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Abstract

Objectives: To compare trends in adult obesity prevalence (BMI >30 kg/m?) between the Baltic (Latvia, Lithuania,
Estonia) and Nordic (Denmark, Finland, Iceland, Norway, Sweden) regions from 1990 to 2022, and to assess whether
the rate of increase in obesity prevalence differs between the two regions.

Methods: This ecological time-series study utilized age-standardized estimates of adult obesity prevalence from the
World Health Organization (WHO) Global Health Observatory. Annual prevalence data from 1990 to 2022 were
extracted for each country, and regional mean prevalence for the Baltic and Nordic regions was calculated. Temporal
trends were analyzed using linear regression with a Year X Region interaction term to assess whether obesity
trajectories differed between regions. Segmented regression was applied to identify inflection points, and the optimal
model was selected by minimizing the sum of squared residuals. Segment-specific slopes and the Average Annual
Percent Change (AAPC) were calculated.

Results: Over the 32-year period, obesity prevalence increased in both regions (Baltics: 16.3% in 1990 to 23.9% in
2022; Nordics: 9.6% in 1990 to 18.1% in 2022). The Year % Region interaction term was not statistically significant
(p = 0.903), indicating parallel trajectories of obesity prevalence in both regions. The rate of increase was similar in
both regions, with the Baltic region showing an average annual increment of 0.24 percentage points per year and the
Nordic region showing 0.27 percentage points per year. Despite earlier adoption of preventive policies in the Nordic
countries, their obesity trajectory did not diverge from that of the Baltic states.

Conclusions: Both the Baltic and Nordic regions experienced significant increases in adult obesity prevalence from
1990 to 2022, with nearly parallel trends. The findings suggest that policy maturity alone may not be sufficient to alter
long-term obesity trends and highlight the need for more coordinated, multi-level interventions. These results
underscore the importance of adopting comprehensive, system-level strategies to address the obesity epidemic across
Northern Europe.
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Introduction

Overweight and obesity remain among the most urgent global public-health challenges. In 2022, approximately 43%
of adults aged 18 years and older were classified as overweight, and 16% were living with obesity (BMI > 30 kg/m?).!
Obesity substantially increases the risk of cardiovascular disease, type 2 diabetes, metabolic complications such as
fatty liver disease, certain cancers, and musculoskeletal disorders, contributing significantly to global morbidity and
mortality.”™

Across the WHO European Region, nearly 60% of adults are affected by overweight or obesity, and

prevalence continues to rise.’ In 2022, within the European Union, considerable inter-country variation exists in the
proportion of adults with overweight (BMI > 25). The share of overweight women ranged from 31.3% in Italy to
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56.7% in Latvia, while for men, the range was from 51.5% in France to 69.4% in Croatia, Malta, and Slovakia.® The
differences in obesity rates across Europe reflect the influence of diverse socioeconomic, behavioral, and policy
contexts. These factors impact nutrition, physical activity, and body weight, with stronger public health policies and
higher socioeconomic status typically associated with lower obesity rates.”® Understanding how long-term obesity
trajectories differ across contrasting policy environments is essential to evaluating whether preventive strategies
meaningfully alter population-level trends. Following their independence from the Soviet Union in the early 1990s,
the Baltic states (Latvia, Lithuania, Estonia) underwent significant socioeconomic transformations and dietary shifts
towards Western patterns.

Meanwhile, Nordic countries (Denmark, Finland, Iceland, Norway, Sweden) have maintained robust welfare
systems and were early adopters of public health policies, including food-labeling reforms, physical-activity
promotion, and taxes on sugar-sweetened beverages. Cross-sectional analyses have examined obesity variation across
European countries,” but no prior study has directly compared 32-year adult obesity trajectories between the Baltic
and Nordic regions using standardized WHO data. Understanding how obesity prevalence has evolved in these two
geographically proximate, yet socioeconomically divergent regions may provide insight into how national policy,
cultural factors, and lifestyle transitions shape long-term health outcomes.

