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ABSTRACT

Background. Obesity and insufficient physical activity are major global health risks, but their population-level associations
with life expectancy may overlap because both evolve with economic and epidemiological transition.

Objective. To compare the strength and robustness of the associations of adult obesity prevalence and insufficient physical
activity with life expectancy at birth in a longitudinal ecological panel of countries.

Material and Methods. Annual country-level data for 2000-2020 were analysed. The full source panel contained 4,095
country-year observations from 195 countries, and the primary complete-case sample included 3,365 observations from
172 countries. Life expectancy at birth was the outcome. Adult obesity prevalence and insufficient physical activity were
the main exposures. Models included two-way fixed-effects specifications with country-clustered standard errors, one-
year lagged exposures, a joint lagged specification, country-specific time trends, a non-linear obesity model, a smoking
sensitivity analysis, and three-year and five-year lag sensitivity models.

Results. In standalone lagged models, obesity (f = -0.3017, p < 0.001) and insufficient physical activity (B = -0.0716,
p = 0.020) were inversely associated with life expectancy. In the joint lagged model, obesity remained significant
(B =-0.2873, p < 0.001), whereas insufficient physical activity attenuated to non-significance (p = -0.0153, p = 0.643).
In the country-specific time-trends model, obesity remained significant (§ = -0.2496, p = 0.040), but insufficient physical
activity did not (B = 0.1325, p = 0.457). Three-year and five-year lag models supported this pattern.

Conclusions. In this country-level panel, adult obesity prevalence showed a more robust inverse association with life
expectancy than insufficient physical activity. The findings should not be interpreted as evidence that obesity alone causes
lower life expectancy. Rather, obesity may represent a cumulative marker of overlapping metabolic, social, environmental,
and policy-related processes that shape population longevity.
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INTRODUCTION

Obesity and insufficient physical activity are
among the most important modifiable contributors to
the global burden of non-communicable disease. The
World Health Organization (WHO) defines obesity in
adults as a body mass index of 30 kg/m? or higher [1].
Insufficient physical activity is also a major population
health risk and contributes to the burden of non-
communicable diseases (NCDs) [2].

Recent surveillance makes the public health
relevance of both exposures clear. Global pooled
estimates suggest that adult insufficient physical

activity increased from 23.4% in 2000 to 31.3% in
2022, equivalent to approximately 1.8 billion adults not
meeting recommended activity levels [3]. In parallel,
evidence from NCD Risk Factor Collaboration
(NCD-RisC) and the Global Burden of Disease
(GBD) indicates that adult obesity has increased
substantially and is projected to remain a major
chronic-disease driver in the coming decades [4, 5].
Obesity is associated with multiple cardiometabolic
complications  and  heterogeneous  metabolic
phenotypes [6, 7]. WHO guidance also emphasizes
that regular physical activity supports cardiovascular,
metabolic, musculoskeletal and mental health [8].
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Individual-level evidence indicates that physical
activity, cardiorespiratory fitness and adiposity are
interrelated but not interchangeable predictors of
mortality and life expectancy [9-13]. At the population

level, however, disentangling the independent
epidemiological roles of obesity and insufficient
physical  activity = remains  methodologically

challenging. Both indicators co-vary with economic
development, urbanization, demographic ageing,
shifts in occupational and transport systems, food
environments, health-care access and broader
epidemiological transition. As a result, cross-national
associations may reflect shared macro-structural
drivers rather than entirely separate population-level
processes [14-16].

A key gap in the literature is that, although
obesity and insufficient physical activity are both
well-established population health risks, fewer
longitudinal cross-national studies directly compare
their relative associations with life expectancy within
the same analytical framework. At the ecological level,
it remains uncertain whether insufficient physical
activity retains an independent association with life
expectancy after obesity and structural time trends
are included, or whether its statistical signal largely
overlaps with obesity and shared macro-social change.

Therefore, the aim of this study was to compare
the relative strength and robustness of the associations
of adult obesity prevalence and insufficient physical
activity with life expectancy at birth in a longitudinal
ecological panel. The study addressed two questions:
(I) Are adult obesity prevalence and insufficient
physical activity each independently associated with
life expectancy at birth in cross-national longitudinal
models? (2) Do any of these exposures retain an
independent association with life expectancy after
adjustment for structural covariates, country and year
fixed effects, and stricter temporal specifications?

MATERIAL AND METHODS

Study design

A longitudinal ecological panel design was used
based on harmonized annual country-level data from
2000 to 2020.

