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BMI increase through puberty and
adolescence is associated with risk of adult
stroke

ABSTRACT

Objective: To evaluate the contribution of prepubertal childhood body mass index (BMI) and BMI
change through puberty and adolescence, 2 distinct developmental BMI parameters, for risk of
adult stroke in men.

Methods: In this population-based study in Gothenburg, Sweden, men born in 1945–1961 with
information on both childhood BMI at age 8 and BMI change through puberty and adolescence
(BMI at age 20–BMI at age 8) were followed until December 2013 (n 5 37,669). Information on
stroke events was retrieved from high-quality national registers (918 first stroke events, 672
ischemic stroke events [IS], 207 intracerebral hemorrhage events [ICH]).

Results: BMI increase through puberty and adolescence (hazard ratio [HR] 1.21 per SD increase;
95% confidence interval [CI] 1.14–1.28), but not childhood BMI, was independently associated
with risk of adult stroke. Subanalyses revealed that BMI increase through puberty and adoles-
cence was associated with both IS (HR per SD increase 1.19; 95% CI 1.11–1.28) and ICH (HR
per SD increase 1.29; 95% CI 1.15–1.46). High BMI increase during puberty was strongly
associated with increased risk of adult hypertension (odds ratio per SD increase 1.35; 95% CI
1.32–1.39).

Conclusions: BMI increase through puberty and adolescence is associated with risk of adult IS
and ICH in men. We propose that greater BMI increases during puberty contribute to increased
risk of adult stroke at least partly via increased blood pressure. Neurology® 2017;89:363–369

GLOSSARY
BEST 5 BMI Epidemiology Study; BMI 5 body mass index; CI 5 confidence interval; CVD 5 cardiovascular disease; HR 5
hazard ratio; ICH 5 intracerebral hemorrhage; IS 5 ischemic stroke; PIN 5 personal identity number; SHC 5 School Health
Care.

Stroke incidence has decreased among older individuals yet it has been increasing among young
adults.1,2 The cause for the increased stroke incidence in young adults is not known, but it
coincides with the obesity epidemic.1,3

A high adult body mass index (BMI) is a risk factor for stroke4 and there is strong evidence of
an association between a high BMI in young adulthood and risk of adult stroke in men.5–8 For
prepubertal childhood BMI, there is no clear evidence of an association with adult risk of
stroke.9–11 All these previous studies had only one BMI measurement available and could not
separate the effect of BMI at childhood and the effect of BMI increase through puberty and
adolescence for stroke risk.12

To evaluate the relative contribution of these 2 distinct developmental BMI parameters for
the risk of adult stroke, at least one BMI measurement from each period is required. In the
population-based BMI Epidemiology Study (BEST) in Gothenburg, Sweden, information on
childhood BMI and young adult BMI shortly after puberty has been collected, and linkage
to high-quality Swedish national registers has provided information on outcomes. Using this
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information, we recently demonstrated that
excessive BMI increase during puberty is a risk
marker of adult cardiovascular disease (CVD)
mortality.13

We hypothesize that BMI increase during
puberty might be a risk marker of adult stroke.
The aim with the present study was therefore
to evaluate the relative contribution of child-
hood BMI and BMI increase through puberty
and adolescence as risk markers for adult
stroke.

METHODS Study population. We collected birthweight as

well as directly measured height and weight from centrally

archived School Health Care (SHC) records for all men born

1945 to 1961 in Gothenburg, Sweden (see also e-Methods at

Neurology.org). We also collected height and weight at young

adult age from military conscription tests. Conscription was

mandatory until 2008 for all Swedish men. The study cohort was

linked to high-quality national disease registers using personal

identity numbers (PINs) from the included participants. Eligible

individuals were those with a SHC record in the central archive

and a 10-digit PIN (figure e-1). Participants with data available

for calculation of both childhood BMI and young adult BMI

were included in the present study (n 5 37,669; figure e-1 and

table 1).

Standard protocol approvals, registrations, and patient
consents. This study was approved by the ethics committee of

the University of Gothenburg, Sweden. There was no commercial

sponsorship.

Exposures. Prepubertal childhood BMI at 8 years of age and

young adult BMI at 20 years of age were calculated using all paired

height and weight measurements in the period between 6.5 and

9.5 years of age for prepubertal childhood BMI, and in the period

17.5–22 years of age for young adult BMI, and age-adjusted using

linear regression models to 8 and 20 years of age, respectively.13

BMI change through puberty and adolescence was defined as the

difference between young adult BMI and childhood BMI.

Childhood overweight ($17.9 kg/m2) and obesity ($20.0 kg/m2)

was defined according to the Centers for Disease Control and

Prevention cutoff at 8 years of age14 and young adult overweight

and obesity were defined as $25 kg/m2 and $30 kg/m2, respec-

tively. Birthweight was retrieved from SHC records.

