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Abstract
In recent years, studies show that obesity has become an important health condition, especially among
adults. The first aim of this study is to examine socio-demographic and behavioural factors on body mass
index distribution of male and female adults over 20 years old in Turkey. The second aim is to determine
the body mass index disparity by gender and the socio-demographic and behavioural factors that might
wider or narrow it. This study adopts unconditional quantile regression and decomposition methods, and
the data set covers the Turkish Health Surveys for 2014, 2016, and 2019. The findings document that high
level of body mass index are associated with being married, aging, and physical inactivity. Interestingly,
employment status has different contributions on the body mass index of males and females. The results
also claim a body mass index gap among males and females as a result of differences in some potential
socio-demographic and behavioural factors, and the gap gets higher at the upper and lower quantiles of
BMI distribution. This study may provide a clear understanding for policymakers on how to design effi-
cacious obesity policies considering the differences in the effect of socio-demographic and behavioural
factors on the distribution of body mass index across females and males. The results suggest that the
Ministry of Health should specifically target different groups for males and females and should reduce
the differences in socio-demographic and behavioural determinants between females and males to prevent
and reduce obesity prevalence in Turkey.

Keywords: Body mass index; socio-demographic factors; behavioural determinants; unconditional quantile regression;
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Introduction
Health is associated with a variety of factors such that Body Mass Index (BMI) is one of them. The
World Health Organization (WHO) defines BMI as a person’s weight in kilograms divided by the
square of his/her height in meters (kg/m2) (World Health Organization, 2021a). Therefore, BMI
can be employed as a marker to measure the risks of certain diseases related to excessive weight
such as obesity, coronary heart disease, stroke, or cancer.

Obesity has started being pronounced more as one of the crucial public health issues govern-
ments have to deal with (Tremmel et al., 2017). While investigating factors driving obesity, policy
makers need to consider determinants that are likely to drive obesity among individuals. Prior
studies suggest that socio-demographic factors along with behavioural preferences have a substan-
tial impact on the prevalence of obesity among individuals (Azagba & Sharaf, 2012a; Bottai et al.,
2014; Mitcell et al., 2017).
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Recent research on the determinants of obesity by examining BMI suggests that there are dif-
ferent channels through which determining the level of BMI among individuals. The very first
channel is the socio-demographic factors which are found to have a crucial influence in determin-
ing the BMI among individuals (Azagba & Sharaf, 2012a; Demir et al., 2019; Costa-Font et al.,
2009; Ljungvall & Zimmerman, 2012; Etile, 2009; Karaoglan & Tansel, 2018). Many empirical
models predict a statistically significant association between socio-demographic factors and the
levels of BMI. Not surprisingly, the results are consistent across different countries.
Behavioural preferences can be reported as the second channel affecting BMI. Individuals might
differ from each other concerning their behaviours for sport, diet, smoking, vitamin intake, alco-
hol, vegetable, and fruit consumptions, etc. WHO defines physical activity as any bodily move-
ment produced by skeletal muscles that require calorie expenditure such that all physical
movement during leisure time, for transport to get to and from places, or as part of a person’s
work is assumed to be physical activity. WHO suggests that moderate and vigorous intense physi-
cal activity is linked to better health outcomes (World Health Organization, 2021b).

Recently, WHO reported that obesity in Turkey is considerably rising and is one of the most
important and alarming health conditions in Turkey. According to the estimates employed by the
WHO, 38% of the individuals is expected to be obese in Turkey by 2030 (World Health
Organization, 2013). Moreover, Turkey has one of the highest obesity prevalence among the
European region countries. Parallel to the WHO rates, the previous studies on obesity in
Turkey reveal that obesity among adults continues to increase at regional and national levels
in Turkey, especially in the last 20 years (Yumuk, 2005; Erem et al., 2004; Erem, 2015).

Although obesity is one of the most important health conditions that needed to be taken pre-
caution in Turkey, there are limited studies on it. The earliest studies on obesity in Turkey have
been mostly conducted in the early 2000s on the specific regions in Turkey (Hatemi et al., 2003;
Erem et al., 2004; Yumuk, 2005). There exists only a few studies investigating obesity by examin-
ing the determinants of BMI among individuals living in Turkey at the national level. The
national-level studies are rather recent and have been conducted since 2018 (Karaoglan &
Tansel, 2018; Demir et al., 2019; Sengul et al., 2020). Previous studies in Turkey examining
the determinants of BMI specifically focused on the impact of socio-demographic determinants
among adults by mostly examining the data before 2014. Therefore, there remains uncertainty
regarding the current situation of the impact of socio-demographic and behavioural preferences
on the BMI of adults living in Turkey. However, in order to prevent and reduce obesity in Turkey,
the possible determinants and their effect on obesity need to be investigated. This may help to
provide insights into how to reduce and prevent obesity to relevant institutions and organizations.

This study contributes to a limited literature by adopting two purposes. Different from previous
studies, this study firstly investigates the impact of socio-demographic and behavioural factors of
adults living in Turkey using the unconditional quantile regression (UQR) method for more cur-
rent periods from 2014 to 2019 across males and females, separately. As female and male bodies
exhibit different genetic and biological characterizations, this study examines the association
between socio-demographic and behavioural preferences and BMI among females and males, sep-
arately. This study uses a wide range of indicators to be able to capture a full definition of socio-
demographic factors and behavioural preferences of individuals, which are explained in the fol-
lowing sections. This makes it possible to predict more robust estimates using the UQR method.
In this way, this study may provide a more detailed analysis of the impact of the socio-
demographic and behavioural factors across the BMI distribution of males and females.
Decomposing and understanding how females and males face obesity risk and the gender differ-
ences may be a necessary and important start to develop effective policies (Case & Menendez,
2009). Parallel to the previous explanation, secondly, this study employs the decomposition
method, in order to determine the BMI gap by gender and the variation of the BMI gap across
the distribution. This leads to examine the BMI gap across the distribution and to determine the
socio-demographic and behavioural determinants that might wider or narrow the BMI gap.
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Recently, the UQR method attracts attention from researchers especially those working in
labour and health economics. Since the UQR approach is a relatively new method, there are exists
not many studies particularly examining the determinants of the BMI with UQR approach.
Therefore, to the best of our knowledge, this is the first study analysing the association between
the socio-demographic behavioural factors and BMI of individuals living in Turkey by exploiting
the UQR method and decomposing the gender differences via the quantile decomposition
method. In this way, this paper aims to contribute to the existing empirical literature.

The study is organized as follows. The next section outlines the data, model, and descriptive
statistics. The results section presents empirical results of the UQR and the decomposition meth-
ods on the impact of socio-demographic and behavioural factors on the BMI of adults living in
Turkey. The results section further contains sensitivity analysis and reveals the limitations of the
current study. Finally, the last section concludes remarks and provides further discussion.

Methods
Data

This study exploits the Turkish Health Survey (THS) conducted by the Turkish Statistical Institute
(TURKSTAT). THS is cross-sectional data that has been conducted since 2008 for almost every
two years in order to produce significant indicators of health that cannot be compiled through
administrative records and to create a data source for decision-makers and researchers. This study
employs the last three years of the survey 2014, 2016, and 2019.

WHO provides a definition for BMI among adults older than 20 years old (World Health
Organization 2021a). By following the WHO definition of BMI, this study restricts the sample
to adults in the same age group. The restricted sample contains 17 261, 15 655, and 15 703 obser-
vations for the years 2014, 2016, and 2019, respectively. Figure 1 shows the distribution of the BMI
across gender by illustrating the boxplots for each year in the study.

According to the boxplots in Figure 1, the shapes of the BMI distributions differ by gender with
respect to location, spread, and skewness. This provides quantitative evidence for the fact that
females and males should be examined separately in the analysis. Furthermore, there are several
outliers for both females and males over three years and the distribution of BMIs may be non-
Gaussian and long tailed. The outliers observed in the boxplots are due to the natural structure
based on the variability of the BMI distribution. Outliers provide important and unusual infor-
mation about the data and may lead to better model specifications (Zellner, 2007). Therefore,
removing the outliers from the data causes a loss of important information regarding the vari-
ability of the data. Since the distribution of BMIs contains several outliers, conventional regression
models such as Ordinary Least Squares (OLS) based on the mean of the distribution may not
suitable and take any arbitrary value.

