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ABSTRACT 

Obesity prevalence varies widely across countries, as does the difference 

in prevalence between the sexes. To explore the relationship between 

obesity prevalence in female and male adults across different countries 

and country level food supply data, we used country level obesity 

prevalence data from the WHO, and food supply data from FAO to fit 

multiple regression models. In males both absolute fat and sugar energy 

supply were associated with obesity prevalence. However, in females only 

absolute sugar supply was significant. In both sexes relative fat and sugar 

energy supply (as a % of the overall energy) were significant predictors 

of obesity prevalence. Protein supply whether expressed as absolute or % 

of energy was unrelated to obesity prevalence in both sexes. Similarly, 

neither absolute nor relative carbohydrate energy supply was associated 

with obesity prevalence in either sex. Absolute fat and sugar energy 

supply were significant predictors of sex difference in obesity prevalence. 

These data suggest country level energy supplies of both sugar and fat 

play important roles in obesity prevalence globally, but to different 

extents in males and females.  
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1. Introduction 
According to the World Health Organization (WHO), 
there were 1.9 billion overweight adults in the world in 
2016, of which 650 million were living with obesity1. It is 
widely agreed that obesity is caused by prolonged 
positive energy balance2, combined with a genetic 
predisposition rooted in our evolutionary past3. Some 
debate has focused on whether this imbalance stems from 
increased energy intake or decreased energy 
expenditure, due to lowered physical activity4,5.  
 
Observed levels of physical activity are lower in people 
with obesity compared with people with lower BMI6. 
Moreover, studies of occupational activity suggest that 
over the last 60 years there has been a shift from more 
active occupations to more sedentary ones, perhaps 
driving an average expenditure change of 110 to 130 
kcals per day7. However, direct studies of energy 
expenditure suggest that the energy expended on 
physical activity has been constant over the past 40 
years5,8. Moreover longitudinal studies do not indicate 
that high levels of physical activity expenditure are 
protective against weight gain, or low levels 
predisposing9,10. There has however been a decline in 
basal energy expenditure8, correlated with a 
progressive decline in body temperature over the last 
100 years11. Low BMR is a predisposing factor for future 
weight gain10. One idea is that this decline may be linked 
to dietary changes involving a shift from saturated to 
unsaturated fatty acids in the diet8. 
 
Dietary factors may not only push down expenditure but 
may cause over-consumption of energy. However, which 
of the macronutrients drives energy over-consumption has 
been strongly disputed, with high fat12, low protein13 and 
high carbohydrate (in particular high glycemic index 
carbohydrates such as refined sugar)14,15 all being 
implicated by different researchers. Data from animals 
studies paints a similarly confusing picture, with some 
studies implicating a critical mix of fat and carbohydrate 
as important16,17, but other studies suggesting protein 
level may be a key driver18. 
 
Sex differences exist in almost all biological processes 
including the regulation of energy homeostasis. Mean 
obesity level, as defined by body mass index (BMI) is 
greater in women than in men in most nations19. Cross-
sectional and longitudinal studies also indicate that girls 
have more body fat than boys in childhood and 
adolescence independent of age and ethnicity20. 
Moreover, obesity prevalence in both sexes varies 
substantially across countries globally19. Ethnicity and 
socioeconomic status have also been implicated as 
important factors linked to sex difference in adult obesity 
prevalence21. Nevertheless, sex differences in food 
choice may also play an important role in determining the 
extent to which obesity prevalence differs between the 
sexes. Yet no previous studies have explored this 
possibility. Better understanding of the underlying 
mechanisms for sexual dimorphism in obesity may 
facilitate the development of sex-specific approaches for 
obesity treatment. In the present study, we used country 
level obesity prevalence data from the WHO, and food 
supply data from Food and Agriculture Organization of 
the United Nations (FAO) to fit multiple regression models 

that examined the association between food supply 
composition and obesity prevalence in each sex. 
 

2. Materials and Methods 
2.1 DATA SOURCES 
Internationally comparable obesity prevalence estimates 
(%) for men and women adults in 2013 for 195 countries 
was downloaded from the WHO: Global Health 
Observatory (GHO) database. These estimates are age-
standardized and adjusted for methodological 
differences between studies. 
 
