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ARTICLE INFO ABSTRACT

Keywords: Background: Obesity is a global public health issue with increasing prevalence and notable differences across
BMI di_StribUtiﬂn population. Previous studies on body mass index (BMI) trends and inequalities have focused on overweight/
gduzatlon obesity prevalence or average BMI changes, overlooking differences across the BMI distribution. This study in-
Qil;nifl e regression vestigates whether changes in BMI distribution are uniform or different over time and educational attainment.
Sweden 8 Methods: This study is based on repeated cross-sectional surveys in Vasterbotten, Sweden. Study participants

were expectant parents visiting antenatal care (2010-2019) as part of the Salut Programme. During early
pregnancy, 18,215 women and 17,890 male partners completed questionnaires. Quantile regression analyses
were conducted to assess BMI distribution changes over time and by education for men and women.

Results: The BMI distribution for women showed a sharper increase in the upper tail in 2018/19 compared to
2010/11, whereas for men, the upper tail showed a gradual rise over years. Similar changes in BMI distributions
were observed over time across both educational groups, with a notable increase in the higher BMI segments.
Conclusion: The study revealed weight gain inequalities, with higher BMI segments experiencing a dispropor-
tionately higher rise compared to others. Identifying high-risk groups in vulnerable settings will better equip

decision-makers to design and implement targeted intervention strategies to reduce overweight and obesity.

1. Introduction

Overweight and obesity are global health concerns that are
increasing worldwide (Finucane et al., 2011). The global prevalence of
obesity more than doubled between 1990 and 2022 (Brauer et al., 2024;
WHO, 2025). Sweden faces the same growing challenge, with adult
overweight and obesity dramatically increasing during the last decades
(Folkhalsomyndigheten, 2024; Vogt et al., 2024). Concurrently, the
proportion of individuals with normal weight has decreased, indicating
a shift towards higher weight categories.

Moreover, a recent report from Sweden highlights significant dis-
parities in the population (Folkhalsomyndigheten, 2024) supported by
several studies demonstrating a social gradient in obesity (Eek &
Ostergren, 2009; Johansson, 2010; Yusuf et al., 2023). Education con-
tributes to these inequalities, with overweight being more prevalent
among those with lower education (Bjermo et al., 2015; Folk-
halsomyndigheten, 2024; Molarius et al., 2016). For example, among

pregnant women in Sweden, the prevalence of overweight/obesity is 54
% for those with secondary education and 40 % for those with
post-secondary education (Folkhalsomyndigheten, 2025). There are also
gender differences in the prevalence of overweight and obesity, with
higher overall prevalence among women globally (WHO, 2025). How-
ever, in high income nations, being overweight is more common among
men, and studies in Sweden show similar patterns (Hemmingsson et al.,
2021; Yusuf et al., 2023).

These differences in overweight or obesity prevalence between men
and women and among different educational levels underscore the
importance of examining BMI distribution beyond simple averages or
prevalence rates. While prior research in Sweden has primarily focused
on mean BMI or the overweight and obesity prevalence, such ap-
proaches may potentially obscure important variations across the BMI
distribution. Identifying sub-groups with the highest BMI, or the fastest
increase is crucial for effective public health strategies. Rose’s concept of
population-based prevention, introduced in the 1970s and 1980s, was

* Corresponding author. Department of Epidemiology and Global Health, Ume& University, 901 87, Umed, Sweden.

E-mail address: fethi.yusuf@umu.se (F.M. Yusuf).

https://doi.org/10.1016/j.ssmph.2025.101877

Received 16 May 2025; Received in revised form 14 October 2025; Accepted 5 November 2025

Available online 6 November 2025

2352-8273/© 2025 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


https://orcid.org/0009-0002-2179-1481
https://orcid.org/0009-0002-2179-1481
mailto:fethi.yusuf@umu.se
www.sciencedirect.com/science/journal/23528273
https://www.elsevier.com/locate/ssmph
https://doi.org/10.1016/j.ssmph.2025.101877
https://doi.org/10.1016/j.ssmph.2025.101877
http://creativecommons.org/licenses/by/4.0/

F.M. Yusuf et al.

developed at a time when risk prediction relied on just one or two factors
and had limited discriminative power (Rodgers et al., 2004; Sub-
ramanian et al., 2018; Zulman et al., 2008). In contrast, modern risk
prediction tools can more accurately capture heterogeneity in treatment
benefits across populations (Hayward et al., 2005).