Outcomes. Linkage to registers held by the National Board of

Health and Welfare and Statistics Sweden was performed using

the individuals’ 10-digit PIN. Dates and diagnoses for the first

stroke event and first hypertension diagnosis were retrieved from

high-quality national Swedish registers: the National Inpatient

Register (as main diagnosis) and Cause of Death Register (as

underlying cause of death; table e-1).15–17 The National Inpatient

Register, including information on inpatient care diagnoses, was

initiated in 1964 with full coverage in the Gothenburg region

from 1972. The Cause of Death Register includes information on

causes of death since 1961. The stroke events were defined ac-

cording to the International Classification of Diseases system

codes (table e-1). Participants who had a stroke, died, or emi-

grated before age 20 were excluded from the analysis (figure e-1).

The men in the study were followed from 20 years of age until

censoring due to stroke, death, migration, or until December 31,

2013, and were 52–68 years of age on December 31, 2013.

Statistical analysis. We used Cox proportional hazard regres-

sion to analyze the association between exposures and events.

Childhood BMI was log-transformed and standardized and

BMI change through puberty and adolescence was standardized

when used in the Cox regression models. The assumption of

proportionality was confirmed for all variables. Possible inter-

actions were evaluated by addition of an interaction term in the

linear Cox regression models, and p , 0.05 for the interaction

term was interpreted as a statistically significant interaction.

Possible nonlinear associations were evaluated by inclusion of

a quadratic term and by using a restricted cubic spline approach.18

We used logistic regression to analyze the association between

exposures and an adult diagnosis of hypertension. Kaplan-Meier

survival plots, and analyses using restricted cubic splines, were

done in R19 using the survival20 and rms21 packages. For all other

statistical analyses, SPSS version 22 (SPSS Inc., Chicago, IL) was

used.

RESULTS Study cohort. In this population-based
study, men born in 1945–1961 with information
on both childhood BMI at age 8 and BMI change
through puberty and adolescence (BMI at age 20–
BMI at age 8) were followed until December 2013

Table 1 Descriptive statistics for the entire cohort

Exposures Mean (SD) IQR

Childhood BMI (8 y; kg/m2) 15.7 (1.4) 14.8–16.4

Young adult BMI (20 y; kg/m2) 21.4 (2.5) 19.7–22.6

DpBMI (20–8 y; kg/m2) 5.7 (2.0) 4.4–6.7

Birthweight (kg)a 3.58 (0.56) 3.25–3.94

Characteristics No. (%)

Childhood overweight 2,358 (6.3)

Young adult overweight 2,790 (7.4)

Country of birth

Sweden 31,404 (83.4)

Other 6,265 (16.6)

Outcomes N (%)

Stroke 918 (2.4)

Early 459 (1.2)

Late 459 (1.2)

Ischemic stroke 672 (1.8)

Early 321 (0.9)

Late 351 (0.9)

Intracerebral hemorrhage 207 (0.5)

Early 116 (0.3)

Late 91 (0.2)

Hypertension 5,954 (15.8)

Abbreviations: BMI 5 body mass index; IQR5 interquartile range; DpBMI5 body mass index
change through puberty and adolescence.
Early 5 event #55 years of age; Late 5 event .55 years of age. Descriptive statistics for
the entire cohort n 5 37,669. Childhood overweight at 8 years of age is defined as BMI
$17.9 kg/m2,14 while young adult overweight at 20 years of age is defined as BMI $25
kg/m2.
a Birthweight was available in a subsample (n 5 35,659).
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(n 5 37,669; figure e-1, table 1). Mean follow-up
starting from 20 years of age was 37.6 years
(1,415,973 person-years of follow-up). A total of 918
first stroke events (672 ischemic stroke [IS] events,
207 intracerebral hemorrhage [ICH] events) occurred
before the end of follow-up (table 1). Undetermined
stroke events (n5 39) were included in stroke events
but not in IS or ICH.

BMI increase through puberty and adolescence is

independently associated with stroke events. In the Cox
proportional hazards models adjusted for birth year
and country of birth, BMI increase through puberty
and adolescence (hazard ratio [HR] 1.21 per SD
increase; 95% confidence interval [CI] 1.14–1.28),
but not childhood BMI, was directly associated with
risk of stroke when evaluated separately (table 2).
Similar results were seen when childhood BMI and
BMI change through puberty and adolescence were
included together in the same model (table 2). The
role for childhood BMI and BMI change through
puberty and adolescence were then evaluated for
stroke events divided into IS and ICH. BMI increase
through puberty and adolescence was moderately
associated with IS (HR 1.19 per SD increase; 95%
CI 1.11–1.28) and strongly associated with ICH (HR
1.28 per SD increase; 95% CI 1.14–1.45; table 2),
while childhood BMI was not associated with IS or
ICH (table 2).

