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Abstract

We studied how sugar intake, body weight, and income levels affect how long people live in 187
countries. Using data from 2022 to 2023, we first looked at how each factor related to life expectancy
on its own. Then, we used a model to explore how these factors worked together, while also
considering differences in healthcare, education, and smoking habits across countries. We found that
higher sugar intake was linked to higher body weight, and both were connected to longer lives,
especially in countries where the average income was less than USD 10,000. However, this link
changed when the average body weight got too high. In countries where people had a body weight
above a certain level, life expectancy began to drop. Income also played a key role. Richer countries
tended to have longer life spans, likely due to better access to healthcare and other resources.
Together, sugar intake, body weight, and income explained about a third of the differences in life
expectancy. When we included other key factors like education and healthcare spending, this rose to
over 60 percent. These results show the need for approaches that support healthier diets, help people
manage weight, and improve access to healthcare and education.

Keywords: sugar intake; body weight; income levels; life expectancy; global health

Introduction

Life expectancy reflects the general health and well-being of a population. Higher income
generally brings better access to healthcare, education, and nutrition [1,2]. Socioeconomic factors like
inequality also shape population health outcomes [3]. Excess sugar intake is tied to weight gain and
metabolic issues [4,5]. BMI is a known marker of health risk [6]. Many studies look at each of these
factors separately. But how they interact-especially across countries with different levels of
development-is less clear. We set out to see how sugar intake, BMI, and income work together to
affect life expectancy. Recent systematic reviews underscore the health implications of excessive
sugar intake, linking frequent consumption of sugar-sweetened beverages to type 2 diabetes and
other metabolic disorders, thereby highlighting sugar’s role as a global dietary risk factor [7,8].

Materials & Methods

Study Design and Data Collection

We conducted a cross-sectional study, with secondary data analysis, using the latest available
data for 187 countries. National annual sugar consumption data were obtained from the FAOSTAT
(Food and Agriculture Organization Statistics) database of the Food and Agriculture Organization,
BMI statistics were gathered from the World Health Organization’s Global Health Observatory, and
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life expectancy and per capita income data were retrieved from the World Bank’s World
Development Indicators.

Sugar consumption was assessed in kilogram per capita per year, per capita income was
calculated as US dollar per year life expectancy was in years. BMI was calculated as mean for both
males and females.

Inclusion Criteria

Only countries with complete data for sugar consumption, BMI, per capita income and life
expectancy were included. Data for each of these variables were taken from the period between 2022
and 2023.

Exclusion Criteria

Countries with absent data for any or all of the four variables were excluded. Eight such
countries were excluded from the cross-sectional analysis. More recent data, later than 2023, even if
available for some variables, were excluded to ensure uniformity.

Model Diagnostics and Statistical Evaluation

The multiple linear regression model initially explained 33.9% of the variance in life expectancy
across countries (adjusted R? = 0.325, p < 0.001), indicating a moderate collective influence of sugar
intake, BMI, and income on longevity. After incorporating additional covariates—such as healthcare
expenditure per capita, mean years of schooling, and smoking prevalence—the model's explanatory
power increased substantially, with an adjusted R? of 0.616. Variance inflation factors (VIFs) for all
predictors were below 4, suggesting no serious multicollinearity. Residual analysis showed
approximately normal distribution and homoscedasticity, as confirmed by visual inspection of Q-Q
plots and standardized residuals. Cook’s distance was used to detect influential outliers; less than 2%
of observations exceeded the conventional threshold of 0.5, and model robustness was confirmed
through sensitivity analysis after their exclusion. Furthermore, a piecewise regression analysis
revealed a significant inflection point at a BMI of approximately 27 kg/m? (p < 0.01), beyond which
the slope of life expectancy decreased. This nonlinearity underscores the importance of stratifying
BMI effects in future studies. Overall, the model met key assumptions for linear regression and
demonstrated statistically significant predictive capacity, supporting its validity for cross-national
comparisons of health determinants.

Ethical Considerations

There were no ethical considerations as this study utilised freely and openly available
international data from public websites.

Results

A) Bivariate associations

1) Sugar consumption and per capita income: No significant linear relationship between income
and sugar intake was noted (Figure 1). This suggests that factors other than income such as
cultural preferences, dietary habits, or availability of sugary products may play a more
substantial role in influencing sugar consumption patterns.
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Figure 1. Sugar consumption and per capita income.
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Figure 2. Correlation between BMI and sugar consumption in countries with per capita income below 10,000
USsD.

2) Sugar Consumption and BMI: We found a positive but relatively weak correlation between
sugar consumption and BMI with Pearson corelation coefficient of 0.52 (p value <0.05),
suggesting that while higher sugar intake may be associated with increased BM]I, it is not the

sole determinant of adiposity.
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For countries with per capita income less than 10,000 USD (Figure 2), there was a stronger
positive corelation between sugar intake and BMI with Pearson correlation coefficient of 0.69 (p value
<0.0), suggesting that an increase in sugar intake causes high BMI. The relationship between sugar
consumption and BMI is stronger among lower-income populations (Figure 3), suggesting that in
these groups, increased sugar intake may have a more pronounced impact on BMI. This could be due
to differences in diet quality, access to healthcare, or lifestyle factors.

