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Abstract

Purpose The prevalence of overweight/obesity and abdominal obesity is increasing worldwide, accompanied by an increase
in the incidence of non-communicable diseases. This study aims to determine the trends of Body Mass Index (BMI) and
prevalence of overweight/obesity and abdominal obesity changes in Iranian adult population from 2004 to 2021.

Methods We conducted this study based on the eight national surveys of noncommunicable disease risk factor surveillance
(STEPS) from 2004 to 2021 in Iran. We estimated the crude and standardized mean of BMI and prevalence of general and
abdominal obesity in these eight STEPS surveys data. Data weighted using post-stratification method and the trends depicted
based on the standardized estimates.

Results Between 2004 and 2021, and based on the standardized estimates, the mean of BMI increased from 25.19 kg/m2 in
2004 to 26.63 kg/m2 in 2021 (P-value for trend = 0.03). The standardized mean of WC increased from 86.38 cm in 2004 to
91.65 cm in 2021 (P-value for trend =0.38). The standardized prevalence of obesity (class I and II) increased from 14.54%
in 2004 to 20.17% in 2021 (P-value for trend =0.01). The standardized prevalence of obesity class III increased from
0.82% in 2004 to 1.35% in 2021 (P-value for trend =0.03). The standardized prevalence of abdominal obesity based on the
national and international cut-points increased, but the trend was not statistically significant [(National cut-point: 27.53%
in 2004 to 40.43% in 2021 (P-value for trend=0.71)) (International cut-point: 27.58% in 2004 to 41.81% in 2021 (P-value
for trend =0.06))].

Conclusion The standardized mean of BMI and prevalence of overweight/obesity and abdominal obesity increased among
Iranian adults between 2004 and 2021. Because of the negative public and clinical health implications of obesity, health
policymakers should develop comprehensive programs to control this increasing trend of weight gain.
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Introduction Methods
Obesity is a global public health problem that affects both ~ Study population

adults and children. The prevalence of overweight or obese
adults increased more than two-fold globally from 1980 to
2023 [1, 2]. In the United States, obesity increased by 0.2%
annually from 1999 to 2012, affecting about 35% of the US
population [3—6]. Obesity is also more common among spe-
cific populations, with obesity prevalence being 18.9% in the
lowest-income group, 19.9% in the middle-income group,
and 10.9% in the highest-income group [7].

The leading indicators of obesity are body mass index
(BMI) and abdominal obesity, which are assessed using the
waist circumference (WC) and waist-hip ratio (WHR) [8].
Studies have shown that these indicators are associated with
Non-Communicable Diseases (NCDs) morbidity and mor-
tality, such as cardiovascular diseases (CVDs) and type 11
diabetes mellitus (T2DM). Therefore, one of the aims of the
WHO Action Plan for the Prevention and Control of NCDs
2013-2021 was to halt the rise of obesity by 2025 [9]. To
achieve this goal, it is essential to have reliable information
on the level, trend, and distribution of NCD risk factors,
including overweight and obesity, among different popula-
tion groups.

The WHO STEPwise approach to surveillance for NCDs
risk factors (STEPS) is a WHO's recommended approach to
determining public health priorities as a baseline for health
interventions through determining the prevalence of risk fac-
tors for NCDs such as biological and modifiable behavioral
risk factors by standardized STEPS instrument for reliable
data collection [10]. STEPS surveys have further shown
the complex interplay of various factors in the obesity epi-
demic. One includes age, as a STEPS survey conducted in
Brazil revealed a steady increase in obesity from childhood
to adulthood. The STEPS survey 2011 showed that, over-
all, 22.3% of Iranian adults aged > 15 years had an abnor-
mal accumulation of body fat (14% of males and 27.7% of
females). In addition, at least 33.78, 10.25, and 30.56% of
the prevalent diabetes mellitus (DM) could be attributed to
overweight (BMI > 25 kg/m?), general obesity (BMI >30 kg/
mz), and central obesity (waist circumference > 90 cm),
respectively [11, 12].