Figure 1. The boxplots of BMIs by gender for 2014, 2016, and 2019. 0 represents males and 1 represents females. Authors’
calculations from the THS data.
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Individuals who were interviewed do not significantly differ in terms of socio-demographic
factors, behavioural preferences, and BMI across 2014, 2016 and 2019. Therefore, this study pools
the last three years of the survey in the estimation process. The tests that support this finding are
upon on request from the authors. The pooled data set contains 26 788 (55.01%) female and 21
831 (44.9%) male individuals.

Model

OLS is the best linear unbiased estimator to estimate the regression model if the Gauss-Markov
assumptions are valid. However, invalidation in the Gauss-Markov assumptions leads OLS to be
biased and inconsistent in some cases. The OLS estimator is based on the conditional mean of the
distribution, therefore could take any arbitrary value in the presence of outliers and is biased and
inconsistent in the case of long-tailed distributions. Since Figure 1 shows that the data examined in
this study contains several outliers and provides insights into long-tailed distribution, OLS may be
inconvenient for this study. Unlike the OLS, quantile regression models are based on the quantiles
of the distributions and allow to examine the different effects of the explanatory variables through-
out the entire distribution of the dependent variable, in this case, the BMI.

The first aim of this study focus on the impacts of socio-demographic and behavioural factors
on the BMI distribution of males and females and the OLS may be inconvenient for this study
because of the outliers and long-tailed distributions. In order to analyse the variation of these
determinants on the BMI distributions with a regression method that is robust to both outliers
and non-Gaussian distribution, quantile regression is determined as a more suitable method for
this study. To assess the impact of socio-demographic factors and behavioural preferences on BMI
of the Turkish adults, this study exploits the UQR method proposed by Firpo et al. (2009). UQR is
based on Recentred Influence Function (RIF) which is calculated from a transformation of the
original dependent variable. RIF provides to observe the effect of each explanatory variable on
the transformed dependent variable. The fundamental advantage of the UQR is to provide more
interpretable and generalizable coefficients as it marginalizes the effect over the distributions of
other explanatory variables in the model (Borah & Basu, 2013). The UQR estimates the impact on
the dependent variable at the θth quantile for all observations in the sample unconditional on the
explanatory variable. Although the Conditional Quantile Regression (CQR) method proposed by
Koenker & Bassett (1978) is frequently used in the literature, the UQR method may be preferable
in order to examine the differences across the distribution and provide policy implications since it
estimates generalizable results (Rodriguez-Caro et al., 2016).

To estimate the impact of socio-demographic factors and behavioural preferences of adults on
BMI distribution over quantiles, this study constructs the UQR model as below.

qθ BMi� � � β0θ � β1θAgei � β2θAge
2
i � β3θEducation� β4θEducation

2
i

�
X

3
j�1

γ jθMaritalStatusij �
X

2
j�1

λjθEmploymentStatusij � β5θHouseholdSizei

�
X

3
j�1

ρjθActivityStatusij � β6θTobaccoi �
X

2
j�1

;jθAlcoholConsumptionij

� β7θWalkingi �
X

2
j�1

δjθFruitConsumptionij �
X

2
j�1

ωjθVegetableConsumptionij

� β8θVitamini � β9θHealthProblemi � εiθ

(1)

Equation 1 is estimated for females and males separately and for each quantile of the explanatory
variables denoted by θ. Detailed definitions of variables used in the study are available in Table 1.
The information for the study period for BMI and socio-demographic factors of individuals such
as age, years of schooling, marital status, employment status, number of people living in the house-
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Table 1. Definition of variables used in the study

BMI Body Mass Index � weight kg� �
height m� �2

Panel A

Socio-demographic Factors

Age The age of the individual

Education* The highest years of schooling

Marital Status

Married 1 if married, otherwise 0

Single 1 if single, otherwise 0

Separated 1 if separated, otherwise 0

Widow 1 if widow, otherwise 0

Employment Status

Employed 1 if employed, otherwise 0

Unemployed 1 if unemployed, otherwise 0

Out of labour force 1 if the individual is retired, student, in compulsory military service, etc. otherwise 0

Household Size Number of the people in the household

Panel B

Behavioural Determinants

Activity Status

Inactive 1 if the individual mostly sits or stands in a day, otherwise 0

Moderate Activity 1 if the individual mostly walks or has tasks of moderate physical activity in a day,
otherwise 0

Heavy Activity 1 if the individual has tasks of heavy physical activity in a day, otherwise 0

Tobacco 1 if the individual has ever used tobacco products for at least a year or still smokes
daily, 0 otherwise

Alcohol Consumption

Weekly 1 if the individual consumes alcohol at least 1 day a week, otherwise 0

Monthly 1 if the individual consumes alcohol at least 1 day a month, otherwise 0

None 1 if the individual has never consumed alcohol or has not been consumed at least
one year, otherwise 0

Walking The days of a walking minimum of 10 minutes in a regular week

Fruit Consumption

Daily 1 if the individuals consume any sort of fruit every day, otherwise 0

Moderate 1 if the individual consumes any sort of fruit from 1 to 6 days a week, otherwise 0

Less 1 if the individual consumes any sort of fruit less than 1 day in a week or never,
otherwise 0

Vegetable Consumption

Daily 1 if the individuals consume vegetables or salad, excluding potatoes and juice made
from concentrate every day, otherwise 0

Moderate 1 if the individual consumes vegetables or salad, excluding potatoes and juice made
from concentrate from 1 to 6 days a week, otherwise 0

(Continued)
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hold derived from the survey (Table 1, Panel A). The indicators for behavioural preferences e.g.,
physical activity status, the frequency of tobacco and alcohol use, walking, fruit and vegetable con-
sumptions, the status of food supplements or vitamin intake, and health status are also available in
the whole sample and are presented in Panel B of Table 1.

The selection of socio-demographic factors and behavioural determinants that are likely to
affect BMI is based on the literature investigating the determinants of BMI (Azagba & Sharaf,
2012a; Costa-Font et al., 2009; Kan & Tsai, 2004; Costa-Font et al., 2010; Azagba & Sharaf,
2012b; Shaikh et al., 2015; Bonanno et al., 2018; Al-Hanawi et al., 2020). Since the relationship
of age and education with the BMI is parabolic the squared forms of age and education are also
included in the model. Furthermore, this study also would like to assess the impact of any food
supplements or vitamins intake on the BMI levels of adults. Food supplements or vitamins are not
usually prescribed by physicians or GPS. They are known to support immune systems or help
individuals develop a healthy diet. This study further introduces an indicator for the status of
any illness or health problem which have lasted or are expected to las for 6 months in his/her
lifetime.

Descriptive statistics

According to the WHO’s definition of BMI, adults above 20 years old could be categorized as
underweight, normal weight, pre-obesity, obesity class I, obesity class II, and obesity class III,
respectively. Table 2 presents the average values of continuous variables and the ratios of the
binary variables in Equation 1 in the pooled data across the aforementioned levels of BMI. All
the values are calculated for the related BMI category for the females and males, separately.
Furthermore, Table 2 contains the total mean and ratio values for the females and males in order
to examine the change relative to the mean and ratios by the BMI categories. The results in Table 2
are also illustrated in Figure 2 separately by socio-demographic factors (Figure 2.a) and behav-
ioural determinants (Figure 2.b). The horizontal axes in Figure 2 express the aforementioned
BMI categories while vertical axes express the values of the related variables.