By examining changes across the entire BMI distribution, we can gain
a more comprehensive understanding of who is gaining more weight
overtime, including differences between genders. Furthermore, ana-
lysing how BMI distribution changes differ across educational levels
enables us to identify specific patterns and disparities between these
groups. Despite this need, no study has specifically analysed differential
change in the entire distribution of BMI in Sweden. Therefore, this study
aimed (i) to examine if BMI is changing equally across all segments of
the BMI distribution among pre-pregnant women and their partners in
Vasterbotten from 2010 to 2019, and (ii) to observe differences between
low and high education groups.

2. Methods
2.1. Study design and study population

This study used data from a repeated cross-sectional study collected
in Antenatal Care as part of the Salut Programme, an ongoing universal
health promotion programme in the county of Vasterbotten, northern
Sweden (Eurenius et al., 2011; Pulkki-Brannstrom et al., 2020). Preg-
nant women and their partners were identified as the target population;
and they were invited to fill out a paper questionnaire that included
items related to health, lifestyle, educational attainment, occupation,
family situation, and living conditions. The present study is based on
questionnaire data gathered between 2010 and 2019.

The study sample consisted of pregnant women and male partners
who completed a questionnaire before their first routine visit to Ante-
natal Care, around the 11th week of gestation. Between 2010 and 2019,
a total of 42,249 questionnaires were filled out by the study participants.
Among the participants, 3575 observations were excluded due to
missing values on BMI, age or education. In addition, 2566 did not
consent to research, and an additional three participants were excluded
because their reported BMI exceeded 60. Thus, the BMI ranged from 12
kg/m? to 60 kg/m> These exclusions contributed to the observed dif-
ferences in the number of male and female respondents presented in
Table 1. Therefore, the final sample size included a total of 36,105
participants: 18,215 pregnant women and 17,890 male partners. During
the study period a total of 29,047 live births were recorded in
Vasterbotten (Vogt et al., 2024), which indicate that the final study’s
sample comprised approximately 63 % of all women with a pregnancy
resulting in a live birth in Vasterbotten during the study period. This
proportion reflects population-level coverage rather than a response rate
from a sampled survey. Exclusions were primarily due to missing data or
lack of consent, with no evidence of systematic bias (e.g., missingness
was not associated with low education), suggesting that the risk of
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selection bias is minimal (analysis not shown). Some women may have
received antenatal care outside the region, moved during pregnancy, or
delivered twins, which also contributed to the lower number of women
in the final sample in comparison to total live births during the study
period.

2.2. Measures

BMI was based on self-reported weight and height with weight (kg)
divided by height squared (m?). For men, BMI was determined as the
current BMI when filling out the questionnaire. However, for women, it
was based on reported weight just before the pregnancy. Age-adjusted
BMI was calculated separately for women and men, in order to ac-
count for differing patterns in the relationship between BMI and age
over time in each group. It was obtained for women by regressing BMI
on age and on a quadratic term for age, and by adding residuals of the
linear model to the women’s grand mean of BMI (Razak et al., 2013;
Vaezghasemi et al., 2016). For male partners, the procedure was similar
but no quadratic term for age was used in the linear regression model.
For men, the relationship between age and BMI appeared linear, and
adding a quadratic term did not enhance model performance. To
maintain parsimony and avoid overfitting, we excluded the quadratic
term from the model for men.

Calendar years ranged from 2010 to 2019 and were recoded as
biennial intervals (i.e. every two years). This is helpful for clearly
visualizing the evolution of BMI through graphical illustrations, as using
annual intervals would make the visuals too busy and obscure the main
trends in the data. After this, we referred to each biennial interval as a
time period throughout the text. Education was recorded as the highest
level of completed education in five levels, then dichotomized into low
and high categories. The low category included (i) less than 9 years of
schooling, (ii) compulsory school or the equivalent of 9 years of
schooling, (iii) upper secondary school (high school) or the equivalent of
12 years of schooling. The high category included (iv) post-secondary
education, less than 3 years, or (v) post-secondary education, 3 years
or more.

