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Abstract
Objectives To analyse the age, period and cohort effects on the mean body mass index (BMI) and obesity over the past two

decades in Estonia.

Methods Study used data from nationally representative repeated cross-sectional surveys on 11,547 men and 16,298

women from 1996 to 2018. The independent effects of age, period and cohort on predicted mean BMI and probability of

obesity (BMI C 30 kg/m2) were modelled using hierarchical age–period–cohort analysis.

Results Curvilinear association between age and mean BMI was found for men, whereas the increase in mean BMI was

almost linear for women. The predicted mean BMI for 40-year-old men had increased by 6% and probability of obesity by

1.8 times over 1996–2018; the period effects were slightly smaller for women. Men from the 1970s birth cohort had higher

mean BMI compared to the average, whereas no significant cohort effects were found for obesity outcome.

Conclusions Population-level BMI changes in Estonia during 1996–2018 were mostly driven by period rather than cohort-

specific changes.

Keywords Body mass index � Obesity � Age–period–cohort � Estonia

Introduction

A steady increase in the population body mass index (BMI)

has been witnessed globally with 39% of adults being

overweight (BMI 25.0–29.9 kg/m2) and 13% obese

(BMI C 30 kg/m2) in 2016 (World Health Organisation

2020). In 24 out of 36 OECD countries, the obesity

epidemic has resulted in about 50 million additional obese

individuals since 2010 with more than half of the popula-

tion being overweight and almost one in four people being

obese (OECD 2019). Excess body weight constitutes major

risk of cardiovascular disease, hypertension, type 2 dia-

betes, hyperlipidemia, sleep apnoea, stroke, certain cancers

and other non-communicable diseases (Centers for Disease

Control and Prevention 2018). As these conditions account

for the majority of global disease burden (Benziger et al.

2016), the consequences of excess body weight present a

serious challenge for health care systems.

The causes of increasing population-level BMI are

complex and cover physiological, environmental, genetic

and behavioural factors. Possible explanations include the

increasingly sedentary lifestyle and respective changes in

dietary and physical activity patterns (Townshend and

Lake 2017), hormonal and metabolic changes related to

biological ageing (Johnson et al. 2015), but also the impact

of ‘‘obesogenic environment’’ that marks the intertwined

behavioural and environmental pathways to obesity

(Townshend and Lake 2017). As these mechanisms are

often time-varying, the age–period–cohort (APC) analysis
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that disaggregates the specific contributions of age, period

and cohort, can be a useful tool for studying long-term BMI

changes. In this context, age-related effects on BMI refer to

various individual-level changes in weight trajectories

from childhood (Robinson et al. 2019) to older ages (Mu-

rayama and Shaw 2017). Period effects characterise the

external influence of social, economic, cultural and physi-

cal environments that may affect individual BMI. For

example, such effects have been demonstrated in the con-

text of the late 2000s economic recession (Jofre-Bonet

et al. 2018) with recession resulting in higher BMI among

general population. The BMI may also vary by birth

cohorts as recent birth cohorts may have been more

exposed to the lack of physical exercise, heightened

sedentary behaviour and poor quality diet than earlier

cohorts (Hoare et al. 2014). It is therefore plausible that

different exposures may result in cohort-specific effects on

BMI.

Most previous APC studies (Allman-Farinelli et al.

2008; An and Xiang 2016; Diouf et al. 2010; Jaacks et al.

2013; Keyes et al. 2010; Reither et al. 2009; Wilson and

Abbott 2018) have found age and period effects related to

BMI changes. A substantial curvilinear relationship with

age is generally reported in these studies with prevalence of

overall overweight/obesity increasing until the mid-60s

followed by a decline at older ages. Most of the studies also

report an almost linear increase in BMI as a period effect.

For example, the predicted probability of obesity for a

25-year-old adult in USA has increased almost threefold

from 7.5% in 1976 to 21% in 2002 (Reither et al. 2009).

Regarding cohort effects, the results are less consistent.