Both boys developing overweight during puberty
(HR 1.81; 95% CI 1.41–2.33) and boys who were
overweight consistently throughout childhood/
puberty (HR 1.71; 95% CI 1.22–2.38) had increased
risk of adult stroke compared with boys without
childhood or young adult overweight (table 3). In
contrast, participants who were overweight at 8 years
of age and became normal weight during puberty did
not have increased risk of adult stroke compared with
participants with normal weight both at 8 years and at
20 years of age (table 3). Similar results were seen for
IS and ICH, with the most pronounced effect for the
association between overweight developed during
puberty and ICH (HR 3.03; 95% CI 1.97–4.65;
table 3). The same pattern was also seen in less pow-
ered analyses for obesity, with the strongest associa-
tion seen for participants who developed obesity
during puberty (table e-2). There was no evidence
of a nonlinear association between BMI increase

Table 2 Adjusted hazard ratios (HR) for stroke in relation to childhood body mass index (BMI) and BMI change
during adolescence in 37,669 Swedish men followed for a mean of 37.6 years after age 20

Separate analyses Combined analysis

Childhood BMI, HR
(95% CI) per
SD increase

DpBMI, HR
(95% CI) per
SD increase

Childhood BMI, HR
(95% CI) per
SD increase

DpBMI, HR
(95% CI) per
SD increase

Stroke 1.03 (0.96–1.09) 1.21 (1.14–1.28) 1.01 (0.94–1.08) 1.21 (1.14–1.28)

IS 1.03 (0.95–1.11) 1.19 (1.11–1.28) 1.01 (0.94–1.09) 1.19 (1.11–1.28)

ICH 0.97 (0.84–1.11) 1.28 (1.14–1.45) 0.94 (0.82–1.09) 1.29 (1.15–1.46)

Abbreviations: CI 5 confidence interval; ICH 5 intracerebral hemorrhage; IS 5 ischemic stroke; DpBMI 5 BMI change
through puberty and adolescence.
HRs were calculated using Cox proportional hazards regression. Number of events: stroke n 5 918; IS n 5 672; and ICH
n 5 207. Total 5 37,669. In the separate analyses, childhood BMI or DpBMI was included and was further adjusted for
birth year and country of birth. The combined analyses included both childhood BMI and DpBMI adjusted for birth year and
country of birth.

Table 3 Stroke events according to overweight at 8 years of age (childhood) or
at 20 years of age (young adult age) in 37,669 Swedish men followed
for a mean of 37.6 years after age 20

Childhood/young adult BMI status Events HR (95% CI)

Stroke

Normal weight/normal weight 779 1 (reference)

Overweight/normal weight 36 1.17 (0.83–1.63)

Normal weight/overweight 67 1.81 (1.41–2.33)

Overweight/overweight 36 1.71 (1.22–2.38)

Ischemic stroke

Normal weight/normal weight 578 1 (reference)

Overweight/normal weight 25 1.09 (0.73–1.62)

Normal weight/overweight 41 1.48 (1.08–2.03)

Overweight/overweight 28 1.78 (1.22–2.60)

Intracerebral hemorrhage

Normal weight/normal weight 169 1 (reference)

Overweight/normal weight 9 1.35 (0.69–2.63)

Normal weight/overweight 24 3.03 (1.97–4.65)

Overweight/overweight 5 1.09 (0.45–2.66)

Abbreviations: BMI 5 body mass index; CI 5 confidence interval; HR 5 hazard ratio.
HRs for stroke, ischemic stroke (IS), and intracerebral hemorrhage (ICH) were calculated
using Cox proportional hazards regression. Normal weight/normal weight (n 5 33,511) 5
not overweight at 8 or 20 years of age, overweight/normal weight (n5 1,368)5 overweight
at 8 but not at 20 years of age, normal weight/overweight (n 5 1,800) 5 overweight at 20
but not at 8 years of age, overweight/overweight (n 5 990) 5 overweight both at 8 and 20
years of age. Childhood overweight at 8 years of age was defined as BMI$17.9 kg/m2 while
young adult overweight at 20 years of age was defined as BMI $25 kg/m2. Data are
adjusted for birth year and country of birth.
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through puberty and adolescence and risk of adult stroke
(figure 1), IS (figure e-2A), or ICH (figure e-2B). A
Kaplan-Meier survival plot revealed increased risk of
stroke for participants above the median BMI increase
through puberty and adolescence compared to partici-
pants below the median (p , 0.001, figure e-3). There
was no statistically significant interaction between child-
hood BMI and BMI increase through puberty and ado-
lescence for the association with stroke events.

