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A B S T R A C T

Aim: This paper tests for the existence of Obesity Kuznets Curve (OKC); that is, an inverse U-shape
pattern between income and obesity (as measured by Body Mass Index).
Methods: We employ linear probability model and logistic regression using cross-sectional data
obtained from “2019 Türkiye Health Research” provided by the Turkish Statistical Institute
(TUIK).
Results: Our findings reveal that OKC hypothesis holds for Türkiye such that the likelihood of
obesity first increases as income rises and after reaching a maximum point, it starts to decrease.
Furthermore, the study reveals that obesity differs according to gender, so women are more
likely to be obese than men. Our empirical study also reveals that marriage, education, age, and
physical activity are closely associated with the likelihood of being obese in Türkiye.
Conlusions: There is a non-linear relationship between income and obesity. The study also reveals
that obesity differs according to gender and marriage, education, age, and physical activity are
closely associated with the likelihood of being obese in Türkiye.

1. Introduction
The World Health Organization (WHO) defines overweight (body mass index – BMI > 25) and obesity (BMI > 30) as abnormal or

excessive fat accumulation that may impair health and estimates that there were about 2 billion adults (39% of men and 40% of
women, about 13% of the world's adult population) with overweight worldwide; of those, 650 million were obese (11% of men and
15% of women) in 2016. If current trends continue, it is estimated that 1 in 7 men and 1 in 5 women will be living with obesity, equat-
ing to over 1 billion people worldwide by 2030, according to the latest projections by the World Obesity Federation (World Obesity
Atlas 2022). Overweight and obesity, previously seen as a problem only in high-income countries, have been increasing dramatically
in low- and middle-income countries as well, particularly in urban settings.

According to the WHO, worldwide obesity has nearly tripled since 1975 and 2.8 million deaths yearly are attributable to being
overweight or obese, putting the global population at increased risk for diseases including diabetes, cardiovascular diseases, and cer-
tain types of cancer. However, the impact of obesity is not limited just to public health concerns and has important personal, social,
and economic consequences. Obesity-associated chronic diseases have major effects on the personal budgets of individuals and fami-
lies and may impose a large economic burden on national economies by reducing the life expectancy and the quality of human capital
as it reduces the labor force productivity, educational attainment, academic performance, workforce participation, and increasing
disability and health expenditures, and thus, negatively affect the national income of a country, create fiscal pressure, and increase
taxation (Tremmel et al., 2017; OECD, 2019).
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While numerous factors contribute to an increase in average population bodyweight, including environmental factors and genetic
propensity, overweight and obesity primarily occur due to the high caloric intake from diet and low levels of physical activity levels
(Withrow and Alter, 2011; Romieu et al., 2017; OECD, 2019). Globally, as globalization and urbanization have grown in the past few
decades, diets and activity patterns have changed significantly, and there has been a significant decrease in physical activity and in-
creases in sedentary behavior associated with the developments in technology and shift towards office jobs and more inactive modes
of transport, but there has also been a shift in food consumption patterns towards more energy-dense foods associated with the in-
creasing availability of calories, particularly for certain nutrients, such as sugar. (Popkin et al., 2012; OECD, 2019; Shekar and
Popkin, 2020). Besides these primary reasons, the socioeconomic and environmental factors which are also mostly associated with
diet and activity patterns such as income and education level, sex, age, ethnicity, socioeconomic status, living environment, and
working conditions also affect overweight and obesity as the prevalence of obesity varies across countries, sexes, socioeconomic
groups, regions, and social classes within countries (Branca et al., 2007; OECD, 2019). For example, global average data suggest that,
in general, the prevalence of obesity and overweight among women is higher than that of men. On the other hand, in most countries,
individuals with low levels of education and in the lowest income group are more likely to be overweight or obese than individuals
with the highest education and income (OECD, 2019). Therefore, it can be argued that addressing the issue of obesity is complicated
but also necessary given its significant health and economic costs, for designing well-targeted government policies to combat this epi-
demic. In this context, it is of vital importance to determine the link between obesity and its determinants. One of these determinants,
which has received a great deal of attention in the theoretical and empirical literature, but whose effect on obesity requires a thor-
ough analysis, is income.