This nationwide study aimed to estimate the prevalence of
general and abdominal overweight/obesity and the distribu-
tion of standardized BMI and waist circumference mean lev-
els among the Iranian adult population by sex, age groups,
and geographical distribution, using the national and subna-
tional representative samples of eight STEPS survey from
2004 to 2021. This study provides valuable information on
the trend of prevalence of overweight/obesity in the Iranian
population and can contribute to the development of policies
and programs to prevent and control NCDs.

@ Springer

In accordance with the World Health Organization's STEP-
wise approach to Non-Communicable Disease (NCD) risk
factor surveillance, this study was conducted based on eight
national STEPS surveys from 2004 to 2021 in Iran [13-17].
The sample was selected from both urban and rural areas of
Iran using the national postal code database that includes
addresses of all residential buildings in the country. The
sample included over 283,842 Iranian adults aged 18 and
above selected from over 3000 clusters. The primary pur-
pose was to assess three different levels of data based on
three stages of the STEPs survey: Step one (complete ques-
tionnaires about sociodemographic information, medical
history related to the main NCDs, etc.), Step two (physical
measurements to assess overweight and obesity), and Step
three (biochemical measurements to evaluate blood glucose,
cholesterol, high-density lipids, and sodium and creatinine
levels) [18].

Sampling was conducted using proportional-to-size
cluster sampling from rural and urban areas within each
province. The research tools included validated question-
naires containing demographic characteristics, living region
addresses, and physical measurements using calibrated
instruments. Body mass index (BMI) was calculated as
weight (kg) divided by squared height (m?), and individuals
were categorized according to the WHO criteria as under-
weight, normal, overweight, and obese [19]. Obese individu-
als were further classified as class I obese, class II obese, and
class III obese [20].

Statistical analysis

Statistical analyses were performed to present descriptive
statistics of interested variables by sex and age subgroups
at national and subnational levels and geographic data sam-
pling at provincial levels. The data were analyzed using
Stata (version 11) and R (version 3.0.2) statistical software.
This study used the post-stratification method to weigh
the STEPS data from 2004 to 2011, for which a calculated
weight was not available. For the rest of the data, their esti-
mated weight was used. This weight was made based on
the distribution of age, gender, and residency region in the
population and the sample.

For a better comparison of the results of the eight STEPS
surveys and considering the possibility of changing the
age and urban/rural distribution of the population from
2004 to 2021, The results of all existing STEPS surveys,
age, and urban/rural standardization of estimates using the
direct standardization method based on the 2016 National
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Population and Housing Census conducted by Iran's Statisti-
cal Center.

After cleaning and preparing the samples and weigh-
ing them, point and interval estimations of mean BMI and
waist circumference and the prevalence of various degrees
of obesity were made based on BMI and abdominal obesity
(according to Iranian and international waist circumference
cut-off points [21]). Standardized estimates and non-para-
metric Mann—Kendall statistical tests were used to compare
estimates at different time points.

Ethical Considerations

Ethical approval for each STEPS surveys was obtained from
the Ethical Committee of the National Health Research Insti-
tute of the Islamic Republic of Iran (NIHR), and ethical
consent for this study was obtained from the Ethical Com-
mittee of Endocrine and Metabolism Research Institute,
Tehran University of Medical Sciences (IR.TUMS.EMRI.
REC.1401.006), and participation was voluntary. Individu-
als who accepted to participate provided written informed
consent. This study provides valuable information on the

A BMI (Overweight) B

1383 1385 1386 1387 1388 1390 1395 1400 1383 1385 1386 1387

1383 1385 1386 1387 1388 1390 1395 1400

F High risk (international)

1383 1385 1386 1387 1388 1390 1395 1400

Fig. 1 National trend of standardized prevalence of overweight (A),
National trend of standardized prevalence of obesity class I, II (B),
National trend of standardized prevalence of obesity class III (C),
Mean of body mass index (BMI) (D), Mean of waist circumference

BMI (Obesity) c

prevalence of NCD risk factors in the Iranian population
and can contribute to developing policies and programs to
prevent and control NCDs.