2.3. Statistical analysis

Descriptive statistical analysis was done to summarise the charac-
teristics of study participants. Numbers, percentages, median, mean,
skewness and standard deviation are displayed in Table 1 for age, BMI
and educational attainment by year for both genders. In addition,
quantile regression analyses were used as the main analytical method.
Quantile regression allows for the estimation of changes across the
entire BMI distribution (Gebremariam et al., 2018), providing estimates
(coefficients) at specific quantiles such as the 0.05, 0.25, 0.50, 0.75, and
0.95 quantiles (Bann et al., 2020). The quantile regression gives a co-
efficient estimate, standard error, and P value for each model covariate
at each specified quantile. This contrasts with linear regression or

Table 1

Characteristics of the sample (n = 36,105) in Vasterbotten from 2010 to 2019.
Women Men
Year Total (N) Age BMI Education Total (N) Age BMI Education

Mean (SD) Mean (SD) Median Skewness Low Mean (SD) Mean (SD) Median Skewness Low

2010 1682 29.8 (5) 23.9 (4.4 22.9 1.3 666 (40 %) 1504 32.2 (5.8) 25.7 (3.49) 25.3 1.3 820 (55 %)
2011 2019 29.9 (5) 23.6 (4.4) 22.6 1.6 783 (39 %) 1956 32.1 (5.9) 25.7 (3.5) 25.2 1.1 1029 (53 %)
2012 1989 29.7 (4.9) 23.8 (4.5) 22.7 1.5 740 (37 %) 2111 32.3(5.7) 25.8 (3.6) 25.3 0.9 1113 (53 %)
2013 1683 29.7 (4.9) 23.7 (4.3) 22.8 1.4 630 (37 %) 1619 32.2 (5.8) 25.7 (3.6) 25.2 1.6 852 (53 %)
2014 1286 29.8 (4.7) 23.8 (4.2) 23.1 1.3 452 (35 %) 1247 31.9 (5.5) 25.7 (3.49) 25.3 0.8 640 (51 %)
2015 1867 29.8 (4.8) 23.9 (4.5) 22.9 1.6 689 (37 %) 1869 32.1 (5.7) 25.8 (3.8) 25.3 1.5 985 (53 %)
2016 2034 30.1 (4.7) 23.9 (4.3) 229 1.5 738 (36 %) 1952 32.3 (5.7) 25.8 (3.8) 25.2 1.4 1000 (51 %)
2017 1843 30.1 (4.6) 23.9 (4.4 22.9 1.6 644 (35 %) 1864 32.3 (5.5) 26.1 (3.9) 25.5 1.7 978 (53 %)
2018 1976 30.0 (4.6) 24.3 (4.7) 23.2 1.6 717 (36 %) 2002 32.2 (5.6) 26.0 (4.1) 25.4 1.4 1063 (53 %)
2019 1836 30.5 (4.4) 24.3 (4.5) 22.9 1.2 603 (33 %) 1766 32.7 (5.5) 26.1 (4.0) 25.4 1.5 861 (49 %)
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logistic regression, in which we compare mean differences in BMI or
proportion difference in overweight/obesity. Adopting this approach is
important because what determines BMI in the left and the right tail
(where health risks are higher) may be significantly different from what
determines BMI in the centre of the distribution.

Therefore, quantile regression was used in this study to assess
changes in BMI quantiles between different years for the study period
2010 to 2019. For the first aim, the changes were illustrated by different
plots, where BMI difference based on quantile regression coefficients
was plotted by quantile from 0.01 to 0.98 for each time period (2012/
13-2018/19) against baseline time period (2010/11), separately for
women and men. The 0.99 quantile was not plotted because the values
were outside the scale range (>2). We selected 2 as the upper limit of the
y-axis to ensure consistency across all graphs and to maintain a fixed
scale. This approach allows for easier visual comparison between paired
graphs presented side by side, enhancing interpretability for the reader.
However, to ensure transparency and completeness, we have included
all quantile estimates—including the 0.99 quantile—in the supplemen-
tary tables. Each line on the graph shows the estimated coefficient of the
BMI distribution for its corresponding time period. If the two distribu-
tions being compared are the same, the dots lie on the line of equality, a
horizontal line at 0.0. Dots above the line of equality represent a higher
level of BMI at those quantiles compared to the reference time period
(2010/11). In addition, if BMI is increasing uniformly, we would expect
a parallel line above the horizontal line.