The results in Table 2 and Figure 2 suggest that females are more likely to be obese compared to
males once they get older. Despite, the change in females’ BMI by age is higher compared to males
over the lifetime as pregnancy may provide an explanation for this finding. The average year of
schooling is negatively correlated to the prevalence of obesity among both males and females.
Since being married reduces the competition for mating, the incentives to keep in good shape
may be reduced (Costa-Font et al., 2009). Similarly, the highest ratio of being married is for
the Turkish adults who are in the obesity class I. Unlike being married, single females and males
are more likely to be underweight or normal weight categories. Similarly, separated individuals are
seemed to be associated with a higher probability to be in the normal weight group this holds for

Table 1. (Continued )

Less 1 if the individual consumes vegetables or salad, excluding potatoes and juice made
from concentrate less than 1 day in a week or never, otherwise 0

Vitamin 1 if the individual uses food supplements or vitamins not prescribed by a doctor, oth-
erwise 0

Health Problem 1 if the individual has any long-standing illness or health problem which have lasted,
or are expected to last, for 6 months or more, otherwise 0

*The official years of schooling derived from the Ministry of National Education as 0 for the no schooling or illiterate, 8 years for compulsory
education, 12 years for high school degree, 14.5 years for Associate Degree, 16 for bachelor’s degree, 18 for master’s degree, and 22 years for
PhD degree.
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Table 2. Descriptive statistics

Total Below 18.5 18.5–24.9 25.0–29.9 30.0–34.9 35.0–39.9 Above 40

Female Male Female Male Female Male Female Male Female Male Female Male Female Male

Socio-demographic Factors

Age 46.85 46.09 34.16 42.15 40.41 43.23 48.13 47.13 51.73 49.61 52.86 49.65 53.93 49.1

Education 5.93 8.4 9.57 7.32 8.2 8.62 5.72 8.61 4.48 7.67 4.02 7.12 3.61 7.17

Marital Status

Married* 73.33 77.72 50.48 52.8 67.17 67.11 78.55 83.1 78.56 88.57 76.0 85.6 74.88 82.61

Single* 10.87 17.34 40.52 40.56 19.56 27.55 5.29 12.35 3.14 6.67 2.45 8.61 2.77 12.17

Separated* 4.08 2.41 3.96 2.44 5.15 2.62 3.58 2.35 3.28 2.05 3.5 2.35 2.94 2.61

Widow* 11.72 2.53 5.04 4.2 8.12 2.72 12.58 2.2 15.02 2.71 18.01 3.44 19.41 2.61

Employment Status

Employed* 22.13 62.9 29.74 42.31 29.49 61.2 20.09 65.5 15.16 62.39 12.79 58.21 10.44 61.74

Unemployed* 2.9 7.12 8.87 12.94 4.87 9.98 1.71 5.36 1.07 5 1.11 5.95 0.98 3.48

Out of labour force* 74.97 29.98 61.39 44.75 65.64 28.82 78.2 29.14 83.77 32.61 86.1 35.84 88.58 34.78

Household size 3.25 3.38 3.47 3.56 3.41 3.45 3.21 3.34 3.14 3.29 3.16 3.36 3.14 3.13

Behavioural Preferences

Activity Status

Inactive* 54.64 40.77 51.08 48.6 51.32 37.79 54.03 41 58 43.96 62.03 51.02 71.45 61.74

Moderate activity* 43.52 48.4 46.88 44.41 46.65 50.15 44.1 48.86 40.55 45.32 36.08 40.22 27.57 32.18

Heavy activity* 1.84 10.83 2.04 6.99 2.03 12.06 1.87 10.14 1.45 10.72 1.89 8.76 0.98 6.08

Tobacco* 0.22 58.93 27.7 65.73 25.11 62.5 20.76 57.22 16.71 55.06 18.23 57.12 21.86 54.78

Alcohol Consumption

Weekly* 0.89 6.8 2.04 4.9 1.63 6.88 0.59 6.88 0.15 6.73 0.16 5.8 0.17 7.83

Monthly* 5.97 16.93 12.23 13.63 9.45 17.64 4.61 16.73 2.59 16.26 1.73 16.58 2.28 12.17

(Continued)
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Table 2. (Continued )

Total Below 18.5 18.5–24.9 25.0–29.9 30.0–34.9 35.0–39.9 Above 40

Female Male Female Male Female Male Female Male Female Male Female Male Female Male

None* 93.14 76.27 85.73 81.47 88.92 75.48 94.8 76.39 97.26 77.01 98.11 77.62 97.55 80

Walking 3.75 4.86 4.21 4.44 4.06 5.01 3.77 4.86 3.39 4.7 3.12 4.29 2.81 3.32

Fruit Consumption

Daily* 51.96 48.55 42.45 36.01 48.92 43.83 54.1 50.66 53.9 54.29 55.48 51.96 55.3 53.04

Moderate* 39.04 42.77 40.89 45.46 41.1 45.85 37.74 41.78 38.21 38.83 36.46 38.81 37.36 38.26

Less* 9 8.68 16.66 18.53 9.98 10.32 8.16 7.56 7.89 6.88 8.06 9.23 7.34 8.7

Vegetable Consumption

Daily* 62.78 58.31 58.03 45.8 61.36 55.42 64.02 59.37 63.25 62.27 64.42 63.38 65.25 61.74

Moderate* 34.31 37.85 36.45 44.06 35.78 39.77 33.34 37.65 33.99 34.34 31.74 33.49 32.3 32.17

Less* 2.91 3.84 5.52 10.14 2.86 4.81 2.64 2.98 2.76 3.39 3.84 3.13 2.45 6.09

Vitamin* 8.13 5.17 11.75 8.04 9.52 5.33 7.71 5.36 6.83 4.2 5.67 4.23 5.38 4.35

Health problem* 63.18 48.66 47.6 48.6 49.86 42.09 65.63 49.3 77.01 58.49 81.93 65.26 89.56 76.51

No. of Obs for 2014 9452 7809 296 108 3421 2962 3099 3297 1734 1194 672 206 230 42

No. of Obs for 2016 8748 6907 279 83 3102 2579 2921 2978 1664 1022 583 205 199 40

No. of Obs for 2019 8588 7115 259 95 3114 2513 2852 3104 1635 1142 544 228 184 33

Total No. of observations 26788 21831 834 286 9637 8054 8872 9379 5033 3358 1799 639 613 115

*indicates a binary variable. All the binary variables in Table 2 are multiplied by 100 in order to present the prevalence in 100 people. The mean values are calculated for the continuous variables.
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both females and males. As for the widow individuals, females are more likely to be in the obesity
class III whereas males are more likely to be underweighted. The table further indicates that the
prevalence of being in the pre-obesity category is higher for the employed males whereas the prev-
alence of being in the underweight category is higher for employed females. Therefore, working
females have a lower level of BMI compared to males. Unemployed individuals are in the under-
weight category of BMI, and this holds for both females and males. According to the prevalence,
females who are out of labour force are more likely to be in the obesity class III whereas, on the
contrary, most of the males who are out of the labour force are underweight.

With regards to the behavioural preferences of individuals and the level of BMI, inactive
females and males are more likely to be obese compared to their peers in other activity groups.
Moreover, inactive individuals are mostly in the BMI class III. The use of tobacco is associated
with slightly lower levels of BMI and the same holds for both females and males. Weekly alcohol
consumption ratios are quite different by gender; the females who consume alcohol weekly are
mostly underweighted whereas the males are in the obesity class III. Monthly alcohol

(a) Socio-demographic factors

(b) Behavioural determinants

Figure 2. Descriptive statistics by gender. Females are represented by continuous lines; males are represented by the
dashed lines.
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consumption is associated with slightly lower levels of BMI and the same holds for both females
and males. Fruit and vegetable consumptions reveal interesting results. The females and males
who consume fruit and vegetables daily are more likely to have a higher level of BMI whereas
less consumption of fruit and vegetable leads to having lower levels of BMI. Apart from the slight
differences, these results hold for both females and males. The source of this interesting result may
be the portion of the consumed fruit and vegetables. If the individuals consume more fruit and
vegetable more than they need, this may lead to having a higher level of BMI. Furthermore,
Turkish cuisine contains a large variety of foods, and the recipes are mostly oily. Even if the indi-
vidual consumes a vegetable meal, the meal may contain oil more than they need, and this may
lead to a higher level of BMI. The consumption of food supplements or vitamins is higher among
females compared to males. The majority of females and males who consume food supplements or
vitamins are in the category of underweight. Lastly, more than half of the females and almost half
of the males have a long-standing illness health problem.