Results

This study analyzed national STEPS surveys conducted
between 2004 and 2021, which comprised eight surveys
(Fig. 1). As shown in Table 1, the standardized mean of
BMI exhibited a significant increase in the country during
this period (25.19 kg/m? in 2004 vs. 26.63 kg/m? in 2021,
P=0.03), whereas the standardized mean of waist circum-
ference also rose gradually, but this rise was not significant
(86.38 cm in 2004 vs. 91.65 cm in 2021 P=0.38). Further-
more, Table 1 indicates that the prevalence of obesity based
on BMI criteria also escalated in the country. According to
national [21] and international criteria [22], the prevalence
of abdominal obesity also increased, but this increase was
not statistically significant.

Table 2 presents the standardized mean of BMI during the
years 2004 to 2021 in the gender, age, and area of residency

BMI (Class 3 Obesity)

0
1388 1390 1395 1400 1383 1385 1386 1387 1388 1390 1395 1400

E Waist

1383 1385 1386 1387 1388 1390 1395 1400

G High risk (Iran)

1383 1385 1386 1387 1388 1390 1395 1400

(E), Prevalence of abdominal obesity according to international waist
circumference cut-off points (F), prevalence of abdominal obesity
according to Iranian waist circumference cut-off points (G), among
Iranian adult population (95% CI)
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Table 2 (continued)

&

P-value of trend

2021

2016

2011

Subgroups Year

Springer

St

Crude

St

Crude

St

Crude

26.60 26.46 (26.24, 0.53

25.98 (25.72,

26.17

27.15 (26.76,
27.55)

27.15

30-39

26.68)
28.02 (27.77,

(26.46, 26.74)

28.06

26.23)
27.73 (27.43,

(26.06, 26.29)

27.77

(26.76, 27.55)

28.62

0.26

28.62 (28.23,
29.01)

40-49

28.27)
28.28 (28.05,

(27.90, 28.21)
28.45

(27.63,27.91) 28.04)
27.42 (27.12,

28.05

(28.23,29.01)

29.11

0.38

29.11 (28.75,
29.47)

50-59

28.51)
27.56 (27.30,

(28.29, 28.62)

27.73)
27.50

26.52 (26.27,

(27.90, 28.20)

27.03

(28.75, 29.47)

28.33

0.71

28.33 (27.95,
28.71)

> 60

27.82)

(2735, 27.65)

26.76)

(26.90, 27.17)

(27.95,28.71)

Area of residency (95% CI), kg/m?

25.14

0.53

25.58 (25.38,

27.27

25.00 (24.78,

25.71

25.14 (24.94,
25.33)

Urban

25.78)
24.61 (24.38,

25.22) (27.18, 27.35)
26.33

24.76 (24.50,

(25.60, 25.83)

26.88

(24.94,25.33)
23.27

0.17

23.27 (22.97,
23.57)

Rural

24.83)

(26.19, 26.47)

25.01)

(26.81, 26.95)

(22.97,23.57)

Standardized estimates and non-parametric Mann—Kendall statistical tests were used to compare estimates at different time points. P-value < 0.05 was considered statistically significant

St standardized

subgroups and suggests that there is an upward trend in the
standardized mean of BMI in Iran among females and males,
in all age groups, and among urban and rural residents, but
this trend is not statistically significant (P> 0.05).

Table 3 compares the prevalence of overweight, class I,
II obesity, and class III obesity among two genders, differ-
ent age groups, and urban and rural residents during dif-
ferent years. The results demonstrate that among females,
males, different age groups, and different residency areas,
the increasing trend of overweight, obesity class I, II, and
obesity class III in Iran was observed from 2004 to 2021.
Still, this trend was not statistically significant (P> 0.05).

Table 4 compares the prevalence of abdominal obesity
based on the national and international criteria among two
genders, different age groups, and urban and rural residency
during different years. Our result demonstrates an insignifi-
cant increase in abdominal obesity, similar to class I and II
obesity.