From the theoretical perspective, at the individual level, the principal mechanism by which income induces obesity by affecting
individuals’ energy intake and expenditure is through its effect on food preferences, dietary habits, physical activity trends, lifestyle,
and other behavioral and psychosocial effects. At the individual level, as incomes rise above the subsistence level, individuals can af-
ford and generally prefer a higher-calorie diet and leisure, which leads to higher energy intake and less energy expenditure. On the
other hand, it can be argued that individuals with low income generally live in an environment requiring less physical activity
(Edwards and Tsouros, 2006; Heinrich et al., 2007; Armstrong et al., 2018) and are less likely to consume healthful foods and tend to
spend a larger proportion of their income on less healthful foods (low price foods filled with excess calories) that lower the diet qual-
ity (French et al., 2019; Drewnowski and Specter, 2004), and thus, they are more likely to suffer from nutrition-related health prob-
lems such as overweight and obesity (Ren et al., 2019). As their incomes rise, they can access healthier foods and health services and
have time for physical activities such as exercising regularly, which leads to lower energy intake and more energy expenditure (Zhang
and Xiang, 2019). Therefore, the theoretical considerations (and empirical findings) regarding the income effect on obesity and over-
weight do not provide a persuasive answer as this effect may go either in a positive or negative direction. Although a large body of re-
search agrees that there is a significant relationship between income and obesity, empirical results appear to be contradictory, and the
relationship between the two remains mostly unclear, given the fact that the association between them is more complex than it seems
(Ameye and Swinnen, 2019; Mathieu-Bolh, 2022). Besides, recent studies in the literature have shown that the effect of income on
obesity is not uniform across countries and differs according to the level of economic development and global integration (Zhou,
2021). There are a number of studies suggesting a positive association between income and obesity in less developed countries as
those with higher income are likely to be obese in this group of countries, and a negative relationship between the two in developed
countries as obesity is highest among the least well-off groups in such societies (Popkin, 1998; Giskes et al., 2008; Sallis and Glanz,
2009; Dinsa et al., 2012; Wells et al., 2012; Pampel et al., 2012; Malik et al., 2013; Marteleto et al., 2017; Zhou, 2019, 2021; Ameye
and Swinnen, 2019). The impact of economic growth on obesity is mostly explained by technological development shaping the struc-
ture of the economy, consumption patterns, changing overall price of food consumption, and lifestyle (Philipson and Posner, 1999;
Cutler et al., 2003; Lakdawalla and Philipson, 2009; Minos et al., 2016; Ozyapi, 2019; Zhou, 2021). Furthermore, involvement in
globalization may also condition the relationship between income and obesity by affecting consumption patterns, lifestyle, and cul-
tural norms and perceptions. Global integration is expected to reduce obesity among more well-off than among poor ones (Zhou,
2021).

Theoretically, the relationship between individual (or national) income and obesity prevalence could take the form of inverted-U,
which is generally called as obesity Kuznets curve (OKC) hypothesis in the literature (Lakdawalla and Philipson 2009). According to
the hypothesis, at the individual level, obesity first inreases as incomes rise since higher incomes allow people to afford excess food
and nutrients more than they need, reduce physical activity and induce sedentary behavior, so the income-obesity curve is upward
sloping. However, beyond a certain income threshold, higher income allows individuals to shift their consumption towards healthier
food, raises awareness of health benefits from proper weight and health-related activities, and thus leads to a negative association be-
tween income and obesity, and the income-obesity curve becomes sloping downward (Akee et al., 2013; Grecu and Rotthoff, 2015;
Windarti et al., 2019; Talukdar et al., 2020; Mathieu-Bolh, 2022). The OKC hypothesis has been investigated through a variety of
econometric methods and data sets in the literature; nevertheless, the number of empirical studies with a specific focus on the hypoth-
esis, especially in the micro context, is still fairly limited. Windarti et al. (2019) investigate the relationship between economic devel-
opment and weight-related health statuses using panel data on 130 countries for the period 1975–2010. Using static panel data mod-
els and two-step system GMM estimation to account for endogeneity, the study confirms the OKC for both genders. The results from
analyses indicate that the weight-related health status deteriorates as incomes increase in low-income countries and improve as in-
comes increase in high-income countries. Deuchert et al. (2014), using Demographic and Health Surveys providing anthropometric
measurements (weight and height) for women (age 15–49 years) in 52 countries for the period 1990–2008, test the main aggregated
predictions that health inequality and average body weight are associated with economic development. The results from the regres-
sion analysis imply that the rates of obesity (and overweight) and the average BMI increase significantly with economic development.
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The findings also suggest a pattern of the OKC with a turning point at $2800. Similarly, Grecu and Rotthoff (2015) test the hypothesis
of OKC using state-level data from the USA for the period 1991–2010. Utilizing a differences-in-differences strategy, they find evi-
dence of an obesity Kuznets curve for white females, peaking at $15192. In another study on the US, Alola and Bekun (2021) explore
the validity of the OKC and the U-shaped relationship between ecological footprint and obesity for the period 1975–2016. Employing
an autoregressive distributed lag (ARDL) model, they find supportive evidence of the OKC as a higher income per capita leads to an
increase in obesity until a certain threshold, with an estimated turning point of $10391. The empirical evidence also suggests that an
increase in ecological footprint decreases the prevalence of obesity until a minimum threshold; then, the prevalence of obesity be-
comes severe as the ecological footprint continues to rise.

