% Universiteit
id; Leiden
The Netherlands

Adverse generational changes in obesity development converge at

midlife without increased cardiometabolic risk
Ibi, D.; Rietman, M.L.; Picavet, H.S.].; Klinken, ]J.B.; Dijk, KW.; Dolle, M.E.T.; Verschuren,
W.M.M.

Citation

Ibi, D., Rietman, M. L., Picavet, H. S. J., Klinken, J. B., Dijk, K. W,, Dolle, M. E. T., &
Verschuren, W. M. M. (2021). Adverse generational changes in obesity development
converge at midlife without increased cardiometabolic risk. Obesity, 29(11), 1925-1938.
doi:10.1002/0by.23260

Version: Publisher's Version
License: Creative Commons CC BY-NC 4.0 license
Downloaded from: https://hdl.handle.net/1887/3256629

Note: To cite this publication please use the final published version (if applicable).


https://creativecommons.org/licenses/by-nc/4.0/
https://hdl.handle.net/1887/3256629

Received: 25 April 2021 | Revised: 30 June 2021

Accepted: 1 July 2021

DOI: 10.1002/0by.23260

ORIGINAL ARTICLE

Epidemiology/Genetics

H THE
Obesity [o & TEpywag"

Adverse generational changes in obesity development
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INTRODUCTION

Abstract

Objective: Obesity is becoming a global public health problem, but it is unclear how
it impacts different generations over the life course. Here, a descriptive analysis of
the age-related changes in anthropometric measures and related cardiometabolic risk
factors across different generations was performed.

Methods: The development of anthropometric measures and related cardiometabolic
risk factors was studied during 26 years of follow-up in the Doetinchem Cohort Study
(N = 6,314 at baseline). All analyses were stratified by sex and generation, i.e., 10-year
age groups (20-29, 30-39, 40-49, and 50-59 years) at baseline. Generalized estimating
equations were used to test for generational differences.

Results: Weight, BMI, waist circumference, and prevalence of overweight and obesity
were higher, in general, in the younger generations during the first 10 to 15 years of
follow-up. From age 50 to 59 years onward, these measures converged in all genera-
tions of men and women. Among cardiometabolic risk factors, only type 2 diabetes
showed an unfavorable shift between the two oldest generations of men.
Conclusions: It was observed that, compared with the older generations, the younger
generations had obesity at an earlier age but did not reach higher levels at midlife and
beyond. This increased exposure to obesity was not (yet) associated with increased

prevalence of cardiometabolic risk factors.

The prevalence of obesity has increased dramatically over the past
decades, and it is estimated that, by 2030, more than 1 billion people
will have obesity (1). This poses a global public health problem, as obe-
sity is strongly associated with cardiometabolic risk factors and dis-
eases such as hypertension, hypercholesterolemia, insulin resistance,
type 2 diabetes (T2D), and cardiovascular disease (CVD) (2-5), all of

which are associated with morbidity and reduced life expectancy (6).

Obesity prevalence increases with age, with more progressive
changes taking place from age 20 to 60 years (7,8). This upward
trend follows a sex-specific course, with men reaching a BMlI plateau
at a younger age than women (9). In addition to age and sex, obesity
differs by birth cohorts, which are defined as groups of people born
in the same period of time (10). Individuals belonging to a particu-
lar birth cohort are likely to share a cumulative set of experiences
that may be different from those born earlier or later (11). For in-

stance, the oldest generations in their younger years were exposed
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to a less obesogenic food environment and a less sedentary lifestyle
than more recent generations (12). The extent of exposure to such
obesity-promoting environments and, consequently, to obesity af-
fects development of obesity-related conditions; a longer exposure
to obesity is associated with higher risk of T2D (13,14) and CVD (15).
Altogether, both timing and duration of obesity are important in the
development of cardiometabolic disease. Therefore, a more compre-
hensive evaluation of the development of obesity prevalence and
its long-term effects on associated cardiometabolic risk factors is
important.

We have previously studied the development of overweight and
obesity during 16 years of follow-up in a Dutch population of men and
women aged 20 to 59 years at baseline, in which we showed an unfa-
vorable increase of overweight and obesity in the most recently born
generations compared with the older ones (8). However, at the end of
the 16-year follow-up, the most recently born generations had barely
reached midlife, which is typically a period that predates the manifesta-
tion of cardiometabolic disease and is a strategic window for early de-
tection and prevention of CVD. Therefore, our previous study could not
adequately assess trends of obesity and related cardiometabolic factors
beyond midlife in the most recently born generations (16). Another lim-
itation of our previous study was that it used only BMI as a measure-
ment of overweight and obesity. However, BMI measurements alone
are insufficient to assess visceral obesity, thereby failing to fully cap-
ture cardiometabolic risk. Recent studies emphasize the importance of
using waist circumference in addition to BMI as an important measure
of visceral obesity to better assess and predict obesity and cardiomet-
abolic risk (17). Therefore, in the current analyses, we further assessed
the development of obesity and related cardiometabolic risk factors
in the same population by including data from more recent measure-
ments, extending the follow-up period by 10 years to a total of 26 years,
and assessing waist circumference. Our aim was to perform descrip-
tive analyses of the changes in anthropometric measures and related

cardiometabolic risk factors over the life course by sex and generation.