Discussion

The current study investigated BMI trends and obesity
prevalence based on BMI and waist circumference. Gender,
age, and residency area divided the results. According to the
outcomes of this investigation, BMI, the prevalence of obe-
sity, and the standardized mean waist circumference have a
statistically significant augmenting tendency in the country,
but this increasing trend is not significant in the prevalence
of abdominal obesity. Our results showed females in 2011
(1.73%), population over 60 years old in 2011 (3.51%), and
urban residents in 2011 (1.77%) have the highest national
prevalence of BMI-based obesity (class III). Also based on
national cut-point, males in 2021 (37.44%), over 60-year-old
population in 2021 (63.01%) and residents of urban areas
in 2021 (34.64%) have the highest national prevalence of
abdominal obesity. Based on the international cut-point,
females in 2021 (47.12%), people over 60 years old in 2011
(72.84%), and urban residents in 2021 (32.32%) have the
highest national prevalence of abdominal obesity.

Different investigations were conducted in the same geo-
graphical area but in different time periods. In these studies,
the mean of variables was similar to ours [12, 23, 24], of
course considering that these investigations are basically a
cross-section of our inquiry, the similarity was not far from
expected. As a next step, the tendency of alterations recorded
during the inquiry was checked with other studies. In most
studies in different regions of the world, the tendency of
weight gain was seen, in India [25] (continent of Asia) dur-
ing the 2016 STEPS, in the United States [26] (the American
continent) from 2011 to 2018 based on the National Health
and Nutrition Examination Survey (NHANES) investiga-
tions and also cross-sectional research conducted in Libya
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[27] (the African continent), and in Lebanon [28] (Eastern
Mediterranean Regions). It seems that a weight gain ten-
dency has been seen in most parts of the world which can be
a serious alarm for the world community. Weight gain is a
warning to increase the incidence of NCDs such as diabetes,
hypertension, and cardiovascular diseases, which can reduce
the quality of life, have severe complications, and impose a
heavy disease burden on the healthcare system.

Global investigations also demonstrated a significant
increase in obesity prevalence in the Eastern Mediterranean
and North African regions by comparing BMI between
1980 and 2008 [29]. Also, a worldwide systematic review
stated that on all the continents, the weight of individuals
is increasing [30]. However, whether this increase was sig-
nificant needs to be noted, but this point confirms the cur-
rent study's findings. An exciting survey by Buyun Liu et al.
[26] stated that weight, BMI, obesity, and abdominal obe-
sity prevalence rates have augmented from 2011 to 2018 in
the United States. However, this rate is different for various
ethnicities. Although a significant BMI and waist circumfer-
ence increase was observed among Hispanic, non-Hispanic
white, and non-Hispanic Asian groups, this pattern was not
observed for the non-Hispanic Black group. For abdominal
obesity, a considerable increase was observed among non-
Hispanic Asians but not among other racial or ethnic groups.
Mean age-adjusted lean mass decreased in the non-Hispanic
Black group and increased in the non-Hispanic Asian group,
but no statistically significant alterations were observed in
other racial or ethnic groups. Given that the investigation
was conducted in one region and at one time, it seems that
the effect of economic and social variables, etc., have been
removed, and the most considerable effect is the effect of
ethnicity. Considering that the Iranian (white Caucasian) is a
non-Hispanic race, this investigation confirms our outcomes
about weight gain and, in general, weight; this investigation
and other investigations point to the fact that body weight is
increasing progressively in the world and Iran.

This investigation demonstrated that the standard-
ized mean of BMI, the prevalence of class I, II, and III
obesity, and the standardized mean of waist circumfer-
ence and abdominal obesity are increasing according to
international and national criteria by gender in the coun-
try. Still, there is no statistically significant discrepancy
between periods in any of the two sexes (P> 0.05), and of
course, in all these reports, on average, the condition of
the female sex is more of a concern. Compared to other
investigations, the initial outcomes of this investigation
were in line with other studies, which demonstrated a
higher prevalence of overweight, abdominal obesity, and
class III obesity in females [21, 23, 27]. In the next step,
comparing the tendency outcomes based on gender dem-
onstrated that the weight and prevalence of obesity aug-
mented in both sexes. This tendency was evident in both