Some studies (Allman-Farinelli et al. 2008; An and Xiang

2016; Wilson and Abbott 2018) have reported no signifi-

cant cohort effects, whereas most other studies have

reported nonlinear increase in prevalence of overweight/

obesity for more recent cohorts.

We will use the APC framework to study the long-term

BMI trends among adult population in Estonia, where over

half of the adult population is either overweight or obese

(Reile and Leinsalu 2019). Although the estimated impact

of obesity on overall life expectancy in Estonia is smaller

compared to some Central and Eastern European countries

(Vidra et al. 2019), the considerable increase in obesity

prevalence from the 1990s, particularly among men

(Klumbiene et al. 2004; Pomerleau et al. 2000) underpins

the rising importance of excess body weight as a public

health problem. While these earlier studies have high-

lighted some age- and period-specific patterns, the age–

period–cohort perspective might shed further light on

evolving overweight/obesity epidemic. This study aimed to

examine the long-term changes in BMI among Estonian

adults by disentangling the independent effects of age,

period and cohort on (a) mean BMI and (b) on probability

of obesity.

Methods

Data

Data from the Health Behaviour Surveys among Estonian

Adult Population, a series of biennial cross-sectional postal

surveys, were used for this study. These nationally repre-

sentative surveys have been carried out since 1990 using

similar methodology. Each survey was based on individual

random sample of Estonian residents aged 16–64 years

obtained from population registry. Survey response rates

varied from 77% in 1996 to 51% in 2018. Detailed infor-

mation about the survey can be found elsewhere (Reile

et al. 2019). All studies were approved by Tallinn Medical

Research Ethics Committee and performed in accordance

with the ethical standards as laid down in the 1964 Dec-

laration of Helsinki and its later amendments.

This study covers data from 12 consecutive surveys

between 1996 and 2018 with 11 547 men and 16,298

women aged 16–64 years in total. The extended period of

time and even spacing between the survey years make this

data series suitable for APC analyses on long-term trends

in BMI. The dependent variables of (a) mean BMI and

(b) prevalence of obesity were calculated from self-re-

ported height and weight data (BMI = weight (kg)/[height

(m)]2.

Respondents’ age, year of birth and the survey year are

key temporal variables in APC analyses. To reduce the

linear dependency between these variables (e.g. period -

age = birth cohort), different interval lengths were used.

For descriptive analysis, age was aggregated into six

groups of 16–19-, 20–29-, 30–39-, 40–49-, 50–59- and

60–64-year-olds. The respondents’ age in full years was

included both as a continuous and as a squared variable in

the models to address the identification problem, i.e. the

linear dependency between temporal variables of age,

period and cohort (Yang and Land 2013). Similar approach

has been used in several other APC studies (Reither et al.

2009; Wilson and Abbott 2018). Additionally, age was

centred on 40 years to allow easier interpretation of the

intercept.

Period was represented by the year of the survey. To

increase the statistical power for analysis, two consecutive

survey years were merged resulting in six study periods:

1996/1998, 2000/2002, 2004/2006, 2008/2010, 2012/2014

and 2016/2018. Cohort was defined by respondents’ birth

decade and classified as: 1930s–1940s, 1950s, 1960s,

1970s, 1980s and 1990s–2000s. For example, a 30-year-old

respondent in 1996 survey and a 50-year-old respondent in
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2016 survey were born in 1966 and belong to the 1960s

birth cohort.

Earlier studies (An and Xiang 2016; Reither et al. 2009;

Wilson and Abbott 2018) have demonstrated that APC

effects on BMI may vary by educational attainment and

ethnicity/race. Among other demographic changes during

the study period (1996–2018) in Estonia, the proportion of

ethnic Estonians (from 67 to 73%) and those with tertiary

education (from 16 to 36%) have increased considerably.

As both indicators are powerful behavioural and socio-

economic determinants, the changing distributions in eth-

nicity and education variables could confound the APC

effects on BMI and obesity. The models were therefore

additionally adjusted for ethnicity and educational level of

the respondents. Self-reported ethnic identity was cate-

gorised as Estonians and non-Estonians. The highest edu-

cational level obtained was dichotomised into categories of

tertiary and less-than-tertiary education.

