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Abstract

Background: For addressing the burden of non-communicable diseases and policymaking, the world health organization uses
World Bank income group to classify countries. This calcification method might not be optimal. This study aimed to investigate the
role of World Bank income group, health expenditure, and cardiometabolic risk factors of countries in explaining the gap between
their cardiometabolic mortality.
Methods: In total, 190 countries were categorized into four income groups according to the World Bank definition. The energy
consumption, health expenditure, and data of sex-specified age-standardized prevalence of obesity, hypercholesterolemia, hyper-
tension, diabetes, smoking, and physical inactivity in 2008 and cardiometabolic mortality in 2012 were used. Multivariable-adjusted
mixed-effect linear regression models were applied to relate country-level predictors to their mortality outcomes.
Results: While the lowest cardiometabolic mortality was recorded in high-income countries in both genders, the highest rates were
recorded in the low-income category for women and in low and middle-income for men. Countries had lower cardiometabolic
mortality for women compared to men; however, such a difference was not shown in low-income countries. World Bank income
group of countries, per se, explained one-third of the variation in their mortality outcomes while adding health expenditure, energy
consumption, and cardiometabolic risk factors increased the explanatory power of the model considerably. Moreover, the more the
health expenditure, the weaker the association of prevalence of hypertension with cardiometabolic mortality.
Conclusions: Adding countries’ health expenditure and/or the prevalence of risk factors to their World Bank income group may
contribute to the better explanation of the gap between them in cardiometabolic mortality.
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1. Background

Non-communicable diseases are the main cause of
death worldwide, the majority of which is due to car-
diometabolic mortalities including deaths related to coro-
nary heart disease, stroke, and diabetes (1-4). Meanwhile,
it is estimated that there will be a dramatic upward trend
in cardiometabolic mortality, which occurs mostly in low
and middle-income countries (2, 4-6). Meanwhile, de-
veloped countries have enjoyed substantial falls in car-
diometabolic mortality (2, 4-6). Reasonably, for addressing

the burden of non-communicable diseases and policymak-
ing, the world health organization (WHO) uses different
definitions to classify countries mostly based on their in-
come and level of development (7, 8). The most well-known
and widely used categorization is based on the World Bank
income group (7, 8). However, it has remained unclear
whether the gap in cardiometabolic mortality between
countries with different incomes is mostly explained by
their differences in their World Bank income group status
or it can be explained better by other determinants such as
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their total health-expenditure-per-capita or prevalence of
cardiometabolic risk factors. A country-level analysis can
contribute a great deal to public health policymakers to in-
terpret the current health status among countries.

2. Objectives

The present study investigated to what extent the vari-
ance in cardiometabolic mortality of member states of the
WHO in 2012 could be explained by their World Bank in-
come category in 2008. We also aimed to determine the
contribution of health-expenditure and cardiometabolic
risk factors to optimizing the explanation of the current
gap.

3. Methods

Out of 193 member states of the WHO in 2008, 190 were
included in the current study. There were no available data
for Monaco, San Marino, and Niue. The selected countries
were categorized in one of the following income groups ac-
cording to their gross national-income-per-capita in 2008,
using the World Bank Atlas method (7, 8):

1- Low-income countries: (975 United States (US) dollars
or less)

2- Lower-middle-income countries: (976 to 3855 US dol-
lars)

3- Upper-middle-income countries: (3856 to 11905 US
dollars)

4- High-income countries: (11906 US dollars or more)
Total health-expenditure-per-capita for each country in

2008 was also derived from the World Bank database (9).
In the current study, the term “health-expenditure” refers
to “the total expenditure on health per-capita converted
using purchasing-power-parity”. Moreover, the energy-
consumption-per-capita for the period of 2006 - 2008 was
extracted from each country from reports of the food and
agriculture organization of the United Nations (10).

Data of sex-specified and age-standardized prevalence
of conventional cardiometabolic risk factors (i.e. obe-
sity, hypercholesterolemia, hypertension, diabetes, smok-
ing, and physical inactivity) in 2008 and sex-specific age-
standardized mortality in 2012 for cardiovascular disease
and diabetes for each country were extracted using global
health observatory data repository (11). All data represent
the vital statistics of adult populations as reported from
the related ministries of each individual country using
a standard format. To remove the effects of the popu-
lation size and age structure, age-standardized mortality
and prevalence data were used, enabling us to compare
different countries with each other. Detailed definition of

the above-mentioned variables is provided in Table 1. The
design of the study was approved by our institution’s re-
view board. The study followed the RECORD statement
(12) and designed for observational studies using routinely
collected health data. Moreover, the work was approved
by the ethics committee of the research institute for en-
docrine Sciences.