Comparison of BMI vs. Sugar Consumption by Income Group
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Figure 3. Correlation BMI and sugar consumption between high income and low income countries.

3) Sugar Consumption and Life Expectancy: Sugar consumption showed a weak positive
correlation with life expectancy (Figure 4) with Pearson correlation coefficient of 0.52 (p value
<0.05), implying that higher sugar consumption is associated with higher life expectancy though
this may reflect broader socio-economic or healthcare factors rather than a direct causal link.

However, higher sugar consumption often coincides with greater national wealth, which brings
better healthcare, nutrition, and sanitation. The relationship does not imply that sugar directly
increases lifespan; instead, sugar intake may serve as a proxy for broader economic and dietary
patterns in wealthier nations.

Among countries with per-capita income over USD 10,000, higher sugar consumption tends to
go hand in hand with longer life expectancy, as indicated by the upward-sloping red trend line
(Figure 5). Even though sugar alone isn’t driving lifespan, countries that consume more sugar also
tend to have better healthcare, nutrition, and living standards that boost longevity. Overall each 10kg
increase in annual sugar intake roughly aligns with a one-year gain in life expectancy. This suggests
sugar intake in wealthy countries is more a marker of affluence and access than a direct health benefit.
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Figure 4. Annual sugar consumption versus life expectancy.

4) BMI and Life Expectancy: The analysis revealed a moderate positive correlation between BMI
and life expectancy (Figure 6), with a Pearson correlation coefficient of 0.49. This suggests that,
across the dataset, countries with higher average BMI tend to also have higher life expectancy.
However, when the data was split by income levels, a nuanced trend emerged. In countries with
per capita income above $10,000, the correlation remained moderate and statistically significant
(r = 0.50), indicating a consistent relationship between BMI and longevity (Figure 7).

Correlation between Sugar Consumption and Life Expectancy for Income > 10,000
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Figure 5. Correlation between sugar consumption and life expectancy in high income countries.
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Figure 6. Correlation between BMI and life expectancy.
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Figure 7. Correlation between BMI and life expectancy grouped by per capita income.

In contrast, for countries with income at or below $10,000, the correlation was slightly weaker (r
= 0.41), though still significant (Figure 7). This difference implies that while BMI and life expectancy
are positively associated in both income groups, the strength of this relationship is somewhat more
pronounced in wealthier nations, potentially reflecting better healthcare systems, nutrition, and
living conditions that mitigate the health risks associated with higher BMIL.

The analysis of the relationship between BMI and life expectancy for countries with BMI above
27 kg/m? reveals a subtle but important shift in trend. While the overall dataset showed a moderate
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positive correlation between BMI and life expectancy, this relationship appears to weaken, and even
slightly reverse, at higher BMI levels. The scatter plot with a trend line indicates a gentle downward
slope (Figure 7), suggesting that as BMI increases beyond 27 kg/m?, life expectancy tends to decline.
This trend, although not steep, aligns with established health research indicating that higher BMI
levels, particularly in the overweight and obese ranges, are associated with increased risk of chronic
diseases that can negatively impact longevity (Figure 8). The visual evidence supports the notion that
the health benefits associated with moderate BMI may diminish or reverse when BMI exceeds a
certain threshold.

Correlation between BMI and Life Expectancy for BMI above 27 kg/m?
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Figure 8. Graph of life expectancy and BMI for income above 10,000 USD.
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Figure 9. Life expectancy takes a turn when BMI rises above 27kg/m2.
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B) Multiple regression analysis

We developed a regression model examining the relationship between life expectancy and three
key variables: BMI, per capita income, and annual sugar consumption. The model adjusted for
potential confounders, including smoking prevalence, education levels, and healthcare spending,
and achieved an adjusted R? of 0.616. This indicates that these factors collectively explain
approximately 61.6% of the variation in life expectancy across countries.

The multiple linear regression model developed in this analysis estimates life expectancy based
on three key predictors: BMI, annual sugar consumption per capita, and per capita income. The
resulting regression equation is:

Life Expectancy =46.85 + 0.75 x BMI + 0.23 x Sugar Consumption + 0.00000525 x Income

Actual vs Predicted Life Expectancy
Multiple Linear Regression Model
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This formula indicates that, holding other factors constant, an increase in BMI or sugar
consumption is associated with a modest increase in life expectancy, while income shows a negligible
effect in this model. The model explains approximately 34% of the variation in life expectancy (R? =
0.339), suggesting that while these variables contribute meaningfully, other unmeasured factors
likely play a significant role. This equation provides a useful, though simplified, tool for
understanding how lifestyle and economic indicators may relate to population health outcomes.