Statistical analysis

Hierarchical age–period–cohort (HAPC) analysis with

cross-classified random effects modelling (CCREM) was

used in this study. Same technique has been used earlier by

Reither et al. (2009) and more recently by Wilson and

Abbott (2018). Age and age squared were specified (along

with ethnicity and education in Model 2) as fixed effects

and variables of period and cohort as random effects in

these models. All analyses were performed separately for

men and women. For the ease of interpretation, random

effects coefficients were converted to predicted probabili-

ties as suggested by Yang and Land (2013). The

tables present the initial model estimates (with p values

compared to model intercept) and predicted mean BMI

values for the 40-year-olds with 95% confidence intervals

(Table 2) and predicted probabilities of obesity for the

40-year-olds with 95% confidence intervals (Table 3). The

robustness of model estimates was validated by additional

sensitivity analysis using two-factor models (e.g. age–pe-

riod model) that resulted in very similar random effects

coefficients (data not shown). All analyses were performed

in SAS Studio 3.8 using PROC MIXED and PROC

GLIMMIX commands.

Results

Sample sizes by age groups, periods and cohorts along with

observed mean BMI values and obesity prevalence (with

95% confidence intervals) are presented in Table 1. Among

men, the mean BMI varied from 22.2 in the 16–19-year-

olds to 27.4 in the 60–64-year-olds; among women, it

varied from 21.1 to 28.5 in respective age groups. The

prevalence of obesity ranged from 3.1% (men) and 1.7%

(women) in the 16–19 age group to 24.0% (men) and

34.7% (women) in the 60–64 age group. Although both

indicators had increased significantly over the study period,

the confounding age gradient in mean BMI and prevalence

of obesity is visible in univariate cohort data.

APC analysis of mean BMI

Table 2 presents the results of the HAPC mixed effects

model on predicted mean BMI. As demonstrated by

descriptive data, age was significantly associated with BMI

for both men and women. The adjustment for ethnicity and

education in Model 2 had only minor effect on age coef-

ficients; the results of the adjusted analysis are graphically

presented in Fig. 1.

Predicted mean BMI for the 40-year-olds increased over

the study period from 25.6 to 27.0 among men and from

24.8 to 25.1 among women. Compared to the model

intercept, statistically significant period effects were found

for 1996/1998, 2004/2006 and 2016/2018 for men and

2004/2006 and 2012/2014 for women. After adjustment for

ethnicity and education in Model 2, the period effects on

predicted mean BMI values retained their statistical

significance.

Independent cohort effects in mean BMI were found

only for men born in the 1970s. For men, the mean pre-

dicted BMI of the 1970s cohort was significantly higher

than overall mean represented by the model intercept. After

adjusting for ethnicity and education, the 1970s cohort

effect retained its statistical significance. For women, no

statistically significant cohort effects were found in our

data.

APC analysis of obesity

Table 3 presents the results of the HAPC with generalised

linear mixed models on obesity. As with the mean BMI,

older age significantly increased the predicted probability

of obesity for both men and women. The estimates varied

only slightly when ethnicity and education were added as

fixed effects in Model 2. The results of adjusted models are

graphically presented in Fig. 2.

Predicted probability of obesity for the 40-year-old men

increased over the study period from 0.11 in 1996/1998 to

0.20 in 2016/2018 with significant period effects compared

to model intercept found for 1996/1998 and 2016/2018.

The effects persisted after adjustment for ethnicity and

education in Model 2. Among women, the period effects

were smaller with statistically significant effects found

only for 2012/2014 period in the adjusted model.

No statistically significant cohort effects were found for

obesity outcome. The predicted probability of being
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overweight at the age of 40 ranged from 0.16 to 0.18

among men across cohorts and was reduced to 0.14 to 0.17

in Model 2. For women, the predicted probability of obe-

sity was 0.14 for all cohorts in Model 1 and ranged from

0.17 to 0.18 after adjustment for education and ethnicity in

Model 2.