3.1. Statistical Analysis

Associations of World Bank income group, health-
expenditure, and prevalence of conventional car-
diometabolic risk factors of countries with their car-
diometabolic mortality were analyzed using Spearman
or Pearson correlation in each gender after checking the
normality assumption and then presented in scatter plots.
Moreover, the mean (95% confidence interval (CI)) of the
aforementioned variables was reported in each income
group.

Furthermore, multivariable-adjusted regression mod-
els were applied to relate country level pre-specified pre-
dictors to cardiometabolic mortality. The prevalence
of conventional cardiometabolic risk factors and car-
diometabolic mortality was recorded for each gender in
each country separately (2 × 172 records).

Multivariable-adjusted mixed-effect linear regression
models were used to assess the relationship of gender,
World Bank income group, health-expenditure, and preva-
lence of conventional cardiometabolic risk factors with
cardiometabolic mortality of countries in different mul-
tivariable models. Random-effect was specified for coun-
tries to determine the correlation between the two re-
peated measurements on the same country for each gen-
der. Prior to building multivariable regression models, lin-
ear and quadratic models were checked visually via like-
lihood ratio test and with fractional-polynomial analysis.
Independent covariates were entered into the multivari-
able models in a hierarchical manner as follows: model 1:
Gender and World Bank income group; model 2: model
1 plus health-expenditure and; model 3: model 2 plus
energy-consumption and prevalence of conventional car-
diometabolic risk factors. All possible first-order interac-
tions between independent variables (except interactions
between cardiometabolic risk factors themselves) were
checked in multivariable analysis at each hierarchical level
and all interactions with P values < 0.05 in univariate mod-
els were included in the final analyses. To deal with miss-
ing values, all independent variables in different countries
were imputed by recoding them into their mean value
in their income group and the main analyses were con-
ducted using imputed centered independent variables in
those countries with available data of outcome (172 coun-
tries). As sensitivity analyses, the abovementioned hier-
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Table 1. Detailed Definition of Variables Used

Variable Definitiona

Hypertension Systolic blood pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg or consumption of medication for raised blood pressure

Diabetes Fasting plasma glucose ≥ 126 mg/dL (7.0 mmol/L) or consumption of medication for raised blood glucose

Hypercholesterolemia Total cholesterol ≥ 240 mg/dL (6.2 mmol/L)

Obesity Body mass index (BMI) ≥ 30 kg/m2

Smoking Consuming any form of tobacco, including cigarettes, cigars, pipes, etc. (excluding smokeless tobacco) at the time of the survey, including
daily and non-daily smoking

Physical inactivity Not being engaged in at least 150 minutes of moderate intensity physical activity per week or equivalent

aVariables were defined similarly to the world health organization (WHO) database definitions.

archy models were repeated in only those countries with
all available data (complete case analyses (106 pairs)) and
multiple imputed data for both independent and outcome
variables (193 pairs). The analyses were performed using
STATA ver. 14 (the USA, 2016).

4. Results

Of 190 countries, 42 were categorized in the low-
income group, 54 in the lower-middle-income group, 46
in the upper-middle-income group, and 48 in the high-
income group. Figure 1 shows the correlations of health-
expenditure, energy-consumption, and prevalence of car-
diometabolic risk factors in countries with their car-
diometabolic mortality in each gender. According to Pear-
son/Spearman tests, in both genders, there were positive
associations between hypertension and diabetes preva-
lence and cardiometabolic mortality among countries;
however, the associations were negative for hypercholes-
terolemia, obesity, physical inactivity, health-expenditure,
and energy consumption. Interestingly, smoking was in
men positively related and in women negatively related to
cardiometabolic mortality.

Table 2 shows the mean (95% CI) of health-expenditure,
energy-consumption, the prevalence of cardiometabolic
risk factors, and cardiometabolic mortality in each income
group. Cardiometabolic mortality had a declining trend
from 350.2 per 100000 in the low-income group to 153.9
per 100000 in the high-income group in women; while
in men, the highest and the lowest cardiometabolic mor-
tality was recorded in the lower-middle-income and high-
income categories, respectively.