METHODS
Population

The Doetinchem Cohort Study (DCS) is a prospective, population-
based cohort study including, at baseline, 7,769 men and women
aged 20 to 59 years living in Doetinchem, the Netherlands, who were
predominantly of Dutch Caucasian descent, between 1987 and 1991
(round 1). Participants from the first round were invited for follow-up
examinations every 5 years. The response rates varied between 75%
and 80% in all rounds. The study design of DCS has previously been
described in more detail (18,19). For the present analyses, we included
participants who took part in at least two rounds (N = 6,391) and ex-
cluded pregnant women only for that specific round (round 1-6: 77,
43,18, 3,1, and 1, respectively). This resulted in a total of 6,314, a total
of 6,069, a total of 4,897, a total of 4,516, a total of 4,015, and a total
of 3,437 participants in rounds 1, 2, 3, 4, 5, and 6, respectively. This

Study Importance

What is already known?

> The most recently born generations are exposed to a
more obesogenic environment compared with older
generations, resulting in an earlier and longer exposure
to obesity.

What does this study add?

= Our study shows that, despite having a higher and ear-
lier exposure to obesity, the younger generations do not
reach higher levels of BMI and obesity prevalence at
midlife and beyond, which was an unanticipated obser-
vation given the expected further rise of BMI through-
out middle age.

= Moreover, thus far we found no evidence that car-
diometabolic risk factors are elevated in the younger
generations when compared at midlife with the older

generations.

How might these results change the direction of
research?

= Further research beyond the age of 50 years is needed
to assess the progression of cardiometabolic and other
obesity-related diseases in younger generations.

= Future research should focus on developing alternative
markers for BMI that could better capture cardiometa-
bolic health.

= The BMI plateau for all younger generations at a simi-
lar level suggests that, apparently, at this plateau, a
population-specific energy balance is reached. Research
into the determinants of this energy balance is needed.

selection process is described in a participant flowchart (Figure 1). All
participants gave written informed consent, and the study was ap-
proved according to the guidelines of the Helsinki Declaration by the
external Medical Ethics Committee of the University Medical Center
Utrecht.

Measures

Demographic characteristics, medical history of chronic diseases,
medication use, and lifestyle factors were collected using stand-
ardized questionnaires. Trained staff performed standardized
measurements of anthropometric traits (height, weight, and waist cir-
cumference), blood pressure, and blood sampling during a visit to the
municipal health service. A detailed description of these measures
has been reported elsewhere (8). Having overweight was defined
as BMI between 25 and 30 kg/m?, and having obesity was defined
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Participants of Doetinchem Cohort

Study (DCS)

Excluding participants with only 1
measurement (n=1378)

Participants with > 2 measurements

Total (n=6391)

Missing data and exclusions for the
studied variables

BMI: Round 1-6 (n=2, 11, 22, 13, 19, 10)

Weight: Round 1-6 (n=1, 11, 21, 2, 18,
7)

Height: Round 1-6 (n=1, 11, 22, 13, 19,
10)

Waist: Round 2-6 (n=15, 23, 4, 19, 10);
Round 1 (no measurements)

Total cholesterol: Round 1-6 (n=7, 21,
24,3,24,11)

HDL-C: Round 2-6 (n=25,24, 0, 24, 11);
Round 1 excluded

Hypertension: Round 1-6 (n=0, 21, 24,
3,17,7)

Excluding
participants
with pregnancy:

Round 1 (n=77)
Round 2 (n=43)
Round 3 (n=18)
Round 4 (n=3)

2D: Round 1-6 (n=16, 6,2, 7,5, 3)
CRP: Round 2-5 (n=749, 250, 216, 220)
Round 1&6 (no measurements)
Excluding CRP values 210 mg\L:
(round 2-5: 226, 209, 172, 154)

Smoking: Round 1-6 (n=7, 5, 2, 23, 20,

35)

Participants left for the final analyses

Round 1 (n=6314)
Round 2 (n=6069)
Round 3 (n=4897)
Round 4 (n=4516)
Round 5 (n=4015)

Round 6 (n=3437)

FIGURE 1 Flowchart of study participant selection. CRP, C-reactive protein; HDL-C, high-density lipoprotein cholesterol; T2D, type 2

diabetes [Color figure can be viewed at wileyonlinelibrary.com]

as BMI equal to or greater than 30. The mean value of two blood
pressure measurements was used in the analyses. Hypertension
was defined as systolic blood pressure = 140 mmHg and/or diastolic
blood pressure 2 90 mmHg and/or use of antihypertensive medica-
tion (according to World Health Organization definition) (20). Total
cholesterol and high-density lipoprotein cholesterol (HDL-C) were
measured until 1998 in non fasting EDTA plasma and, from 1998 on-
ward, in serum at the Lipid Reference Laboratory using standardized
enzymatic methods. Hypercholesterolemia was defined as total cho-
lesterol of 6.5 mmol/L and/or use of cholesterol-lowering medica-
tion, and low HDL-C was defined based on the National Cholesterol
Education Program Adult Treatment Panel Il (NCEP-ATPIII) defini-
tion of cardiometabolic syndrome as HDL-C < 1.03 mmol/L and <
1.29 mmol/L in men and women, respectively (21). For C-reactive
protein (CRP), standardized enzymatic methods were used to retro-
spectively determine CRP in four rounds (rounds 2, 3, 4, and 5) using
blood plasma that had been stored in freezers. This examination of all
available samples from consecutive rounds (rounds 2, 3, 4, and 5) in

one assay run was performed to reduce the chance of measurement
error and batch effects.