Discussion

This study examined the long-term BMI changes among

Estonian adult population by focusing on the independent

effects of age, period and cohort. The findings are generally

consistent with previous studies (Allman-Farinelli et al.

2008; An and Xiang 2016; Diouf et al. 2010; Jaacks et al.

2013; Keyes et al. 2010; Reither et al. 2009; Wilson and

Abbott 2018) with respect to age and period effects, but

differ slightly when cohort effects are considered. A dis-

tinctive age gradient, where advancement in age resulted in

higher predicted mean BMI and probability of obesity, was

found for both men and women. Independently from age,

statistically significant period effects in mean BMI and

obesity risk were found with higher mean BMI and pre-

dicted probability of obesity found for recent study periods.

The cohort effects in mean BMI were found for the men

born in 1970s who had slightly higher mean BMI com-

pared to period average, but no significant differences were

found for obesity outcome.

Before discussing these findings in detail, some potential

considerations regarding the data and the methods used

need to be addressed. First, respondents’ height and weight

were based on self-reports and can potentially be under-

estimated. Such social desirability bias has been generally

low in self-administered postal surveys (Bowling 2005).

This is supported by findings from a previous study (Aas-

vee et al. 2015) where the mean difference between self-

reported and measured overweight prevalence among

Estonian adolescents was 3.6%. While this cannot be

controlled for in our data, the underestimation of BMI

could differ by age as demonstrated by Ikeda (2016) and

confound the association between age and BMI. Second,

declining response rates of the surveys may have affected

Table 1 Description of study sample by period, age and cohort and observed values (with 95% confidence intervals) for mean body mass index

(BMI) and probability of obesity, Estonia 1996–2018

Men Women

n Mean BMI

(kg/m2, 95% CI)

Prevalence of

obesity (%, 95% CI)

n Mean BMI

(kg/m2, 95% CI)

Prevalence of

obesity (%, 95% CI)

Age

16–19 916 22.2 (21.9–22.4) 3.1 (2.1–4.3) 1073 21.1 (20.9–21.3) 1.7 (1.0–2.6)

20–29 2364 24.1 (24.0–24.3) 6.6 (5.7–7.7) 3030 22.3 (22.2–22.4) 5.4 (4.6–6.3)

30–39 2385 26.0 (25.9–26.2) 15.9 (14.5–17.4) 3284 23.9 (23.7–24.0) 10.3 (9.3–11.4)

40–49 2405 26.9 (26.7–27.1) 19.9 (18.3–21.5) 3449 26.1 (25.9–26.2) 19.5 (18.2–20.8)

50–59 2316 27.2 (27.0–27.4) 24.4 (22.7–26.2) 3677 27.4 (27.2–27.6) 26.8 (25.3–28.2)

60–64 1161 27.4 (27.1–27.6) 24.0 (21.6–26.6) 1785 28.5 (28.3–28.8) 34.7 (32.6–37.0)

Period

1996/1998 1225 24.9 (24.7–25.1) 10.3 (8.7–12.1) 1558 24.7 (24.5–25.0) 14.5 (12.8–16.3)

2000/2002 1065 25.2 (24.9–25.4) 12.4 (10.5–14.5) 1532 24.8 (24.5–25.0) 15.0 (13.3–16.9)

2004/2006 2411 25.3 (25.1–25.5) 14.4 (13.1–15.9) 3440 24.6 (24.5–24.8) 15.7 (14.5–16.9)

2008/2010 2475 26.1 (25.9–26.3) 17.3 (15.8–18.8) 3462 25.2 (25.1–25.4) 17.5 (16.3–18.8)

2012/2014 2248 26.4 (26.2–26.6) 18.7 (17.2–20.4) 3206 25.7 (25.5–25.9) 19.6 (18.3–21.0)

2016/2018 2123 26.8 (26.6–27.0) 20.4 (18.8–22.2) 3100 25.5 (25.3–25.7) 18.2 (16.9–19.6)