Relying on longitudinal data from the China Health and Nutrition Survey covering the period 1991–2011, Clement (2017) at-
tempts to reveal the relationship between income and adult body size in urban China. Using parametric and semi-parametric meth-
ods, the study finds that the relationship between the two is gender-specific and nonlinear. The empirical findings provided by the
parametric estimate show that the relationship between income and body shape goes from positive to negative for both genders,
while the semi-parametric estimate suggests that this is the case only for women, with a turning point just above the median income.
Aydin (2019), using a bounds testing approach within ARDL framework, examines the relationship between economic growth and
obesity in the top 20 obese countries for the period 1991–2016. The empirical findings confirm the validity of OKC hypothesis in
Türkiye, Oman, the United Arab Emirates, and Saudi Arabia. On the other hand, Talukdar et al. (2020) systematically examine the
strength and pattern of the relationship between national income and obesity prevalence as well as the macro-environmental modera-
tors of this relationship using an extensive dataset covering 147 countries over the period 1975–2014. Relying on a Bayesian hierar-
chical model, they find a positive association between national obesity prevalence and national income. However, the findings do not
support the obesity Kuznets curve hypothesis as the relationship does not turn negative at higher income levels.

Among the others, geographic distribution, gender (Ogden et al., 2018; Ameye and Swinnen, 2019; Zhou, 2021), and education
level (Monteiro et al., 2001; Ogden et al., 2018; Mosli et al., 2020; Zhou, 2021) may also condition the relationship between income
and obesity. For example, Ameye and Swinnen (2019) identify important gender differences in the relationship between the two.
Their study shows that females are more obese in low- and middle-income countries, while this gap disappears in high-income coun-
tries. They also show that the geographic concentration of obesity also changes with income growth. The study finds that obesity is
higher in urban areas than in rural areas in low-income countries, whereas the rural-urban obesity gap is reversed in high-income
countries. Mosli et al. (2020), on the other hand, find that individuals in the highest income bracket with lower levels of education in
Saudi Arabia may be more vulnerable to obesity. Moreover, Monteiro et al. (2001) find that education does not affect male obesity
rates in lower income groups in Brazil, while the obesity rate declines for men with higher income as the education level rises. Their
findings, on the other hand, show that education has a much more significant effect on obesity for women, regardless of which income
group they belong to (Ozyapi, 2019).

In light of these arguments, this study aims to extend the income-obesity analysis in Türkiye with an emphasis on the OKC hypoth-
esis. Although there are a number of studies attempting to measure OKC, to the best our knowledge, none of these studies have fo-
cused on Türkiye, particularly in micro context. According to the data from the Nutrition, Health and Food Consumption Research, in-
dividuals' energy intake provided by carbohydrates and fat-based foods in 1974 was 64% and 24%, respectively (Köksal, 1977),
while, in 2017, these figures were 50.2% and 34.5%, respectively (Ministry of Health of Türkiye, 2019). During the same period,
there was no significant change in the amount of energy that individuals received from protein-derived foods, which implies that the
dietary habits of individuals in Türkiye switched from carbohydrate-based foods to fat-based foods. The change in eating habits is also
confirmed by the study of Foodservice Monitor conducted by the Association of Out-of-Home Consumption Suppliers and Ipsos Re-
search Company in 2016. According to the study, due to an increase in urban population, the rising role of women in work life, and
changes in lifestyle, expenditure in restaurants and fast food places constituted about half of the out-of-home consumption expendi-
tures of individuals in Türkiye. The same period can also be characterized by increasing rates of overweight and obesity. According to
the data from Türkiye Health Survey (2019), the overweight (pre-obesity) and obesity rates showed a significant rise in the last
decade (17.9 percent), reaching 56.1 percent in 2019, compared to 47.6 percent in 2008, and obese individuals accounted for 21.1
percent of the total population in 2019 (15.2 percent in 2008 and 19.6 percent in 2016). Although this increase is observed in both
male and female populations, it is more evident in the female population, with the rate of overweight and obesity increasing by 20.3
percent in the last decade (45.9 percent in 2008 and 55.2 percent in 2019). This figure is 15.9 for the male population, reaching from
49.2 percent in 2008 to 57 percent in 2019. According to the survey, the prevalence of obesity was higher among women, while the
prevalence of overweight was higher among men for all data points. The distribution of individuals’ BMI by gender is summarized for
the period 2008–2019 in Table 1.