Results
Table 3 presents the results of the estimation of Equation 1 using the UQR for the Q05, Q25, Q50,
Q75, and Q95 quantiles of the BMI. The UQR findings presented in Table 3 are also available in
Figure 3 separately for socio-demographic factors and behavioural determinants by gender.
Figure 3.a presents the UQR findings for females by socio-demographic factors and behavioural
determinants whereas Figure 3.b presents the UQR findings for males by socio-demographic fac-
tors and behavioural determinants. The differences in coefficients over the quantiles were also
tested by following the proposed procedure by Rios-Avilla (2020). The test results reveal that there
is a significant change in the coefficients of some of the variables over the quantiles and the results
are available upon request.

Socio-demographic factors and BMI

Panel A in Table 3 reports the results concerning the impact of socio-demographic factors. Parallel
to the previous studies, since the relationship between age and BMI is nonlinear, age is added to
the model in a quadratic form, and in general, the results of age are consistent with the results in
the literature (Kan & Tsai, 2004; Baum & Ruhm, 2009; Costa-Font et al., 2010; Bonanno et al.,
2018; Karaoglan & Tansel, 2018). The linear term of age is a positive determinant of BMI across
each quantile among both females and males whereas the quadratic term is negative. The positive
impact of linear age on BMI seems to be higher for females. Education measured as years of
schooling enters the model in a quadratic form. The linear term is significant and positive for
the females at the 5th, 25th, and 50th quantiles whereas the quadratic term is negative. This only
changes for the females at the 95th quantile. As for the males, the linear term of education is posi-
tive for the males at the 25th, 50th, and 75th quantiles whereas the quadratic term is negative.
Therefore, the effect of education on BMI is positive for lower education and negative for higher
levels in all the quantiles. Consistent with the results of this study, previous studies also state that
the lower level of education causes a higher level of BMI, especially among the individuals with
lower socioeconomic status (Martinez-Ros et al., 2001; Hall et al., 2003; McLaren, 2007; Shaikh
et al., 2015; Bonanno et al., 2018). The source of this may be that adults with higher years of
schooling may have more awareness of their health or the more educated females may have fewer
pregnancies than others may. According to marital status binary variables, being single or sepa-
rated decreases the BMI of females and males, compared to those who are married. Married indi-
viduals are seemed to be more likely to be obese, according to those who are not married, and this
result is consistent with the results of Janghorbani et al. (2008) and Sato (2021). Furthermore, the
negative contribution of being single or separated is higher for the females and lower weight indi-
viduals. These results are compatible with the idea of keeping a good body shape. On the contrary,
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Table 3. UQR findings

Q05 Q25 Q50 Q75 Q95

Female Male Female Male Female Male Female Male Female Male

Socio-demographic Factors

Age 0.3137***
(0.0185)

0.2880***
(0.0250)

0.4882***
(0.017)

0.3195***
(0.0163)

0.5266***
(0.0178)

0.3176***
(0.0142)

0.5166***
(0.0189)

0.3293***
(0.0172)

0.515***
(0.0347)

0.3613***
(0.0351)

Age2 −0.0026***
(0.0002)

−0.0025***
(0.0001)

−0.0043***
(0.0002)

−0.003***
(0.0002)

−0.0047***
(0.0002)

−0.0031***
(0.0001)

−0.0047***
(0.0002)

−0.0033***
(0.0002)

−0.005***
(0.0004)

−0.0038***
(0.0004)

Education 0.0572**
(0.0265)

0.0688
(0.0428)

0.1346***
(0.0244)

0.0950***
(0.0284)

0.072***
(0.0271)

0.0993***
(0.0277)

−0.0285
(0.0364)

0.0721**
(0.0322)

−0.1515**
(0.0709)

0.0394
(0.0697)

Education2 −0.0052***
(0.0018)

−0.0003
(0.0022)

−0.0165***
(0.0016)

−0.003**
(0.0015)

−0.0145***
(0.0015)

−0.0053***
(0.0013)

−0.0083***
(0.002)

−0.007***
(0.0016)

0.0013
(0.0038)

−0.0098***
(0.0036)

Marital Status

Married (reference)

Single −2.3568***
(0.2270)

−1.2448***
(0.2150)

−2.4747***
(0.1705)

−1.3827***
(0.1311)

−1.0332***
(0.1401)

−1.2183***
(0.119)

0.1797
(0.137)

−0.7437***
(0.1223)

0.7985***
(0.2133)

0.0882
(0.2747)

Separated −0.2690
(0.2102)

−0.906***
(0.3416)

−1.3336***
(0.2081)

−1.363***
(0.2514)

−0.9645***
(0.2175)

−0.8772***
(0.2198)

−0.4473*
(0.2396)

−0.9092***
(0.2528)

−0.1223
(0.4847)

−0.6026
(0.5796)

Widow 0.2631***
(0.0998)

0.5260
(0.3378)

0.0692
(0.1127)

0.2078
(0.238)

0.3078**
(0.1518)

0.1476
(0.2106)

0.4454**
(0.2141)

0.8390***
(0.2964)

1.5205***
(0.4715)

1.695**
(0.752)

Employment Status

Employed 0.0291
(0.1094)

0.7386***
(0.1471)

−0.5163***
(0.1048)

0.4103***
(0.0918)

−0.5594***
(0.1048)

0.1084
(0.0888)

−0.5538***
(0.1331)

0.0325
(0.1187)

−0.9637***
(0.2134)

−0.0216
(0.2535)

Unemployed −0.4288
(0.4287)

0.0681
(0.2708)

−0.5783**
(0.2111)

−0.4149**
(0.1628)

−0.2226
(0.219)

−0.354**
(0.1392)

−0.073
(0.2332)

−0.1671
(0.1647)

−0.4514
(0.3543)

−0.2756
(0.37)

Our of labour force (reference)

Household size 0.0804***
(0.0275)

−0.1242***
(0.036)

0.0047
(0.0228)

−0.0832***
(0.0232)

−0.0375
(0.0268)

−0.0765***
(0.0203)

0.0057
(0.0358)

−0.0841***
(0.0246)

0.0344
(0.0684)

−0.0814
(0.0575)

(Continued)
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Table 3. (Continued )

Q05 Q25 Q50 Q75 Q95

Female Male Female Male Female Male Female Male Female Male

Behavioural Determinants

Activity Status

Inactive 0.1274
(0.2995)

0.0850
(0.1703)

0.0154
(0.2826)

0.5873***
(0.1201)

0.6852**
(0.3144)

0.4696***
(0.1173)

0.853**
(0.3703)

0.5058***
(0.1497)

0.6842
(0.6898)

1.4561***
(0.3053)

Moderate −0.0034
(0.3025)

−0.1183
(0.1618)

−0.1335
(0.2782)

0.1826
(0.1178)

0.3193
(0.3155)

0.1848*
(0.1099)

0.327
(0.3665)

0.0218
(0.1436)

−0.5874
(0.6778)

0.4233
(0.2718)

Heavy (reference)

Tobacco −0.3264***
(0.1114)

−0.5184***
(0.0915)

−0.5632***
(0.1005)

−0.7635***
(0.0648)

−0.8036***
(0.1032)

−0.7323***
(0.0667)

−0.7903***
(0.1191)

−0.8160***
(0.0911)

0.2151
(0.2337)

−0.7334***
(0.1855)

Alcohol Consumption

None (reference)

Weekly −1.7423**
(0.7870)

−0.1470
(0.1934)

−2.1532***
(0.5039)

0.0144
(0.1365)

−2.0946***
(0.3616)

0.1052
(0.1231)

−1.7244***
(0.2941)

0.0773
(0.1697)

−1.4641***
(0.3911)

0.2732
(0.3696)

Monthly −0.5695**
(0.2474)

0.0732
(0.1244)

−1.1852***
(0.191)

0.1543*
(0.0869)

−1.0274***
(0.1626)

0.1871**
(0.0808)

−0.8731***
(0.1721)

0.0354
(0.1033)

−0.6868**
(0.2712)