To address the second aim, we plotted the corresponding changes
over time for each BMI quantile but stratified for education level in
addition to gender. We also plotted the regression lines (slopes) over the
study period at the 0.2, 0.4, 0.6, 0.8, and 0.99 BMI quantiles for the
whole sample, further stratified by gender. Quantiles below 0.2 were not
included because the trends at the lower end of the BMI distribution
were relatively flat, and we aimed to focus on the more pronounced
changes observed in the upper quantiles.

Moreover, we did period-to-period analysis (compared each time
period to the previous one) to observe how BMI gradually evolved and to
determine if there were any statistically significant differences between
adjacent time periods. For example, the BMI distribution during 2012/
13 was compared to 2010/11, and 2014/15 to 2012/13, and so on. The
corresponding graphs are attached as supplementary data, Figs. S1-S6.
Supplementary Tables S1-S4 provide the estimated quantile regression
coefficients for the 0.01 to 0.99 quantiles for both men and women,
including analyses stratified by education level. A coefficient of 1 in-
dicates that BMI increased by 1 unit compared to the reference group,
suggesting a meaningful shift in body mass at that specific quantile
(Rodriguez-Caro et al., 2016; Staffa et al., 2019). We have highlighted
estimates with statistically significant confidence intervals (i.e., those
not including zero) using a distinct colour (green) in the supplementary
tables. This visual distinction allows readers to easily identify which
quantile estimates are statistically significant. All analyses were per-
formed using R version 4.4.0 (the R Foundation for Statistical
Computing), with the significance level set at a p-value of less than 0.05.

3. Results

The mean age and mean BMI of women were consistently lower than
their male partners. The median BMI was around 23 kg/m? for women
and 25 kg/m? for men throughout most of the study period. BMI was
positively skewed across the years, as expected—generally more so in
women. Although the degree of skewness varied slightly over time, no
clear trend was observed. About one third of the women and half of the
men had lower than 12 years of schooling and educational level
increased gradually over the entire study period (Table 1). In addition,
Table 1 showed the proportions of participants in the high and low
education groups remained relatively stable throughout the study
period.

Table 1 also suggests a slight rise in mean BMI (1.3 %) and standard
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deviation among women during last survey waves. This corresponds to a
sudden increase in the BMI distribution among women during 2018/19,
as shown in Fig. 1. Compared to 2010/11, BMI rose across nearly all
segments in 2018/19 (see Supplementary Table S1). For instance, BMI
increased by nearly 1 unit above the 0.8 quantile during this period.
Additionally, a period-to-period comparison revealed statistically sig-
nificant differences, particularly between 2016/17 and 2018/19. During
this interval, BMI increased by 0.2-1.3 units above the 0.5 quantile,
indicating a notable upward shift in the upper half of the distribution
(see Supplementary Table S2). However, for the other time periods,
changes in BMI did not appear to be statistically significant.

In contrast to the pattern observed among women, the BMI distri-
bution among men showed a more gradual upward trend beginning in
2014/15, relative to the baseline year of 2010/11 (Fig. 1). This increase
became particularly evident in the upper two-thirds of the distribution
by 2018/19. Notably, significant gains were also detected in narrower
segments during earlier periods—specifically above the 0.55 quantile in
2016/17 and above the 0.81 quantile in 2014/15 (Supplementary
Table S3). At the 0.9 quantile, BMI increased by 0.5, 0.7, and 1 unit
during 2014/15 and the subsequent time points compared to 2010/11,
suggesting a consistent upward shift in the upper tail of the distribution
over time. Despite these trends, period-to-period comparisons revealed
that changes in BMI among men were not statistically significant across
any segment of the distribution (Supplementary Table S4).