T2D cases were defined on the basis of self-report or level of ran-
dom glucose (>11.1 mmol/L). Most self-reported diabetes cases were
verified with information from the general practitioner or pharmacist
(86%). The highest level of completed education during follow-up was
classified into the following three categories: 1) low (intermediate sec-
ondary education or less); 2) intermediate (intermediate vocational or
higher secondary education); and 3) high (higher vocational education
or university). Smoking was assessed by means of a questionnaire and

categorized into current, ex-, and never smokers.
Statistical analyses
The development in the prevalence of anthropometric measures and

cardiometabolic risk factors over time in four 10-year generations was
described. The generations were defined on the baseline age of the
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participants: 20 to 29, 30 to 39, 40 to 49, and 50 to 59 years, further
referred to as those who were in their 20s, 30s, 40s, and 50s, respec-
tively. The prevalence or mean (median for non-normally distributed
variables of anthropometric measures and cardiometabolic risk factors)
was plotted against the mean age of these generations at the time of
measurement for men and women separately. A generation shift occurs
when the difference in the prevalence or mean of a particular measure
of obesity or cardiometabolic risk factor between generations at a simi-
lar age is significantly different, as determined by logistic regression for
dichotomous outcomes and linear regression for continuous outcomes.
In order to take the correlations among repeated observations on the
same participants into account, we used generalized estimating equa-
tions (GEE) with an autoregressive structure similar to Hulsegge et al.
(8). In order to distinguish between differences in earlier and later life-
time points, we performed the analyses separately for earlier develop-
ment (rounds 1, 2, 3, and 4), later development (rounds 3, 4, 5, and 6),
and then for the time development over the total period, comprising all
six rounds. At rounds 3, 4, 5, and 6, the mean age of a generation was
approximately the same as the mean age of a generation born 10 years
earlier at rounds 1, 2, 3, and 4, respectively. Therefore, for the earlier
development, measures of obesity and cardiometabolic risk factors at
rounds 3 and 4 of a generation were compared with those of a genera-
tion born 10 years earlier at rounds 1 and 2, respectively. In the later
development, rounds 5 and 6 of a generation were compared with the
generation born 10 years earlier at rounds 3 and 4, respectively. Finally,
for the time development over the total period, the data at rounds 3, 4,
5, and 6 of a generation were compared with those of a generation born
10 years earlier at rounds 1, 2, 3, and 4, respectively. As waist circum-
ference was not measured in round 1, GEE was performed comparing
rounds 4, 5, and 6 (total period), rounds 4 and 5 (earlier development),
and rounds 5 and 6 (later development) of a generation with rounds 2,
3, and 4 (total period), rounds 2 and 3 (early development), and rounds
3 and 4 (later development), respectively, of a 10-year older generation.
As the HDL-C values in the first round deviated markedly from the val-
ues in the other rounds, these data were omitted in the current analy-
ses, and, therefore, GEE for HDL-C was performed comparing the same
rounds as for waist circumference. CRP was not measured in rounds 1
and 6, and, therefore, only rounds 4 and 5 of a generation were com-
pared with rounds 2 and 3 of a 10-year older generation.

The analyses were adjusted for age, and a p value < 0.05 was
considered statistically significant. Descriptive analyses were per-
formed in SPSS Statistics version 23 (IBM Corp., Armonk, New York),
and GEE analyses were performed in SAS version 9.2 (SAS Institute
Inc., Cary, North Carolina).

RESULTS
Population characteristics
The general characteristics of the study population at baseline are pre-

sented in Table 1. In the total population, the mean age was 40.0 years,
and 48% were men. Participants in the older generations had a lower

educational level and a lower percentage of current smokers, but a higher
percentage were former smokers compared with the younger genera-
tions. The oldest generation of women had the highest percentage of
never smokers and the lowest percentage of current smokers. Participants
in the older generations had more unfavorable baseline levels of systolic
blood pressure, diastolic blood pressure, and total cholesterol and used an-
tihypertensive and cholesterol-lowering medication more often. Women
in the younger generations entered the menarche earlier. The oldest gen-
eration of women (50-59 years at baseline) had the highest mean number

of children (n = 2.9) compared with the other three generations (n = 2.1).

Anthropometric measures

Figure 2 shows the development of anthropometric measures and
BMI as well as the prevalence of overweight and obesity. Weight in-
creased whereas height decreased with age in both men and women
in all generations and they were both significantly higher in the
younger generations (p < 0.001) when compared at a similar age with
participants born 10 years earlier (Figure 2A-2D and Tables 2 and 3).
BMI, waist circumference, and prevalence of overweight and obesity
increased with age in all generations and they were, in general, sig-
nificantly higher in the younger generations compared with the older
generations (Figure 2E-2L and Tables 2 and 3). Among men, such un-
favorable generation shifts in the aforementioned traits were present
between all consecutive generations when they were compared over
the life course and especially with respect to earlier development, but
not to later development. For example, at an average age of 35 years,
the obesity prevalence was 8.6% (round 3) in men who were in their
20s at baseline and 4.0% (round 1) in men who were born 10 years
earlier (those in their 30s at baseline; Table 2). However, as also seen
in Figure 2, BMI, waist circumference, and obesity prevalence in the
younger generations did not reach significantly higher levels in later
life than in the older generations (p > 0.05). For example, at the av-
erage age of 50 years, the obesity prevalence was 14.6% (round 6) in
men who were in their 20s at baseline and 13.9% (round 4) in men
who were born 10 years earlier (those in their 30s at baseline). Among
women, initially unfavorable but ultimately converging generation
shifts were evident for the three youngest generations. However,
the oldest generation of women showed elevated levels for BMI,
weight, waist circumference, and prevalence of overweight and obe-
sity already within the first three rounds compared with the younger
three generations. The youngest generation of women (those in their
20s at baseline) had the most unfavorable shift in obesity develop-
ment, whereas the prevalence of obesity almost doubled when they
reached a similar age compared with those who were in their 30s at
baseline (p < 0.001).