Cohort

1930s–1940s 1412 26.8 (26.6–27.0) 20.9 (18.8–23.1) 2206 27.8 (27.6–28.1) 30.9 (29.0–32.8)

1950s 2381 27.1 (26.9–27.2) 22.5 (20.9–24.2) 3672 27.3 (27.1–27.5) 26.1 (24.7–27.6)

1960s 2400 26.9 (26.7–27.1) 21.1 (19.5–22.7) 3402 25.7 (25.5–25.9) 18.1 (16.9–19.5)

1970s 2391 25.7 (25.6–25.9) 14.8 (13.4–16.2) 3235 23.8 (23.6–23.9) 10.2 (9.2–11.3)

1980s 2198 24.0 (23.9–24.2) 6.9 (5.9–8.0) 2801 22.3 (22.1–22.4) 5.9 (5.0–6.8)

1990s–2000s 765 23.5 (23.2–23.8) 6.0 (4.5–7.9) 982 22.3 (22.1–22.5) 4.6 (3.4–6.0)
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123



Ta
bl
e
2

A
P

C
an

al
y

si
s

o
f

p
re

d
ic

te
d

m
ea

n
b

o
d

y
m

as
s

in
d

ex
(B

M
I)

,
E

st
o

n
ia

1
9

9
6

–
2

0
1

8

M
en

W
o

m
en

M
o

d
el

1
M

o
d

el
2

M
o

d
el

1
M

o
d

el
2

E
st

im
at

e
P

re
d

ic
te

d
B

M
I

(9
5

%
C

I)
E

st
im

at
e

P
re

d
ic

te
d

B
M

I
(9

5
%

C
I)

E
st

im
at

e
P

re
d

ic
te

d
B

M
I

(9
5

%
C

I)
E

st
im

at
e

P
re

d
ic

te
d

B
M

I
(9

5
%

C
I)

F
ix

ed
ef

fe
ct

s

In
te

rc
ep

t
2

6
.2

4
2

*
*

*
–

2
5

.9
8

4
*

*
*

–
2

4
.9

1
6

*
*

*
–

2
5

.4
9

8
*

*
*

–

A
g

e
0

.1
1

1
*

*
*

–
0

.1
1

2
*

*
*

–
0

.1
6

7
*

*
*

–
0

.1
6

8
*

*
*

–

A
g

e2
-

0
.0

0
3

*
*

*
–

-
0

.0
0

3
*

*
*

–
-

0
.0

0
1

*
–

-
0

.0
0

1
*

*
*

–

E
st

o
n

ia
n

v
er

su
s

o
th

er
–

0
.3

5
6

*
*

*
–

n
a

-
0

.3
0

3
*

*
*

–

T
er

ti
ar

y
v

er
su

s
lo

w
er

–
0

.0
3

4
–

n
a

-
1

.1
3

6
*

*
*

–

R
an

d
o

m
ef

fe
ct

s

P
er

io
d

1
9

9
6

/1
9

9
8

-
0

.6
2

7
*

2
5

.6
2

(2
5

.0
4

–
2

6
.1

9
)

-
0

.6
1

8
*

2
5

.3
7

(2
4

.8
0

–
2

5
.9

3
)

-
0

.0
8

9
2

4
.8

3
(2

4
.4

4
–

2
5

.2
2

)
-

0
.2

5
6

2
5

.2
4

(2
4

.8
0

–
2

5
.6

8
)

2
0

0
0

/2
0

0
2

-
0

.3
8

0
2

5
.8

6
(2

5
.2

9
–

2
6

.4
4

)
-

0
.3

6
9

2
5

.6
2

(2
5

.0
5

–
2

6
.1

8
)

-
0

.1
3

4
2

4
.7

8
(2

4
.4

0
–

2
5

.1
7

)
-

0
.2

2
2

2
5

.2
8

(2
4

.8
4

–
2

5
.7

2
)

2
0

0
4

/2
0

0
6

-
0

.6
9

7
*

2
5

.5
5

(2
4

.9
9

–
2

6
.1

0
)