Table 3 shows the association of gender, the World Bank
income group, health-expenditure, energy-consumption,
and age-standardized prevalence of cardiometabolic risk
factors with age-standardized cardiometabolic mortality.
According to model 1, low or middle-income countries
had higher mortality risk, compared to countries with

high income. The biggest difference in cardiometabolic
mortality was detected between lower-middle-income and
high-income countries in men and low-income and high-
income in women. Women had less cardiometabolic mor-
tality compared to men in country level in all income
groups although there was not enough evidence against
null hypothesis in the low-income group (women in the
low-income group had 9.97 less cardiometabolic mortal-
ity compared to men in low and middle-income coun-
tries; 95% CI: -34.14; 14.19). Moreover, according to the
overall R2 of model 1, one-third of the variance of car-
diometabolic mortality in each gender among countries
could be explained only by their income categories. Re-
garding model 2, adding health-expenditure to the model
caused beta-coefficients of middle-income categories to
decrease dramatically. Health-expenditure, itself, showed
a strong negative association with cardiometabolic rate
(a 3.8-per-100000 decrease for each 100 dollars increase
in health-expenditure-per-capita (95% CI: -5.8; -2.0). In
model 3, after more adjustment with the prevalence
of cardiometabolic risk factors, the difference between
high- and upper-middle-income and low-income coun-
tries in men and the difference between high- and upper-
middle-income in women did not show enough evidence
against the null hypothesis that there is no association be-
tween the mentioned income-group and cardiometabolic
mortality. The association of health-expenditure with
cardiometabolic mortality remained almost unchanged.
Among cardiometabolic risk factors, prevalence rates of
smoking, diabetes, and hypertension were associated with
higher cardiometabolic mortality in men whereas, in
women, the risk of the prevalence of diabetes and smoking
was lower. Energy consumption also had a positive associ-
ation with cardiometabolic mortality in both genders. Last
but not least, there was an effect modification between hy-
pertension and health-expenditure for the outcome of car-
diometabolic mortality in a way that by increasing health-
expenditure, the risk of the prevalence of hypertension for
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Figure 1. Correlation of health expenditure, energy consumption, and age-standardized prevalence of cardio-metabolic risk factors in countries in 2008 with their cardio-
metabolic mortality rates in 2012 in each gender. Observed mortality rates in men, for each country, is illustrated with black-filled dots and solid line (dark grey shadow) rep-
resenting the fitted line (95% confidence interval). Observed mortality rates in women, for each country, is illustrated with grey-filled dots and dashed line (light grey shadow)
representing the fitted line (95% confidence interval). Health expenditure was defined as the sum of public and private health expenditures as a ratio of total population in
2008 (data are in current U.S. dollars converted using purchasing power parity rates. Energy consumption refers to the amount of food available for human consumption per
capita for 2006 - 2008 period (data are in calories). Cardio-metabolic mortality was defined as number of death due to cardiovascular diseases or diabetes in agestandardized
population in 100,000 in 2012.
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Table 2. Mean (95% Confidence Interval) of Health Expenditure, Energy Consumption, and Sex-Specific Age-Standardized Prevalence of Cardiometabolic Risk Factors in 2008
and Cardiometabolic Mortality in 2012 in Each Income Groupa

Variables Low-Income Lower-Middle Income Upper-Middle Income High-Income

Health expenditureb 92 (76 - 108) 323 (269 - 376) 826 (729 - 923) 2859 (2425 - 3294)

Energy consumptionc (calories) 2274 (2129 - 2420) 2598 (2468 - 2729) 2921 (2772 - 3070) 3337 (3236 - 3439)

Cardiometabolic risk factors

Men, %

Hypertension 35.4 (32.8 - 38.1) 35.1 (31.9 - 38.3) 38.0 (35.9 - 40.1) 31.5 (28.8 - 34.2)

Diabetes 8.1 (7.6 - 8.7) 11.1 (9.3 - 12.8) 10.9 (10.2 - 11.7) 10.4 (9.3 - 11.5)

Hypercholesterolemia 22.9 (19.7 - 26.0) 32.0 (28.0 - 36.0) 42.1 (38.6 - 45.6) 57.6 (55.0 - 60.2)

Obesity 2.4 (2.0 - 2.9) 11.3 (6.8 - 15.9) 17.6 (14.6 - 20.5) 23.2 (21.2 - 25.2)

Smoking 22.7 (17.6 - 27.9) 30.7 (22.4 - 39.1) 29.3 (23.8 - 34.7) 26.8 (23.1 - 30.4)

