37.66% of women and 21.43% of men being obese. These projections are in line with
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Fig. 4. The projected obesity prevalence among Iranian men across various provinces of Iran by 2040
(Researcher’s calculations).

global trends, where the prevalence of obesity has been steadily increasing across both developed and developing
nations.

In 2010, the obesity prevalence in Brazil was reported at 16% among men and 14% among women. Using
statistical modeling and trend analysis, projections indicate that by 2050, these rates will rise significantly,
reaching 46% in men and 20% in women®’. Similarly, a study conducted in Mexico utilized time-series forecasting
methods to estimate future obesity trends. The findings revealed that in 2010, 27% of men and 37% of women
were classified as obese, with projections suggesting a rise to 54% in men and 57% in women by 20507°.

Furthermore, Keaver and et al. employed demographic and epidemiological projection models to predict
obesity trends in Ireland. Their study estimated that the prevalence of overweight and obesity in men, which
stood at 74% in 2010, would escalate to 89% by 2030. Likewise, obesity rates among women were predicted to
surge from 57% in 2010 to 85% by 2030”L. In South Korea, Baik and et al. applied dynamic simulation modeling
and regression-based forecasting to project obesity prevalence among adults up to 2030. Their analysis estimated
that by 2020, obesity rates would be 47% in men and 32% in women, with a further increase to 62% in men and
37% in women by 203072,
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Finkelstein and et al., using regression models, predicted that obesity prevalence in the United States would
reach 51% by 20307%. Similarly, a study conducted in Russia employed longitudinal cohort modeling to estimate
future obesity trends. The findings projected that the prevalence of overweight and obesity in men would rise
from 21% in 2010 to 76% by 2050, while in women, it would slightly decline from 58% in 2010 to 54% in 20507%.

Wang and et al. conducted a study using econometric forecasting models to predict the prevalence of obesity
and its associated economic burden in the United States and the United Kingdom. Their projections indicated
that in the United States, obesity rates among men would increase from 32% in 2007-2008 to 50-51% by 2030,
while in women, the prevalence would rise from 35% to 45-52%. Similarly, projections for the United Kingdom,
based on trend analysis and dynamic simulation modeling, estimated that obesity prevalence among men would
grow from 26% to 41-48% by 2030, while among women, it would rise from 26% to 35-43%"°.

The collective findings of these studies underscore that obesity is a complex and multifactorial public health
challenge, influenced by a dynamic interplay of dietary transitions, rapid urbanization, declining physical activity
levels, socioeconomic disparities, and gaps in public health policies. The persistent rise in obesity prevalence
across diverse populations highlights the urgent necessity for comprehensive, evidence-based interventions that
address both individual and structural determinants of obesity®7>.

Limitations

Spatiotemporal studies serve as valuable analytical tools for examining trends, disparities, and the underlying
determinants of obesity; however, they are subject to several methodological limitations. First, spatiotemporal
studies typically employ aggregate-level data, such as national, regional, or provincial statistics, which may not
accurately reflect individual-level associations, potentially leading to ecological fallacies. Second, spatiotemporal
models often depend on underlying statistical and computational assumptions, including stationarity, normality,
and independence, which may not always be applicable to complex real-world scenarios. Moreover, due to lack
of consistent population data across provinces and years, total provincial GDP was used as a proxy for economic
status instead of GDP per capita, which may influence the interpretation of economic disparities.

Conclusion

This study highlights the increasing prevalence of obesity at both national and subnational levels in Iran from
2020 to 2040, with a higher prevalence observed among females. The rise in obesity rate was linked to various
factors, including being female, being married, divorce rate, living in urban areas, the economic development
of each province, and accordingly behavioral and lifestyle changes (such as using the internet, soft drink intake,
tobacco consumption, and meat usage).

To mitigate the escalating obesity epidemic, policymakers and public health authorities must prioritize
multi-sectoral strategies, including the implementation of robust nutritional guidelines, the promotion of active
lifestyles targeted educational initiatives, and regulatory measures to improve food environments. A concerted
global effort is essential to curb this growing health crisis, ensuring sustainable and equitable solutions that
enhance population health outcomes worldwide.

Data availability
The data underlying the findings of this study are available from the corresponding author upon reasonable
request.
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