As expected, young adult BMI was associated with
risk of adult stroke (HR 1.18 per SD increase; 95%
CI 1.11–1.26; table e-3). However, in combined
analysis including both BMI change through puberty
and adolescence and young adult BMI, only BMI
increase through puberty and adolescence was associ-
ated with risk of adult stroke, demonstrating that
BMI increase through puberty and adolescence is
an independent risk marker of stroke (combined anal-
ysis, BMI increase through puberty and adolescence
HR 1.20 per SD increase; 95% CI 1.07–1.35; young
adult BMI HR 1.01 per SD increase; 95% CI 0.90–
1.13; table e-3). Evaluation using cumulative inci-
dence plots of stroke events and nonstroke mortality
did not indicate that there was competing nonstroke
mortality disturbing the present finding of increased
risk of stroke for participants with a BMI change
during puberty above the median compared with par-
ticipants below the median of BMI change during
puberty (figure e-4).

Early and late stroke events. Next we evaluated early
(#55 years of age) and late (.55 years of age) stroke
events separately. These analyses revealed that BMI
increase through puberty and adolescence adjusted
for childhood BMI predicted early stroke (HR 1.22
per SD increase; 95% CI 1.12–1.32) and IS (HR
1.18; 95% CI 1.07–1.30; table 4). Importantly, the
association between BMI increase through puberty
and adolescence adjusted for childhood BMI and risk
of early ICH was substantial (HR 1.35 per SD
increase; 95% CI 1.16–1.56; table 4). BMI increase
through puberty and adolescence was also associated
with late stroke (HR 1.19 per SD increase; 95% CI
1.09–1.30) and IS (HR 1.19 per SD increase; 95%
CI 1.08–1.32; table 4). Thus, greater BMI increase
during puberty was a moderate risk marker of both
early and late adult stroke and IS while it was a sub-
stantial risk marker specifically of early adult ICH.

Sensitivity analysis. In order to control for disease-
related weight loss, we performed sensitivity analy-
ses for the associations with risk of stroke by exclusion
of participants with censoring during the first 10 years
of follow-up (n 5 1,035). Exclusion of the first 10
years of follow-up resulted in similar results for the
association between BMI increase through puberty
and adolescence and risk of adult stroke (HR 1.21 per
SD increase; 95% CI 1.14–1.29, adjusted for child-
hood BMI). We also evaluated a subpopulation
including only boys born in Sweden and with parents
born in Sweden. The described association for BMI
increase through puberty and adolescence with young
adult stroke events was similar in this subpopulation
(n 5 31,404; stroke HR 1.22 per SD increase; 95%
CI 1.14–1.30).

Adjustment for birthweight. Birthweight was available
in a subsample of the present cohort (n 5 35,659).
Additional adjustment for birthweight did not alter
any of the associations. This could be illustrated by
the fact that the association between BMI increase
through puberty and adolescence and stroke was sim-
ilar before (HR per SD increase 1.21; 95% CI 1.14–
1.28) and after (HR per SD increase 1.20; 95% CI
1.13–1.28) adjustment for birthweight. No statisti-
cally significant interaction was seen between birth-
weight and BMI increase through puberty and
adolescence for the association with risk of stroke.

Association with hypertension. As hypertension is
a well-established risk factor for both IS and ICH,
we next evaluated whether or not BMI increase
through puberty and adolescence was associated with
an adult diagnosis of hypertension using a logistic
regression analysis. Interestingly, there was a strong
association between BMI increase through puberty
and adolescence and hypertension (OR 1.36 per SD
increase; 95% CI 1.32–1.40). This association was

Figure 1 Hazard ratios (HRs) for stroke events according to body mass index
(BMI) change through puberty and adolescence

Cox regression analysis using a restricted cubic spline approach for a flexible nonlinear
assessment of the HR for stroke events after 20 years of age in relation to BMI change
through puberty and adolescence DpBMI (nonsignificant for nonlinearity). Five knots were
placed at the DpBMI percentiles 10, 25, 50, 75, and 90 (indicated by vertical black lines). The
model was adjusted for birth year and country of birth. Data presented as HR (red line)6 the
95% confidence interval (blue line). The distribution of participants according to DpBMI is
shown in gray in the lower part of the figure. The horizontal dashed line corresponds to the
reference (median DpBMI 5 5.43 kg/m2) HR of 1.0 (no excess rate of events).
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similar when individuals with a stroke event (n 5

918) were omitted from the analysis (OR 1.35 per SD
increase; 95% CI 1.32–1.39).

DISCUSSION The reason for the recent unexpected
trend of increased stroke incidence among young
adult participants is unknown but it coincides with
the obesity epidemic. We have recently demonstrated
that BMI increase through puberty and adolescence is
an independent predictor of adult CVD mortality.13

However, the relative role of childhood BMI and
BMI increase through puberty and adolescence as risk
markers for adult stroke is unknown.12 We herein
demonstrate that BMI increase through puberty
and adolescence, but not childhood BMI, is associ-
ated with risk of adult stroke and that this is observed
both for IS and ICH.

