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Objectives: Obesity is a considerable and growing public health concern worldwide. The present study aimed to quantify socioeco-
nomic inequalities in adult obesity in western Iran.

Methods: A total of 10 086 participants, aged 35-65 years, from the Ravansar Non-communicable Disease Cohort Study (2014-2016)
were included in the study to examine socioeconomic inequalities in obesity. We defined obesity as a body mass index =30 kg/m?.
The concentration index and concentration curve were used to illustrate and measure wealth-related inequality in obesity. Addition-
ally, we decomposed the concentration index to identify factors that explained wealth-related inequality in obesity.

Results: Overall, the prevalence of obesity in the total sample was 26.7%. The concentration index of obesity was 0.04; indicating that
obesity was more concentrated among the rich (p<0.001). Decomposition analysis indicated that wealth, place of residence, and
marital status were the main contributors to the observed inequality in obesity.

Conclusions: Socioeconomic-related inequalities in obesity among adults warrant more attention. Policies should be designed to re-
duce both the prevalence of obesity and inequalities in obesity by focusing on those with higher socioeconomic status, urban resi-

dents, and married individuals.
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INTRODUCTION

Obesity is a considerable and growing public health concern
worldwide [1-4]. The prevalence of obesity is dramatically in-
creasing in both developing and developed countries [1,5].
Based on World Health Organization (WHO) reports, the world-
wide prevalence of obesity doubled between 1980 and 2014.
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In 2014, over 600 million adults were obese worldwide [6]. Re-
search indicates that some diseases and many undesirable
health conditions, such as heart disease, diabetes, and cancers,
are attributable to obesity [5,7,8]. Overweight and obesity have
been recognized as the fifth leading risk factor of mortality,
and at least 2.8 million adult deaths are caused by overweight
or obesity annually [9]. Obesity also has significant short- and
long-term economic impacts on health services and on nations’
economies, resulting in higher healthcare expenditures, ab-
senteeism, and productivity losses [10-12]. Furthermore, the
societal costs of obesity have been estimated to be greater
than those attributable to smoking and alcoholism [11,12],
and therefore, its negative consequences on countries’ resourc-
es are substantial [1].

Obesity is also a public health concern in Iran. To date, sev-
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eral studies have assessed the prevalence of obesity and its as-
sociated factors at both national and subnational levels. They
have reported a high prevalence of overweight and obesity in
the Iranian population [13-15]. For example, according to the
first national survey of weight status in Iranian adults, the age-
adjusted prevalence of overweight or obesity was 42.8% in
males and 57.0% in females, and 11.1% of males and 25.2% of
females were obese [13]. Another study estimated that the
prevalence of obesity and the mean body weight index (BMI)
in the Iranian population above the age of 18 were 21.7% and
25.2 kg/m?, respectively. That study found an increasing trend
in the prevalence of obesity in Iran [15]. The results of an as-
sessment of the prevalence of obesity and its determinants in
females residing in Kermanshah showed that the prevalence
of overweight or obesity was 39.4 and 21.9%, respectively.
That study found lower economic status and illiteracy to be
significantly associated with obesity [16]. Recently, a national
study based on the Iranian surveillance system for the risk fac-
tors of non-communicable diseases reported a prevalence of
obesity of 17.5% in Kermanshah in 2005 [17]. Obesity is a com-
plex and multifactorial problem that is affected by factors at
both the macro-level (e.g., economic and nutritional transi-
tions) and the individual level (e.g., genetic, psychosocial, life-
style, and socioeconomic factors) [18]. It should be noted that
socioeconomic status (SES) has potential effects on individu-
als' lifestyle, eating behaviors, and caloric intake [19,20]. Some
‘unhealthy’ lifestyles and health conditions such as obesity
and overweight, particularly in developing countries, tend to
be more widespread in specific socioeconomic groups [19-21].