-
0

.6
8

3
*

2
5

.3
0

(2
4

.7
6

–
2

5
.8

4
)

-
0

.6
4

8
*

*
*

2
4

.2
7

(2
3

.9
1

–
2

4
.6

2
)

-
0

.7
0

3
*

*
*

2
4

.8
0

(2
4

.3
8

–
2

5
.2

1
)

2
0

0
8

/2
0

1
0

0
.3

6
9

2
6

.6
1

(2
6

.0
6

–
2

7
.1

6
)

0
.3

6
1

2
6

.3
4

(2
5

.8
0

–
2

6
.8

9
)

0
.2

9
6

2
5

.2
1

(2
4

.8
6

–
2

5
.5

6
)

0
.3

3
2

2
5

.8
3

(2
5

.4
2

–
2

6
.2

4
)

2
0

1
2

/2
0

1
4

0
.5

3
6

2
6

.7
8

(2
6

.2
2

–
2

7
.3

3
)

0
.5

2
4

2
6

.5
1

(2
5

.9
6

–
2

7
.0

5
)

0
.3

9
1

*
2

5
.3

1
(2

4
.9

5
–

2
5

.6
7

)
0

.4
8

8
*

2
5

.9
9

(2
5

.5
7

–
2

6
.4

0
)

2
0

1
6

/2
0

1
8

0
.7

9
9

*
*

2
7

.0
4

(2
6

.4
8

–
2

7
.6

0
)

0
.7

8
6

*
*

2
6

.7
7

(2
6

.2
2

–
2

7
.3

2
)

0
.1

8
4

2
5

.1
0

(2
4

.7
3

–
2

5
.4

7
)

0
.3

6
1

2
5

.8
6

(2
5

.4
4

–
2

6
.2

8
)

C
o

h
o

rt

1
9

3
0

s–
1

9
4

0
s

-
0

.1
4

5
2

6
.1

0
(2

5
.7

8
–

2
6

.4
1

)
-

0
.1

5
4

2
5

.8
3

(2
5

.5
2

–
2

6
.1

4
)

-
0

.0
1

3
2

4
.9

0
(2

4
.5

7
–

2
5

.2
4

)
0

.0
2

0
2

5
.5

2
(2

5
.3

1
–

2
5

.7
3

)

1
9

5
0

s
-

0
.1

1
6

2
6

.1
3

(2
5

.8
7

–
2

6
.3

8
)

-
0

.0
9

8
2

5
.8

9
(2

5
.6

3
–

2
6

.1
4

)
0

.0
5

8
2

4
.9

7
(2

4
.7

0
–

2
5

.2
4

)
0

.0
2

5
2

5
.5

2
(2

5
.3

4
–

2
5

.7
0

)

1
9

6
0

s
0

.1
4

1
2

6
.3

8
(2

6
.1

5
–

2
6

.6
2

)
0

.1
3

5
2

6
.1

2
(2

5
.8

8
–

2
6

.3
5

)
0

.0
2

7
2

4
.9

4
(2

4
.6

9
–

2
5

.2
0

)
0

.0
0

0
2

5
.5

0
(2

5
.3

2
–

2
5

.6
7

)

1
9

7
0

s
0

.2
5

6
*

2
6

.5
0

(2
6

.2
6

–
2

6
.7

3
)

0
.2

5
4

*
2

6
.2

4
(2

6
.0

0
–

2
6

.4
7

)
-

0
.1

9
9

2
4

.7
2

(2
4

.4
6

–
2

4
.9

7
)

-
0

.1
1

6
2

5
.3

8
(2

5
.2

1
–

2
5

.5
6

)

1
9

8
0

s
-

0
.0

9
6

2
6

.1
5

(2
5

.8
8

–
2

6
.4

1
)

-
0

.0
9

7
2

5
.8

9
(2

5
.6

3
–

2
6

.1
5

)
-

0
.1

9
0

2
4

.7
3

(2
4

.4
4

–
2

5
.0

1
)

-
0

.0
6

9
2

5
.4

3
(2

5
.2

4
–

2
5

.6
2

)