Food supply data for over 175 countries and territories 
in 2013 was downloaded from the FAO: FAOSTAT 
(http://www.fao.org/faostat/en/#data/FBSH) 
including grand total value of food energy supply 
(kcal/capita/day), protein supply (g/capita/day), fat 
supply (g/capita/day), sugar supply (raw equivalent, 
kcal/capita/day). Sugar (raw equivalent) supply is 
composed of FAO Elements with codes #158 (sugar, cane, 
raw, centrifugal), #159 (sugar, beet, raw, centrifugal), 
#162 (sugar raw centrifugal), #164 (sugar refined), 
#168 (sugar confectionery) and #171 (sugar flavoured). 
Absolute fat and protein energy supply (kcal/ 
capita/day) were calculated by multiplying the fat 
supply weight by 9 kcal/g and the protein supply weight 
by 4 kcal/g. Absolute total carbohydrate energy supply 
(kcal/capita/day) was calculated as the difference of 
the grand total energy supply and the sum of the fat and 
protein energy supply. Relative supply of 
fat/protein/carbohydrate/sugar (raw equivalent) (%) 
was calculated by dividing the absolute 
fat/protein/carbohydrate/sugar (raw equivalent) 
energy supply (kcal/capita/day) by the grand total 
value (kcal/capita/day).  
 
Income group information of all countries for the year of 
2013 was downloaded from the World Bank: World 
Development Indicator  
(https://datacatalog.worldbank.org/dataset/world-
development-indicators). All middle and high income 
counties were classified into non-low income countries. 
Only the 167 countries and territories that had complete 
data on all variables were included in the final analysis. 
 
2.2 STATISTICS 
First Pearson correlations between obesity prevalence of 
both sexes and potential predictors were conducted. Then 
we selected the absolute per capita supply for each food 
component and relative per capita energy supply (%) as 
predictor variables in multiple linear regression models 
respectively with an enter strategy (p of F to enter = 0.05, 
p of F to leave = 0.1). To correct for the effect of 
malnutrition, we stratified all counties into low income and 
non-low income groups and redid the multiple linear 
regression. 
 
SPSS version 22.0 was used for multiple linear regression 
analysis. P < 0.01 was considered statistically significant. 
 

3. Results 
3.1. OBESITY PREVALENCE IN MALES 
There was a positive relationship between obesity 
prevalence in male adults and absolute energy supply of 
fat (R2 = 0.60, F(1, 165) = 243.7, p < 0.0001, Figure 1A), 

http://www.fao.org/faostat/en/#data/FBSH
https://datacatalog.worldbank.org/dataset/world-development-indicators
https://datacatalog.worldbank.org/dataset/world-development-indicators
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protein (R2 = 0.41, F(1, 165) = 115.6, p < 0.0001, Figure 
1B) and sugar (raw equivalent) (R2 = 0.40, F(1, 165) = 
106.8, p < 0.0001, Figure 1D). However, there was no 

significant relationship between obesity prevalence in 
males and absolute energy supply of carbohydrate (R2 
= 0.01, F(1, 165) = 1.9, p = 0.169, Figure 1C).  

 

 
FIGURE 1. Association between obesity prevalence (%) in male adults and absolute macronutrient energy supply 
(kcal/capita/day). (A) absolute fat energy supply (kcal/capita/day), (B) absolute protein energy supply 
(kcal/capita/day), (C) absolute carbohydrate energy supply (kcal/capita/day), and (D) absolute sugar energy supply 
(kcal/capita/day) 
 
In the multiple regression model absolute per capita fat 
energy supply and sugar energy supply (raw equivalent) 
were both significant predictors of obesity prevalence in 
male adults, and together explained 66% of the 
variance in obesity prevalance (F(4, 162) = 82.43, p < 
0.0001, R2 = 0.67). Absolute protein (p = 0.981), 
carbohydrate (p = 0.101) energy supply were not 
significant. An increase of one hundred kcal/capita/day 
fat supply increased obesity prevalence by 1.8% and 
one hundred kcal/capita/day sugar supply increased it 
by 1.9%. 
 

Similarly, there was a positive relationship between 
obesity prevalence in male adults and relative energy 
supply of fat (R2 = 0.49, F(1, 165) = 157.5, p < 0.0001, 
Figure 2A), protein (R2 = 0.12, F(1, 165) = 22.5, p < 
0.0001, Figure 2B), and sugar (raw equivalent) (R2 = 
0.24, F(1, 165) = 51.1, p < 0.0001, Figure 2D), but there 
was a negative relationship between obesity prevalence 
in male adults and relative energy supply of 
carbohydrate (R2 = 0.49, F(1, 165) = 157.3, p < 0.0001, 
Figure 2C).  
 