In contrast to the pattern observed among women, the BMI distri-
bution among men showed a more gradual upward trend beginning in
2014/15, relative to the baseline year of 2010/11 (Fig. 1). This increase
became particularly evident in the upper two-thirds of the distribution
by 2018/19. Notably, significant gains were also detected in narrower
segments during earlier periods—specifically above the 0.55 quantile in
2016/17 and above the 0.81 quantile in 2014/15 (Supplementary
Table S3). At the 0.9 quantile, BMI increased by 0.5, 0.7, and 1 unit
during 2014/15 and the subsequent time points compared to 2010/11,
suggesting a consistent upward shift in the upper tail of the distribution
over time. Despite these trends, period-to-period comparisons revealed
that changes in BMI among men were not statistically significant across
any segment of the distribution (Supplementary Table S4).

Furthermore, Fig. 2 shows the regression slopes of BMI over time for
both women and men, revealing distinct patterns across the distribution.
The 0.99 quantile consistently increased over the entire duration for
both genders, with consistently higher BMI observed in males. In
contrast, the lower quantiles remained largely unchanged over time.
This stability is particularly evident at the 0.2 quantile, where the
regression line was nearly flat, indicating minimal variation across the
years.

With respect to educational attainment, we observed shifts in the
BMI distribution among women and men over time too. Among women
with high educational attainment, BMI increased significantly during
both 2014/15 and 2018/19 compared to 2010/11 (Fig. 3). The 2018/19
period, in particular, was characterized by a marked rise across the
distribution: BMI increased by 0.2 units at the 0.2 quantile and by as
much as 1.5 units at the 0.95 quantile, reflecting a substantial widening
of the distribution (Supplementary Table S1). Women with low educa-
tional attainment also experienced an upward trend in BMI during
2018/19, though the pattern was less pronounced.

In contrast, the trends among men varied slightly by educational
level. Men with low educational attainment experienced more pro-
nounced increases in BMI during both 2016,/17 and 2018/19. This trend
was especially evident in 2018/19, where statistically significant gains
were observed across the upper two-thirds of the BMI distribution
compared to 2010/11 (Fig. 4; Supplementary Table S3). However,
among men with high educational attainment, significant increases
were more limited, appearing only in the uppermost segments of the
distribution—specifically above the 0.80 quantile—suggesting a more
limited but still meaningful upward shift (Supplementary Table S3).
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Fig. 1. BMI differences for the 0.01 to 0.98 quantiles of the BMI distribution for women and men. A dot above the 0.0 line means that the predicted BMI value at this
specific quantile of the BMI distribution is higher those time periods compared to 2010/11. A dot below the 0.0 line means the opposite.
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Fig. 2. Regression slopes at the 0.2, 0.4, 0.6, 0.8 and 0.99 quantiles of BMI for women and men, 2010-2019.

4. Discussion

This study presented evidence of varying temporal patterns in the
entire distribution of BMI. One key finding is the unequal distribution of
weight gain among the population, with those in higher BMI segments
gaining weight faster than those in the lower segments. Our study also
reveals a substantial gender difference in BMI changes over time, as well
as differences related to educational attainment. Notably, those in
higher BMI segments experienced increased weight gain later in the
study period, regardless of educational level.

Our findings build on previous analysis of BMI trends in the same
study population, which indicated an increase in the prevalence of

overweight, accompanied by a more moderate decline in the prevalence
of underweight (Vogt et al., 2024). The present paper, however, expands
on this by demonstrating that the increases in BMI are not evenly
distributed in the population. While the mean BMI for women remained
relatively stable, except 2018/19 (Table 1), the increase was largely
driven by weight gains in the upper segments of the BMI distribution
(above the 0.50 quantile) (Supplementary Table S1).

On the other hand, weight gains for men were relatively stable across
the BMI spectrum during the first half of the study period. However,
during the second half, a small proportion of men at the higher end
showed greater weight gains (Fig. S4). Moreover, our analysis revealed a
sharpest increase in BMI at the 0.99 quantile for both genders, indicating
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Quantile regression coefficients for women
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Fig. 3. BMI differences for the 0.01 to 0.98 quantiles of the BMI distribution for women with both high and low educational attainment. Here, the line of equality at y

= 0 corresponds to the reference time period (2010/2011).