0.2451
(0.2312)

Walking −0.0233
(0.0143)

0.0059
(0.018)

−0.0451***
(0.0126)

−0.0294***
(0.0108)

−0.0931***
(0.0152)

−0.0655***
(0.0111)

−0.1697***
(0.0178)

−0.087***
(0.0144)

−0.2132***
(0.0342)

−0.2023***
(0.035)

Fruit Consumption

Daily (reference)

Moderate −0.1842*
(0.1021)

−0.2361***
(0.1164)

−0.4040***
(0.0894)

−0.3906***
(0.0791)

−0.2433**
(0.1037)

−0.4088***
(0.078)

−0.2643**
(0.127)

−0.3082***
(0.0994)

−0.3278
(0.238)

−0.2075
(0.2203)

Less −0.7033***
(0.1933)

−0.951***
(0.2222)

−0.6148***
(0.1426)

−0.706***
(0.142)

−0.5168***
(0.1651)

−0.5714***
(0.1316)

−0.6316***
(0.1940)

−0.4702***
(0.1584)

−0.4193
(0.3665)

−0.2102
(0.3594)

Vegetable Consumption

Daily (reference)

Moderate 0.107
(0.1005)

−0.0799
(0.1188)

0.0185
(0.0914)

−0.0170
(0.077)

−0.1553
(0.1001)

−0.0041
(0.0825)

−0.0167
(0.1227)

−0.1822*
(0.094)

−0.2728
(0.2383)

−0.4208**
(0.2078)
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Table 3. (Continued )

Q05 Q25 Q50 Q75 Q95

Female Male Female Male Female Male Female Male Female Male

Less −0.3959
(0.3180)

−0.0071
(0.3347)

−0.4426*
(0.2432)

−0.3027
(0.2143)

−0.2517
(0.2662)

−0.3974**
(0.1787)

0.1219
(0.3263)

−0.016
(0.2236)

−0.3227
(0.6637)

−0.2659
(0.4894)

Vitamin −0.4247**
(0.1793)

−0.2861
(0.2119)

−0.4713***
(0.1452)

−0.2793*
(0.147)

−0.4039***
(0.1433)

−0.2244
(0.1378)

−0.5053***
(0.1721)

−0.589***
(0.145)

−1.1442***
(0.2943)

−0.4449
(0.3672)

Health problem 0.0256
(0.098)

0.0927
(0.0977)

0.8760***
(0.0922)

0.4981***
(0.065)

1.2985***
(0.0997)

0.6240***
(0.0708)

1.7638***
(0.115)

0.9139***
(0.0873)

2.1192***
(0.1934)

1.4184***
(0.202)

Constant 11.4895***
(0.6082)

13.4276***
(0.7062)

11.5618***
(0.5485)

16.2615***
(0.4492)

13.8819***
(0.578)

19.3466***
(0.4111)

18.0219***
(0.6109)

22.6982***
(0.4898)

25.7553***
(1.1826)

27.3284***
(1.04)

***p<0.01, **p<0.05, *p<0.1. The numbers in brackets are the bootstrapped standard errors with 500 repetitions. The OLS findings of this model are available upon request.
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being a widow increases the BMI of both females and males compared to being married. Aging,
the potential depression of losing someone, and giving up the idea of keeping a good body shape
could be the result of this. Parallel to the results of the previous studies (i.e., Ball et al., 2002; Costa-
Font et al., 2010), employment status coefficients indicate that employed females have less likely to
be obese than the females who are out of the labour force. The negative impact of being employed
on BMI is higher for more obese females. Furthermore, unemployment has a decreasing effect on
BMI than being out of the labour force for both females and males. However, the employment
coefficients differ for the males. Employed males have a higher BMI than the males out of the
labour force. The household size is more significant for males than females. Increasing the number
of people in the household increases the BMI of underweight females whereas it decreases the BMI
of males.

Behavioural determinants and BMI

Indicators of activity status in Panel B in Table 3 shows that being inactive or having moderate
activity increases the level of BMI among both females and males compared to having heavy activ-
ity. This impact gets higher over the BMI quantiles. The result regarding less physical activity
causing higher BMI is consistent with the literature (King et al., 2001; Martinez-Ros et al.,
2001; Costa-Font & Gill, 2008; Azagba & Sharaf, 2012a; Bottai et al., 2014). The results of both
previous studies and this present study indicates that smoking is one of the most important and

UQR findings for females

(b)

(a)

UQR findings for males

Figure 3. UQR findings by gender.
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negative behavioural determinants of females’ and males’ BMI (Costa-Font & Gill, 2008; Costa-
Font et al., 2009; Costa-Font et al., 2010; Demir et al., 2019; Sun et al., 2019). The negative effect of
this study is higher among males than females and higher for individuals that are more obese. The
literature on the relationship between alcohol consumption and BMI contains mixed results over
countries and time. The results among cross-sectional studies generally indicate that alcohol con-
sumption does not have significant impact on males’ BMI in general whereas it has a negative or
insignificant impact on females’ BMI (Sayon-Orea, 2011). According to the results of this study
regarding alcohol consumption weekly or monthly alcohol consumption are seemed to be asso-
ciated with lower BMI levels and this finding is consistent with the findings of Shaikh et al. (2015).
However, the results of this study differ from the results of Arif & Rohrer (2005) indicating higher
alcohol consumption leading to higher BMI levels. They examine previous data from the late
1980s and early 1990s from the United States of America by adopting a binary dependent variable
model. As a reason for examining data of a different country, differences in sample selection and
in the research method may explain the differences between the results. Parallel to the literature,
weekly or monthly alcohol consumption is more significant for females than males and it reduces
BMI, compared to those who reported no consumption. An increase in the number of days of
walking in a week decreases BMI along with the increase of activity and this finding is consistent
with the findings of Demir et al. (2019). However, walking has a more negative effect on females’
BMI, especially those who are in the obese categories. One might relate walking may have a higher
reducing effect on individuals with higher bodies. Although vegetable consumption is mostly
insignificant over the quantiles, the level of BMI decreases along with the increase in the moderate
or less consumption of fruit and vegetable compared to consuming every day and individuals who
consume fruit or vegetable every day have higher BMIs. The results are consistent with the ratios
in the descriptive statistics and the reason for this may be because of the portion the individuals
consume and the characteristic of Turkish cuisine. If the individuals consume more fruit and veg-
etables than they need, and they do this every day, this may lead to having a higher BMI.
Moreover, Turkish cuisine is mostly based on the consumption of meat, carbohydrate, and oily
meals. Therefore, even though the individual consumes vegetable meals every day, if he/she con-
sumes them with oil more than they need, this may cause a higher level of BMI. In addition, simi-
lar to the findings of this study, some of the studies in the literature regarding the fruit and
vegetable consumption reveal that fruit and vegetable consumption have seemed to be having
insignificant impact on the BMI (Costa-Font et al., 2010; Demir et al., 2019). Consistent with
the findings of this study in general, the findings of Demir et al. (2019) for Turkish individuals
reveal that fruit consumption has positively effect BMI whereas vegetable consumption either
insignificant or negative. Moreover, parallel to this study, fruit consumption lead to a higher like-
lihood of being in class I and II obesity Italian males and Spanish females whereas unlike the
insignificant results of this study, vegetable consumption lead to a lower likelihood of being over-
weight among Italian males (Costa-Font et al., 2010). Taking additional food supplements or vita-
mins not prescribed by a doctor decreases BMI. The negative impact is higher for the higher BMI
categories, especially for females. Finally, having a long-standing illness or health problem
increases the level of BMI for both females and males. However, like other determinants, the
increase is faster for females.

Decomposition

The second main focus of this study is to examine the BMI differences by gender and its variation
across the distribution. The gender-based decomposition analyses are quite common in the
research analysis to determine the gender differences and the possible factors that might wider
or narrow the gender difference in the related study, and this study adopts a decomposition
method to achieve the second aim of this study. Blinder-Oaxaca (OB) decomposition proposed
in the same year by Blinder (1973) and Oaxaca (1973). OB decomposition is one of the most
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popular methods to analyse the differences between the groups such as gender, race, and occu-
pation. OB decomposition estimates regressions for each group, in this case for females and males,
and takes account of possible interactions and the relationships.