In the multiple linear regresssion model, relative fat and 
sugar energy supply were both significant positive 

predictors of obesity prevalence in male adults (F(3, 163) = 
69.476.0, p < 0.0001). Relative carbohydrate energy 
supply was excluded because of the high collinearity with 
other predictors (VIF = 37.05) and relative protein 
energy supply was not significant (p = 0.204). The 
overall model explained 56% of the variance (R2 = 
0.56). An increase of 10% of fat supply was related to 
an increase in obesity prevalance of 6.8% and 10% 
sugar supply to an increase of 6.0% in males. 
 
The results in non-low income countries showed similar 
pattern, in the multiple linear regression model of 
absolute energy supply model, both fat and sugar (F(4, 

137) = 50.51, p < 0.0001, R2 = 0.60) are significant 
predictors, but absolute protein (p = 0.822), 
carbohydrate (p = 0.046) energy supply were not 
significant. An increase of one hundred kcal/capita/day 
fat supply increased obesity prevalence by 1.9% and 
one hundred kcal/capita/day sugar supply increased it 
by 1.6%. In the relative energy supply model, both fat 
and sugar (F(3, 138) = 39.25, p < 0.0001, R2 = 0.46) are 
significant predictors. Relative protein (p = 0.609) 
energy supply were not significant. An increase of 10% 
fat supply increased obesity prevalence by 6.6% and 
10% sugar supply increased it by 4.8%. 
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FIGURE 2. Association between obesity prevalence in male adults and relative macronutrient energy supply (% of 
total energy supply). (A) relative fat energy supply (%), (B) relative protein energy supply (%), (C) relative carbohydrate 
energy supply (%), and (D) relative sugar energy supply (%). 
 
3.2. OBESITY PREVALENCE IN FEMALES 
There was a positive relationship between obesity 
prevalence in female adults and absolute per capita 
energy supply of fat (R2 = 0.18, F(1, 165) = 36.7, p < 
0.0001, Figure 3A), protein (R2 = 0.13, F(1, 165) = 23.7, p 
< 0.0001, Figure 3B) and sugar (raw equivalent) (R2 = 
0.39, F(1, 165) = 103.5, p < 0.0001, Figure 3D). However, 
there was no significant relationship between obesity 
prevalence and absolute energy supply of carbohydrate 
(R2 = 0.03, F(1, 165) = 4.8, p = 0.030, Figure 3C). In the 

multiple linear regression model, only the absolute per 
capita sugar energy supply (raw equivalent) was a 
significant predictor of obesity prevalence (p < 0.0001), 
and it explained 41% of the variance in obesity 
prevalence (F(4, 162) = 28.05, p < 0.0001, R2 = 0.41). 
Absolute per capita fat (p = 0.043), protein (p = 0.348) 
and carbohydrate (p = 0.092) energy supply were all 
not significant. An increase of one hundred 
kcal/capita/day sugar supply was associated with a 4% 
increase in female obesity prevalence. 
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FIGURE 3. Association between obesity prevalence (%) in female adults and absolute macronutrient energy supply 
(kcal/capita/day). (A) absolute fat energy supply (kcal/capita/day), (B) absolute protein energy supply 
(kcal/capita/day), (C) absolute carbohydrate energy supply (kcal/capita/day), and (D) absolute sugar energy supply 
(kcal/capita/day). 
 
Similarly, there was a positive relationship between 
obesity prevalence in female adults and relative energy 
supply of fat (R2 = 0.15, F(1, 165) = 29.8, p < 0.0001, 
Figure 4A), and sugar (raw equivalent) (R2 = 0.34, F(1, 165) 
= 83.1, p < 0.0001, Figure 4D), and a negative 
relationship between obesity prevalence and relative 
carbohydrate energy supply (R2 = 0.15, F(1, 165) = 27.9, 
p < 0.0001, Figure 4C). However, there was no 
significant relationship between obesity prevalence and 
relative energy supply of protein (R2 = 0.02, F(1, 165) = 
3.0, p =0.085, Figure 4B). In the multiple linear 
regression model, relative fat and sugar energy supply 
were both significant predictors of obesity prevalence, 
and collectively explained 38% of the variance of 
obesity prevalence in females (R2 = 0.38, F(3, 163) = 
32.88, p < 0.0001). Relative protein energy supply was 
not significant (p = 0.786). A 10% increase in fat supply 

was associated with a 2.8% and a 10% increase in sugar 
supply was associated with a 12.1% increase in obesity 
prevalence in female adults. 
 