Furthermore, according to the results of the Turkey Childhood Obesity Surveillance Initiative (COSI-TUR 2016) (2019), 24.5% of
primary school 2nd-grade children (6–9 years old) in Türkiye were overweight and obese in 2016 (24.9% in boys, 24.2% in girls).

2. Materials and methods
Many empirical studies have used several functional forms to test the Kuznets’ hypothesis. Our strategy is to estimate Obesity

Kuznets Curve (OKC) in its simplest quadratic form which can be formulated as follows:

BMIi = 𝛽0 + 𝛽1yi + 𝛽2y2

i
+ 𝛽3zi + Ai (1)
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Table 1
Distribution of Individuals’ BMI by Gender (15+ age), 2008–2019.

Year and sex Total Underweight (%) Normal weight (%) Pre-obese (%) Obese (%)

2008 Total 100 4.2 48.2 32.4 15.2
Male 100 2.7 48.1 36.9 12.3
Female 100 5.9 48.2 27.4 18.5

2010 Total 100 4.7 45.5 33.0 16.9
Male 100 3.5 46.1 37.3 13.2
Female 100 5.9 44.7 28.4 21.0

2012 Total 100 3.9 44.2 34.8 17.2
Male 100 2.7 44.7 39.0 13.7
Female 100 5.1 43.6 30.4 20.9

2014 Total 100 4.2 42.2 33.7 19.9
Male 100 2.8 43.7 38.2 15.3
Female 100 5.5 40.7 29.3 24.5

2016 Total 100 4.0 42.1 34.3 19.6
Male 100 2.5 43.8 38.6 15.2
Female 100 5.6 40.4 30.1 23.9

2019 Total 100 3.8 40.1 35.0 21.1
Male 100 2.7 40.3 39.7 17.3
Female 100 4.9 40.0 30.4 24.8

Note: Numbers in the table may not add up due to rounding.
Source: Turkish Statistical Institute (2020). Türkiye Health Survey – 2019.

where BMI refers to Body Mass Index. In this paper, we also use an indicator variable with the help of BMI, describing whether a per-
son is obese or not. yi refers to personal income level which is hypothesized to follow a quadratic relationship (y2

i

)
; zi relates to other

variables which potentially affect obesity such as sex, age, educational level, marital status, sport activities; εi is an error term. This
specification allows testing whether there exists an inverted-U-shaped relationship between obesity and income such that β1 >0 and
β2 <0. It is also possible to have β1 = β2 = 0 (indicating no relationship exists) and monotonic relationship in case of
𝛽1 > 0 and 𝛽2 = 0. The turning point can easily be obtained by the formula below:

y
∗
=

−𝛽1

2𝛽2

This is the level of income where BMI or obesity (whichever the dependent variable in the econometric specification) stops in-
creasing and begin to decrease.

We use two different approaches to estimate Eq. (1). We estimate the equation using logistic regression and ordinary least squares
(OLS) to report the results as our dependent variable is binary, which takes 1 for those whose BMI is equal and greater than 30 and 0
otherwise.

Regarding the independent variables, the following socio-economic and demographic factors were included, based on the litera-
ture: gender, marital status, income, education, level of physical activity. Table 2 summarizes descriptive statistics for the sample. The
analyses were performed with Obese as the dependent variable.

The grouping given in the income level variable in the Turkish Health Survey (THS) is determined according to the 5% income
groups of the Income and Living Conditions Survey (ILCS) conducted by TurkStat. For the household income groups in the reference
period of the THS, the results of the most recently released ILCS are used. For the calculation of the ILCS, household disposable net in-
come is defined as the sum of personal annual disposable income (salaries, wages, wages, entrepreneurial income, pensions, widows'
and orphans' pensions, payments to the elderly, unpaid scholarships, etc.) received by each member of the household. It is calculated
by subtracting taxes paid during the income reference period and regular transfers to other households or individuals from the sum of
the sum of annual household income (real estate rental income, unrequited aid to the household, income earned by individuals under
the age of 15, etc.). Households are sorted from smallest to largest according to household disposable income or equivalent household
disposable income of all individuals in the household, and household/individual groups of 5 percent are formed by dividing into 20
groups, 10 percent by dividing into 10 groups or 20 percent by dividing into 5 groups. The shares of these groups in total income pro-
vide information on income inequality. For the purpose of our study, we combined some of these groups and we conducted the analy-
sis using these six new groups.

21.3% of respondents are obese. While 51.7% of all respondents are female, 69% of them are married. We use income as categori-
cal variable from 0 to 1500 TL to 8913 TL and over. Age, education and daily walking time were also categorized as shown in Table 1.