Obesity also comprises heterogenous phenotypes that differ in total adiposity and body fat distribution. While
BMI is widely used for population surveillance and enables standardized comparisons, it does not directly capture
central (abdominal/visceral) adiposity.'® Complementary anthropometric measures such as waist circumference (WC),
waist-to-hip ratio (WHR; using hip/pelvic circumference), and waist-to-height ratio (WHtR)—are commonly used to
characterize body fat distribution phenotypes and refine cardiometabolic risk stratification beyond BMI alone.'*!!

Therefore, this study aimed to compare the prevalence of adults living with obesity (BMI > 30 kg/m?)
between Baltic and Nordic countries from 1990 to 2022 using publicly available World Health Organization (WHO)
Global Health Observatory estimates, and to assess how regional contexts may have influenced obesity trajectories.

Methods

This was an ecological time-series study using publicly available secondary data. The analysis compared the
prevalence of adults living with obesity in the Baltic region (Latvia, Lithuania, Estonia) and the Nordic region
(Denmark, Finland, Iceland, Norway, Sweden). The observation period covered 1990-2022, spanning more than three
decades of comparable national estimates.

Data source: Data were obtained from the World Health Organization (WHO) Global Health Observatory
(GHO) indicator “Prevalence of obesity among adults (BMI >30 kg/m?, age-standardized estimate, % of population
aged >18 years)”.!? The dataset was downloaded in March 2024 and initially contained global obesity prevalence
estimates. For this study, only values for Baltic and Nordic countries were retained. All processed data used in the
analysis are included in S1_File. Source data were obtained from publicly available databases (WHO Global Health
Observatory; Our World in Data).

Variables and definitions: The main outcome was the prevalence of adults living with obesity, defined as the
proportion of individuals aged >18 years with BMI >30 kg/m?, consistent with WHO standards. No transformations
or re-classification of BMI categories were performed. Countries were grouped a priori into Baltic or Nordic regions
to enable regional comparison.

Data processing: Data were reviewed for completeness and internal consistency. All data points were
complete and numeric; no exclusions were necessary. Annual prevalence values for each country were retained for
1990-2022, and country values were averaged to generate regional mean prevalence (Baltic vs Nordic) for each year.
Data cleaning and figure generation were performed in Microsoft Excel 2021 and Python 3.11.

Statistical analysis: Descriptive statistics summarized annual adult obesity prevalence over the time series.
Relative change (%) and the average annual increment (percentage-points per year) were calculated as:
Relative change (%) = [(Value2022 — Value1990) / Value1990] x 100
Average annual increment (pp/year) = (Value2022 — Value1990) / (2022 — 1990)

2



Line graphs were used to illustrate the trends in country-specific prevalence over time. Additionally, regional mean
prevalence for the Baltic and Nordic regions was calculated.

To compare long-term temporal trajectories between regions, while accounting for repeated annual
observations within countries, we fitted a linear mixed-effects model with a country-level random intercept. Year was
centered at 2006 (year c = year — 2006), and a YearxRegion interaction tested whether trends differed between the
Baltic and Nordic regions. Sensitivity analyses included (i) ordinary linear regression, (ii) a mixed model with an
AR(1) within-country correlation structure, and (iii) a quadratic year term (year c?) to assess non-linearity.

In addition, segmented (joinpoint) regression was applied to identify inflection points (changes in trend)
within each region. Models allowing up to two joinpoints were evaluated, and the optimal model was selected based
on the minimum sum of squared residuals. Segment-specific slopes (percentage-points per year) and the Average
Annual Percent Change (AAPC) were calculated, consistent with the methodology used by the U.S. National Cancer
Institute Joinpoint Regression Program.