The results in non-low income countries was very similar to 
the overall pattern. In the multiple linear regression model 
of absolute energy supply model, only sugar (F(4, 137) = 
13.07, p < 0.0001, R2 = 0.276). Absolute protein (p = 
0.373), carbohydrate (p = 0.121) and fat (p = 0.101) 
energy supply were not significant. An increase of one 
hundred kcal/capita/day sugar supply increased it by 
3.5%. In the relative energy supply model, only sugar 
came into the model (F(3, 138) = 14.51, p < 0.0001, R2 = 
0.24). Relative protein (p = 0.597) energy supply was 
not significant, and relative fat was close to significant (p 
= 0.023). An increase of one hundred kcal/capita/day 
sugar supply increased it by 10.4%. 
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FIGURE 4. Association between obesity prevalence (%) in female adults and relative macronutrient energy supply 
(% of grand total energy supply). (A) relative fat energy supply (%), (B) relative protein energy supply (%), (C) relative 
carbohydrate energy supply (%), and (D) relative sugar energy supply (%). 
 
3.3. SEX DIFFERENCE IN OBESITY PREVALENCE 
There was a negative relationship between the sex 
difference of obesity prevalence (female minus male) 
and absolute energy supply of fat (R2 = 0.19, F(1, 165) = 
38.5, p < 0.0001, Figure 5A) and protein (R2 = 0.13, F(1, 

165) = 24.8, p < 0.0001, Figure 5B), but there was no 
significant relationship between the sex difference of 
obesity prevalence and absolute energy supply of sugar 
(raw equivalent) (R2 = 0.01, F(1, 165) = 1.81, p = 0.181, 
Figure 5D) and carbohydrate (R2 = 0.02, F(1, 165) = 2.5, 
p = 0.119, Figure 5C). In the multiple linear regression 
model, absolute per capita fat and sugar energy supply 
were both significant predictors of the sex difference of 
obesity prevalence (F(2, 164) = 43.1, p < 0.0001), but in 
opposite directions with absolute fat supply negatively 

and sugar supply positively relating to sex difference of 
obesity prevalence. That is when sugar consumption 
increased females had increasingly greater levels of 
obesity compared to males, and when fat consumption 
increased the opposite was the case. Absolute protein (p 
= 0.235) and carbohydrate (p = 0.914) energy supply 
per capita were not significantly related to the sex 
difference in obesity prevalance. The model explained 
34% of the variance (R2 = 0.34). An increase of 100 
kcal/capita/day fat supply was related to a 1.3% 
decrease in the difference between females and males 
and a 100 kcal/capita/day sugar energy supply 
increase was associated with a 2.1% increase in the 
difference in obesity prevalence between females and 
males. 
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FIGURE 5. Association between the sex difference of obesity prevalence (female minus male, %) and absolute 
macronutrient energy supply (kcal/capita/day). (A) absolute fat energy supply (kcal/capita/day), (B) absolute protein 
energy supply (kcal/capita/day), (C) absolute carbohydrate energy supply (kcal/capita/day), and (D) absolute sugar 
energy supply (kcal/capita/day). 
 
Similarly, there was a negative relationship between the 
sex difference of obesity prevalence in adults and 
relative energy supply of fat (R2 = 0.15, F(1, 165) = 28.7, 
p < 0.0001, Figure 6A), protein (R2 = 0.08, F(1, 165) = 
15.2, p < 0.001, Figure 6B) and sugar (raw equivalent) 
(R2 = 0.06, F(1, 165) = 10.3, p = 0.002, Figure 6D), and a 
positive relationship between the sex difference of 
obesity prevalence and relative carbohydrate energy 
supply (R2 = 0.16, F(1, 165) = 32.0, p < 0.0001, Figure 6C). 
In the multiple linear regression model, relative 
carbohydrate and sugar energy supply were significant 
predictors of the sex difference of obesity prevalence (F 

(2, 164) = 39.0, p < 0.0001). Relative fat energy supply 
(%) was excluded due to high collinearity (VIF = 37.35), 
and relative protein energy supply was not significant (p 
= 0.564). The overall model explained 32% of the 
variance of sex difference of obesity prevalence (R2 = 
0.32). An increase of 10% in the relative sugar supply 
was related to an increase in the difference between 
sexes of 3.8% and 10% increase in relative 
carbohydrate supply was associated with a 6.1% 
increase in the difference in obesity prevalence between 
females and males. 
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FIGURE 6. Association between the sex difference of obesity prevalence (female minus male, %) and relative 
macronutrient energy supply (% of grand total energy supply). (A) relative fat energy supply (%), (B) relative protein 
energy supply (%), (C) relative carbohydrate energy supply (%), and (D) relative sugar energy supply (%). 
 