Physical inactivity 15.4 (11.9 - 18.9) 26.8 (22.5 - 31.1) 38.8 (33.1 - 44.4) 38.8 (33.8 - 43.9)

Women, %

Hypertension 32.4 (29.8 - 34.9) 29.2 (26.6 - 31.8) 31.3 (29.3 - 33.3) 22.2 (19.9 - 24.5)

Diabetes 8.4 (7.8 - 9.1) 11.5 (9.6 - 13.4) 11.0 (10.0 - 12.1) 8.3 (6.9 - 9.6)

Hypercholesterolemia 24.4 (22.2 - 26.5) 36.3 (32.1 - 40.5) 44.6 (41.9 - 47.2) 55.4 (53.6 - 57.3)

Obesity 7.1 (4.8 - 9.4) 20.6 (14.1 - 27.0) 28.8 (25.5 - 32.2) 23.7 (20.2 - 27.2)

Smoking 3.3 (1.4 - 5.3) 6.9 (1.8 - 12.1) 11.4 (7.5 - 15.2) 16.9 (14.0 - 19.8)

Physical inactivity 21.1 (16.2 - 26.0) 35.6 (29.8 - 41.4) 47.1 (41.3 - 52.9) 43.2 (36.9 - 49.6)

Cardiometabolic mortalityd

Men 340.2 (327.4 - 393.0) 409.4 (362.1 - 456.6) 374.3 (318.4 - 430.3) 221.6 (190.1 - 253.1)

Women 350.2 (317.9 - 382.5) 336.7 (304.8 - 368.6) 271.9 (237.6 - 306.2) 153.9 (129.0 - 178.8)

aIncome categories were defined according to countries gross national income per capita in 2008, using the World Bank Atlas method; low-income countries: (975 USD
or less); Lower-middle-income countries: (976 to 3855 USD); upper-middle-income countries: (3856 to 11905 USD); high-income countries: (11906 USD or more).
bHealth expenditure was defined as the sum of public and private health expenditures as a ratio of total population in 2008. Data are in current U.S. dollars converted
using purchasing power parity rates.
cEnergy consumption refers to the amount of food available for human consumption per capita for the 2006 - 2008 period. Data are in calories.
dCardiometabolic mortality was defined as the number of deaths due to cardiovascular diseases or diabetes in age-standardized population in 100,000 in 2012.

cardiometabolic mortality decreased (β: -0.001, 95% CI: -
0.003; -0.00005). According to R2 of model 3, more than
half of variance of cardiometabolic mortality of countries
could be explained by their health-expenditure, income-
group, and prevalence of conventional cardiometabolic
risk factors.

5. Discussion

In this worldwide ecological study, we assessed the
association of countries’ World Bank income group,
health-expenditure, and prevalence of conventional car-
diometabolic risk factors with their cardiometabolic
mortality. While the lowest cardiometabolic mortality
was recorded in high-income countries in both genders,
the highest rates were recorded in the low-income cat-
egory for women and in lower-middle income ones for
men. Countries had lower cardiometabolic mortality for
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Table 3. The Association of Gender, the World Bank Income Groups, Health Expenditure, Energy Consumption, and Age-Standardized Prevalence of Cardiometabolic Risk
Factors in 2008 with Age-standardized Cardiometabolic Mortality in 2012 Driven from Multivariable-Adjusted Mixed-Effect Linear Regression

Variables Model 1 Model 2 Model 3

Coefficient 95% CI Coefficient 95% CI Coefficient 95% CI

Overall R2 0.33 0.37 0.54

Gender

Men Reference Reference Reference

Women -67.75 -91.92; -43.57 -67.75 -91.92; -43.57 -10.33 -50.59; 29.92

World Bank income groupa

High-income Reference Reference Reference

Upper-middle-income 152.70 100.58; 204.82 76.49 11.81; 141.17 44.04 -17.08; 105.16

Lower-middle-income 187.74 138.50; 236.99 91.16 21.15; 161.16 97.42 23.74; 171.10

Low-income 138.57 88.77; 188.36 32.63 -41.43; 106.69 81.11 -12.57; 174.80

Health expenditureb , $ -0.038 -0.058; -0.02 -0.04 -0.07; -0.02

Prevalence of cardiometabolic risk factors, %

Smoking 2.59 1.68; 3.51

Obesity -0.87 -2.65; 0.91

Hypercholesterolemia 0.47 -1.50; 2.44

Diabetes 15.09 8.09; 22.10

Hypertension 6.69 4.44; 8.95

Physical inactivity (%) -0.59 -1.95; 0.78

Energy consumptionc 0.07 0.02; 0.12

Interactions

Gender- high-income Reference Reference Reference

Gender- upper-middle-income -34.70 -70.69; 1.29 -34.70 -70.69; 1.29 -10.23 -49.76; 29.29