Using the well-powered BEST Gothenburg Study
with information on BMI both at childhood and in
young adult age, we recently made the observation
that the correlations between childhood BMI and
BMI increase through puberty and adolescence were
only marginal.13 These 2 distinct developmental
BMI parameters therefore have the potential to con-
tribute nonoverlapping information as risk markers
for adult diseases. This notion is supported by our
present finding that BMI increase through puberty
and adolescence, but not childhood BMI, is associ-
ated directly with risk of adult stroke. The role of
BMI increase through puberty and adolescence as
a risk marker of adult stroke was illustrated by the
fact that boys developing overweight during puberty,
but not boys with childhood overweight that

normalized during puberty, had increased risk of
adult stroke compared with boys without childhood
or young adult overweight.

The present finding that young adult BMI pre-
dicts risk of adult stroke confirms the results from sev-
eral previous studies.5–8,13,22 Importantly, our
combined models including both BMI increase
through puberty and adolescence and young adult
BMI revealed that only BMI increase through
puberty and adolescence independently associated
with risk of adult stroke, demonstrating that BMI
increase through puberty and adolescence is an inde-
pendent risk marker for adult stroke.

In a recent study, BMI was analyzed both in chil-
dren at 3–19 years of age and later in the same par-
ticipants at 30–40 years of age and the relative
contribution of these 2 BMI parameters for adult
CVD risk factors was evaluated. In that study, obese
adults had increased risks of hypertension and carotid
artery atherosclerosis regardless of BMI status during
childhood and the risk of these outcomes among
overweight or obese children who became nonobese
by adulthood were similar to those among persons
who were never obese. These findings indicate that
childhood BMI status does not contribute beyond
adult BMI status to adult risk of CVD,23 supporting
the present study that BMI increase through puberty
and adolescence but not childhood BMI is associated
with risk of adult stroke. However, in the study by
Juonala et al.,23 it was not possible to determine the
association specifically for BMI change through
puberty and adolescence as the childhood BMI mea-
surement for a majority of the participants was not

Table 4 Stroke, ischemic stroke (IS), and intracerebral hemorrhage (ICH) events before and after 55 years of
age according to childhood and young adult body mass index (BMI)

Separate analyses Combined analysis

Childhood BMI,
HR (95% CI), per
SD increase

DpBMI,
HR (95% CI), per
SD increase

Childhood BMI,
HR (95% CI), per
SD increase

DpBMI,
HR (95% CI), per
SD increase

£55 years of age

Stroke 1.08 (0.99–1.18) 1.23 (1.13–1.33) 1.06 (0.97–1.16) 1.22 (1.12–1.32)

IS 1.05 (0.94–1.17) 1.19 (1.08–1.31) 1.03 (0.93–1.15) 1.18 (1.07–1.30)

ICH 1.10 (0.92–1.31) 1.36 (1.17–1.57) 1.06 (0.89–1.27) 1.35 (1.16–1.56)

>55 years of age

Stroke 0.97 (0.88–1.06) 1.19 (1.09–1.29) 0.95 (0.86–1.05) 1.19 (1.09–1.30)

IS 1.00 (0.90–1.12) 1.19 (1.08–1.32) 0.99 (0.89–1.10) 1.19 (1.08–1.32)

ICH 0.80 (0.64–1.01) 1.16 (0.95–1.42) 0.79 (0.63–0.99) 1.19 (0.97–1.46)

Abbreviations: CI 5 confidence interval; HR 5 hazard ratio; DpBMI 5 BMI change through puberty and adolescence.
HRs were calculated using Cox proportional hazards regression. Followed up until 55 years of age (# 55 years of age), n 5

37,669; stroke n 5 459, IS n 5 321, ICH n 5 116. Followed up from 55 years of age (. 55 years of age), n 5 28,241,
censored n 5 9,428; stroke n 5 459, IS n 5 351, ICH n 5 91. In the separate analyses, childhood BMI or DpBMI was
included and the analysis was adjusted for birth year and country of birth. The combined analyses included both childhood
BMI and DpBMI adjusted for birth year and country of birth.
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performed before onset of puberty but rather during
puberty and the adult BMI measurement was per-
formed up to about 25 years after puberty. In addi-
tion, the study did not have enough statistical power
to evaluate stroke events.