4. Discussion 
Here, we performed the first ecological study on the 
association between country level macronutrient supply 
and obesity prevalence, and stratified the analysis into 
sex and income groups. We found that the supply of 
macronutrients available to a population is predictive of 
obesity prevalence in a sex-specific pattern. This 
contrasts with or supports some prevailing ideas on which 
macronutrient is the dietary driver of obesity. 
 
First, the protein leverage hypothesis suggests that 
individuals primarily eat to meet a target intake of 
protein 13. If the protein content of food declines, then it 
is predicted individuals will overconsume other dietary 
components as they upregulate their intake to meet the 
protein target. This model suggests that absolute protein 
intakes should be relatively constant at the level of the 
target, and independent of obesity levels. In contrast 
obesity prevalence should be higher when the % protein 
is lower. Neither of these predictions were supported. In 
terms of absolute intake, the variation in protein intake 
was lower than the intake of fat or carbohydrate, but it 
was far from being constant. Moreover, there was no 
significant relationship between % protein and obesity 
prevalence, suggesting low protein contents did not drive 
the greater intake of carbohydrates and fats. These data 
contrast a recent study which suggested that low protein 
% was a driver of intake across 13 wealthy countries 22. 
A problem with this previous work is that the variation we 
observed across the much larger sample of 167 countries 
(Figure 1-6) was such that randomly selecting that 13 

countries to make the comparison could yield almost any 
outcome – including that observed in the previous study. 
Hence the previous result is possibly due to selection bias 
of the included countries. 
 
Second, considerable debate has surrounded the 
potential roles of carbohydrates in driving the obesity 
epidemic 23,24. The carbohydrate-insulin model (CIM) 
suggests that high levels of carbohydrates stimulate 
insulin production which leads to a state of internal 
starvation in the late post-prandial phase leading to 
elevated hunger and more intake in a vicious cycle 15,25-

28. We found that neither absolute nor relative total 
carbohydrate levels were related to obesity prevalence. 
However, when considering the intake of sugar alone we 
found contrasting results to those for total carbohydrates. 
Per capita sugar supply was the only dietary correlate 
of obesity prevalence in females and one significant 
factor along with fat in males. This emphasizes a seldom 
articulated aspect of the CIM that all carbohydrates are 
not equal, and the CIM refers most particularly to so 
called high glycemic index carbohydrates which provoke 
the strongest insulin response 15. Despite the impact of 
overall carbohydrates being non-significant therefore 
these data provide support for the carbohydrate-insulin 
model 29, particularly in females.  
 
Finally, the third macronutrient suggested to be linked to 
obesity is fat intake 16. Our data suggested that absolute 
fat supply was only positively linked to obesity rate in 
males, and relative fat supply was indeed correlated to 
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obesity rates in both sexes, although it is much weaker 
than the relative sugar supply. 
 
This sex difference in the roles of the different 
macronutrients is an intriguing and potentially important 
observation, because previous suggestions regarding 
links of macronutrient intakes to obesity have not 
suggested that the impacts would depend on sex. Our 
data suggest the carbohydrate-insulin model and impacts 
of high GI carbohydrates may be much more important 
in females, while intake of fat may be a more important 
driver in males. Interestingly our previous work in mice 
which suggested fat was the key driver of adiposity was 
only performed in males. 
 
The present study covers a wider range of countries from 
diverse social, economic and ethnic background so that 
provides a more comprehensive picture of how obesity 
prevalence correlates to food supply than previous 
studies. Nevertheless, it’s also doubted that malnutrition is 
an important confounder. After removing the low income 
countries data the association in non-low income countries 
still quite resembles that of the overall trend rather than 
the low income countries as our data shows, which 
emphasizes the existing of the association. However, the 
discrepancy between low income and non-low income 
groups is possibly due to the fact that malnutrition indeed 
plays an important role or a selection bias because of the 
relatively small sample size of low income countries. 
 