Data sources and variables

Data were derived from official international
repositories, primarily the World Health Organization
Global Health Observatory and the World Bank
World Development Indicators [17-20]. The dependent
variable was life expectancy at birth, measured in
years. The two main explanatory variables were adult
obesity prevalence, defined as the age-standardized
percentage of adults with BMI > 30 kg/m?, and the

age-standardized prevalence of insufficient physical
activity among adults aged 18 years and older.
Time-varying country-level covariates were
included to reduce omitted-variable bias. These
covariates were log GDP per capita, urban population
as a percentage of total population, current health
expenditure as a percentage of GDP, alcohol
consumption per capita in litres of pure alcohol,
and the proportion of the population aged 65 years
and older. Smoking prevalence was available only
for a substantially smaller subset of country-year
observations and was therefore used in a separate
sensitivity analysis rather than in the main models.

Reporting guideline

This study was reported in accordance with the
STROBE recommendations, applied where relevant
to an ecological design, including reporting of data
sources, eligibility criteria, missing data, statistical
methods and limitations [21, 22].

Country and observation eligibility, missing data,
and analytical sample

No eligibility restrictions were applied at the
country level. All countries available in the source
repositories were retained, and the analytical sample
was determined solely by data availability under
complete-case estimation. Countries were included
when they had at least one available country-year
record for the study period in the harmonized source
panel. The full 2000-2020 source panel contained
4,095 country-year records from 195 countries with
at least one available indicator. Because variables
differed in temporal coverage, observation counts
varied across indicators and model specifications. The
main inferential sample was defined by complete-
case availability for the joint lagged two-way fixed-
effects model and included 3,365 country-year
observations from 172 countries. Accordingly, the 172
countries reported in the title and main text refer to
the restricted complete-case analytical sample used
for the primary regression models. Because inclusion
was based on data availability rather than probability
sampling, the analytical sample should be interpreted
as a broad data-available country panel rather
than as a statistically representative sample of all
countries. Nevertheless, the panel retained countries
across diverse socioeconomic, demographic and
epidemiological contexts.

Missing data were handled using listwise
deletion within each model specification; no multiple
imputation was applied. This approach was chosen
because the study relied on secondary international
indicators which are frequently modelled or smoothed
by the original data providers and because the aim
was to preserve transparent comparability across
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fixed-effects specifications. The smaller smoking-
observed sample comprised 744 country-year
observations from 150 countries after applying the
same lagged complete-case criterion.

Life expectancy audit and data cleaning

The life-expectancy variable was audited for
implausible values before the final analyses. Six
country-year records with life expectancy below 40
years were identified in the 2000-2020 panel. Because
these values were inconsistent with plausible country-
level life expectancy during the study period, they
were treated as missing. No replacement values were
imputed. Following this audit, the minimum observed
life expectancy in the cleaned analytical panel was
40.27 years.

Statistical analysis

The analytical strategy was designed to reduce
the risk of misleading inference arising from shared
temporal trends and co-evolving macro-structural
change. One-year lagged exposures were used in
the primary models to establish temporal ordering
between country-level risk indicators and life
expectancy while preserving the largest possible
complete-case analytical sample. First, separate
one-year-lagged two-way fixed-effects (TWFE)
models were estimated for obesity and for insufficient
physical activity. These models included country
fixed effects, year fixed effects and robust standard
errors clustered by country. Second, a joint lagged
model included both exposures simultaneously in
order to assess whether each retained an independent
association with life expectancy after adjustment for
the other exposure.

Third, a country-specific time-trends (CSTT)
specification added a separate linear time trend for each
country as a stricter test against spurious associations
driven by country-specific modernization trajectories.
Fourth, a non-linear obesity model added current
obesity prevalence and a quadratic obesity term to
evaluate whether the association with life expectancy
became stronger at higher obesity prevalence. Fifth,
a smoking-based sensitivity analysis was estimated
on the smaller smoking-observed subsample. Because
the effects of obesity-related metabolic risk on
mortality and population longevity may develop over
longer periods, additional three-year and five-year lag
sensitivity models were estimated.

All regression models adjusted for log GDP per
capita, urbanization, health expenditure, alcohol
consumption per capita and the share of the population
aged 65 years and older. Statistical significance
was assessed at p < 0.05. Analyses were conducted
in Stata 14.2. For descriptive panel diagnostics,
between-country and  within-country  standard

deviations were calculated for the main indicators,
where the between-country standard deviation
captures cross-national heterogeneity and the within-
country standard deviation captures temporal variation
within countries over 2000-2020.

Ethical considerations

The study was ecological and used publicly
accessible, aggregated country-level data. No
individual patient data were analysed and ethics
committee approval was not required. Because
the study relied on secondary international data
repositories, no informed consent procedures were
applicable.