Subanalyses in the present study revealed that the
direct association between BMI increase through
puberty and adolescence and risk of adult stroke
was the result of an association with both risk of IS
and ICH. A large BMI increase during puberty was
a moderate risk marker of both early (,55 years of
age) and late ($55 years of age) adult IS while it was
a substantial risk marker specifically of early adult
ICH. Although IS and ICH to some extent have
separate risk factors, high blood pressure is a major
risk factor for both diseases24 and interventions that
target hypertension are believed to reduce 75% of the
excess risk of stroke associated with a high BMI in
adults.25 Interestingly, greater BMI increase during
puberty was, in the present study, a strong predictor
of an adult diagnosis of hypertension, suggesting that
high blood pressure might be a mediating factor for
the association between BMI increase through
puberty and adolescence and risk of adult stroke.

We speculate that a contributing reason for the
recent unexpected increased stroke incidence among
young adult participants might be caused by a secular
trend of more pronounced BMI increase during
puberty. The observational nature of our study pre-
cludes making conclusive statements about the
observed associations but our findings can be useful
for hypothesis generation. Based on our findings in
the present study, we hypothesize that avoiding exces-
sive BMI increase during puberty might reduce the
risk of adult stroke and that one should consider
monitoring adult blood pressure in men with exces-
sive BMI increase during puberty.

The strengths of the present study include the
large size of the cohort, the extended adult follow-
up, the possibility to adjust for birthweight, and the
population-based nature of the cohort. In addition,
the Swedish national disease registers are of recog-
nized high quality, which permits a near-complete
follow-up of participants in the study and their diag-
noses as reported by the health care provider.15,26,27

The study is well-powered and it is therefore possible
to identify relatively small effects. An important lim-
itation of the present study is that no information on
childhood socioeconomic factors or education is
available for the included men born as early as in
1945–1961. Furthermore, we could not control for
several important risk factors (e.g., smoking, exercise,
and serum levels of blood lipids) or for BMI at middle
age. The present cohort includes primarily Caucasian
men and, therefore, the results may have limited gen-
eralizability to other ethnicities. The age interval of

the present cohort was 52–68 years at the end of
follow-up (December 31, 2013) and thus stroke risk
later in life could not be studied. It should be empha-
sized that since the present cohort was born in 1945–
1961, the prevalences of obesity are lower (1.3% at 8
years of age and 0.9% at 20 years in the present
study), while the corresponding figures in more
recent years are higher, 7.9% at 8 years of age28 and
3.8% at age 20 in a study from the military service
conscription register.29 Thus the present study pre-
dates the childhood obesity epidemic and today’s obe-
sogenic environment may further enhance the
observed associations with adult stroke events.

BMI increase through puberty and adolescence is
associated with risk of adult IS and early adult ICH in
men. We propose that high BMI increase during
puberty might cause increased risk of adult stroke at
least partly via increased blood pressure.

AUTHOR CONTRIBUTIONS
C.O., M.B., C.J., A.R., and J.M.K. designed the study. C.O., M.B., C.J.,

and J.M.K. conducted the literature search. C.O., M.B., A.S., and J.M.K.

performed the data collection and data analyses and created the figures

and tables. C.O., M.B., A.S., A.R., C.J., and J.M.K. performed the data

interpretation. C.O. and J.M.K. wrote the manuscript. All authors criti-

cally revised the manuscript for intellectual content and approved the

final version.

STUDY FUNDING
Supported by the Swedish Research Council, the Swedish government

(under the Avtal om Läkarutbildning och Medicinsk Forskning [Agree-

ment for Medical Education and Research]), the Lundberg Foundation,

the Torsten Söderberg Foundation, the Novo Nordisk Foundation, the

Knut and Alice Wallenberg Foundation, and the Anna Ahrenberg

Foundation.

DISCLOSURE
The authors report no disclosures relevant to the manuscript. Go to

Neurology.org for full disclosures.

Received January 10, 2017. Accepted in final form March 13, 2017.

REFERENCES
1. Rosengren A, Giang KW, Lappas G, Jern C, Torén K,

Björck L. Twenty-four-year trends in the incidence of

ischemic stroke in Sweden from 1987 to 2010. Stroke

2013;44:2388–2393.

2. Medin J, Nordlund A, Ekberg K. Swedish Hospital Dis-

charge Register: increasing stroke incidence in Sweden

between 1989 and 2000 among persons aged 30 to 65

years: evidence from the Swedish Hospital Discharge Reg-

ister. Stroke 2004;35:1047–1051.

3. Finucane MM, Stevens GA, Cowan MJ, et al. National,

regional, and global trends in body-mass index since 1980:

systematic analysis of health examination surveys and

epidemiological studies with 960 country-years and 9.1

million participants. Lancet 2011;377:557–567.

4. Jood K, Jern C, Wilhelmsen L, Rosengren A. Body mass

index in mid-life is associated with a first stroke in men:

a prospective population study over 28 years. Stroke 2004;

35:2764–2769.