For the purpose of the study, we use cross-sectional data obtained from “2019 Türkiye Health Research” provided by the Turkish
Statistical Institute (TUIK). The data were obtained by face-to-face interviews with 23,199 persons from 8166 households living in the
Republic of Türkiye between September and December 2019. In the collection of data, questionnaires including questions for children
aged 0–14 were used together with the modules recommended by the European Union Statistical Office (Eurostat). The four modules
used in data collection are health status, health care use, health determinants, and socio-economic background variables. We exclude
individuals under the age of 15 as the data set does not include the height and weight data for them. There are also some missing data
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Table 2
Descriptive statistics.

Variable N % Description

Status of Obesity Obese 13,249 21.3 1 if obese, 0 otherwise
Gender Female 13,249 51.7 1 when female, 0 otherwise
Marital status Married 13,249 69 1 when married, 0 otherwise
Income level 0-1500 TL 1833 11.74 Categorical variable (1–6)

1501-2424 TL 3749 24.02
2425-3695 TL 3692 23.65
3696-5784 TL 3654 23.41
5785-8912 TL 1759 11.27
8913 TL and over 922 5.91

Age 15–24 2713 17.38 Categorical variable (1–7)
25–34 2975 19.06
35–44 3230 20.69
45–54 2707 17.34
55–64 2212 14.17
65–74
75 and over

1249
523

8.00
3.35

Education status No school degree
Primary school
Secondary school
High school
University

822
5585
2952
3224
3026

5.27
35.78
18.91
20.65
19.39

Categorical variable (1–5)

Daily Walking time 10–29 min
30–59 min
1–2 h
2–3 h
3+ hours

6112
4396
1935
463
343

46.13
33.18
14.60
3.49
2.59

Categorical variable (1–5)

for 105 individuals aged 15 and over. Hence, the data of 13,249 individuals aged 15 and over in total were included in the analyses.
The data set provides demographic information such as age, gender, educational status, and income as well as data on height-weight,
and active lifestyles.

Since BMI values for individuals are not directly included in the data set, these values were calculated using the height and weight
data of the individuals. Specifically, BMI value is calculated by dividing the weight in kilograms by the square of the height in meters
(Centers for Disease Control and Prevention, 2022). According to the WHO (2022), as stated earlier, individuals with a BMI greater
than 25 are defined as overweight while individuals with a BMI greater than or equal to 30 are considered as obese.

In this study, using regression analysis, we specifically test the following hypotheses for the case of Türkiye.
H1. There is a nonlinear relationship between obesity and income such that the probability of being obese firstly increases as income
rises and then begins to fall after reaching a peak.
H2. Males and females differ in the rates of obesity. Accordingly, females are more likely to be obese than males.
H3. Marital status is a factor affecting being obese.
H4. Older people tend to be more obese than younger people.
H5. More educated people are less likely to be obese.
H6. Daily physical activities reduce the risk of being obese.

3. Results
Table 3 presents the regression results. Column (1) reports the OLS estimates while column (2) and (3) show the logit coefficients

and odd ratios, respectively. The final column presents confidence intervals at the 95% level. We observe that there is a non-linear re-
lationship between income and obesity status. The likelihood of being obese increases as income rises and after reaching a peak
point, higher income leads to a fall in the likelihood of being obese. Our results indicate that BMI increases with income at a decreas-
ing rate. These income variables are jointly significant and peak at an income category between 3 and 4. This nearly corresponds to
an income level between 3145 and 3398 TL in our database. Hence, we argue that individuals earning more than 3398 TL are more
likely to be obese in Türkiye.

Females tend to be more obese than males. For instance, women are 1.24 times more likely to be obese than men. We do not find
any link between marital status and obesity as its coefficient is not significant neither in linear probability model (OLS) nor in logistic
regression. When a person gets older, the probability of being obese increases since reference group is people with age of 15–24. For
instance, people whose age between 25 and 34 years are 2.45 times more likely to be obese compared to 15–24 years category. The
highest probability of being obese occur between the ages of 55–64. After peaking at those ages, obesity ratios start to decrease. Indi-
viduals with lower education tend to exhibit higher levels of a greater probability of being obese. The same goes for sedentary or
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Table 3
OLS and Logistic estimates.