RESULTS

Descriptive statistics

Table 1 summarizes the descriptive statistics
for the 2000-2020 panel. Mean life expectancy
across country-year observations was 69.63 years
(SD = 8.87). Regarding the main exposures, the
prevalence of insufficient physical activity averaged
26.46% (SD = 10.88), whereas the average prevalence
of adult obesity was 18.51% (SD = 12.45). The mean
urbanization level was 56.62%, mean current health
expenditure was 6.17% of GDP, and mean alcohol
consumption was 5.46 litres per capita. Observation
counts differed across variables because of indicator-
specific missingness. Table SI (supplementary
material) documents variable-specific  country
coverage and average years of observation, and Table
S2 (supplementary material) reports between-country
and within-country variation in the main indicators.
The within-country standard deviations for life
expectancy (2.33 years), insufficient physical activity
(3.04 percentage points) and adult obesity prevalence
(2.79 percentage points) indicate that the panel
contained temporal variation relevant for fixed-effects
estimation, although between-country heterogeneity
was larger for most indicators.

In the 2000-2020 analytical panel, life expectancy
ranged from 40.27 years in the Central African
Republic in 2014 to 84.67 years in Japan in 2020.

Main regression models

In the lagged standalone models, both exposures
were inversely associated with life expectancy
(Table 2). The obesity-only coefficient was larger in
magnitude (B =-0.3017, p < 0.001) than the coefficient
for insufficient physical activity (f =-0.0716, p=0.020).
Once both exposures were introduced simultaneously,
obesity remained negatively and statistically
significantly  associated with life expectancy
(B =-0.2873, p < 0.001), whereas insufficient physical
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Table 1. Descriptive statistics for the 20002020 analytical panel
Variable Obs. Mean SD Min-Max
Life expectancy (years) 3,732 69.63 8.87 40.27-84.67
Insufficient physical activity (%) 4,095 26.46 10.88 3.17-64.65
Obesity prevalence (%) 4,074 18.51 12.45 0.31-69.94
GDP per capita 3,914 21,274.47 23,126.92 702.60-145,591.02
Log GDP per capita 3,914 9.36 1.17 6.55-11.89
Urbanization (%) 4,053 56.62 22.94 8.04-100.00
Health expenditure (% of GDP) 3,934 6.17 2.83 1.11-24.23
Alcohol Coni“a‘;f;‘m (litres per 3,891 5.46 418 0.00-19.40
Smoking prevalence (%) 984 25.14 11.45 3.60-68.00
Population aged 65+ (%) 4,053 7.68 5.55 0.86-28.92

Note. Life-expectancy values below 40 years (n = 6) were audited, considered implausible, and treated as missing.
Observation counts are variable-specific because missingness differed across indicators. The primary complete-case joint
TWFE model included 3,365 country-year observations from 172 countries.

Table 2. Main lagged regression models

Variable (1) Lagged obesity . ) ngged (3) Joint lagged (4) Joint lagged
only inactivity only TWFE CSTT
Lagged obesity -0.3017 (0.0591)** -0.2873 (0.0685) | -0.2496 (0.1207)*
Lagged inactivity -0.0716 (0.0306)* | -0.0153 (0.0329)** 0.1325 (0.1779)
Log GDP per capita 2.6720 (0.6814)** | 3.0200 (0.7445)** | 2.7163 (0.6948)** 0.6082 (0.4518)
Urbanization 0.0226 (0.0448) 0.0497 (0.0458) 0.0236 (0.0441) -0.0989 (0.0835)
Health expenditure 0.0968 (0.0663) 0.1026 (0.0677) 0.0977 (0.0660) 0.0275 (0.0468)
Alcohol -0.1906 (0.0833)* | -0.1792 (0.0839)* | -0.1862 (0.0822)* | -0.0280 (0.0592)
Population aged 65+ -0.6674 (0.0926)** | -0.5720 (0.0926)** | -0.6561 (0.0873)** | -0.1572 (0.1002)
Country FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Country-specific linear trends No No No Yes
Observations 3,365 3,365 3,365 3,365
Countries (clusters) 172 172 172 172
R?/within R? 0.7135 0.6922 0.7137 0.9946

Note. Unstandardized coefficients with country-clustered robust standard errors in parentheses. TWFE — two-way fixed
effects; CSTT — country-specific time trends. * p <0.05, ** p <0.001.

activity attenuated markedly and was no longer
statistically significant ( = -0.0153, p = 0.643).

The country-specific time-trends model provided
a stricter temporal test because it included country
fixed effects, year effects and each country’s own
linear trajectory. In this specification, lagged obesity
remained statistically significant (B = -0.2496,
p = 0.040), whereas lagged insufficient physical
activity did not (B = 0.1325, p = 0.457).