Cardiometabolic risk factors

Levels of cardiometabolic risk factors increased with age during
the 26-year follow-up in all generations of men and women, except
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FIGURE 2 Age-specific mean (SD) or prevalence of anthropometric measures over 26 years of follow-up (six rounds) in those who were in
their 20s (20-29 years; -#- [blue]), 30s (30-39 years; -e- [red]), 40s (40-49 years; -A- [green]), and 50s (50-59 years; -B- [purple]) at baseline,
stratified by sex: (A,B) weight; (C,D) height; (E,F) BMI; (G,H) waist circumference; (1,J) overweight (25 < BMI < 30kg/m?); and (K,L) obesity
(BMI = 30)

for low HDL-C (Figure 3). Hypertension and hypercholesterolemia women. However, hypertension and hypercholesterolemia did not

were more prevalent in men before age 50 years than in women. differ across the generations, except for the youngest generation

After age 50 years, hypercholesterolemia was more prevalent in of women, who started with a significantly higher prevalence of
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FIGURE 2 (Continued)

hypertension compared with those born 10 years earlier (p = 0.013;
Figure 3 and Table 3). In addition, an unfavorable generation shift (p
= 0.042) was observed in the later development for hypercholes-
terolemia in men who were in their 30s at baseline compared with
those in their 40s at baseline (Figure 3 and Table 2). Interestingly,
the percentage of low HDL-C was significantly lower in the younger
generations, resulting in favorable generation shifts, particularly in
women. Overall, T2D development did not differ across the genera-
tions. An unfavorable generation shift for T2D was only observed
when comparing the development in men who were in their 50s at
baseline with those born 10 years earlier (p = 0.007). However, CRP
showed a favorable generation shift between men in their 30s at
baseline and those in their 40s (p = 0.018) and between the two
oldest generations of men and women (p = 0.009 and p = 0.003,
respectively). Owing to the fact that CRP is strongly associated with
smoking, we assessed smoking prevalence during the follow-up of
our cohort (Figure 4). Prevalence of current smoking decreased with
age in both sexes and all generations. Furthermore, for both men and
women, a favorable generation shift was observed in the younger

generations compared with the older ones (p < 0.05; Figure 4).

DISCUSSION

Our results show that the prevalence of overweight and obesity in-
creased with age and reached a sex-specific plateau at late midlife.
This was apparent for all generations of men and women, except for
the oldest generation of women, whose BMI still increased beyond
late midlife. At the same age, the younger generations had higher
weight, BMI, waist circumference, and prevalence of overweight
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and obesity compared with the older generations but did not reach
much higher levels in later life. In general, these developments did
not translate into unfavorable generation shifts in cardiometabolic
risk factors.

Evidence that younger birth generations are heavier than the
ones born earlier was observed in high-income countries such as
the United States (22,23), UK (24), Australia (11,25), Norway (26),
Finland (9), and Austria (27), as well as in middle-income countries
such as China (28). The Atherosclerosis Risk in Communities Study
examined associations of age with mean BMI across three bi-ethnic
birth cohorts (1920-1930, 1930-1935, and 1935-1945) ranging from
45 to 64 years of age, and reported that, except for White women,
participants in the more recent cohorts gained more weight as they
aged (22). In our study, we observed unfavorable generation shifts in
the anthropometric measures and obesity prevalence between every
generation of men, whereas, in women, they were evident especially
between the two youngest generations. Our results are in line with a
recent Australian study (25) reporting a higher prevalence of obesity
in women born in 1989 through 1995 compared with women born
in 1973 through 1978 when they were the same age. Other stud-
ies with similar age groups as in our cohort support the consistent
unfavorable shifts we found among men, whereas their results for
women partially contradict ours. For example, a Norwegian cohort
study (26) with a comparable range of birth years to our DCS showed
that BMl increased in every birth cohort of men and women during
a 15 to 20-year period of follow-up. However, the study found that
this increase was larger in the younger birth cohorts of men than
the older ones but did not differ among female birth cohorts. The
lack of BMI differences in the female birth cohorts reported in these
two studies contradicts the unfavorable BMI shift found between
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TABLE 2 Comparison of anthropometric measures and cardiometabolic risk factors over six rounds between consecutive generations in men

Round 1 Round 2 Round 3 Round 4 Round 5 Round 6 pvalue® pvalue® pvalue®

Weight (kg) a b

20-29 785+11.0 82.6+ 12.0/' 86.0+125 88.2+13.7 ”88.7 +13.7 897+141| <0.001 0.013 <0.001

30-39 80.7+10.6 83.7+11.2 I 86.4+11.5 87.6+12.0 I’/88.5 +124 883+123 <0.001 <0.001 <0.001

c

40-49 82.0+10.6 841+ 11.3¢| 858+ 117 863+11.8 86.1+11.3 858+11.8| <0.001 0.03 <0.001

50-59 [821+101 832+10.5 844+109 84.8+11.0| 841+11.0 827+11.4 - - -
Height (cm)

20-29 181.8 +6.7 1821 +6.6 1824+6.9 1824+6.4 1819+6.2 182.0+6.2 <0.001 <0.001 <0.001

30-39 180.2+ 6.5 180.3+6.5 180.7+6.6 180.2+6.4 1798+6.3 1797+6.3 <0.001 <0.001 <0.001

40-49 1778 + 6.3 1778 +6.3 1778 +6.3 1774+6.0 176.8+6.0 176.5+6.2 <0.001 0.055 <0.001

50-59 176.5+6.5 1761+6.5 176.3+6.5 175.6+6.2 1749 +6.3 1747 +6.5 - - -
BMI (kg/m?)

20-29 234+28 246+31 255+32 262+36 265+37 267+38 <0.001 0.39 0.013

30-39 245+29 254+31 262+32 266+33 271+36 27.0 +3.5 0.033 0.71 0.13

40-49 25.6+3.0 263+32 268+34 271+35 272+35 272+36  <0.001 0.23 0.001

50-59 260+29 265+31 269+33 272+34 272+33 268+34 - - -
Waist circumference (cm)?