VARIABLES (1) Obese OLS (2)Obese Logistic (Coefficients) (3) Obese Logistic
Odd ratios

(4)
95% CI

Income 0.030*** 0.182** 1.20 [1.08–1.46]
(0.011) (0.081)

Income2 −0.004** −0.025** 0.97 [0.94–0.98]
(0.001) (0.012)

Female 0.031*** 0.218*** 1.24 [1.13–1.36]
(0.006) (0.047)

Married 0.007 0.099 1.10 [0.98–1.25]
(0.009) (0.063)

Age 25-34 0.064*** 0.897*** 2.45 [1.92–3.07]
(0.012) (0.119)

Age 35-44 0.134*** 1.448*** 4.25 [3.38–5.34]
(0.013) (0.117)

Age 45-54 0.211*** 1.845*** 6.32 [5.05–8.00]
(0.013) (0.118)

Age 55-64 0.214*** 1.859*** 6.41 [5.09–8.12]
(0.01) (0.119)

Age 65-74 0.164*** 1.614*** 5.02 [3.89–6.47]
(0.016) (0.130)

Age 75 and over 0.055** 0.991*** 2.69 [1.88–3.88]
(0.024) (0.185)

Primary School −0.024 −0.156 0.85 [0.70–1.03]
(0.016) (0.097)

Secondary School −0.105*** −0.547*** 0.58 [0.46–0.72]
(0.018) (0.114)

High School −0.120*** −0.683*** 0.50 [0.41–0.63]
(0.018) (0.111)

University −0.157*** −1.006*** 0.36 [0.30–0.48]
(0.018) (0.118)

Daily walking 30–59min −0.029*** −0.191*** 0.82 [0.74–0.91]
(0.007) (0.051)

Daily walking 1–2 h −0.055*** −0.390*** 0.67 [0.58–0.78]
(0.010) (0.072)

Daily walking 2–3 h −0.046** −0.337** 0.71 [0.54–0.93]
(0.018) (0.139)

Daily walking 3+ hours −0.046** −0.324** 0.72 [0.53–0.97]
(0.021) (0.156)

Constant 0.123*** −2.581*** 0.07 [0.05–0.10]
(0.024) (0.178)

Observations 13,249 13,249
R-squared 0.086 0.092

Standard errors in parentheses, Pseudo R-square is shown in logistic regression. Reference categories: Age:15–24, no school finished, walking 10–29 min a day.
***p < 0.01, **p < 0.05, *p < 0.1.

physically low active individuals who have higher expected levels of obesity than non-sedentary/active individuals. This means that
each additional increase of walking time is associated with a decrease in the odds of being obese. To put it more clearly, daily 1–2 h of
walking is associated with a %33 decrease in the odds of being obese compared to walking 10–29 min a day†. From all these results,
we show that all the hypotheses above hold except H3 which say that marital status is a factor determining obesity.

When we split the sample in terms of gender, the findings still support the OKC for both males and females. The results presented
in Table 4 suggest evidence of a Kuznets curve with income cut-off points differing across genders. The cut-off points for females and
males are 2215–2424 TL and 3399–3695 TL, respectively. This means that the likelihood of being obese begins at lower level of in-
come for females than males as income increases. Furthermore, we obtain some notable results regarding the effect of marital status
on obesity rates across genders. For example, being married for males increases the likelihood of obese than it does for females. The
odd ratio of 1.29 indicates that the likelihood of obesity is 29% greater for males who are married while the odd ratio is just 1.15 for
females. The effect of aging on obesity also differs across genders. However, it is important to highlight that the most obese age range
for women is 55–64 (odd ratio: 8.40), while for men it is 45–54 (odd ratio: 4.85). Our findings are just about the same for both gen-
ders in regard to education and daily walking time. However, it should be noted that university graduate women are less likely to be
obese than men (0.30 < 0.46).

† To illustrate the distribution of BMI across different groups defined by age, and physical activity levels, we also provide the presentation of our data by including intu-
itive graphical formats using box plots in the appendix section. These visualizations provide a clear, immediate understanding of the data and highlight the central tenden-
cies and variances within each group. We also compare BMI differences between groups using Analysis of Variance (ANOVA) which we provide in the appendix section to
assess the impact of age and physical activity on BMI.
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Table 4
Logistic estimates for females and males.

Variables (1) Obese Female Odds (2) Obese Male Odds

Income 0.262** 1.30 0.210* 1.23
(0.108) (0.113)

Income2 −0.0473*** 0.95 −0.0282* 0.97
(0.0165) (0.0166)

Married 0.140* 1.15 0.255** 1.29
(0.0842) (0.107)

Age 25-34 0.889*** 2.43 0.798*** 2.22
(0.166) (0.174)

Age 35-44 1.456*** 4.29 1.267*** 3.55
(0.160) (0.177)

Age 45-54 1.930*** 6.88 1.580*** 4.85
(0.161) (0.181)

Age 55-64 2.128*** 8.40 1.391*** 4.02
(0.163) (0.184)

Age 65-74 1.941*** 6.96 1.194*** 3.30
(0.181) (0.197)