Quantile regression coefficients for men

High Education

2.04

0.5

BMI difference (kg/m?)

001+

-0.54

Low Education

2018/19]
2016/17|
2014/195)
2012/13]

00 041 02 03 04 05 06 07 08 09

10

00 01 02 03 04 05 06 07 08 09 10

Quantile

Fig. 4. BMI differences for the 0.01 to 0.98 quantiles of the BMI distribution for men with both high and low educational attainment. Here, the line of equality aty =

0 corresponds to the reference time period (2010/2011).

a shift in BMI distribution towards higher values for both men and
women. Our findings corroborate studies conducted in the USA (Krishna
et al., 2015), Canada (Lebel et al., 2018) and Indonesia (Vaezghasemi
et al., 2016) that examined BMI trends. These studies found asymmetric
changes in BMI levels, with more significant changes occurring at the
95th percentile than at the 5th percentile among the adult population.

The disproportionately higher weight gain at the upper end of the
BMI distribution is unlikely to be explained by cohort differences, as the

age distribution remained stable over time and BMI was adjusted for
age. Instead, this pattern may reflect gene-environment interactions,
where individuals with genetic susceptibility to obesity are more
affected by increasingly obesogenic environments—such as changes in
diet, physical activity, and social norms surrounding weight
(Albuquerque et al., 2017; Llewellyn, 2018).

Additionally, the greater weight gain among individuals in higher
BMI segments may be driven by a combination of physiological,
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socioeconomic, and psychosocial factors (Swinburn & Egger, 2004).
These factors are often exacerbated by the obesogenic environments of
the modern world that make unhealthy choices easy and accessible.
Although the body’s metabolism naturally attempts to slow weight gain,
factors such as reductions in physical activity —often due to mechanical
problems associated with increased body weight- can counteract this
mechanism, further accelerating weight gain in these individuals.
Further qualitative research may help elucidate why and how dispro-
portionate weight gain occurs among this group, including contextual,
behavioral, and psychosocial factors that may not be captured through
quantitative data.

Furthermore, we examined how BMI changes across different seg-
ments, stratified by education level. The increase in BMI during 2014/15
among women shown by deviation of line from line of equality depicted
in Fig. S2 is driven by weight gain from previous period in the mid
segment of BMI distribution. Similarly, the increase seen during the final
period, 2018/19, was due to weight gain in the upper half of the BMI
segments compared to from the preceding period (Supplementary
Table S2). We also observed that the prevalence of overweight/obesity
among highly educated women rose notably from 56 % to 60 % during
the study period (data not shown). This finding is consistent with a
recent Swedish report showing increased obesity among pregnant
women across all educational groups since 2019
(Folkhalsomyndigheten, 2024).

Prior research has reported an association between education and
overweight or obesity, with the association varying among different
populations (Hemmingsson et al., 2021; Hermann et al., 2011; Roskam
et al., 2010). While some studies suggest that education has a protective
effect on average BMI or the likelihood of obesity (Bockerman et al.,
2017; Devaux et al.,, 2011), our study found weight gain in both
educational groups. Additionally, changes in the BMI distribution
appeared relatively similar across both educational groups, particularly
in recent years, suggesting that the protective effect of higher education
may be diminishing or less evident in this context.

Our finding of an increase in BMI across both educational categories,
with a more pronounced effect in the middle and top quantiles where
concerns about overweight and obesity are the greatest, is in line with
trends observed in a study conducted in England (Green et al., 2016). It
found an increasing linear trend in BMI for different educational groups
among men and women, with a consistent rise in the 95th percentile for
all groups over time. Our findings also align with a study done in the
USA, which found that increases in body mass index are similar across
different educational and income groups over time (Ljungvall & Zim-
merman, 2012). The increase in BMI across both educational groups,
particularly at the higher end of the BMI distribution, suggests that
educational level is unlikely to be a major factor in these observed
changes and may not explain growing individual inequalities in BMI.
Therefore, a plausible explanation could be a societal change affecting
all groups, not just those with lower educational attainment.