20-29 - 90.1+92 94.1+93 96.5+10.2 977+10.7 991+114 0.0048 0.48 0.015

30-39 - 93.8+89 97.0+91 98.9 £ 9.4 100.4+ 10.0 101.3+10.0 0.039 0.54 0.11

40-49 - 97.2+93 99.5+99 101.1 + 101 101.8 +10.0 102.4 +10.7 <0.001 0.26 0.005

50-59 - 98.9 £ 9.0 100.8 +9.6 102.3+98 102.5+9.7 102.7+10.3 - - -
Overweight (%)

20-29 24.4 32.3 43.4 50.6 49.5 49.3 0.0033  0.29 0.008

30-39 36.2 44.2 51.9 54.2 52.1 52.7 0.65 0.096 0.29

40-49 47.7 53.4 58 54.6 57.2 56.3 0.25 0.29 0.23

50-59 52.1 55.2 53.6 54.5 55.6 53 - - -
Obesity (%)

20-29 2.8 6.6 8.6 10.8 13.7 14.6 0.043 0.53 0.01

30-39 4 8.1 11.4 13.9 17.2 17.5 0.021 0.55 0.006

40-49 7.5 10.2 13.7 17.9 17.3 18.3 0.0013 0.8 <0.001

50-59 8.7 12.7 16.1 18.2 17.7 15.3 - - -
Hypertension (%)

20-29 14.3 15 19.9 21.2 28.6 32 0.76 0.11 0.28

30-39 17.9 23.1 3.3 35.2 44.7 51.1 0.083 0.86 0.3

40-49 23.8 34.9 42.8 51.5 61.6 63.9 0.093 0.71 0.16

50-59 35.4 51 59.2 66.2 70.5 70.4 - - -
Hypercholesterolemia (%)

20-29 3.8 6.8 14.6 14 221 25.2 0.32 0.58 0.23

30-39 15 16.2 24.1 25.9 33.2 35.4 0.11 0.042 0.35

40-49 23.7 20.6 29.6 28.9 33.8 38.4 0.1 0.079 0.33

50-59 29.4 22.8 31.3 32 42.5 48.1 - - -
Low HDL-C (%)°

20-29 - 25.7 30.9 27.6 29.9 21.8 0.52 0.35 0.23

(Continues)
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TABLE 2 (Continued)

Round 1 Round 2 Round 3
30-39 = 30.2 30.2
40-49 = 30.4 31.5
50-59 = 30.6 31.5
T2D (%)
20-29 0.6 0.9 11
30-39 0.1 0.4 0.7
40-49 0.9 2.2 3.2
50-59 1.2 3.2 6.4
C-reactive protein (mg/L)*
20-29 = 0.60(0.86) 0.72(1.03)
30-39 - 0.81(1.17)  0.94(1.29)
40-49 = 1.10(1.59) 1.10(1.70)
50-59 = 1.36 (2.16) 1.43(2.07)

Obesity [o)
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Round 4 Round 5 Round 6 pvalue® pvalue® pvalue®
27.3 27.7 25.3 0.14 0.54 0.37
25.5 25.1 23.8 0.01 0.089 0.07
24.4 24.5 23.6 - -
0.9 2.2 3.1 0.07 0.34 0.13
2.3 4.3 5.6 0.55 0.96 0.63
5.5 8.9 10 0.0073 0.22 0.11
9.2 14.4 13.9 - - -
0.88(1.24) 0.90(1.44) = = = 0.72
1.02 (1.33) 1.07 (1.61) = = = 0.018
1.22(1.72) 1.20(1.69) = = = 0.009
1.41(2.03) 1.44(2.13) - - - -

Values are mean + SD, median (interquartile range), or percentage. Logistic and linear regression using generalized estimating equations, adjusted for
age, were used to test whether a generation was, at a similar age, statistically significantly different compared with the consecutive generations born
10 years earlier. The colored rectangles and the arrows in the first rows exemplify the comparisons performed for the corresponding p values.
Abbreviations: HDL-C, high-density lipoprotein cholesterol; T2D, type 2 diabetes.

?For the earlier development, the difference in all indicated outcomes, except waist circumference, low HDL-C, and C-reactive protein, at rounds 3
and 4 of a generation was compared with the generation born 10 years earlier at rounds 1 and 2, respectively (blue).

PFor the later development, rounds 5 and 6 of a generation were compared with the generation born 10 years earlier at rounds 3 and 4, respectively

(red).

‘Finally, for the time development over the total period, the data at rounds 3, 4, 5, and 6 of a generation were compared with those of a generation

born 10 years earlier at rounds 1, 2, 3, and 4, respectively (green).

9Rounds 4, 5, and 6 (whole development), rounds 4 and 5 (earlier development), and rounds 5 and 6 (later development) were compared with rounds
2, 3, and 4 (whole development), rounds 2 and 3 (earlier development), and rounds 3 and 4 (later development), respectively, of a 10-year older
generation using linear regression (waist circumference) and logistic regression (low HDL-C).

®Rounds 4 and 5 were compared to rounds 2 and 3 of a 10-year older generation using linear regression. Consecutive generations had approximately

a similar age at those moments.

our two youngest generations of women. However, our study also
showed that there was no difference in the BMI development up to
50 years among the other generations of women, which is in concor-
dance with results from the two aforementioned studies.