rural and urban areas, and it seems that the slope of the
line of weight gain and obesity prevalence between the
years 2000 and 2007 tended to flatten, which means that
the increase in these two variables in this period of time
probably does not have a statistically significant differ-
ence [31]. In the investigations, other variables have also
been examined, such as education and the amount of food
waste, which demonstrated that the level of education does
not always indicate having a healthy lifestyle, and perhaps
education in this way is not very effective [31]. In other
periods, other investigations demonstrated that between
1993 and 2015, weight alterations based on BMI were sta-
tistically significant in both sexes, which is different from
our analysis, which may be due to the difference in the
period. The period examined in two studies as well as the
racial, economic, and social differences, obviously, during
this period, China had a faster economic growth tendency
and moved towards industrialization more than Iran, an
intriguing point that was mentioned in one investigation
was that in the opinion of Chinese men, weight gain is
faster than women. It is related to Chinese socio-cultural
characteristics and states that in Chinese society, men are
more interested in being big, and women are more inter-
ested in small body shapes, so men have paid less attention
to their eating habits, which has caused these alterations
[32].

Apart from China, the same tendency has also existed
in other societies, and in Brazilian culture, the weight and
prevalence of obesity in both sexes have significantly aug-
mented between 1975 and 1997. Also, in these years, males
and females have had a statistically significant discrepancy
regarding weight gain and obesity prevalence, which is also
contrary to our findings, which may be why the period of
investigation in these two investigations was different. The
outcomes could have been similar if the mentioned investi-
gation had been done in the same period. One of the intrigu-
ing outcomes of the inquiry of Brazilian society, which is
a developing country, was that in this investigation, it was
stated that women who live in areas with higher income had
lost weight on average, and this is the result of increasing
information and education, and increased income and educa-
tion as a possible solution to weight loss [33].

An essential point in the investigation of weight gain in
the world is to investigate the alterations in the rate of weight
gain because, in investigations, it seems that the augmenta-
tion in the incidence of obesity in the world has accelerated
in recent years. Although the rate of obesity has augmented
in most countries, its levels and tendencies are significantly
different. The findings demonstrate that half of the augmen-
tation in the incidence of obesity in the world occurred in the
20 years between 1980 and 2000. Half occurred in 8 years
between 2000 and 2008 [34], which means that accord-
ing to the speed of weight gain in The world has become

@ Springer
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increasingly aware that a finding is analogous to the ten-
dency of weight gain in Iran because, after 2011, we can find
an augmentation in the speed of weight gain in Iran.

Regarding the comparison of the two sexes in terms of
weight gain, comparing the data of 2003-2004 with the data
of 2011-2012 demonstrates no significant augmentation in
variables related to weight and obesity and abdominal obe-
sity in men or women. Only women had a linear tendency for
significant augmentation in class III obesity, and this altera-
tion was not significant among men [35], which confirms the
outcomes of our investigation, which means that there is a
slow alteration going on.

As mentioned earlier, one of the aspects of the augmen-
tation in obesity in the world was the possibility of aug-
menting the incidence of NCDs such as diabetes, and the
outcomes of the investigations demonstrate that obesity and
weight are increasing in both sexes, and NCDs are also aug-
menting at the same rate [36, 37] and this outcome for us
means facing a large number of chronic NCDs in Iran and
other parts of the world.

The standardized mean BMI, mean prevalence of Class
I, 11, and III overweight and obesity, the standardized mean
of waist circumference in different age groups, and mean
prevalence of abdominal obesity based on national and inter-
national criteria all increased throughout this trend study.
However, comparing the different periods showed no sig-
nificant increase in any of these variables in any specific age
group (P> 0.05). These initial results are consistent with
other studies showing that BMI increases with age, which
has been observed in other studies conducted in Iran and
around the world [38, 39]; then, the present study is con-
sistent with these other studies. Our reviews revealed that
age groups were no longer employed in this manner, and in
most studies, age was a covariate that was adjusted during
the analyses; this makes it challenging to compare studies.
Our comparison showed that the trend of weight gain in the
Chinese population is also statistically significant, increas-
ing in each age group. The disparity between our study and
the present study is due to the difference in the time period
investigated, race, socioeconomic factors, and cultural dif-
ferences [32]. Another reason for the disparity may be the
difference in eating habits. For example, 2.9% of each age
group in Sudan and Jordan consumed sweetened bever-
ages. In China, with a 269% increase in the consumption
of sweetened beverages, people obtain about 20% of their
daily energy intake from these beverages, which is a large
amount [29, 32, 40].