To the best of our knowledge, there is little information
about socioeconomic inequalities in obesity in Iran. To fill this
gap in the literature, the present study aimed: (1) to quantify
socioeconomic inequalities in the prevalence of obesity in the
adult population in Kermanshah, in western Iran and (2) to de-
compose the observed inequality by quantifying the contribu-
tion attributable to each determinant. The findings can help
policy-makers design targeted and effective strategies to re-
duce the prevalence of obesity and socioeconomic inequali-
ties in obesity.

METHODS

Study Setting
This study used data from the Ravansar Non-communicable
Cohort Study (RaNCD) study as a regional part of the Prospec-
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tive Epidemiological Research Studies in Iran (PERSIAN) co-
hort. The PERSIAN cohort was launched in 2014 and includes
180 000 persons aged 35-70 years from 18 geographically-de-
fined regions of Iran, chosen based on specific characteristics
of each region, such as exposure to certain risk factors, local
disease patterns and population stability, causes of death, and
local commitment and capacity. The PERSIAN cohort was
aimed at the identification of the risk factors associated with
the most common non-communicable diseases in Iran, with
the goal of contributing to evidence-informed policymaking
and the world’s medical knowledge. The PERSIAN cohort is
turning into a major source of data on Iran’s population,
health, nutrition, and lifestyle at the national and subnational
levels. To this end, the required data were gathered using an
instrument that contained items on many different aspects of
life affecting individuals’ health status. Details about the de-
sign, sampling, and inclusion and exclusion criteria have been
published elsewhere [22]. The city of Ravansar is located in
western Iran in close proximity to the Iran-Iraq border, with a
population of about 50 000 inhabitants. The majority of resi-
dents of Ravansar are of Iranian Kurdish ethnicity. There are 3
urban healthcare centers in Ravansar and 2 other rural health-
care centers, as well as 32 active local health houses (locally
known as khaneye behdasht) in rural areas. The RaNCD cohort
comprised 10 086 individuals aged 35-65 years old.

Dependent and Independent Variables
A dichotomous outcome variable was constructed using the

BMI information of samples; in line with the WHO definition,
obesity was defined as a BMI equal or greater than 30 kg/m?.
Anthropometric parameters were measured using automated
bioelectric impedance with integrated automatic stadiometer
(InBody 770, BSM350; InBody, Seoul, Korea). The explanatory
variables used in the analyses were sex, age, marital status,
education, number of members in the household, place of
residence, wealth index as an indicator of economic status,
and smoking behavior as a lifestyle factor.

Socioeconomic status measure

In accordance with previous studies [23-25], SES was classi-
fied using data on education level, durable goods, housing
characteristics, and other amenities of individuals interviewed
in the PERSIAN cohort through applying principal component
analysis (PCA). To generate the SES, various factors were con-
sidered in the PCA model, such as owning a freezer, a dish-
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washer, an LCD/LED/plasma TV, a vacuum cleaner, a personal
computer/laptop, access to the Internet, a mobile phone, a car,
a motorcycle, an extractor fan, a bathroom, access to tap wa-
ter, the number of rooms for the members of the family, the
type of kitchen, the type of house ownership, house area, and
the number of foreign and domestic trips. As mentioned pre-
viously, education level was included in the PCA model. To
perform PCA on the variables related to SES, qualitative cate-
gorical variables were re-coded as binary variables. Then, all
the variables and other continuous variables were entered
into the model. SES was classified by weighting the first factor
of PCA [26]. Moreover, the new SES variable were categorized
into quintiles to determine the economic status of individuals
and were then used in subsequent analyses.