OB decomposition has been adapted to the quantile regression methods in recent years to cal-
culate more detailed decompositions. Since the BMI model in Equation 1 was estimated by the
UQR method based on RIF, in order to examine the differences in the socio-demographic and
behavioural determinants over BMI distribution, the decomposition method is also employed
for the quantiles based on RIF in this study. Therefore, in order to compare and decompose
the gender disparity in BMI and get insights beyond the mean, this study applies the standard
OB RIF-decomposition. By adopting a RIF-based quantile decomposition method, this study
derives more detailed information on the BMI gap by gender across body mass index distribution.
Table 4 presents the overall decomposition results over unconditional quantiles.

According to the literature, interactions effect by gender would test whether or not the trends
are similar in both genders and some studies prefer to analyse the gender differences with inter-
actions effect. However, in this study, after determining the gender differences in the distributions
by boxplots and statistics, it is preferred to analyse males and females separately instead of ana-
lysing genders in one model. This leads to examining the gender differences using the decompo-
sition method. In the context of this study, the decomposition methods provide detailed
information about the gender difference in the BMI, the socio-demographic and behavioural
determinants that might wider or narrow the gender gap, and their magnitude effect on the gender
differences. Moreover, adopting a RIF-based quantile decomposition method, this study analyses
the BMI gap by gender across the BMI distribution. With the explained advantages of the UQR
and decomposition methods, this study prefers to analyse the gender differences via the decom-
position method instead of interaction terms.

Table 4 shows that the differences of BMI among females and males are significant and the
disparity by gender tends to increase over unconditional BMI distribution and this result is con-
sistent with the results of Dunn et al. (2012) and Al-Hanawi et al. (2020) along with the small
differences. For the 5th and 25th quantile of the BMI, males have higher BMI whereas for the
50th, 75th, and 95th quantiles females have higher BMI. The disparity in BMI by gender gets higher
at the upper and lower quantiles of BMI distribution. Therefore, the BMI gap is higher for the
females and males underweight or obese.

Detailed standard OB RIF-decomposition results for both covariate and structure effects are
available in Table 5. The covariate effect explains how important the differences in characteristics
whereas the structure effect explains the differences in estimates. This study focuses on how the

Table 4. Standard OB RIF-decomposition by gender

Overall Q05 Q25 Q50 Q75 Q95

Females 19.1855***
(0.0637)

23.0242***
(0.0462)

26.5513***
(0.0473)

30.4824***
(0.0899)

36.975***
(0.0919)

Males 20.2934***
(0.0477)

23.6784***
(0.029)

26.107***
(0.0413)

29.0639***
(0.0189)

33.9169***
(0.0677)

Difference 1.1079***
(0.0814)

0.6542***
(0.0539)

−0.4443***
(0.0618)

−1.4185***
(0.0909)

−3.0582***
(0.1096)

Covariate Effect −0.4968***
(0.0835)

−1.1639***
(0.0838)

−1.4441***
(0.08)

−1.5466***
(0.0929)

−1.4606***
(0.1578)

Structural Effect 1.6047***
(0.1195)

1.8181***
(0.0907)

0.9998***
(0.0978)

0.1282
(0.1337)

−1.5975***
(0.1868)

***p<0.01, **p<0.05, *p<0.1. The numbers in brackets indicate the bootstrap standard errors with 500 repetitions by following the Firpo et al.
(2018).
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Table 5. Detailed standard OB RIF-decomposition by gender

Q05 Q25 Q50 Q75 Q95

Covariate Structure Covariate Structure Covariate Structure Covariate Structure Covariate Structure

Socio-demographic Factors

Age 0.0251**
(0.0101)

−1.0306
(0.7546)

0.0392***
(0.0151)

−4.8876***
(0.6171)

0.0427***
(0.0164)

−5.8432***
(0.5902)

0.0427***
(0.015)

−5.437***
(0.6531)

0.043***
(0.0144)

−4.1918***
(1.1435)

Education −0.0257
(0.0208)

0.5666***
(0.1959)

−0.1673***
(0.0218)

0.9651***
(0.1427)

−0.2478***
(0.0237)

1.1237***
(0.1431)

−0.2871***
(0.0306)

0.9817***
(0.1903)

−0.2768***
(0.0551)

0.5503
(0.3955)

Marital Status

Married (reference)

Single −0.1525***
(0.0169)

0.1939***
(0.0531)

−0.1605***
(0.013)

0.1899***
(0.0356)

−0.0673***
(0.0099)

−0.0341
(0.0323)

0.0118
(0.0095)

−0.1622***
(0.033)

0.0514***
(0.0142)

−0.1228*
(0.0629)

Separated 0.0045
(0.0037)

−0.0152*
(0.009)

0.0223***
(0.0041)

−0.0007
(0.0074)

0.0162***
(0.0039)

0.0019
(0.0075)

0.0076*
(0.0042)

−0.0112
(0.0084)

0.002
(0.0079)

−0.0112
(0.0185)

Widow −0.0241***
(0.0094)

0.0066
(0.0089)

−0.0064
(0.0109)

0.0035
(0.0069)

−0.0285**
(0.0138)

−0.0041
(0.007)

−0.0416**
(0.0201)

0.01
(0.0093)

−0.139***
(0.0415)

0.0036
(0.0223)

Employment Status

Employed 0.0119
(0.0458)

0.4431***
(0.1157)

−0.2108***
(0.0439)

0.5832***
(0.0858)

−0.2295***
(0.0459)

0.4234***
(0.0937)

−0.2294***
(0.0501)

0.3747***
(0.1042)

−0.3908***
(0.085)

0.5897***
(0.2105)

Unemployed −0.0181
(0.0174)

0.0353
(0.0355)

−0.0245**
(0.0115)

0.0117
(0.0213)

−0.0095
(0.0099)

−0.0096
(0.0199)

−0.0031
(0.0095)

−0.0067
(0.0207)

−0.019
(0.0163)

0.0128
(0.0395)

Out of labour force (reference)

Household size 0.0083***
(0.003)

−0.688***
(0.1505)

0.0005
(0.0025)

−0.2976**
(0.1167)

−0.0039
(0.0029)

−0.1346
(0.1114)

0.0006
(0.0034)

−0.3068**
(0.1366)

0.0036
(0.0069)

−0.3843
(0.3019)

Behavioural Determinants

Activity Status

Inactive −0.0176
(0.0423)

−0.0175
(0.1415)

−0.0021
(0.0402)

0.2331*
(0.1289)

−0.0957**
(0.0432)

−0.0868
(0.1345)

−0.1203**
(0.0511)

−0.1448
(0.1583)

−0.0944
(0.0879)

0.3021
(0.295)

(Continued)
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Table 5. (Continued )

Q05 Q25 Q50 Q75 Q95

Covariate Structure Covariate Structure Covariate Structure Covariate Structure Covariate Structure

Moderate −0.0002
(0.0148)

−0.0552
(0.1659)

−0.0065
(0.0141)

0.1531
(0.1524)

0.0157
(0.0153)

−0.0648
(0.1624)

0.0162
(0.0176)

−0.1502
(0.188)

−0.0285
(0.0303)

0.4829
(0.3346)

Heavy activity (reference)

Tobacco −0.1216***
(0.0397)

−0.1112
(0.085)

−0.2104***
(0.0383)

−0.1175*
(0.0703)

−0.3017***
(0.0395)

0.0386
(0.0746)

−0.2996***
(0.0469)

−0.0133
(0.0898)

0.0798
(0.0937)

−0.5481***
(0.1888)

Alcohol Consumption

None (reference)

Weekly −0.1029**
(0.0444)

0.1085**
(0.0453)

−0.1275***
(0.0308)

0.1476***
(0.0359)

−0.1247***
(0.0225)

0.1507***
(0.0277)

−0.1036***
(0.0177)

0.1245***
(0.024)

−0.0861***
(0.0241)

0.1172***
(0.0353)

Monthly −0.0624**
(0.0261)