The higher BMI and obesity prevalence observed in the oldest
generation of women after the age of 50 years in our study could be
due to several lifestyle and environmental factors. The number of
children in the oldest generation was higher compared with the rest,
which could be one factor explaining the differences in the obesity
development of the oldest women. Previous research has demon-
strated a positive association between parity (the number of times
a woman has given birth) and obesity in women, particularly after
menopause (29). A study in middle-aged retired US women reported
that women had a 7% increase in obesity for each additional child
born, even after controlling for potential confounders (30). From a
biological point of view, this positive association of parity and obe-
sity can be explained by the numerous metabolic changes that occur
during the pregnancy and can persist even after, including insulin
resistance and fat accumulation (31,32).

Previously, we reported on 16 vyears of follow-up in the
Doetinchem study (8) and already showed that the younger

generations have overweight and obesity at a younger age. However,
based on our follow-up of 26 years in total, we now observe that,
despite having obesity at an earlier age, the younger generations
do not reach much higher levels of BMI and obesity at midlife and
beyond. This was an unanticipated observation given the expected
further rise of BMI throughout middle age. For example, when par-
ticipants of the youngest generation were at an average age of 45
years, the obesity prevalence in men was 13.7%, and, after 5 years,
it reached 14.6%. This increase between the last two rounds was
smaller than the increase in earlier rounds, which suggests that the
rate of increase in obesity prevalence in the youngest generation of
men starts to slow down after the age of 45 years and points to a
probable plateau in obesity after the age of 50 years. In women, the
obesity prevalence remained the same in the last two rounds, al-
ready showing evidence of a leveling off in obesity prevalence after
the age of 50 years in the younger generations. Therefore, data from
the last 10 years of follow-up in the current study point to an obesity
plateau in both men and women, which was somewhat unexpected.
However, it is important to emphasize that although the younger
generations do not reach higher levels of obesity in later life, their

lifetime exposure to obesity will be longer. This is of particular



1934 H
2 | wiLEy Obesity [o =i

GENERATION SHIFTS IN OBESITY AND RELATED RISKS

TABLE 3 Comparison of anthropometric measures and cardiometabolic risk factors over six rounds between consecutive generations in women

Weight (kg)
20-29
30-39

40-49

50-59
Height (cm)

20-29

30-39

40-49

50-59
BMI (kg/m?)

20-29

30-39

40-49

50-59
Waist circumference (cm)¢

20-29

30-39

40-49

50-59
Overweight (%)

20-29

30-39

40-49

50-59
Obesity (%)

20-29

30-39

40-49

50-59
Hypertension (%)

20-29

30-39

40-49

50-59
Hypercholesterolemia (%)

20-29

30-39

40-49

50-59
Low HDL-C (%)

20-29

30-39

40-49

Round 6

p value?

75.2 + 13.6 | <0.001

74.0+13.3

<0.001

73.3+12.8| 0.096

Round 1 Round 2 Round 3 Round 4 Round 5
a b

649 +10.3 68.6+ 11.8¢| 717 +12.1 73.6+13.6|(74.7 + 13.7

[66.2+10.2 694+114]|[71.5+12.1 729+ 127 |>/73.6 +13.1
C

68.3+104 712+117/730+124 731+125 73.2+12.0
[715£11.4 7311114 743+124 741+134| 752+15.0

1685+ 6.6 168.6+6.6 168.6+64 1684+65 168.2+6.4

1667 6.0 166.9+6.0 1670+£6.0 1667 +61 166.3+6.1

165.3+59 1653+6.0 1653+58 164.9+58 164.3+57

1638+ 61 1633161 163.6+6.0 162.6+61 1617 +6.2

226+34 238+39 249141 255147 260+4.8

235+35 24640 253x41 259:44 262146

246+36 257+41 264144 265145 268145

263+40 27.0+43 274x44 27749 28354

- 81.2+10.3 84.4+105 872+11.6 883+22

- 84.2+10.5 86.6+10.8 89.1+11.0 90.7+114

- 87.6+10.5 901+11.0 917111 92.8+11.2

- 921+11.4 939+11.6 958+120 97.2+12.8

13.1 20.6 28.9 30.2 32.3

21.8 28.3 34.3 34 377

30.7 38.7 403 401 41.2

439 46.4 433 40.8 37.9

3.1 7.6 10.5 15.4 16.7

4.6 8.4 11.6 15.6 17.2

8.1 13.1 17.2 19.5 21.9

14.6 20.2 25.3 27.8 33.6

4.6 7.6 11.8 16.1 227

6.3 12.8 23.2 27.2 36

16.1 27.9 38.1 44.8 54.3

31.8 44.4 54.6 60.6 71.4

4.6 3.2 6.7 8 11

7 7.5 13.2 20.9 34.6

13.4 17.4 34.2 36.8 51.9

347 37.4 47 47 54.5

- 28.7 31.8 23.2 25.4

- 26.7 28.7 20.6 21.2

- 24.9 26.9 237 25

73.4 +14.0

<0.001

166.1 + 6.0
163.8 +5.9
161.1+ 6.0

26.2+4.8
26.5+4.7
269 +4.6
279 £5.0

89.3+11.9
91.8+12.3
94.3 +12.0
969 +12.4

379
37.2
40.3
359

16.7
19.9
22.7
30.8

27.6
38.5
571
72.4

16.7
42.9
52.3
51

26
19.5
23.7

<0.001
<0.001
<0.001

<0.001
0.2
0.68

<0.001
0.057
0.25

0.054
0.38
0.016

<0.001
0.1
0.31

0.013
0.45
0.07

0.98
0.45
0.85

0.092
0.0048
<0.001

p value®

<0.001
0.42

0.25

<0.001
<0.001
0.0046

0.026
0.35
0.017

0.18
0.84
0.065

0.83
0.31
0.49

0.071
0.55
0.089

0.79
0.011
0.42

0.017
0.22
0.078

0.63
0.014
0.003

p value®

<0.001
0.003

0.46

<0.001
<0.001
<0.001

<0.001
0.65
0.2

0.008
0.24
0.15

0.012
0.82
0.069

<0.001
0.007
0.18

0.36
0.38
0.48

0.025
0.75
0.54

0.95
0.008

<0.001
(Continues)
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TABLE 3 (Continued)