Additional analyses

Table 3 presents the non-linear obesity model and
smoking sensitivity models. In the non-linear model,
the quadratic obesity term was negative and statistically
significant (B = -0.0044, p = 0.010), suggesting that

the association between obesity prevalence and life
expectancy became more adverse at higher levels of
obesity prevalence. The linear obesity coefficients
were not individually significant, which is common
when a variable enters the model in both linear and
squared form.

Of the 984 country-year records with available
smoking data, 744 remained after applying the one-year
lag and complete-case criterion used in the regression
model. In the smoking-observed subsample, obesity
remained statistically significant before and after
smoking adjustment, whereas insufficient physical
activity remained non-significant. Lagged smoking
itself was not statistically significant in the adjusted
sensitivity model (f =-0.0278, p = 0.355).
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Table 3. Additional analyses: non-linear obesity model and smoking robustness

Variable (1) Non-linear obesity (2) Smoking su.bsample, (3) Smoking sybsample +
model no smoking smoking
Lagged obesity -1.2046 (0.8733) -0.3106 (0.0720)*** -0.3013 (0.0749)***
Lagged inactivity -0.0355 (0.0305) -0.0047 (0.0332) -0.0039 (0.0335)
Lagged smoking -0.0278 (0.0299)
Obesity 1.1851 (0.7968)
Obesity squared -0.0044 (0.0017)*
Log GDP per capita 2.0865 (0.6863)** 1.8420 (0.5919)** 1.8149 (0.5975)**
Urbanization -0.0077 (0.0442) 0.0483 (0.0290)F 0.0444 (0.0290)
Health expenditure 0.0876 (0.0638) 0.1553 (0.0905)F 0.1536 (0.0900)+
Alcohol -0.1754 (0.0795)* -0.1841 (0.0856)* -0.1879 (0.0850)*
Population aged 65+ -0.6118 (0.0852)*** -0.6365 (0.0942)*** -0.6413 (0.0937)***
Country FE Yes Yes Yes
Year FE Yes Yes Yes
Observations 3,365 744 744
Countries (clusters) 172 150 150
Within R? 0.7259 0.7556 0.7564

Note. The smoking analysis compares models on the same smoking-observed lagged subsample. Unstandardized
coefficients with country-clustered robust standard errors in parentheses. T p <0.10, * p <0.05, ** p <0.01, *** p <0.001.

Table 4. Sensitivity analysis: 3-year and 5-year lag models

Variable (1) 3-year lag (2) 5-year lag
Lagged obesity -0.3046 (0.0730)*** -0.3185 (0.0785)***
Lagged inactivity -0.0130 (0.0343) -0.0104 (0.0351)
Log GDP per capita 2.5535 (0.7048)*** 2.2967 (0.7081)**
Urbanization 0.0060 (0.0520) -0.0147 (0.0614)
Health expenditure 0.0547 (0.0686) 0.0127 (0.0762)
Alcohol -0.1880 (0.0758)* -0.1960 (0.0720)**
Population aged 65+ -0.6486 (0.0858)*** -0.6447 (0.0853)***
Country FE Yes Yes
Year FE Yes Yes
Observations 3,036 2,702
Countries (clusters) 172 172
Within R? 0.6893 0.6504

Note. Models include country fixed effects, year fixed effects and the same covariates as the main joint TWFE model.
Unstandardized coefficients with country-clustered robust standard errors in parentheses. * p < 0.05, ** p < 0.01,

% p < 0.001.

Lag sensitivity analysis

Because the biological and epidemiological effects
of obesity-related metabolic risk may develop over
longer periods than one year, 3-year and 5-year lag
sensitivity models were estimated (Table 4). The
pattern was consistent with the primary joint model.
Lagged obesity remained inversely and significantly
associated with life expectancy in both the 3-year
lag model (B =-0.3046, p < 0.001) and the 5-year lag
model (B = -0.3185, p < 0.001). By contrast, lagged
insufficient physical activity remained non-significant
in both sensitivity specifications.

DISCUSSION

Principal findings

The main finding was that adult obesity prevalence
showed a more stable inverse association with life
expectancy than insufficient physical activity once both
exposures were modelled jointly. Insufficient physical
activity was inversely associated with life expectancy
in the standalone model, which is consistent with
evidence linking physical activity and fitness to better
health and longevity [2, 8-11]. However, this association
attenuated after obesity was included, suggesting that
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at the country level a substantial part of the statistical
signal for insufficient physical activity overlaps with
obesity and with broader structural processes that
shape both behavioral and metabolic risk.