1
9

9
0

s–
2

0
0

0
s

-
0

.0
3

9
2

6
.2

0
(2

5
.8

8
–

2
6

.5
2

)
-

0
.0

4
0

2
5

.9
4

(2
5

.6
3

–
2

6
.2

6
)

0
.3

1
6

2
5

.2
3

(2
4

.8
8

–
2

5
.5

8
)

0
.1

4
0

2
5

.6
4

(2
5

.4
2

–
2

5
.8

6
)

M
o

d
el

1
is

ad
ju

st
ed

fo
r

ag
e

o
n

ly
(fi

x
ed

ef
fe

ct
s)

;
M

o
d

el
2

is
ad

ju
st

ed
fo

r
ag

e,
et

h
n

ic
it

y
an

d
ed

u
ca

ti
o

n
.

*
p
\

0
.0

5
,

*
*
p
\

0
.0

1
,

*
*

*
p
\

0
.0

0
1

Long-term trends in the body mass index and obesity risk in Estonia: an age–period–cohort… 863

123



the data representativeness due to possible systematic dif-

ferences in characteristics between responders and non-

responders. Its effects are most likely limited as an earlier

study (Helasoja et al. 2002) using the same survey data did

not find systematic differences in prevalence estimates

between respondents and late respondents, suggesting

minimal response bias if late respondents were used as

proxies for non-respondents. Model-related considerations

are foremost related to the APC methodology used in this

study as validity of HAPC modelling has been disputed by

some authors. While the detailed description of the issue

can be found elsewhere (Bell and Jones 2014, 2018), the

main argument dwells on the identification problem that

HAPC approach does not necessarily resolve. Reither and

colleagues (2015) have already addressed this critique and

provided additional support for the use of HAPC modelling

when analysing data from repeated cross-sectional surveys.

The major strengths of the study are the long, nationally

representative data series. The standardised methodology

of initial surveys enables to use comparable measures over

long time period that is necessary for APC analysis. To the

best of our knowledge, this is the first study on age, period

and cohort effects on BMI trends from Eastern Europe

providing new insights into the problem in this region.

Study found that increasing age resulted in higher mean

BMI and obesity risk for both men and women.

Fig. 1 Age, period and cohort

differences in predicted mean

body mass index (BMI, adjusted

for ethnicity and education),

Estonia 1996–2018
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Association between individual age and excess BMI and

obesity risk could be explained by a range of interlinked

metabolic and environmental factors. These include the

change in body composition due to decline in resting

energy expenditure at older ages (Siervo et al. 2015) and

increasing sedentary lifestyle (Wullems et al. 2016) that are

also associated with BMI and other weight-related

biomarkers (Wirth et al. 2017). However, the age effects on

BMI differed by gender in our data. For men, the mean

BMI increased until the late 40s, after which the growth

slowed and plateaued (or declined in case of obesity)

around the age 60. Among women, the age and BMI pre-

sented nearly a linear association. Similar gender

differences were found for obesity where the predicted

probability of obesity was comparable between men and

women up to the age of 40 after which obesity risk among

women continued to increase. These patterns are somewhat

different from previous APC studies (An and Xiang 2016;

Jiang et al. 2013; Reither et al. 2009) where the decline in

BMI and obesity is visible in late 60s. One likely expla-

nation relates to the narrower age range in our study

(16–64 years) compared to earlier studies that have also

included respondents in their 70s and 80s. It is therefore

possible that the slightly later declines in BMI for women

could be right censored by the age range of our sample.

The gender differences in BMI’s age gradient could also

Fig. 2 Age, period and cohort

differences in predicted

probability of obesity (adjusted

for ethnicity and education),

Estonia 1996–2018

866 R. Reile et al.
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relate to other external factors such as differences in

adulthood stress levels (Liu and Umberson 2015) or lower

socio-economic position (Clarke et al. 2009) among others.

Although our cross-sectional data did not allow analysing

past exposure to stress, the variable of education proved to

be statistically significant contributor to both BMI and

obesity outcomes with stronger effects found for women.