Like numerous other ecological studies, although we have 
attempted to correct for confounding by including sex 
and poverty, the present study based on food supply 
data from the FAO has several limitations. The data are 
imperfect in many ways because they do not take account 
of food waste, and various other problems, such as 
inclusion of food fed to pets. Nevertheless, these 
problems would not be expected to differently affect the 
relationship between of food supply and obesity in the 
different sexes. The fact such relationships emerge 
despite the quality of the data suggests they may indeed 
be important patterns worth following up with more 
controlled feeding studies. If it is confirmed that males 
and females do indeed respond differently to different 
macronutrients this calls into question the one-size fits all 
approach to dietary formulations that has characterized 
the way we have tried to treat obesity thus far. The data 
here suggests that females may respond much more 
successfully to diets that cut out sugar, while males may 
be more responsive to diets curtailing fat consumption. 
 
While the best way to understand the roles of different 
macronutrients on energy balance and obesity is 
undoubtedly to perform controlled randomized trials of 
people in residential facilities performing such studies for 

the protracted periods necessary to show significant 
effects is difficult 30. Studies of free-living subjects are 
plagued by the issues of misreporting intakes31. So, while 
also for from perfect due to issues of not accounting for 
food wastage etc, food supply data at the level of the 
country provides an additional source of information by 
which these ideas may be evaluated. Previous studies 
have also used FAO supply data to explore the 
association of country level food supply composition and 
health parameters 32-34. 
 

Conclusion 
These data suggest both country level energy supplies in 
sugar and fat play important roles in obesity prevalence, 
but to different extents in males and females. In males 
both absolute fat and sugar energy supply were 
associated with obesity prevalence. However, in females 
only absolute sugar supply was significant. In both sexes 
relative fat and sugar energy supply (as a % of the 
overall energy) were significant predictors of obesity 
prevalence. Protein supply whether expressed as 
absolute or % of energy was unrelated to obesity 
prevalence in both sexes. Similarly, neither absolute nor 
relative total carbohydrate energy supply was 
associated with obesity prevalence in either sex. Absolute 
fat and sugar energy supply were significant predictors 
of the sex difference in obesity prevalence. 
 
The contribution of different macronutrients intake to the 
global obesity prevalence has long been discussed and 
disputed. Intake of protein, carbohydrates and fats have 
all been blamed as the main drivers of the obesity 
epidemic. Our results do not support the idea of a protein 
target which drives over consumption of other 
macronutrients. Moreover, novel here is the discovery that 
obesity rate correlates to sugar and fat intake 
differentially between the sexes. Our findings suggest 
data on energy regulation should not be pooled across 
the sexes, and treatment options may be better targeted 
in a sex specific manner. 
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Table 1:. Effect of macronutrient energy supply on obesity prevalence in male adults based on the results of multiple 
linear regression analysis. 

 Unstandardized 
coefficients 

R 
square 

Adjusted R 
square 

 B S.E p   

Absolute Energy Supply Model    .662 .658 

Fat energy supply (kcal/capita/day) 0.017 0.002 .000*   

Sugar energy supply (Raw equivalent, 
kcal/capita/day) 

0.021 0.004 .000*   

Relative energy supply model    .557 .551 

Fat energy supply (% of grand total energy supply) 68.325 6.275 .000*   

Sugar energy supply (% of grand total energy supply) 59.653 11.858 .000*   

 
Table 2: Effect of macronutrient energy supply on obesity prevalence in female adults based on the results of multiple 
linear regression analysis. 

 Unstandardized 
coefficients 

R square Adjusted R 
square 

 B S.E p   

Absolute Energy Supply Model    .399 .388 

Sugar energy supply (Raw equivalent, 
kcal/capita/day) 

0.042 0.006 .000*   

Relative energy supply model    .377 .369 

Fat energy supply (% of grand total energy supply) 27.707 8.354 .001*   

Sugar energy supply (% of grand total energy 
supply) 

121.133 15.788 .000*   

 
Table 3: Effect of macronutrient energy supply on the sex difference in obesity prevalence based on the results of multiple 
linear regression analysis. 

 Unstandardized coefficients R square Adjusted R 
square 

 B S.E p   

Absolute Energy Supply Model    .344 .336 

Sugar energy supply (Raw equivalent, 
kcal/capita/day) 

0.021 0.003 .000*   

Fat energy supply (kcal/capita/day) -0.013 0.001 .000*   

Relative energy supply model    .322 .314 

Carbohydrates energy supply (% of grand total 
energy supply) 

37.862 4.742 .000*   

Sugar energy supply (% of grand total energy 
supply) 

61.298 9.851 .000*   
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