No smoothing, transformation, or imputation was applied. All analyses used annual age-standardized

estimates provided by the WHO Global Health Observatory. Data analysis and visualization were performed in Python
(v3.11; Matplotlib v3.9) and IBM SPSS Statistics version 29 (IBM Corp., Armonk, NY).

Results

Between 1990 and 2022, the prevalence of adults living with obesity (BMI >30 kg/m?) rose substantially across all
Baltic and Nordic countries.
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Figure 1. Age-standardized prevalence of adults living with obesity (BMI > 30 kg/m?) in Baltic and Nordic countries,
1990-2022. Annual prevalence estimates (% of adults >18 years) from the World Health Organization Global Health
Observatory (WHO GHO). (1A) Baltic countries: Latvia, Lithuania, Estonia. (1B) Nordic countries: Denmark,
Finland, Iceland, Norway, Sweden. Each line represents one country’s annual trend. No imputation or smoothing was
applied; all values reflect WHO age-adjusted national prevalence estimates for each calendar year. Figure 1 illustrates
individual country trends and Figure 2 presents regional averages.
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Figure 2. Regional mean prevalence of adults living with obesity (BMI >30 kg/m?) in Baltic vs. Nordic regions, 1990—
2022, with joinpoints. Annual regional means were calculated as the average of all countries within each region for
each calendar year. Data source: WHO Global Health Observatory age-standardized prevalence estimates (% of adults
>18 years). A linear mixed-effects model with a country random intercept and a Year x Region interaction tested
whether the change in prevalence over time differed between regions (no significant difference in slopes; p = 0.903).
Segmented (joinpoint) regression identified one inflection point in each region (Baltics: 2002; Nordics: 2006),
indicating a change in the rate of increase over time. No smoothing or imputation was performed.

Although annual data were analyzed, Table 1 displays only baseline (1990) and endpoint (2022) values to
facilitate comparison.

Table 1. Age-standardized adult obesity prevalence (1990-2022): baseline vs. latest WHO estimates with calculated

change.
Country 1990 (%) 2022 (%) Relative change Annual
(%) increment
(pp/year)
Denmark 7.88 13.28 68.5% 0.17
Estonia 13.66 22.16 62.2% 0.27
Finland 13.45 21.51 59.9% 0.25
Iceland 9.92 21.23 114.0% 0.35
Latvia 15.18 24.27 59.9% 0.28
Lithuania 20.18 25.36 25.7% 0.16
Norway 8.09 19.15 136.7% 0.35
Sweden 8.72 15.27 75.1% 0.20

Source: World Health Organization (WHO) Global Health Observatory, 2024.

Baltic countries: All three Baltic states—Latvia, Lithuania, and Estonia—showed a steady and nearly linear
rise in the prevalence of adults living with obesity between 1990 and 2022 (Figure 1A). Latvia increased from 15.18%
in 1990 to 24.27% in 2022 (+59.9%). Lithuania rose from 20.18% to 25.36% (+25.7%), a smaller relative increase
because its baseline prevalence in 1990 was already high. Estonia from 13.66% to 22.16% (+62.2%). Although minor
fluctuations appeared during the early 2000s, the overall trajectory remained consistently upward. By 2022, prevalence
in all three countries converged near 22-25%, reflecting region-wide escalation accompanying ongoing
socioeconomic development and lifestyle modernization.

Nordic countries: A similar upward trend was observed across the Nordic region (Denmark, Finland, Iceland,
Norway, and Sweden) (Figure 1B). Denmark increased from 7.9% in 1990 to 13.3% in 2022 (+68.5%). Finland rose
from 13.5% to 21.5% (+59.9%), and Sweden from 8.7% to 15.3% (+75.1%). Norway and Iceland demonstrated the
steepest rises, from 8.1% to 19.2% (+136.7%) and 9.9% to 21.2% (+114.0%), respectively. Despite lower baseline
levels in 1990, all Nordic countries exhibited a steady upward increase in obesity prevalence across the region.