Age 75 and over 1.456*** 4.29 0.497* 1.64
(0.262) (0.270)

Primary School 0.00401 1.00 −0.299 0.74
(0.114) (0.198)

Secondary School −0.464*** 0.62 −0.579*** 0.56
(0.144) (0.211)

High School −0.686*** 0.50 −0.621*** 0.53
(0.138) (0.209)

University −1.191*** 0.30 −0.769*** 0.46
(0.158) (0.214)

Daily walking 30–59min −0.211*** 0.80 −0.128* 0.88
(0.0713) (0.0759)

Daily walking 1–2 h −0.388*** 0.68 −0.350*** 0.70
(0.110) (0.0979)

Daily walking 2–3 h −0.356 0.70 −0.306* 0.73
(0.237) (0.172)

Daily walking 3+ hours −0.194 0.82 −0.327* 0.72
(0.323) (0.179)

Constant −2.584*** 0.07 −2.511*** 0.08
(0.226) (0.281)

Observations 6676 6573
Standard errors in parentheses. Reference categories: Age:15–24, no school finished, walking 10–29 min a day. ***p < 0.01, **p < 0.05, *p < 0.1.

4. Discussion
This study tests the validity of the OKC hypothesis in Türkiye controlling for socio-economic factors and physical activity. To do

so, we employ linear probability model and logistic regression benefitting from the Türkiye Health Research 2019 dataset. Our find-
ings reveal that OKC hypothesis holds for Türkiye such that the likelihood of obesity first increases as income rises and after reaching
a maximum point, it starts to decrease. In other words, there is a non-linear relationship between income and obesity. This result
proves the validity of OKC for Türkiye. These results are in line with other studies in the literature (Ameye and Swinnen, 2019; Aydin,
2019; Grecu and Rotthoff, 2015; Mathieu-Bolh, 2022; Windarti et al., 2019). We also find that the more educated individuals are less
likely to be obese.

Furthermore, the study reveals that obesity differs according to gender, so women are more likely to be obese than men, which is
also supported by other studies (Ameye and Swinnen, 2019; Garawi et al., 2014; Kapoor et al., 2021; Khan et al., 2021; Jonikas et al.,
2016). However, the turning point of OKC in women is lower than in men. In other words, although women enter the obesity process
earlier than men, they exit the obesity process earlier due to increased income. This might be explained by the fact that women with
an increasing income attach more importance to their health than men do (Windarti et al., 2019), as well as the fact that BMI values
have a stronger effect on body image in women than it has in men (Algars et al., 2009). Moreover, it is stated in the literature that
there is a linear relationship between women's BMI values and body dissatisfaction (Algars et al., 2009; Chithambo and Huey, 2013;
Dunkel et al., 2010; Swami et al., 2015).

Our empirical study reveals that married men were more likely to be obese than married women. This finding is in line with Liu et
al. (2021), Liao et al. (2018), and Teachman (2016). The reason for this situation is thought to be the emergence of more meal con-
sumption with a regular family life brought by marriage and the adoption of a less active lifestyle (Burke et al., 2004; Mata et al.,
2015). As the level of education increases, the obesity rate decreases. According to Lawrence (2017), the reason for this is that univer-
sity graduates exhibit healthier behaviors and have a better socio-economic status.
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Age is also another factor affecting obesity. According to the results obtained in the study, obesity rates are more in middle-aged
people than in higher-aged ones. In other words, obesity rates increase from the 15–24 age range to the 55–64 age range. Accordingly,
the participants with the highest obesity rate are those between 55 and 64. Obesity rates begin to decrease for participants 65 years
old and over. The low obesity rate in old age may be because the diet in old age is different from the diet in young and middle age, as
well as the changing work and living conditions with the development of technology. Namely, with the development of technology, a
sedentary lifestyle prevails both in business and social life and positively affects obesity (Woessner et al., 2021). However, health
problems may occur due to nutrition in old age, which may negatively affect obesity, with the transformation of the diet in young and
middle-aged periods into a healthier diet (Granic et al., 2018).

We also examined the relationship between walking time and obesity in this study. The findings reveal that the probability of be-
ing obese in individuals with increased walking time is lower compared to less active individuals. Physical activity and an active
lifestyle are proven methods of treating obesity (Niemiro et al., 2022). The Centers for Disease Control and Prevention (CDC) treats
walking as one of the most effective methods of physical activity (CDC, 2022b). Our results are supported by Jakicic et al. (2018) and
Kim et al. (2017) which found physical activity has a negative effect on obesity.