Round 1 Round 2 Round 3 Round 4 Round 5 Round 6 pvalue® pvalue® pvalue®

50-59 - 32.8 33.5 28.3 29.4 254 - - -
T2D (%)

20-29 0.2 0 0 0.4 0.7 1.9 0.15 0.85 0.8

30-39 0.3 1.2 0.8 2 4 4.9 0.81 0.45 0.81

40-49 0.7 1.6 2 4.2 6.4 9.7 0.3 0.9 0.65

50-59 1.6 3.5 5.5 10.7 15.3 16.3 - - -
C-reactive protein (mg/L)¢

168.1 + 6.6 - 1.35(2.35) 1.33(2.56) 1.20(2.38) 1.16(2.11) - - - 0.061

30-39 - 0.97(1.83) 1.20(2.10) 1.15(1.75) 1.07(1.57) - - - 0.16

40-49 - 1.07 (1.69) 1.21(1.94) 1.23(1.84) 1.25(1.76) - - - 0.003

50-59 - 1.44(2.06) 1.65(2.27) 1.60(2.32) 1.40(1.93) - - - -

Values are mean + SD, median (interquartile range), or %. Logistic and linear regression using generalized estimating equations, adjusted for age, were
used to test whether a generation was, at a similar age, statistically significantly different compared with the consecutive generations born 10 years
earlier. The colored rectangles and the arrows in the first rows exemplify the comparisons performed for the corresponding p values.

Abbreviations: HDL-C, high-density lipoprotein cholesterol; T2D, type 2 diabetes.

@For the earlier development, the difference in all indicated outcomes, except waist circumference, low HDL-C, and C-reactive protein, at rounds 3
and 4 of a generation was compared with the generation born 10 years earlier at rounds 1 and 2, respectively (blue).

®For the later development, rounds 5 and 6 of a generation were compared with the generation born 10 years earlier at rounds 3 and 4, respectively
(red).

Finally, for the time development over the total period, the data at rounds 3, 4, 5, and 6 of a generation were compared with those of a generation
born 10 years earlier at rounds 1, 2, 3, and 4, respectively (green).

9Rounds 4, 5, and 6 (whole development), rounds 4 and 5 (earlier development), and rounds 5 and 6 (later development) were compared with rounds
2, 3, and 4 (whole development), rounds 2 and 3 (earlier development), and rounds 3 and 4 (later development), respectively, of a 10-year older
generation using linear regression (waist circumference) and logistic regression (low HDL-C).

€Rounds 4 and 5 were compared to rounds 2 and 3 of a 10-year older generation using linear regression. Consecutive generations had approximately
a similar age at those moments.

concern, as an earlier exposure and longer duration of obesity have circumference, could be explained by the counterbalancing effects
been shown to increase risk of several metabolic conditions, includ- of decreased smoking prevalence in the recent generations of the
ing T2D and CVD (13-15). Doetinchem study, shown by Raho et al. (35). Our latest follow-up

It is important to mention that although BMI is the standard rounds further support this observation, pointing to favorable smok-
measure of overweight and obesity, it does not assess body compo- ing generation shifts in men. Therefore, the reduced prevalence of
sition or fat distribution. It has previously been shown that visceral smoking in the younger generations of men may have reversed the
fat, which is stored in the abdominal cavity, secretes more pro- adverse effects of increased waist circumference and obesity on in-
inflammatory cytokines than other types of fat, which are thought flammation, which could, in turn, partially account for the general
to play an important role in the pathogenesis of insulin resistance lack of unfavorable generation shifts in T2D prevalence. However,
and T2D (33). Waist circumference is a simple way of assessing vis- the unfavorable generation shift in T2D prevalence observed only
ceral fat, and a higher waist circumference has also been associated between the two oldest generations of men suggests that, in ad-
with increased T2D risk (34). In our study, the waist circumference dition to reduced smoking prevalence, a possible delay between
followed a similar pattern to BMI, increasing more in the early de- obesity and onset of T2D may explain the discrepant pattern of in-
velopment between each generation of men and the two youngest creased visceral fat and obesity without an increase in T2D preva-
generations of women and starting to level off in the latest years of lence. Among women, the large unfavorable generation shift in waist
follow-up. These results point to increased weight-related chronic circumference and obesity that was found only between the two
systemic inflammation in the younger generations, which could, youngest generations is probably not (yet) reflected in T2D shifts
in turn, increase the risk for T2D in these groups. However, in our because the prevalence of diabetes is too low at that age. It is hard
study, CRP levels, a marker for inflammation, were not higher in the to predict the impact that increased obesity in the youngest gen-
younger generations compared with the older ones, but, on the con- eration of women will have on T2D prevalence in the future if we
trary, in some generations of men and women CRP showed a fa- take into consideration the large favorable shift in current smoking
vorable generation shift. In men, the lack of increased inflammation in the youngest generation of women, further supported by Raho

in the younger generations, given their unfavorable shifts in waist et al. (35).



1936 i THE GENERATION SHIFTS IN OBESITY AND RELATED RISKS
_LWI LEY QbGSIty OOBES\TV

esearch SOCIETY

3 ?