A survey of urban and rural areas of the country showed
the same increasing pattern in obesity. However, this trend
of increasing BMI, obesity, and abdominal obesity was not
statistically significant in rural or urban areas (P > 0.05).
A preliminary comparative analysis of the results of this
study with other studies found that our results align with

other studies because, in all these studies, the mean BMI,
the incidence of obesity, and abdominal obesity in the
urban population were higher than in the rural population
[12, 25]. In examining and comparing the results of the
trend change in this study with other studies, it can be said
that in both urban and rural areas, the weight and preva-
lence of obesity are increasing, and the trend is constant in
both, but in general, the slope of the change line is lower
in urban areas than in rural areas [31, 41]. This result was
also repeated in our study.

In the study of Shujing Ma et al. [32], it is stated that
the tendency to increase BMI and waist circumference in
both urban and rural areas increased during the investigation
period, and this increase was significant with a high slope,
which is different from the outcomes of our investigation.
Considering that this process of rapid alterations in China
was discussed in the previous parts, we will not repeat the
contents, but the intriguing point stated in this study was
that the weight discrepancy between urban and rural areas
in China is disappearing because in the rural areas; It seems
in the rural area population’s information about nutritional
habits is less, the physical activity has decreased, mechanical
transportation has increased, and this has caused the distance
between urban, and rural areas to decline; It is predicted that
this distance will disappear and even be reversed. It seems
that even if this relationship is not changed, given it is antici-
pated that the rate of urbanization will double by 2050 [29],
and the BMI and incidence of obesity are consistently higher
in the urban population; therefore, there is a possibility that
the increasing tendency of global obesity will alter and gain
more speed, and this alteration will probably cause an altera-
tion in the incidence of NCDs in the general population.

The information on urban and rural areas is separate in
the global investigations of the most scrutinized areas. This
information was presented separately in China and Brazil. It
seems that BMI and the incidence of obesity are augmenting
among children in urban and rural areas, and this augment-
ing tendency has a significant slope [30]. This finding is not
consistent with our outcomes. Considering the age discrep-
ancy between the two investigations (the aforementioned
investigation was conducted on children, and our study
included the adult population), finding different outcomes
is not far from expected. However, this investigation's out-
comes remind us that the national survey of the tendency of
obesity in children will probably be analogous to the out-
comes of this investigation because the other outcomes of
global investigations were very close to our results. This
incidence of obesity at younger ages means that obesity-
related diseases will also happen in more youthful genera-
tions in the near future. Considering that these children will
be the adults of Iran's society in the future, it is expected that
the tendency of alterations in the incidence of obesity in the
country will also be significant.

@ Springer
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As mentioned, obesity is a complex disease with many
contributing factors. This study investigated the effects of
age, sex, and residential areas on obesity, but other factors,
such as economics, may also play a role. Improved indi-
vidual economic status has been associated with a decrease
in obesity rates[33]. At the macro level, studies have shown
that weight gain in different countries weakly correlates with
gross national income (GNI)[41]. Countries with higher
GNIs tend to have higher average BMIs, which may be one
reason for the difference in the trend of weight gain in Iran,
where the trend of increasing GNI has also been relatively
slow. However, we suggest further researches to confirm or
refute this hypothesis.

Limitations

One of the limitations of this study is that, except for the
STEPS of 2016 and 2021, in other STEPS surveys, only the
weights of post stratification and none-response were used
in the estimations.

Conclusion

In conclusion, to the best of our knowledge, the present
study is the first in Iran to study and compare several STEPS
surveys. According to the findings of this study, the stand-
ardized mean of BMI and prevalence of obesity based on
BMI have increased significantly. The prevalence of abdomi-
nal obesity in Iran is rising with a slow slope. This increase
in the obesity rate has potentially substantial negative public
and clinical health implications. To prevent the increase of
obesity-related NCDs, health policymakers should develop
comprehensive programs; We also suggest that the follow-
ing stages of STEPS surveys should also be investigated in
future studies.
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