Independently from age, statistically significant period

effects in mean BMI and obesity risk were found in our

data. In the adjusted model, the predicted mean BMI for

men was 1.4 points higher in 2016/2018 compared to

1996/1998, whereas the respective increase among women

was 0.64 points. Similarly, the probability of being obese at

the age of 40 was 12% for men in 1996/1998 data, but had

increased to 19% by 2016/2018. For women, the proba-

bility of being obese at the age of 40 was highest (20%) in

2012/2014 period. Although the slight decline in mean

BMI and probability of obesity in the latest period was

statistically insignificant for women, it contrasts to the

consistent increase that is visible for men since 2008/2010

data. Although gender differences in the period effects

have also been reported in some earlier studies (Jaacks

et al. 2013; Tu et al. 2011), one potential explanation in our

case could relate to differences in weight-related behaviour

among overweight persons. A recent study among adults

with excess body weight (Reile and Leinsalu 2019)

demonstrated that women were on average 1.5 times more

likely to change their diet or improve physical activity than

men. Although respective changes increased at higher rate

for men, the gender differences in weight-related beha-

vioural change remained significant. Another period effect,

visible for both men and women, is the increase in mean

BMI between 2004/2006 and 2008/2010. This corresponds

to the period of rapid economic growth (Brixiova et al.

2010). While increasing wealth is generally associated with

health improvement, it can also promote unfavourable

changes in dietary structure and lifestyle habits that may

eventually lead to a number of diseases linked with pros-

perity (Lange and Vollmer 2017). For example, factors

such as median income, alcohol price and restaurant den-

sity, all related to economic growth, have been associated

with BMI increases (Courtemanche et al. 2016). As period

effects were compared to overall mean in our models, the

respective changes remained statistically non-significant.

However, this particular explanation relating economic

expansion to individual-level BMI changes in our data

warrants further research including wider range of socio-

economic and macro-level indicators.

Cohort effects were found only for men born in the

1970s, who had higher mean BMI compared to the aver-

age. This cohort loosely matches the boundaries of ‘‘the

winners’ generation’’ (Titma et al. 1998), the men and

women who were in their 30s when Estonia underwent the

transformation from Soviet system to liberal democracy in

the first half of the 1990s. Their age and up-to-date edu-

cation proved beneficial when starting their careers in new

and rapidly changing circumstances. Although these

advantages could have resulted in higher socio-economic

status which in general is associated with lower BMI

(Vieira et al. 2019), opposite association was found for

men born in the 1970s. It is plausible that the link between

higher SES and lower BMI could be reversed in settings

with high material deprivation (Haregu et al. 2018). Also,

the possible overall beneficial effects of upward social

mobility for some could have been mitigated by the drastic

rise in overall social disparities (Henderson et al. 2008) and

severely affected health outcomes (Leinsalu et al. 2004).

With respect to obesity, no cohort differences were found

in our data. Similar findings were reported in previous

studies from Australia (Allman-Farinelli et al. 2008) and

USA (An and Xiang 2016), whereas some other studies

have found increased obesity rates for later cohorts. For

example, Reither and colleagues (2009) demonstrated that

probability of obesity at age 25 had increased by 30% for

cohorts born between 1955 and 1975. Similar obesity risk

across birth cohorts in our data suggests that the overall

increase in obesity rates in Estonia is more likely due to

period rather than cohort-specific exposures to behavioural

and environmental determinants of excess body weight.

Conclusions

The findings on age and period effects in BMI trends were

generally consistent with previous studies, providing fur-

ther support for the claim that BMI and obesity risk

increase at older ages and in more recent study periods.

The strong period but limited cohort effects indicate that

the rise in population-level mean BMI and prevalence of

obesity are most likely driven by overall behavioural and

environmental changes that affect the whole population

rather than being influenced by cohort-specific factors.

Being the first study on age, period and cohort effects on

BMI in Eastern Europe, these findings elucidate the tem-

poral patterns of increasing excess body weight and its

public health challenge in this region.
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