5. Bjørge T, Engeland A, Tverdal A, Smith GD. Body mass

index in adolescence in relation to cause-specific mortality:

368 Neurology 89 July 25, 2017

http://neurology.org/lookup/doi/10.1212/WNL.0000000000004158


a follow-up of 230,000 Norwegian adolescents. Am J

Epidemiol 2008;168:30–37.

6. Falkstedt D, Hemmingsson T, Rasmussen F, Lundberg I.

Body mass index in late adolescence and its association

with coronary heart disease and stroke in middle age

among Swedish men. Int J Obes 2007;31:777–783.

7. Silventoinen K, Magnusson PK, Tynelius P, Batty GD,

Rasmussen F. Association of body size and muscle strength

with incidence of coronary heart disease and cerebrovas-

cular diseases: a population-based cohort study of one mil-

lion Swedish men. Int J Epidemiol 2009;38:110–118.

8. Högström G, Nordström A, Eriksson M, Nordström P.

Risk factors assessed in adolescence and the later risk of

stroke in men: a 33-year follow-up study. Cerebrovasc Dis

2015;39:63–71.

9. Gunnell DJ, Frankel SJ, Nanchahal K, Peters TJ, Davey

Smith G. Childhood obesity and adult cardiovascular mor-

tality: a 57-y follow-up study based on the Boyd Orr

cohort. Am J Clin Nutr 1998;67:1111–1118.

10. Lawlor DA, Leon DA. Association of body mass index and

obesity measured in early childhood with risk of coronary

heart disease and stroke in middle age: findings from the

Aberdeen children of the 1950s prospective cohort study.

Circulation 2005;111:1891–1896.

11. Lawlor DA, Martin RM, Gunnell D, et al. Association of

body mass index measured in childhood, adolescence, and

young adulthood with risk of ischemic heart disease and

stroke: findings from 3 historical cohort studies. Am J Clin

Nutr 2006;83:767–773.

12. Park MH, Falconer C, Viner RM, Kinra S. The impact of

childhood obesity on morbidity and mortality in adult-

hood: a systematic review. Obes Rev 2012;13:985–1000.

13. Ohlsson C, Bygdell M, Sonden A, Rosengren A, Kind-

blom JM. Association between excessive BMI increase

during puberty and risk of cardiovascular mortality in

adult men: a population-based cohort study. Lancet Dia-

betes Endocrinol 2016;4:1017–1024.

14. Kuczmarski RJ, Ogden CL, Guo SS, et al. 2000 CDC

growth charts for the United States: methods and devel-

opment. Vital Health Stat 2002;246:1–190.

15. Koster M, Asplund K, Johansson A, Stegmayr B. Refine-

ment of Swedish administrative registers to monitor stroke

events on the national level. Neuroepidemiology 2013;40:

240–246.

16. Michaëlsson K, Wolk A, Langenskiöld S, et al. Milk intake

and risk of mortality and fractures in women and men:

cohort studies. BMJ 2014;349:g6015.

17. Tunstall-Pedoe H, Kuulasmaa K, Amouyel P, Arveiler D,

Rajakangas AM, Pajak A. Myocardial infarction and

coronary deaths in the World Health Organization

MONICA Project: registration procedures, event rates,

and case-fatality rates in 38 populations from 21 countries

in four continents. Circulation 1994;90:583–612.

18. Durrleman S, Simon R. Flexible regression models with

cubic splines. Stat Med 1989;8:551–561.

19. R Core Team. R: A Language and Environment for

Statistical Computing. Vienna, Austria: R Foundation

for Statistical Computing; 2015. Available at: R-project.

org/. Accessed January 31, 2016.

20. Therneau T. A Package for Survival Analysis in S. Version 2.

38. 2015. Available at: CRAN.R-project.org/package5survival.

Accessed January 31, 2016.

21. Frank E, Harrell Jr. rms: Regression Modeling Strategies.

R Package Version 4.4-2. 2016. Available at: CRAN.R-

project.org/package5rms. Accessed January 31, 2016.

22. Twig G, Yaniv G, Levine H, et al. Body mass index in 2.3

million adolescents and cardiovascular death in adulthood.

N Engl J Med 2016;374:2430–2440.

23. Juonala M, Magnussen CG, Berenson GS, et al. Child-

hood adiposity, adult adiposity, and cardiovascular risk

factors. N Engl J Med 2011;365:1876–1885.

24. Lawes CM, Vander Hoorn S, Rodgers A, International

Society of Hypertension. Global burden of blood-

pressure-related disease. Lancet 2001;2008:1513–1518.

25. Global Burden of Metabolic Risk Factors for Chronic

Diseases Collaboration (BMI Mediated Effects), Lu Y,

Hajifathalian K, et al. Metabolic mediators of the effects

of body-mass index, overweight, and obesity on coronary

heart disease and stroke: a pooled analysis of 97 prospec-

tive cohorts with 1.8 million participants. Lancet 2014;

383:970–983.