A

50 50

IS
S

IS

S

Percentage low-HDL-C
Now ow
& 8
L4
Percentage low-HDL-C
N oW
-}

@

T
w S oo
=
«w o

o
o

~
S

30 40 50 60 70 80 20.0 300 400 50.0 60.0 70.0 80.0
Mean age generation (years) Mean age generation (years)

(o]
w)

60 60 -
= 2
£ so Eso
0 3
s
E 40 ﬁ 40 4
S S
£ £
S
g 30 S 50 |
s s
z z /
@ 20 20 A
z .
8 10 810 /
& &
0 0 T T T
20.0 300 40.0 50.0 60.0 70.0 80.0 200 30.0 400 50.0 60.0 70.0 80.0
Mean age generation (years) Mean age generatlon (years)

m
M

80 80
70 70
€ €
—g 60 % 60
8 ]
£ 50 - £ 50
5 A2 ]
Z 40 Z 40
r . ©
%2 e 4 £a0
E 4 €
] : g
£ 20 £20 4
& &
10 10
0 T 0
200 300 400 50.0 60.0 700 80.0 200 300 400 50.0 60.0 700 80.0
Mean age generation (years) Mean age generation (years)
18 - 18 -
16 16
14 14
Q12 Q12
= g
& 10 4 & 10
£ g
g 8 4 / g 8 4 §
& 64 & 64 ]
4 P
44 : 44 /
2 4 v 2 4 P 2
0 ® 0 —o—.o—iﬂ,—,—,—.
200 300 400 50.0 60.0 70.0 80.0 200 300 200 50.0 60.0 700 80.0
Mean age generation (years) Mean age generation (years)

18 1.8
16 1.6
14 [ i . 14
3 =T
g2 3 P12 —i—h
g ! » e 1 £ e
s o«
208 Yos
E k]
g 0.6 3 06
04 204
0.2 0.2
0 . . . - - . 0 - - - - - .
20 30 40 50 60 70 80 20 30 40 50 60 70 80
Mean age generation (years) Mean age generation (years)

FIGURE 3 Age-specific prevalence of cardiometabolic risk factors over 26 years of follow-up (six rounds) in those who were in their 20s
(20-29 years; -#- [blue]), 30s (30-39 years; -e- [red]), 40s (40-49 years; -A- [green]), and 50s (50-59 years; -B- [purple]) at baseline, stratified
by sex: (A,B) low HDL-C; (C,D) hypercholesterolemia (total cholesterol = 6.5 mmol/L and/or on cholesterol-lowering medication); (E,F)
hypertension; (G,H) T2D; and (I,J) CRP, expressed as median (interquartile range). CRP, C-reactive protein; HDL-C, high-density lipoprotein
cholesterol; T2D, type 2 diabetes
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FIGURE 4 Age-specific prevalence of current smoking over 26 years of follow-up (six rounds) in those who were in their 20s (20-29
years; -#- [blue]), 30s (30-39 years; -e- [red]), 40s (40-49 years; -A- [green]), and 50s (50-59 years; -m- [purple]) at baseline, stratified by sex

In our study, despite the increasing obesity prevalence in the
younger generations, prevalence of hypertension and hypercho-
lesterolemia showed, in general, no evident generation shifts in
the younger individuals with more overweight and obesity. One
explanation for these results could be the increased use in the last
decades of antihypertensive and lipid-lowering medication, particu-
larly among individuals with obesity (36,37). In fact, in our data, we
observed that the younger generations used more antihypertensive
and lipid-lowering medication compared with the older ones (data
not shown).

Our study has some limitations that should be taken into account
when interpreting the results. First, participants who take part in
long-lasting prospective studies are usually slightly healthier and
more educated than the general population. This means that the
actual prevalence of obesity and cardiometabolic risk factors in
the general Dutch population is probably slightly higher than what
is presented in this study. However, the trends of anthropometrics
and cardiometabolic risk factors in complete case analyses (including
participants with measurements at all rounds) were similar to the
trends in the main analyses (including participants with at least two
measurements), indicating that they were not caused by a selective
drop out during the follow-up (data not shown). Second, another lim-
itation is that we did not examine specific trends in dietary intake
and diet quality or changes in physical activity. However, one of the
strengths of the present study is the long follow-up period of 26
years, comprising six rounds of measurements. Another advantage is
that we extensively studied multiple anthropometric traits, including
BMI, waist circumference, weight, and prevalence of overweight and
obesity.

In summary, we found that younger generations have a higher
and earlier exposure to obesity but do not reach higher levels of
BMI and obesity prevalence at midlife and beyond compared with
the older generations. Although, in general, these unfavorable gen-
eration shifts in anthropometric traits and prevalence of obesity
were not associated with increased prevalence of cardiometabolic
risk factors, the increased prevalence and duration of obesity in the
younger generations should not be neglected and they might still
lead to negative health effects further down the line. Owing to the
fact that the most recently born generations had reached merely

age 50 years at the end of our follow-up, further research beyond

this age is needed to assess the progression of cardiometabolic and
other obesity-related diseases in the current generations because of
their long exposure to obesity. Furthermore, the observation that
BMI plateaued for all younger generations at a similar level sug-
gests that apparently, at this plateau, a population-specific energy
balance is reached. Research into the determinants of this state of
energy balance could provide insight into population-wide measures
to decrease adiposity. This would require quantitative research to
explore the effects of genetic influences and environmental factors
and their interactions over the life course. Another consideration for
future research would be focusing on developing alternative mark-
ers that could better assess and capture adiposity and cardiometa-
bolic health and disease, such as metabolomics-based biomarkers.
Finally, individuals with obesity in the current generations still have
higher levels of cardiometabolic risk factors and risk of CVD than
those with normal weight (38,39), calling for the need to maintain a
healthy weight and prevent a further increase in obesity in the cur-
rent generations.O
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