Gender- lower-middle-income -4.90 -38.90; 29.10 -4.90 -38.90; 29.10 13.94 -28.65; 56.53

Gender- low-income 57.78 23.39; 92.16 57.78 23.39; 92.16 52.08 0.71; 103.46

Gender- hypertension -0.80 -2.72; 1.13

Gender- diabetes -7.77 -12.71; -2.84

Gender- physical inactivity 1.27 0.19; 2.35

Gender- smoking -2.19 -3.81; -0.56

Health expenditure- hypertension -0.001 -0.003; -0.00005

Abbreviation: CI, confidence interval.
aIncome categories were defined according to countries gross national income per capita in 2008, using the World Bank Atlas method; low-income countries: (975 USD
or less); Lower-middle-income countries: (976 to 3855 USD); upper-middle-income countries: (3856 to 11905 USD); high-income countries: (11906 USD or more).
bHealth expenditure was defined as the sum of public and private health expenditures as a ratio of total population in 2008. Data are in current U.S. dollars converted
using purchasing power parity rates.
cEnergy consumption refers to the amount of food available for human consumption per capita for the 2006 - 2008 period. Data are in calories.

women compared to men; however, such a difference was
not shown in low-income countries. Moreover, income cat-
egory of countries played a significant role in explaining
their cardiometabolic mortality only in lower-middle-
income countries for men and low-income and lower-
middle-income countries for women. Health-expenditure
had a protective association with cardiometabolic mortal-

ity in different countries. Furthermore, the prevalence of
hypertension, diabetes, and smoking, as well as energy-
consumption among countries, was associated with
higher cardiometabolic mortality in men whereas, in
women, the risk of the prevalence of diabetes and smok-
ing was lower. Last but not least, according to the models,
the more the health-expenditure, the weaker the asso-
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ciation between the prevalence of hypertension and
cardiometabolic mortality.

We showed that in both genders, low- and middle-
income countries had higher cardiometabolic mortality
compared to high-income countries and one-third of the
gap between countries can be explained by their income-
group. Therefore, one can interpret that World Bank cat-
egories can be relatively a useful tool for explaining the
gap between countries in their cardiometabolic mortality.
However, the strong association between income-groups
and cardiac mortality reduced noticeably when we ad-
justed our model for health-expenditure. This may be ex-
plained by the fact that wealthier countries are more likely
to expend more on their health section, effecting more-
expensive medications, interventions, and surgeries (13).
Furthermore, wealthier countries spend more on health
education and health policies, which have been shown to
have significant effects on health outcomes (14-16).

After controlling for countries’ health-expenditure,
women in low- and middle-income countries and men
in middle-income countries had higher cardiometabolic
mortality compared to high-income countries. This find-
ing indicated that although funding of health-care sys-
tems is quite important, by no means is the entire prob-
lem. In other words, even if the countries spend equally
on health, low and middle-income countries would have
higher cardiometabolic mortality in comparison with
their high-income counterparts. Similarly, in a system-
atic review of 30 population-based studies, Luciano et al.
found that lower gross domestic product per capita ad-
justed for purchasing-power-parity and lower total health-
expenditures-per-capita at purchasing-power-parity were
associated with higher incidence risk of stroke, higher
case-fatality, and lower age at stroke onset (17). Gwatkin et
al. (18) made the point that the health of the poor popula-
tions has more to do with their social and environmental
circumstances than with their lack of healthcare.