Regional comparison: When aggregated by region, the mean prevalence of adults living with obesity
increased from 16.3% to 23.9% in the Baltics and from 9.6% to 18.1% in the Nordics between 1990 and 2022. In the
mixed-effects model, obesity prevalence increased over time (Baltics: $=0.269 percentage points/year, p<0.001), and
Nordics had a lower mean prevalence than Baltics around 2006 (B=—5.531, p<0.001). The YearxRegion interaction
was not significant (=—0.004, p=0.903; 95% CI —0.061 to 0.053), indicating parallel time trends (Nordics ~0.265 vs
Baltics ~0.269 percentage points/year); results were consistent in ordinary regression, AR(1) mixed models, and a
quadratic-year sensitivity model (year c? f=—0.004, p=0.032; interaction p=0.902). Joinpoint (segmented) regression
confirmed distinct inflection points in trend patterns. In the Baltic region, the annual increase accelerated after 2002
(from +0.21 to +0.24 pp/year). In the Nordic region, obesity increased more rapidly until 2006, followed by a slower
but persistent rise (from +0.36 to +0.17 pp/year). Descriptively, the endpoint-based average annual increment from
1990 to 2022 was similar (Baltics ~0.24 vs Nordics ~0.27 percentage points/year).

Temporal and visual trends: As shown in Figures 1 and 2, the rate of increase accelerated after 2000 in both

regions, coinciding with ongoing economic growth, urbanization, and westernization of dietary patterns in Northern
Europe. The trend lines show smooth, monotonic increases with no evidence of plateau by 2022.
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Discussion

To our knowledge, this is the first study to directly compare 32-year adult obesity trajectories between two contrasting
European policy environments using standardized WHO estimates. By 2022, the Baltic region had largely converged
toward Nordic levels, narrowing the inter-regional difference observed in 1990. Our findings suggest that to alter long-
term obesity trends, more intensive, targeted, and multi-level interventions may be needed, moving beyond the initial
adoption of policy measures. A formal statistical test (p = 0.903) confirmed that the rates of increase in obesity
prevalence did not significantly differ between the Baltic and Nordic regions, suggesting that despite differing policy
environments, the long-term trajectories of obesity prevalence followed similar patterns. Our ecological comparison
shows steadily rising obesity prevalence in both regions over the 32-year period, with no indication of plateau by
2022. This trend mirrors global pooled analyses, which indicate continued increases in adult obesity through 20221314
with recent reviews discussing whether a future plateau might eventually emerge.!® Our analysis confirms that
although the Nordic region began with a lower baseline prevalence, the annual rate of increase was not significantly
different from the Baltics.

Regional context matters: The Baltics underwent rapid socioeconomic transition and food-system
“westernization” after the 1990s, while the Nordics maintained long-standing welfare systems and early preventive
policies. Recent EU data show Latvia with one of the highest obesity rates in the EU, with Lithuania also reporting
elevated levels; Finland and Denmark show comparably high prevalence among northern European countries, though
the Eurostat report presents cross-sectional values rather than full trend trajectories.®

Policy implications: The Nordic countries — and Estonia — use the Nordic Nutrition Recommendations
2023 (NNR 2023) as a harmonized scientific basis for national nutrition policy and are implementing them.! In
contrast, Latvia and Lithuania have not yet adopted a comparable unified framework; however, modeling shows that
shifting current diets toward NNR-aligned patterns could yield meaningful gains in life expectancy.'® and adherence
to Nordic dietary patterns is consistently associated with improved cardiometabolic outcomes.!”"!°

Front-of-pack nutrition labeling (FOPL) systems such as Nutri-Score have demonstrated measurable effects
on consumer food choices and, in some settings, have stimulated product reformulation. Adoption of a standardized
FOPL system could support the Baltic region in improving diet quality.?*2?