Statistical Analysis

The concentration curve (CC) and concentration index (CI)
were used, because they are the standard and most frequent-
ly-used tools for assessing inequality in the health economics
literature [27,28]. The CC s a graphical exhibition of the degree
of inequality, which plots the cumulative percentage of the
health outcome (y-axis) against the cumulative percentage of
the population, ranked by SES from poorest to richest (x-axis).
A line of 45° shows perfect equality. If the health outcome
variable is concentrated in lower socioeconomic groups, the
CC lies above the 45° line (line of perfect equality) and vice
versa. The farther the CC is under or above the line of equality,
the higher the inequality in the health variable of interest. The
Cl is directly related to the CC, which quantifies the degree of
socioeconomic-related inequality in health outcomes and is
defined as twice the space between the CC and the line of
perfect equality. This parameter indicates whether the health
outcome is concentrated more among people of lower or
higher socioeconomic groups. The value of the Cl ranges from
-1 to +1, and a negative value indicates that the health out-
come is more concentrated in groups with lower SES, and vice
versa for a positive value. If the Cl equals zero, the health out-
come is equally distributed among populations [29]. The Cl is
defined as follows:

2% cov(y; 17)

7

where u is the mean or the proportion of the health variable
and y; and r: represent the variable of interest and fractional
rank in the socioeconomic distribution for the i individual, re-
spectively. Additionally, the individuals were ranked according

CI (1)
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to their SES, from the richest to the poorest [28,30]. The
bounds of the Cl for a binary variable are not +1 and -1, and
instead depend on the mean (u) of the variable [28]. To this
end, different correction methods were proposed by Wagstaff
[28] and Erreygers [31] to address this issue. Hence, according
to the results of previous studies [32-34], the method pro-
posed by Wagstaff was employed to normalize the Cl. This so-
lution helps to correctly quantify the degree of inequality
within the range of -1 to +1. According to the Wagstaff [28]
approach, the C/ is normalized as follows:

c Cl

IWagstaff = m

where 1 is the mean of the health variable and CI represents
the conventional C.

To calculate the contribution of determinants to the in-
equalities, the Wagstaff-type decomposition analysis of CC
was used. This technique is based on regression analysis of the
association between the outcome variable and its determi-
nants for any linear additive regression model of health out-
come (), such as:

y=a+z,3kxk+€ )
k
The Cl for a variable y can be written as follows [25,26].
Brx
cI =zk:( ’L") Cl + GC,./u 3)

Where CI is the overall concentration index, ¢ indicates the
mean of y (health outcome variable), X represents the mean
of Xy, (determinants), Ck is the concentration index for Xy, and
GC. denotes the generalized concentration index for e. It
should be noted that CI is equal to the weighted sum of the
Cls of the k determinants, where the weight of Xy is the elas-
ticity of y with respect to xy.

Equation 3 shows that the C/ has 2 components: the ex-
plained component (X« (%) Cly), which indicates the contri-
bution of each determinant to the socioeconomic inequality
in the outcome variable CI(y), and the unexplained (residual)
component (GC./u), which is the socioeconomic inequality
not explained by systematic variation in the determinants
across socioeconomic groups. )

Clhormatized = < = Zk(ﬁk%)ak v
1-p 1-u 1-u

Since the outcome variable of the present study (obesity) was
binary, a non-linear estimation was used. The marginal effects
of the B based on the logic model were estimated, and these
marginal effects were then used to compute the contributions

4)
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of the explanatory variables [30]. Below, the linear approxima-
tion of the non-linear estimations is given by equation (5).

cr =% ( %) Cly + GC./u (5)

Where ﬂr;? is the marginal effect (dy/dx) of each x. In sum-
mary, the contribution of the determinants is calculated as fol-
lows: first, the regression model of the health outcome vari-
able is performed for all x; to obtain the marginal effects of
determinants (8). In the second step, the mean of the health
outcome (u) and each of the determinants (x:) and the elastic-
ity of the health variable are calculated with respect to each
x (xz). In the third step, the Cls are calculated for the health

Table 1. Prevalence of obesity in terms of determinant vari-
ables among cohort participants aged 35-65, 2016

Variables n (%) Obesity (n) Prevalence (%)
Sex

Female 5300 (52.5) 1919 36.26

Male 4786 (47.5) 798 16.73
Age (y)