0.1086**
(0.0453)

−0.1301***
(0.0208)

0.2269***
(0.0344)

−0.1134***
(0.0186)

0.2072***
(0.0323)

−0.0973***
(0.0185)

0.1562***
(0.0327)

−0.0749**
(0.0303)

0.1561**
(0.0637)

Walking −0.0259*
(0.0153)

0.1421
(0.109)

−0.05***
(0.0147)

0.0758
(0.0903)

−0.1038***
(0.0166)

0.1321
(0.0951)

−0.1912***
(0.0212)

0.4102***
(0.1229)

−0.2351***
(0.0398)

0.07
(0.2386)

Fruit Consumption

Daily (reference)

Moderate −0.0069*
(0.0039)

−0.0215
(0.0659)

−0.0151***
(0.0038)

0.006
(0.0502)

−0.0091**
(0.0037)

−0.0728
(0.0503)

−0.01**
(0.0048)

−0.0185
(0.0653)

−0.0122
(0.0091)

0.0529
(0.1407)

Less 0.0023
(0.0019)

−0.0218
(0.0258)

0.002
(0.0018)

−0.0078
(0.0192)

0.0017
(0.0015)

−0.0052
(0.0182)

0.0021
(0.0018)

0.0144
(0.0208)

0.0014
(0.0021)

0.0184
(0.0457)

Vegetable Consumption

Daily (reference)

Moderate 0.0038
(0.0035)

−0.0705
(0.0568)

0.0007
(0.0032)

−0.0134
(0.0454)

−0.0055
(0.0035)

0.0576
(0.0471)

−0.0006
(0.0045)

−0.0633
(0.0607)

−0.0096
(0.0081)

−0.0529
(0.1219)

Less −0.0037
(0.003)

0.0149
(0.0175)

−0.0041
(0.0025)

0.0054
(0.0129)

−0.0023
(0.0024)

−0.0058
(0.0119)

0.0011
(0.0032)

−0.0054
(0.0151)

−0.003
(0.0062)

0.0024
(0.0316)

(Continued)
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Table 5. (Continued )

Q05 Q25 Q50 Q75 Q95

Covariate Structure Covariate Structure Covariate Structure Covariate Structure Covariate Structure

Vitamin 0.0126**
(0.0055)

0.0072
(0.0149)

0.014***
(0.0044)

0.0099
(0.0102)

0.012***
(0.0045)

0.0092
(0.0103)

0.0152***
(0.0054)

−0.0043
(0.0123)

0.0337***
(0.009)

0.0364
(0.0233)

Health problem −0.0037
(0.0136)

0.0324
(0.0683)

−0.1274***
(0.0147)

−0.1845***
(0.0563)

−0.1898***
(0.0158)

−0.3276***
(0.0583)

−0.2603***
(0.0181)

−0.4221***
(0.0712)

−0.3062***
(0.0283)

−0.3519***
(0.1296)

Constant 1.977**
(0.9006)

4.7159***
(0.7567)

5.4441***
(0.7408)

4.8022***
(0.8433)

1.6707
(1.5264)

***p<0.01, **p<0.05, *p<0.1. The numbers in brackets indicate the bootstrap standard errors with 500 repetitions by following the Firpo et al. (2018).
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differences in socio-demographic factors and behavioural determinants affect the BMI gap over
the BMI distribution. Therefore, the covariate effect of detailed standard OB RIF-decomposition
results is illustrated in Figure 4 separately for socio-demographic factors (Figure 4.a) and behav-
ioural determinants (Figure 4.b). Detailed standard OB RIF-decomposition results presented in
Table 5 show that all socio-demographic factors are significant for some of the quantiles of the
BMI distribution. Therefore, socio-demographic factors are seemed to have a significant effect on
the BMI disparity by gender. According to the covariate decomposition results, education, being
single (except for the 95th quantile) or widow and being employed have a negative impact on the
BMI gap over quantiles. The effect of differences in education is seemed to have a higher negative
effect at the upper quantiles such as 75th and 95th. Being single has a smaller negative effect on the
BMI gap after the 25th quantile, surprisingly the effect reversed at the 95th quantile and starts to
contribute to the BMI gap positively. Unlike being single, even though the effect of both being
single and widow negatively affects the BMI gap, the negative effect of being widow gets higher
after the 25th quantile. Employment status shows that being employed negatively affects the BMI
gap and the effect remains similar except for the highest quantile of the BMI; the effect of being
employed has the most negative contribution at the 95th quantile. Unlike the explained socio-
demographic factors, the differences in age, being separated, and household size increases the
BMI gap.

Socio-demographic factors

Behavioural determinants

(a)

(a)

Figure 4. Covariate effect of standard OB RIF-decomposition by gender.
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Activity status, smoking, alcohol consumption, walking, fruit consumption, food supplements
or vitamin consumption, and long-standing health problem are some of the most significant
behavioural determinants on the BMI gap by gender. Inactivity, tobacco consumption, alcohol
consumption, walking, fruit consumption, and having a long-standing illness or health problem
contribute to the BMI gap negatively while the consumption of food supplements or vitamins
contributes positively, and the positive contribution gets higher at the upper quantiles. The nega-
tive effect of inactivity and walking on the BMI gap is seemed to get higher from the 50th quantile
to the upper quantiles. The differences in tobacco consumption decrease the BMI gap more over
the quantiles and it decreases the BMI gap at the 50th quantile more than two times as in the 5th

quantile. The negative effect of the differences in weekly and monthly alcohol consumption on the
BMI gap is higher at the 25th quantile whereas the fruit consumption has a smaller effect on the
BMI gap, and it remains similar over the quantiles. Having a long-standing illness or health prob-
lem has a negative effect on the BMI gap and the negative effect is higher at the upper quantiles.

Sensitivity analysis

The standard OB RIF-decomposition is based on UQR and one of the requirements of the UQR
method to decompose is linearity (Firpo et al., 2018). In the case of nonlinearity, the standard RIF-
based decomposition results may be affected because of the linearity assumption. However, in the
case of beyond the mean analyses, standard OB RIF-decomposition reveal similar results to the
flexible method that considers nonlinearity. Therefore, after determining that there is no signifi-
cant specification error regarding linearity, because of the advantages that standard OB RIF-
decomposition proposes such as linear specification not affecting the overall estimates and the
linear specification providing a much simpler interpretation, the standard OB RIF-decomposition
may be preferred Firpo et al. (2018).

Since the relationship of age and schooling variables with the BMI is nonlinear, the BMI model
of this study contains age and schooling variables in quadratic forms. In order to analyse any
significant changes in the decomposition results regarding the effect of linearity requirement, both
the age and schooling continuous variables are divided into four binary variables (aged between
20-34, 35-49, 50-65, 65� and compulsory or less education, high school degree, associate or bach-
elor’s degree, postgraduate degree).The standard OB RIF-decomposition results from this model
and the results in Tables 4 and 5 are examined and the findings reveal no significant difference.

Another way to examine the effect of linearity requirement on the standard OB RIF-
decomposition results is to combine the standard OB RIF-decomposition with the reweighted
procedure, examine the specification error and compare the decomposition results (Töpfer,
(2017); Firpo et al., (2018)). Therefore, in addition to the standard OB RIF-decomposition, the
reweighted OB RIF-decomposition proposed by Firpo et al. (2018) also has been calculated in
order to examine the differences. The specification errors from the reweighted OB RIF-
decomposition are seemed to be small and insignificant for most of the quantiles; they are signifi-
cant for only the 25th and 75th quantiles at 5% and 10% significance levels while they are insignifi-
cant for the 5th, 50th, and 95th quantiles at 1%, 5%, and 10% significance levels. Likewise, the
decomposition results reveal no significant difference between standard and reweighted decom-
positions. In this way, the standard OB RIF-decomposition provides accurate results in this study,
and therefore, this study only presents the standard OB RIF-decomposition results in Tables 4 and
5. However, all the results are available upon request.