The main aim of this study is to test the validity of the OKC hypothesis for Türkiye. Therefore, it is worth mentioning its impor-
tance in terms of health economics. Because obesity is mainly caused by an imbalance between energy intake and energy expenditure,
the importance of income, eating habits, and an active lifestyle comes to the fore (Wyszyńska et al., 2020). Although there is a strong
relationship between eating habits and obesity (Birch and Fisher, 1998; Branen and Fletcher, 1999; Manios et al., 2004), one of the
most important factors affecting nutritional habits is food consumption and, therefore, income status affecting food preference
(Konttinen et al., 2021; Giacobone et al., 2021). French et al. (2019) show that the amount of out-of-home consumption increases de-
pending on income rise. Hence the number of calories and energy taken from the consumption of ready-made and processed foods or
fast foods is multiplied, causing obesity (Ameye and Swinnen, 2019; Grecu and Rotthoff, 2015).

Along with the benefits of technological developments to society, the significant restrictions on active lifestyle causes obesity and
health problems associated with obesity (Woessner et al., 2021). At high-income levels, individuals have become more aware of obe-
sity and the health problems associated with obesity (Butler-Wall, 2016). In addition, the level of awareness about personal health
and external appearance increases in individuals whose income continues to increase (Zhou, 2019). As a result, individuals can re-
duce their obesity levels by allocating their income to healthier food consumption and an active lifestyle (Grecu and Rotthoff, 2015).

The negative externality problem of obesity emerges in terms of health economics (Bhattacharya and Sood, 2007; McCormick and
Stone, 2007). This situation requires public intervention against obesity. In this manner, the prevention of obesity is crucial in terms
of easing the economic burden on both governments and individuals. Accordingly, obese individuals may have higher health insur-
ance premium payments or standing contribution payments to reduce negative externality than non-obese individuals (Bernard et al.,
2019; Woolford et al., 2013). Thus, individual efforts will be encouraged to overcome obesity. For example, taxes on high-calorie and
sugary beverages in some countries decrease consumption of these products (Pedraza et al., 2019; Redondo et al., 2018). In this way,
additional taxation can be applied to such products to reduce the consumption of high-calorie and unhealthy nutrition. However,
such deterrent measures alone may not be sufficient to combat obesity. Along with these measures, particularly to prevent childhood
obesity and adult obesity in the following years, compulsory physical education lessons should be included in the curriculum of
schools, and the duration of these lessons should be increased (Wyszyńska et al., 2020). Besides these policies, obesity awareness lev-
els among children and parents might be increased, and healthy eating and an active lifestyle should be encouraged to combat the
obesity prevalence among the society.

Although cross-sectional data provides insightful views into the interaction between variables at a given time, its main purpose is
to serve as a starting point for more in-depth and dynamic study. The conclusions drawn from our study can inform hypotheses for fu-
ture research and can also highlight potential targets for interventions. Future research could focus on longitudinal studies to better
understand the interaction between income and obesity. Such studies could help to verify the existence of the OKC over time and in
different settings.

Insights from the OKC can guide the development of health education programs that address dietary habits and physical activity,
tailored to different income levels. Furthermore, understanding at what income levels the risk of obesity is highest can help public
health officials to design targeted interventions for those income groups, which may be more cost-effective. The OKC theory suggests
that economic policies aimed at reducing poverty could also impact obesity rates. This might include efforts to provide better access
to healthy foods and promoting jobs that require physical activity. The findings can inform healthcare providers about the need for
more proactive screening and intervention strategies in populations that are emerging into higher income brackets. The intersection
of economics and health indicated by the OKC implies a need for collaboration between different sectors – such as healthcare, finance,
education, and urban planning – to address the multifaceted determinants of obesity.

5. Conclusion
Our results indicate that there is a non-linear relationship between income and obesity. The study reveals that obesity differs ac-

cording to gender and marriage, education, age, and physical activity are closely associated with the likelihood of being obese in
Türkiye.
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Appendix

Fig. A1. Box Plot (BMI – Age Groups).

Table A1
ANOVA Analysis (Age Groups)

Source SS df MS F P-value

Between Groups 67690.533 6 11281.756 548.44 0.000
Within Groups 320943.174 15,602 20.571
Total 388633.707 15,608 24.9
No. Of obs. 15,609 R-squared 0.174
Root MSE 4.535 Adj. R-squared 0.174
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Fig. A2. Box Plot (BMI – Physical Activity).

Table A2
ANOVA Analysis (Physical Activity)

Source SS df MS F P-value

Between Groups 1722.51 4 430.627 18.01 0.000
Within Groups 316659.168 13,244 23.61
Total 318381.678 13,248 24.9
No. Of obs. 13,249 R-squared 0.005
Root MSE 4.89 Adj. R-squared 0.005
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