In line with several studies, we found that except for
hypertension, the prevalence of risk factors was the lowest
in low-income countries. This may be because an increase
in wealth influences the population’s lifestyle, leading to
increased consumption of tobacco, fat, prepared foods,
and decreased physical activity (13). However, the higher
prevalence of cardiometabolic risk factors in the current
study was not coupled with higher cardiometabolic mor-
tality in high- or upper-middle-income countries, whereas
the opposite correlation was expected (13). Such a dis-
crepancy can be explained by the important role of in-
come groups and health-expenditure as important con-
founders. Not surprisingly, after adjustment for gender, in-
come groups, and health-expenditure, we found positive
associations between the prevalence of smoking, diabetes,

and hypertension as well as energy consumption and car-
diometabolic mortality. The prominent role of risk factors
such as smoking, diabetes, hypertension, and overeating
in cardiometabolic mortality has been reported previously
at global scales (19). However, it should be noted that our
results are in the level of countries. After adjustment for
cardiometabolic risk factors, we observed a noticeable rise
in the proportion of variability in cardiometabolic mortal-
ity that could be explained by our model from 37% to 54%.
We also found that the more nations spend on the health,
the weaker the association between the prevalence of
hypertension and cardiometabolic mortality, which may
highlight the importance of secondary prevention of car-
diometabolic risk factors such as hypertension in control-
ling the burden of cardiometabolic mortality by reduc-
ing their case-fatality. Likewise, the result of IMPACT, a
study conducted to explore the contributions of risk fac-
tors and treatments in over 15 countries where mortality
rates have been declining, showed that in different popula-
tions, about 40% to 75% of the coronary heart disease mor-
tality decline could be attributed to risk factor changes and
the remaining 25% to 55% to treatments (20). Similarly, in
the MONICA analysis, approximately three-quarters of the
fall observed could be attributed to the decline in event
rates (mainly reflecting risk factor improvements) while
approximately one-quarter could be attributed to a de-
crease in case of death (mainly reflecting medical treat-
ments) (21).

According to our models, generally, women had lower
cardiometabolic mortality compared to men. However,
the prominent difference was disappeared in low-income
countries. Moreover, according to the data, 33 coun-
tries had higher mortality rates for their women than for
men, mostly in low- (18 countries) and lower-middle- (8
countries) income groups (only Qatar and Kuwait from
the high-income group). Higher cardiovascular mortality
rates for women, which cannot be explained by conven-
tional risk factors, were also reported in previous studies
in low-income countries (22). This finding might be ex-
plained by a widespread neglect of health, nutrition, and
other interests of women that could affect their survival
(22-24).

5.1. Strength and Limitations of This Study

Several limitations should be considered when assess-
ing the results of the current study. First, every ecologi-
cal study is apt to suffer from inherent biases. However,
our study aimed to investigate the relationships and asso-
ciations between countries rather than individuals; there-
fore, some limitations of ecological studies such as eco-
logical fallacy do not count for the current study. Sec-
ond, regarding cardiometabolic mortality among coun-
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tries, there might be differences in reporting patterns be-
tween countries as they were collected in distinct settings,
despite the existence of the statistical classification of dis-
eases and related health problems (ICD), which try to stan-
dardize the cause of death coding. To minimize such bi-
ases, we used cardiometabolic mortality as the sum of
death rates related to cardiovascular disease and diabetes
instead of using only one of them. Third, the reliability and
validity of the prevalence of risk factors may vary from a
country to another. Fourth, the relatively low number of
subjects in our models (172 countries) might result in low
statistical power. By using data for both genders in each
country and running mixed-effect analyses, we included
172 × 2 records in the analysis and improved the power.
Some might see the gross national income (GNI) per capita
at purchasing power parity (PPP) a better indicator of the
economic status of a country; however, it should be con-
sidered that GNI per capita at PPP is highly skewed and
cannot be used in models without advanced transforma-
tions. Interpretation of transformed GNI per capita at PPP
is very hard if not impossible for readers. Moreover, to
the best of our knowledge, the WHO has not yet used GNI
per capita at PPP for classification of countries. The main
strengths of our study are using age-standardized mortal-
ity rates and prevalence of cardiometabolic risk factors in
each gender, which allowed us to compare countries, re-
gardless of their age structure and population size. We as-
sessed the association of independent variables of income,
health-expenditure, and risk factors of countries derived in
2008 with their cardiometabolic mortality of 2012, which
minimized biases related to cross-sectional analyses.

5.2. Conclusion

In this study, the World Bank income group, health-
expenditure, and prevalence of cardiometabolic risk fac-
tors all had remarkable power to explain the gap in car-
diometabolic mortality between countries. Therefore, clas-
sification of countries by adding their health-expenditure
and/or prevalence of cardiometabolic risk factors to their
income might lead to better classification. In addition, as
a post hoc finding, we detected a higher cardiovascular
mortality for women in low-income countries, which can-
not be explained by income groups, health-expenditure,
and prevalence of cardiometabolic risk factors. Further re-
search is needed to investigate the potential explanations
for such a finding.
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