Limitations of the study

This present study also has some limitations that should be noted. The limitation regarding the
THS data is about the income levels of the individuals. Even though 2014, 2016, and 2019 THS
data analysed in this study have a more similar structure than the previous surveys, the survey
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questions regarding income have been changed from 2014 and 2016 to 2019. The survey question
regarding the income level of the individuals in 2014 and 2016 contain five choices and all the
individuals have responded to it. However, in 2019, the income level question has twenty choices
and unlike in 2014 and 2016, half of the individuals did not prefer to answer the question. Since
this study pools 2014, 2016, and 2019 data, this study could not examine the effect of income levels
on the BMI distribution. In order to determine the possible bias because of the income levels, this
study estimates the BMI model with the income levels for the data of 2014 and 2016, separately,
and compared them with the UQR results presented in Table 3. The estimation results reveal no
significant change in the coefficients and these results are available upon request.

Another limitation of this study is that there exists no information regarding the geographical
regions or habitats of individuals who took part in the survey. Moreover, one might expect that
employed people burn more calories than the others in a day as a result of the time and activity
spent at work depending on their occupation type. Unfortunately, this study is not able to derive
detailed information concerning the type of occupation an individual has in the sample.
Therefore, this study could not include any information related to those variables in the model
and could not examine their effect on the BMI distribution. Lastly, the tobacco consumption rates
of females may be underreported by them because of social norms on females smoking. Likewise,
alcohol consumption rates of both females and males may be underreported as well because of
religious beliefs.

Discussion
This study investigates the impact of socio-demographic determinants and behavioural preferen-
ces on BMI among females and males by employing the UQR method to the Turkish Health
Surveys for 2014, 2016, and 2019. The UQR approach allows to model unconditional quantiles
of BMI as a function of those aforementioned determinants by gender. UQR findings for the
socio-demographic determinants suggest that education has a positive effect on BMI for lower
levels of education and a negative effect for higher levels at all the quantiles for both males
and females. These effects differ for females at the 95th quantile and education has a negative linear
effect on their BMI. In addition to years of schooling, marital status especially being single or
separated is negatively associated with the BMI levels and the same results hold for both genders.
This result could be arising from the fact that adults who are single or separated could be more
concerned regarding their physical appearance. Regarding the behavioural determinants of BMI,
indicators of activity status show that being inactive or having moderate activity increases the level
of BMI among both females and males compared to having heavy activity. Smoking has a negative
impact on BMI levels and this result holds for both females and males whereas weekly or monthly
alcohol consumption is more significant for females than males and it reduces the BMI, compared
to those who reported no consumption. The findings interestingly suggest that daily consuming
fruit and vegetables lead to having a higher level of BMI according to less consumption. Food
supplement or vitamin intake helps adults to reduce their weight, especially for females.
However, if an adult has any long-standing illness or health problem, he/she is more likely to
experience a higher level of BMI.

As for OB RIF-decomposition, the findings report a BMI gap among males and females because
of some potential socio-demographic and behavioural factors (i.e., education, marital status, activ-
ity status, smoking, alcohol consumption, walking, fruit consumption, food supplements or vita-
min consumption, and the existence of a long-standing illness or health problem). The BMI gap
becomes wider among under-weight or obese adults. Surprisingly, the BMI gap is in favour of
females among underweighted or normal weighted individuals whereas it is in favour of males
among the individuals who are in the pre-obesity and obesity class I, II, and III categories. In
the other words, the females are seemed to have lower BMI levels than males among
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underweighted or normal weighted individuals. However, this is reversed for the higher levels of
BMIs, and females are seemed to be more obese than males. Having obtained evidence for the fact
that males and females differ in terms of the effect of socio-demographic and behavioural factors
on the distribution of BMI, policies designed to prevent obesity should consider such differences
by gender. The results of this study are seemed to be similar to the results of the studies conducted
for some of the European and Middle East region countries, along with some differences.
Therefore, the results of this study regarding obesity and overweight by considering gender differ-
ences may provide an insight in designing and implying more effective and strengthened future
obesity-related policies not only for Turkey but also for other countries having similarities in
obesity.

The findings of this study within the context of Sustainable Development Goals (SDG) and
Agenda 2063 provide insights into how to reduce, prevent and control obesity and narrow the
gender gap in obesity. SDG have been launched by the United Nations (UN) in 2015 with 17
goals and some of them are related to health. The third goal in SDG entitled ‘good health and
well-being’ aims to achieve to ensure healthy lives and promote well-being for all of all ages.
Since obesity and overweight are major risk factors for human bodies and prevent healthy lives,
obesity is one of the most important health situations that should be prevented and controlled in
achieving the SDG 3 target. The current situation in Turkey shows that obesity and overweight are
some of the most important health conditions among Turkish adults. Therefore, Turkey has
acknowledged obesity under SDG 3 in Turkey’s Voluntary National Review (VNR) presented
in 2019. Obesity can be considered not only under SDG 3 but also SDG 12 target entitled ‘ensure
sustainable consumption and production patterns’. Achieving the SDG 12 target by reducing food
waste and increasing the connection between nature and humans with healthier foods and more
physical activity may help to reduce obesity indirectly. By determining the similar targets with
SDG, Agenda 2063 was launched by the African Union (AU) in the same year with SDG.
Therefore, similarly to the SDG, obesity can be considered under the third and seventh targets
as ‘healthy and well-nourished citizens’ and ‘environmentally sustainable and climate-resilient
economies and communities’ with the sub-target ‘sustainable consumption and production
patterns’.

The findings of this study induce some policy implications to reduce obesity in the context of
these SDG and Agenda 2063 targets. In recent years, local governments in Turkey have built a
large number of outdoor fitness parks including walking paths and fitness equipment. Citizens
are very interested in such parks as it is freely accessible and even exists in rural areas where people
have limited access to professional gyms or sports centres. However, the proficiency levels of each
individual in sports might differ. As a result, sports injuries, bruises or twisting of ankles might
occur. Professional help (e.g., physical education teacher) provided by local governments at each
outdoor fitness park might prevent sport injuries and motivate people in terms of weight control
and help them do proper exercises for weight loss. Moreover, celebrities might have a potential
impact on society to promote exercise and a healthy diet. Therefore, public service announce-
ments or public adverts on television by celebrities on the importance of weight loss and a healthy
diet can induce society to be more interested in adopting a healthy lifestyle. In Turkey, smoking
cessation services including helplines or health centres are available by the Turkish Ministry of
Health. The main duty of quitting services is to support individuals to quit smoking in a more
efficient way. Accessing such lines or health centres are free of charge and accessible from any-
where to anyone. Mental support is also included in the scope of such services. Therefore, the
existence of similar services for obesity might actually motive people and help them keep sustain-
able progress in weight loss. In some countries, there are organizations and charities supporting
people to fight with obesity. They help society understand what obesity is and how one can deal
with obesity. Governments should support these organizations in order to lessen society’s pressure
and the stigma on obese people. Public bodies can also support promotions on healthy foods (e.g.,
buy one get one free or discounts on special days) by coordinating food trades within the country.
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As the findings of this study indicate, another important target that obesity needed to be con-
sidered under is Gender Equity SDG 5 entitled ‘achieve gender equality and empower all women
and girls’ and Agenda 2063 target 17 entitled ‘full gender equality in all spheres of life’. According
to the findings of this study, reducing the differences in schooling and employment would reduce
the BMI gap by gender. Since there is a significant gap in educational level and employment rates
between females and males, in favour of males, reducing the gender differences in these socio-
demographic factors would reduce the obesity and overweight among females and the gap
between females and males would be narrowed. Moreover, the decreasing effect would be higher
for individuals with a higher level of BMI. Along with the socio-demographic factors, the differ-
ences in behavioural determinants should be reduced. Encouraging females to perform more
physical activity and walk more on a regular day may help to narrow the gender gap in BMI.

This study may provide a clear understanding for policymakers on how to design efficacious
obesity policies considering the differences in the effect of socio-demographic factors and behav-
ioural preferences on the distribution of BMI across females and males. The results suggest that
the Ministry of Health should specifically target different groups for males and females and should
reduce the differences in socio-demographic and behavioural determinants between females and
males to prevent and reduce obesity prevalence in Turkey.
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