These ecological findings can be read alongside
individual-level evidence that reaches a different
emphasis. Using the UK Biobank cohort, Zaccardi
and colleagues reported that participants with a brisk
walking pace had longer life expectancy across the
spectrum of body-mass index and other adiposity
indices [10], and the accompanying commentary
interpreted fitness as predicting longevity largely
regardless of adiposity [11]. The present country-level
results do not contradict this evidence; rather, they
operate at a different level of analysis. At the individual
level, fitness captures a proximal physiological
capacity. At the population level, obesity prevalence
and insufficient physical activity reflect more distal
behavioral and structural exposures whose signals are
partly shared with obesity and broader development
trends. The attenuation of insufficient physical
activity in the joint models is therefore consistent
with either partial mediation through adiposity
or common structural confounding, a distinction
the present ecological design cannot resolve. The
significant quadratic obesity term is also consistent
with individual-level evidence that the BMI-mortality
association is graded and non-linear [13].

The persistence of the obesity coefficient is
consistent with recent global evidence showing the
continuing growth of adult obesity and its substantial
cardiometabolic burden [4-7, 13]. Importantly, the
present findings should not be read as evidence
that obesity is an isolated causal determinant of life
expectancy. At the ecological level, obesity prevalence
may operate as a cumulative marker of multiple
overlapping processes, including food environments,
socioeconomic conditions, chronic disease burden,
health-care access and treatment quality, physical
activity environments, transport systems, and national
policy responses.

Interpretation of lag sensitivity findings

The three-year and five-year lag sensitivity models
strengthened the robustness of the core result. Obesity
remained significantly associated with life expectancy
under both longer lag structures, while insufficient
physical activity remained non-significant. This
pattern is relevant because one-year lags may be
too short to capture the full biological footprint of
metabolic risk. Nevertheless, even the longer lags used
here cannot fully represent lifetime exposure histories
or cumulative disease pathways, and therefore the
results should remain interpreted as longitudinal
ecological associations rather than individual-level
causal effects.

Public health implications

The findings support integrated public health
strategies rather than a narrow one-risk approach.
Obesity prevention remains central because obesity
may reflect cumulative metabolic and structural risk
at the population level. However, physical activity
promotion should not be downgraded; instead, it should
be positioned as part of broader systems-oriented
strategies that include healthier food environments,
active transport, safe and walkable urban spaces,
equitable access to prevention and treatment services,
and policies targeting the social determinants of non-
communicable disease. From this perspective, the
attenuation of insufficient physical activity in joint
models does not imply that activity is unimportant; it
suggests that physical activity policies may be most
effective when embedded within wider obesity and
NCD prevention frameworks.

Strengths and limitations

This study has several strengths. It used a large
longitudinal country-level panel, compared obesity
and insufficient physical activity within the same
analytical framework, applied a multi-model strategy,
included country and year fixed effects, used country-
clustered standard errors, incorporated a country-
specific time-trends specification, audited implausible
life-expectancy values, documented both between-
country and within-country variation in the main
indicators, and added three-year and five-year lag
sensitivity models.

Several limitations should also be noted. First,
ecological designs cannot identify individual-level
causal pathways and are vulnerable to ecological
fallacy. Second, complete-case estimation reduced
the effective sample from 195 countries with at least
one available indicator to 172 countries in the main
models. Third, the study relied on international
indicators that may be modelled, smoothed or
estimated differently across countries. Fourth, residual
confounding remains possible because the models did
not directly include educational attainment, income
inequality, quality and accessibility of healthcare,
dietary patterns, prevalence of chronic diseases,
food-system indicators, or detailed national health
policies. These indicators were not included in the
main regression models because harmonized annual
country-level coverage was incomplete and would
have substantially reduced the complete-case sample
and cross-national comparability. Fifth, smoking data
were sparse and available only for a smaller subset
of countries and years. Sixth, lag models improve
temporal ordering but cannot fully represent long-run
cumulative exposure histories.
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CONCLUSIONS

In this longitudinal country-level panel, adult
obesity prevalence showed a more robust inverse
association with life expectancy at birth than
insufficient physical activity. Although insufficient
physical activity was inversely associated with life
expectancy in standalone models, this association
attenuated after obesity and structural covariates
were included. By contrast, the obesity association
remained significant in the joint lagged model, in
the country-specific time-trends specification and in
three-year and five-year lag sensitivity models. These
findings should be interpreted as ecological evidence
and do not establish individual-level causality. Overall,
the results support integrated public health strategies
combining obesity prevention, physical activity
promotion and broader non-communicable disease
policy interventions.
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