26. Lind M, Svensson AM, Kosiborod M, et al. Glycemic

control and excess mortality in type 1 diabetes. N Engl J

Med 2014;371:1972–1982.

27. Tancredi M, Rosengren A, Svensson AM, et al. Excess

mortality among persons with type 2 diabetes. N Engl J

Med 2015;373:1720–1732.

28. Bygdell M, Ohlsson C, Célind J, Saternus J, Sondén A,

Kindblom JM. The rise and the recent decline of child-

hood obesity in Swedish boys: the BEST cohort. Int J

Obes 2017;41:807–812.

29. Kark M, Rasmussen F. Growing social inequalities in the

occurrence of overweight and obesity among young men

in Sweden. Scand J Public Health 2005;33:472–477.

Get Connected. Stay Connected.
Connect with the American Academy of Neurology’s popular social media channels to stay up-to-
date on the latest news and breakthroughs in neurology, and network with peers and neurology
thought leaders. Visit AAN.com/Connect.

Neurology 89 July 25, 2017 369

https://www.R-project.org/
https://www.R-project.org/
http://CRAN.R-project.org/package=survival
http://CRAN.R-project.org/package=survival
https://CRAN.R-project.org/package=rms
https://CRAN.R-project.org/package=rms
https://CRAN.R-project.org/package=rms


DOI 10.1212/WNL.0000000000004158
2017;89;363-369 Published Online before print June 28, 2017Neurology 
Claes Ohlsson, Maria Bygdell, Arvid Sondén, et al. 

BMI increase through puberty and adolescence is associated with risk of adult stroke

This information is current as of June 28, 2017

ISSN: 0028-3878. Online ISSN: 1526-632X.
Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology.. All rights reserved. Print
1951, it is now a weekly with 48 issues per year. Copyright Copyright © 2017 The Author(s). Published by 

® is the official journal of the American Academy of Neurology. Published continuously sinceNeurology 



Services
Updated Information &

 http://n.neurology.org/content/89/4/363.full
including high resolution figures, can be found at:

Supplementary Material

 158.DC2
http://n.neurology.org/content/suppl/2017/06/29/WNL.0000000000004

 158.DC1
http://n.neurology.org/content/suppl/2017/06/29/WNL.0000000000004
Supplementary material can be found at: 

References
 http://n.neurology.org/content/89/4/363.full#ref-list-1

This article cites 26 articles, 8 of which you can access for free at: 

Citations
 http://n.neurology.org/content/89/4/363.full##otherarticles

This article has been cited by 2 HighWire-hosted articles: 

Subspecialty Collections

 http://n.neurology.org/cgi/collection/intracerebral_hemorrhage
Intracerebral hemorrhage

 http://n.neurology.org/cgi/collection/infarction
Infarction

 http://n.neurology.org/cgi/collection/cohort_studies
Cohort studies

 http://n.neurology.org/cgi/collection/all_pediatric
All Pediatric

 http://n.neurology.org/cgi/collection/adolescence
Adolescence
following collection(s): 
This article, along with others on similar topics, appears in the

  
Permissions & Licensing

 http://www.neurology.org/about/about_the_journal#permissions
its entirety can be found online at:
Information about reproducing this article in parts (figures,tables) or in

  
Reprints

 http://n.neurology.org/subscribers/advertise
Information about ordering reprints can be found online:

ISSN: 0028-3878. Online ISSN: 1526-632X.
Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology.. All rights reserved. Print
1951, it is now a weekly with 48 issues per year. Copyright Copyright © 2017 The Author(s). Published by 

® is the official journal of the American Academy of Neurology. Published continuously sinceNeurology 

http://n.neurology.org/content/89/4/363.full
http://n.neurology.org/content/suppl/2017/06/29/WNL.0000000000004158.DC1
http://n.neurology.org/content/suppl/2017/06/29/WNL.0000000000004158.DC1
http://n.neurology.org/content/suppl/2017/06/29/WNL.0000000000004158.DC2
http://n.neurology.org/content/suppl/2017/06/29/WNL.0000000000004158.DC2
http://n.neurology.org/content/89/4/363.full#ref-list-1
http://n.neurology.org/content/89/4/363.full##otherarticles
http://n.neurology.org/cgi/collection/adolescence
http://n.neurology.org/cgi/collection/all_pediatric
http://n.neurology.org/cgi/collection/cohort_studies
http://n.neurology.org/cgi/collection/infarction
http://n.neurology.org/cgi/collection/intracerebral_hemorrhage
http://www.neurology.org/about/about_the_journal#permissions
http://n.neurology.org/subscribers/advertise