4.1. Methodological considerations

One of the strengths of this study is the large sample, which includes
both genders. Additionally, we examined the change in BMI over a
whole decade. However, the sample was limited to individuals in
Vasterbotten region of Sweden, which may affect the generalizability of
the findings to entire Sweden. While this current study focuses on
regional data from Vasterbotten, we recognize the value of comparing
these trends with national-level data. As such, we are planning future
work that will examine BMI patterns and trends using national data on
pregnant women in Sweden. This will allow us to assess whether the
inequalities observed in our study are consistent with broader national
trends and to explore potential contributing factors in more depth.

A limitation of this study is that height, weight, and educational
attainment were self-reported. This may lead to underreporting of BMI,
potentially caused by overreported height or conversely, underreported
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weight (Gorber et al., 2007; Nyholm et al., 2007), however, we found
similar results to previous study using measured weight (Chaparro et al.,
2015). In addition, reporting bias might also affect the estimation of
educational inequalities among women and men, if there are different
patterns of reporting bias in groups with different (high or low) educa-
tional attainment (Stommel & Schoenborn, 2009).

Furthermore, bias could be higher among women since they reported
their weight retrospectively (three months backward), whereas men
reported their current weight. Due to data limitations, our study did not
include important factors such as income, preventing us from fully
exploring BMI distribution changes between socioeconomic groups. In
light of this, education was selected as the primary indicator of socio-
economic position due to its strong and consistent association with
health outcomes in Sweden, particularly in relation to BMI. It reflects
long-term access to knowledge, health literacy, and lifestyle behaviors
(Vogt & Gustafsson, 2022), and is a robust predictor of obesity-related
inequalities, with widening disparities observed (Bjermo et al., 2015).
Moreover, in a welfare state like Sweden, where income differences are
mitigated by social support systems, education offers a more stable in-
dicator of socioeconomic position.

Additionally, our dataset only extends up to 2019. More recent
data—particularly covering the COVID-19 pandemic and the post-
pandemic period—would offer valuable insights into how BMI pat-
terns may have evolved during this time. We plan to extend our analysis
in future studies as newer data become available.

4.2. Policy implications

Our primary aim was to document and highlight distributional shifts
in BMI over time which has not been addressed previously in Sweden.
We believe it is a necessary first step toward understanding broader
patterns of health inequality. The results of our study are important for
several reasons. First, we observed distinct pattern of weight gain, where
expectant parents in higher BMI segments experienced greater increase
in weight. This trend poses significant risk due to heightened likelihood
of chronic diseases associated with increased BMI. Furthermore, the
dramatic increase in weight observed during 2018/19 —just before the
COVID-19 pandemic —particularly among women, needs further inves-
tigation. The pandemic may have exacerbated this trend, as more
women of childbearing age entered pregnancy with a high BMI. This can
lead to an increased likelihood of complications during pregnancy and
childbirth, and their newborns are more likely to become overweight or
obese in the future, perpetuating the cycle of obesity.

While we support population-wide interventions to address over-
weight and obesity, we also strongly emphasize the need for targeted
strategies focusing on subgroups experiencing disproportionate weight
gain. For instance, the Inter99 study—a high-risk inter-
vention—demonstrated long-term effectiveness in reducing smoking in
Denmark (Pisinger et al., 2008). This intervention demonstrated the
effectiveness of targeted lifestyle counselling in reducing cardiovascular
risk factors. In this model, high-risk individuals received tailored sup-
port through individual and group sessions, with follow-up over several
years. This model illustrates how structured, risk-based interventions
can inform public health strategies aimed at reducing overweight and
obesity in vulnerable subgroups.

To address these risks effectively, it is crucial to better understand
the characteristics of individuals at the upper end of the BMI distribu-
tion. Such insights will inform the design of targeted interventions
aimed at reducing weight in these vulnerable segments of the
population.

5. Conclusion
Our study showed that BMI among men and women, across varying

levels of education, has been increasing over time, with a dispropor-
tionately higher rise among those in the upper segments of the BMI
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distribution. Identifying high-risk groups in vulnerable settings will
better equip decision-makers to design targeted interventions aimed at
reducing overweight and obesity. Further research is needed to under-
stand the reasons behind the rapid BMI increases, especially among
women, over a relatively short period.
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