Model summary
¢ R-squared: 0.339
— The model explains about 34% of the variance in life expectancy.
¢  Adjusted R-squared: 0.325
e  F-statistic: 23.97 (p <0.0001)
— The overall model is statistically significant.
The regression coefficients suggest that per capita income was the strongest predictor of life

expectancy (B = 0.257), indicating a significant positive association. BMI also showed a generally
positive relationship (3 = 0.105), although this relationship became nonlinear at higher BMI values.
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Annual sugar consumption had only a small effect (3 = 0.014), suggesting a limited direct influence
on longevity.

Both BMI and sugar consumption were found to be statistically significant, with positive
coefficients, suggesting that higher values in these variables are associated with increased life
expectancy. Specifically, for each unit increase in BMI, life expectancy is expected to rise by
approximately 0.75 years, and for each additional kilogram of sugar consumed per capita annually,
life expectancy increases by about 0.23 years. In contrast, per capita income had a negligible and
statistically insignificant effect, implying that once BMI and sugar consumption are accounted for,
income does not substantially influence life expectancy in this model. These findings highlight the
stronger role of lifestyle-related factors over economic indicators in this particular dataset.

Discussion

This study explored the complex relationships between sugar consumption, BMI, income, and
life expectancy across 187 countries. Our analysis highlights that while each of these factors is
individually associated with population health, their interactions and the thresholds at which their
effects shift are crucial in understanding global health outcomes.

Key Findings

We found a moderate positive correlation between sugar consumption and BMI (r = 0.52), with
the relationship being significantly stronger in countries with per capita income below USD 10,000 (r
=0.69). This suggests that sugar intake contributes more substantially to weight gain in lower-income
nations, potentially due to limited access to diverse diets, nutrition education, or preventive
healthcare.

Surprisingly, sugar consumption also showed a moderate positive association with life
expectancy (r = 0.52). This does not suggest that sugar intake improves health but rather reflects an
indirect association wherein countries with higher sugar consumption often have higher incomes,
more developed food systems, and better access to healthcare, which collectively enhance longevity.

Similarly, BMI was positively correlated with life expectancy (r = 0.49), a finding consistent with
prior ecological studies. However, this relationship is nonlinear. In particular, we observed that life
expectancy tends to decline in countries where the average BMI exceeds 27kg/m?2. This threshold
effect is consistent with clinical evidence linking higher BMI to increased risk of cardiovascular
disease, diabetes, and all-cause mortality. While a moderate BMI may be benign, or even protective,
in well-resourced countries, further increases appear to mark a turning point where health risks
outweigh any potential benefits.

Multivariate Analysis and Interpretation

Our regression model showed that BMI, sugar intake, and income together explained 33.9% of
the variation in life expectancy (adjusted R? = 0.325). A more advanced model that included
confounding variables (e.g., education, healthcare spending, smoking prevalence) increased
explanatory power to 61.6%, reinforcing the importance of structural determinants in shaping
national health.

In the final regression model, BMI emerged as a significant positive predictor, while sugar intake
had a smaller but statistically significant effect. Interestingly, per capita income showed negligible
direct impact once lifestyle and health-related variables were accounted for. This supports the view
that income affects longevity primarily through indirect pathways, such as improved healthcare
access and living conditions.

BMI Above 27kg/m?: A Critical Turning Point

One of the most important findings of this study is the observed decline in life expectancy among
countries with BMI > 27 kg/m?. This supports a threshold hypothesis, where the relationship between
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BMI and life expectancy is initially positive or neutral, but reverses at higher levels due to the
escalating burden of obesity-related diseases. The trend line in our analysis showed a mild but
consistent downward slope in life expectancy for countries in this higher-BMI group.

This has important implications for global health policy: while increasing BMI may not be
immediately detrimental in middle-income or high-income countries, failing to control rising obesity
levels could erode gains in life expectancy over time, especially as chronic disease rates accelerate.

Limitations

Our study is subject to several limitations. Being cross-sectional, it cannot determine causality.
National averages also mask within-country variation and demographic differences.
Additionally, sugar consumption data may under-report intake from informal or unregulated
sources, and other important risk factors, such as physical inactivity, stress, or specific macronutrient
profiles, were not included.

Future Directions

Future research should explore longitudinal trends, include more precise measures of dietary
composition, and assess how interventions targeting sugar intake and obesity affect life
expectancy over time. Stratifying data by age, sex, and region could yield more targeted insights.
Moreover, analysing nonlinear or threshold effects, as seen with BMI > 27kg/m?, should become a
standard part of health outcome modelling.

Conclusion

This study highlights how sugar consumption, BMI, and income interact to influence life
expectancy, with their effects varying across economic contexts. Notably, BMI becomes detrimental
to longevity above a threshold of 27 kg/m?, reinforcing the urgency of global efforts to curb rising
obesity rates. While income and sugar intake show complex, sometimes indirect associations with
health, targeting preventable lifestyle risk factors remains key to improving life expectancy
worldwide.
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