35-44 4371 (43.4) 1180 27.04

45-54 3351(33.3) 989 29.55

55-65 2346 (23.3) 546 23.33
Marital status

Married 9092 (90.1) 2492 2747

Single and other 994 (9.9) 225 22.73
Education

[lliterate 4633 (45.9) 1448 31.34

Primary 2653 (26.3) 729 27.53

Intermediate 1055 (10.5) 230 21.86

Secondary 976 (9.7) 184 18.89

Higher 769 (7.6) 126 16.43
Economic status

Poorest 1954 (20.0) 484 24.83

Second poorest 1954 (20.0) 513 26.32

Middle 1954 (20.0) 507 25.99

Second richest 1954 (20.0) 554 28.40

Richest 1954 (20.0) 567 29.09
Household size (n)

1-2 816 (8.1) 224 27.48

3-6 8754 (86.8) 2382 27.26

>7 509 (5.0) 1M 21.81
Place of residence

Urban 5972 (59.2) 1798 30.16

Rural 4114 (40.8) 919 22.41
Smoking

Smoker 2010 (20.0) 361 18.03

Non-smoker 8043 (80.0) 2351 29.28

292

outcome and each explanatory variable. In the fourth step, the
contribution of each x to the CI is calculated by multiplying the
elasticity of each determinant by its CI Ck: Contxk/ay =
Elasy /x, * CI(x). Finally, following Yiengprugsawan et al.
[35], the adjusted percentage was used to calculate the per-
centage contribution of each of the determinants. This ap-
proach is based on the total explained portion that contrib-
utes to the same direction of the Cl and provides a better ex-
planation for those contributions.

RESULTS

Table 1 shows the descriptive characteristics of the sample.
A total of 10 086 adults aged 35-65 years, with a mean age of
47.23+8.21 years, were included in the study, of whom 5300
(52.5%) were female. Most participants were 35-44 years old
(43.4%), and the majority of the sample was married (90.1%).
Furthermore, literate subjects accounted for 54.1% of the sam-

Table 2. Concentration indices (Cls) of adult obesity

Standard

Sample n Normalized CI p-value
error
Total 10 026 0.04 0.01 0.002
Male 4626 0.10 0.02 <0.001
Female 5123 0 0.02 <0.001
1.0
08 r
=
g
S06
o
Z04 ¢
=
3
02
UU 1 1 1 1 1

0.2 0.4 06 0.8 1.0
Cumulative % of people ranked by wealth index

Figure 1. Concentration curve (CC) of obesity according to
socioeconomic status for cohort participants aged 35-65,
2016. The black line is the equality line. The red line below
the equality line represents the CC. The father the CCis below
the equality line, the more concentrated the health outcome
is among the rich.
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ple under study (Table 1), and the overall prevalence of obesity
in the total sample was 26.72%. Participants aged 45-54 years
old, urban participants, illiterate subjects, and well-off people
had higher proportions of obesity than their counterparts. Ad-
ditionally, 29.09% of the participants in the highest wealth
quintile, 36.26% of females, 31.34% of illiterates, and 30.16%
of urban individuals were obese (Table 1).

The normalized Cls are presented in Table 2. The normalized
Cl was 0.04 for the entire population, 0.10 for males, and 0.11
for females. The positive value indicates that wealthy individu-
als had a higher rate of obesity than those with lower eco-
nomic status. As shown in Table 2, the magnitude and sign of
the inequality were statistically significant (p=0.002).

As shown in Figure 1, the CC of obesity lay below the perfect
equality line, an indication that the prevalence of obesity was
higher among the rich.

In Table 3, the results of the decomposition analysis are pre-
sented, and the contribution of each explanatory variable to
the socioeconomic inequality in obesity is explained.