Fiscal policies also play a proven role: Implementation of sugar-sweetened beverage (SSB) taxes — such as
the UK Soft Drinks Industry Levy — has been associated with significant reductions in sugar purchased from soft
drinks,? and reductions in free-sugar intake in the population.?* Evidence from multiple European countries further
shows that SSB taxes reduce sugary-drink consumption at national level.?> Microsimulation models in European
settings indicate that interventions such as mandatory menu calorie labelling, when paired with SSB taxation, could
reduce obesity prevalence,?® while real-world evaluations of calorie labeling show beneficial changes in consumer
behavior.?” Still, the effect size of isolated interventions remains modest, reinforcing that multi-component
strategies—marketing restrictions, school-nutrition standards, and urban-planning initiatives—are needed.?®-3°
Younger cohorts are particularly relevant: in the WHO European Region, nearly one in three children (~29%) have
overweight or obesity,® and global analyses confirm high adolescent obesity in Europe.?! Lifestyle surveys in the Baltic
countries reveal strong associations between diet quality, physical activity and mental health/subjective health
outcomes.*? Alongside these policies, a structured prevention education program targeting overweight/obese high-risk
individuals improved risk awareness and highlights the value of sustained, population-oriented health education
strategies.??

Beyond BMI: Because our analysis relies on standardized WHO BMI-based estimates, and BMI does not
necessarily reflect body-fat proportion.>* Our findings primarily reflect trends in general adiposity rather than changes
in fat distribution. This matters because cardiometabolic risk may shift even when BMI-based prevalence changes
modestly. Evidence suggests that waist-to-height ratio (WHtR) can outperform BMI (and waist circumference) for
screening adult cardiometabolic risk factors.!! Future surveillance would be strengthened by reporting waist-based
indicators (e.g., WC, WHR, WHtR) alongside BMI to better capture central adiposity patterns. Also, tools such as
bioelectrical impedance analysis (BIA) and digital anthropometry may further improve estimation of fat mass and
distribution in clinical settings, together with assessment of weight-related complications to stage disease severity.!%34



Implications: Both Baltic and Nordic countries require coordinated, multi-level obesity-prevention strategies
that integrate several key components. These include harmonized front-of-pack nutrition labeling (FOPL) systems and
product reformulation targets to improve consumer food choices,??! tiered sugar-sweetened beverage (SSB) taxes
and healthy public-procurement policies to reduce sugary drink consumption and improve public diet quality,?*3> and
mandatory menu labeling accompanied by systematic evaluation to empower consumers with clearer nutrition
information.?®?’ Additionally, promoting NNR-aligned diet patterns can lead to long-term improvements in diet
quality and health outcomes across both regions.!>!8

Strengths and limitations: This study used standardized World Health Organization (WHO) data spanning more than
30 years, ensuring regional comparability. Limitations include its ecological design and absence of individual-level
confounder control. Findings should therefore be interpreted as descriptive, policy-oriented surveillance rather than
causal inference.
What This Study Adds
e  This is the first study to directly compare 32-year adult obesity trajectories between the Baltic and Nordic
regions using standardized WHO data.
e Despite earlier adoption of preventive nutrition policies in the Nordic countries, both regions experienced
nearly identical long-term obesity trends.
e These findings suggest that policy maturity alone may not be sufficient to reverse the obesity trajectory and
that more system-level interventions are needed.

Conclusion

Adult obesity increased substantially across all Baltic and Nordic countries from 1990 to 2022, and the rate of increase
did not significantly differ between regions. Despite starting from lower baseline levels, the Nordic countries did not
achieve slower long-term growth of obesity prevalence, suggesting that policy maturity alone is not sufficient to bend
the curve. These findings underscore the need for coordinated, system-level interventions that go beyond individual
policy measures. Multi-level strategies—including fiscal measures (e.g., sugar-sweetened beverage taxation),
mandatory front-of-pack labeling, and product reformulation targets—must be prioritized to meaningfully alter
population-level obesity trajectories.
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