The contributions come from both the distribution of a giv-
en variable across socioeconomic groups (Cl) and the elasticity

Variable Mean Marginal effect Elast
Sex (female) 0.52 0.206 0.402
Age (y)

45-54 0.33 0.028 0.035

55-65 0.23 -0.026 -0.023
Marital status

Married 0.90 0.096 0.322
Socioeconomic status

Second poorest 0.20 0.024 0.017

Middle 0.20 0.029 0.021

Second richest 0.20 0.052 0.038

Richest 0.20 0.064 0.047
Household size (n)

3-6 0.10 0.084 0.025

>7 0.87 0.058 0.187
Place of residence

Urban 0.59 0.064 0.141
Lifestyle factor

Smoking 0.2 -0.053 -0.024

Explained

Residuals

Total
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of the outcome variable with respect to the determinants.
Elasticity is the responsiveness of the health outcome to a de-
terminant, and is defined as the change in the health outcome
in response to the corresponding change (1 unit) in the deter-
minant [36]. A positive contribution means that the combined
marginal effect of the determinant and its distribution in re-
spect to wealth increases the socioeconomic inequality in the
health outcome, and vice versa for a negative contribution.
Thus, if economic status made no contribution, the extent of
inequality in obesity would be lower, with other conditions re-
maining constant.

As shown in Table 3, living in urban areas and marriage had
positive Cl values, suggesting that these factors were concen-
trated among wealthy people. In contrast, being female and
smoking habits had negative Cl values, indicating that these
factors were concentrated among economically disadvan-
taged people.

According to the decomposition analysis, female made a
negative contribution. If a factor makes a negative contribu-
tion, the degree of the inequality in obesity would be higher
in the absence of that factor.

Ci Cont Adjusted %'  Sum of adjusted %'
-0.157 -0.063 514 514
0.021 0.000 0.6 49
-0.229 0.005 43
0.036 0.0Mm 9.4 94
-0.548 -0.009 -7.8 -1.8
-0.000 -0.000 0.0 0.0
0.548 0.021 171 59.2
1.090 0.052 421
-0.345 -0.009 -71.1 -7.1
0.035 0.006 53 5.3
0.184 0.026 211 211
-0.000 0.000 0.0 0.0
0.041
-0.000
0.040 - 99.9

Elast, Elasticity; Ci, Concentration index of explanatory variables; Cont, contribution of explanatory variables.
'Calculated from the total explained portion that contributed to the same direction of the concentration index.
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The results indicated that the largest contributor to the Cl
for obesity was SES, with a positive contribution of 59.2%. Ur-
ban residence was the second largest contributor, with a posi-
tive contribution of 21.0%, and marital status was also a major
contributor to inequality. Household size and age group were
the next largest contributors, in order. The contribution of
smoking was close to zero because it was equally distributed
across socioeconomic groups [35].

DISCUSSION

The present study aimed to quantify and decompose socio-
economic inequalities in adult obesity in Iran. The results of
the present study revealed a pro-poor inequality (i.e., a posi-
tive Cl), suggesting that obesity was concentrated among in-
dividuals with higher SES. This finding is contrary to a previous
study performed in Iran by Emamian et al. [17], in which a pro-
rich inequality in obesity was reported.

However, our findings are consistent with the results of sev-
eral other previous studies. For instance, the results of a study
on income-related inequalities in obesity risk in Canada found
that obesity was concentrated in wealthy people [2]. Similarly,
Ljungvall and Gerdtham [37] found that obesity was concen-
trated among people of higher economic status in Sweden.
Furthermore, a study that measured socioeconomic inequali-
ties in adult obesity prevalence in South Africa showed that
obesity was more concentrated among wealthy individuals [1].
Another study that measured income-related inequalities in
obesity in 10 European countries revealed that income-related
inequalities were more concentrated in females of lower SES
[20]. To diminish the existing inequalities, a main step in de-
signing policy interventions is to identify the contributors of
inequalities in obesity across various populations [38]. More-
over, the results of a decomposition analysis suggested that SES
was the main factor that could explain the largest proportion
of inequality in obesity. The explanatory variables that made
the next largest contributions to the socioeconomic inequality
in obesity were urban residence and marital status, in order.

These results of the present study are consistent with the
findings of the previously-mentioned study conducted in Iran,
in which females and urban residents made a greater contri-
bution to the inequality in obesity among different SES groups
[17]. These findings are also in accord with those of other pre-
vious studies. The results of decomposing the socioeconomic
inequality in obesity in South Africa also showed that the
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wealth index significantly and positively contributed to the in-
equality in obesity. In addition, it was found that educational
attainment was a major contributor to obesity [1]. Similarly,
demographic variables such as income and education were
the main factors that explained the income-related inequality
in obesity risk in Canada [2]. According to the decomposition
analysis of obesity inequality in Sweden, income was the main
driving force behind obesity inequality, whereas being single
was an important counteracting factor, and the contribution
of age was generally significant [37]. Additionally, education
and demographic factors were found to be some of the key
contributors to inequalities in obesity in Spain [19].

In contrast to the previous study in Iran, it was observed
that there was pro-poor inequality in obesity in the popula-
tion under study. A possible explanation for this might be that
developing countries have experienced significant social and
economic transformations in their epidemiological and demo-
graphic structures. Therefore, the socioeconomic distribution
of health outcomes has changed in ways that have produced
inequalities in health worldwide [39]. It should be noted that
the previous study analyzed data from Iran’s surveillance sys-
tem for risk factors of non-communicable diseases that were
collected in 2005 [17]. Therefore, further studies (at the na-
tional or subnational level) are required to reach firmer conclu-
sions and to better understand the nature of obesity distribu-
tion patterns in Iran.

The results of the decomposition technique draw attention
to the importance of considering these factors and may help
with planning and designing interventions to reduce the
prevalence of socioeconomic inequalities in obesity.

The PERSIAN cohort used a rigorous methodology, with
continuing supervision and standardized parameters, which
may be a strong point of this study. Additionally, data on dura-
ble assets and housing characteristics were used to measure
economic status (wealth index) because data on income, ex-
penditures, and/or consumption in low- and middle-income
countries are often unavailable or unreliable [26]. The wealth
index generated by PCA is a reasonable proxy of economic
position [1,26]. A combination of durable assets and housing
characteristics is an accurate technique to develop the wealth
index using the PCA method, leading to fewer limitations in
comparison to measures of income and/or expenditures/con-
sumption in developing countries [40]. Nonetheless, the pres-
ent study was faced with some limitations. First, since the
present study was cross-sectional, the results did not show
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causality. Therefore, a longitudinal dataset would be required
to examine the changes in inequality and to make judgments
about causality. In addition, this study only included individu-
als aged 35-65 years because considering the entire age range
was not feasible.

Furthermore, extreme caution should be exercised when
generalizing the findings of the present study to other groups.
Since smoking was expected to be endogenous in relation to
obesity and may lead to potential bias, it was initially excluded
from the model used in the decomposition analysis. The sign
and magnitude of the contributions of other explanatory vari-
ables did not change, and therefore this factor was included in
the model, since smoking has been associated with obesity [1].
Furthermore, as the decomposition technique is a determinis-
tic approach, there might have been other factors that were
not included in the analytical model and might have contrib-
uted to inequalities in obesity [38].

In conclusion, the results of the present study demonstrated
that there was a pro-poor inequality in obesity in the popula-
tion under study. The results also suggested that a substantial
fraction of the inequality in adult obesity was explained by SES,
followed by urban residence and marriage. Thus, to reduce the
prevalence of obesity and inequality in obesity, intervention
policies should be focused on these factors. In addition, the
active collaboration of the health system with other social and
economic sectors could be an effective policy strategy for re-
ducing socioeconomic inequalities in obesity in adults.
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