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CLINICAL AND POPULATION SCIENCES

Overweight in Adolescence and Young Adulthood 
in Association With Adult Cerebrovascular 
Disease: The NFBC1966 Study
Ursula Mikkola , BM; Ina Rissanen , MD, PhD; Milja Kivelä , MD, PhD; Harri Rusanen , MD, PhD; Eero Kajantie , MD, PhD; 
Jouko Miettunen , PhD; Markus Paananen, MD, PhD

BACKGROUND: Risk factors for cerebrovascular disease in adulthood are well known. However, research on individuals’ risk 
factors throughout their life span has been limited. This prospective cohort study aims to determine the effect of body mass 
index (BMI) and its changes in adolescence and young adulthood on early onset cerebrovascular disease.

METHODS: This study includes 10 491 people (5185 women) from the Northern Finland Birth Cohort 1966. Height, weight, 
and BMI were measured at ages 14 and 31 years. Sex- and age-specific BMI ranges were used to define overweight and 
obesity. Data on ischemic and hemorrhagic cerebrovascular diseases between ages 14 and 54 years were extracted from 
national hospital and death registers. Cox proportion hazard models (95% CI) were used to estimate associations between 
BMI or its changes and cerebrovascular disease, while adjusting for sex, smoking, educational level, BMI at the other time 
point, and age at menarche for women. Additionally, sex-BMI interactions were calculated.

RESULTS: A total of 452 individuals (4.7%) experienced cerebrovascular disease during the follow-up. The risk of ischemic 
cerebrovascular disease was increased for overweight women at ages 14 years (hazard ratio [HR], 2.49 [95% CI, 1.44–
4.31]) and 31 years (HR, 2.13 [95% CI, 1.14–3.97]), as well as for obese women at ages 14 years (HR, 1.87 [95% CI, 0.76–
4.58) and 31 years (HR, 2.67 [95% CI, 1.26–5.65]), with normal weight as the reference. These results were independent of 
earlier or later BMI. Similar associations were not found among men. The risk of hemorrhagic cerebrovascular disease was 
increased at age 31 years both among obese women (HR, 3.49 [95% CI, 1.13–10.7) and obese men (HR, 5.75 [95% CI, 
1.43–23.1). The risk of any cerebrovascular disease related to overweight at age 14 years was 2.09× higher among girls 
than boys (95% CI, 1.06–4.15). The risk of ischemic cerebrovascular disease related to obesity at age 31 years was 6.96× 
higher among women than men (95% CI, 1.36–35.7).

CONCLUSIONS: Among women, being overweight in adolescence or young adulthood increases the risk of cerebrovascular 
disease, especially ischemic, independent of their earlier or later BMI.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Cerebrovascular disease is the second-leading cause 
of death and the third-leading cause of death and 
disability combined worldwide.1 While most cere-

brovascular diseases occur in the elderly population, the 

incidence of cerebrovascular diseases in the young has 
increased by 23% in 1 decade.2 The potential inability 
of young survivors to return to work after experienc-
ing cerebrovascular disease can have a substantial 
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socioeconomic impact.3,4 Primary prevention remains 
the most effective approach for reducing the burden of 
cerebrovascular disease. Modifiable risk factors, such 
as obesity and smoking, are the main targets of primary 
prevention.5

Obesity is a well-known risk factor for cerebrovascu-
lar disease,6,7 and childhood obesity has been associated 
with an increased risk of cerebrovascular disease later 
in life.8 However, most studies have focused on body 
mass index (BMI) at 1 time point and have not consid-
ered its fluctuations throughout life. Childhood obesity 
has been shown to predict adulthood obesity.9 In Finland, 
18% of girls and 29% of boys aged 2 to 16 years are 
overweight,10 and 35% of women and 47% of men aged 
18 to 29 years are overweight.11 Such a high prevalence 
poses a likely threat to public health in terms of cerebro-
vascular disease.

In the Northern Finland Birth Cohort 1966, previous 
research has established that low early childhood weight 
and height increase the risk of ischemic cerebrovascular 
disease in adulthood among women, and the timing of 
weight gain during childhood plays a significant role in 
the development of cerebrovascular disease risk among 
women.12 Sex disparity in cerebrovascular disease occur-
rence has been well identified. The age-adjusted inci-
dence of cerebrovascular disease is higher in men than 
in women, except in the elderly, which is mostly a result 
of longer life expectancies in women.13 The hypothesis of 
this study was that BMI in adolescence or young adult-
hood displays some sex disparity.

In this study, we used the Northern Finland Birth 
Cohort 1966 to study the participants’ BMI at ages 14 
and 31 years in association with the risk of early adult-
hood cerebrovascular disease (<55 years). Additionally, 
we investigated whether changes in BMI between these 
ages or sexes modify the risk. Our aim was to assess 
the age- and sex-specific relationship between BMI 
and total, ischemic, and hemorrhagic cerebrovascular 
diseases.

METHODS
Data Availability Statement
The Northern Finland Birth Cohort 1966 data are available 
from the University of Oulu, Infrastructure for Population 
Studies.14 Permission to use the data can be applied for 

research purposes via the material request portal (www.oulu.fi/
nfbc). The European Union general data protection regulation 
(679/2016) and the Finnish Data Protection Act are followed. 
The use of personal data is based on the written informed con-
sent of the cohort participants, which may cause limitations to 
its use.

Design of Study and Sample
The Northern Finland Birth Cohort 1966 is a prospective, gen-
eral population-based birth cohort containing data on 12 055 
pregnant women and their 12 058 children born alive in the 
provinces of Oulu and Lapland with an expected date of birth in 
1966.15 Data collection was initiated antenatally, and the cohort 
has been regularly followed up ever since. The collected data 
are linked to existing, comprehensive nationwide registers.

Excluded from the study were participants whose informed 
consent was not obtained (n=133) and those who had a cere-
brovascular disease before the age of 14 (n=5) years. This 
study includes 9608 participants at age 14 years and 8294 
participants at age 31 years (Figure). The follow-up continued 
until their first cerebrovascular disease, death, moving abroad, 
or the end of 2020, whichever came first.

At age 14 years, the follow-up was performed using a 
postal questionnaire that included questions about growth and 
general health. The questionnaire was first sent to the children, 
then to their parents if the children did not respond, and ulti-
mately to the regional school offices and school health nurses 
if neither the children nor their parents responded.

At age 31 years, the follow-up involved a postal question-
naire and a clinical health examination. The questionnaire 
included questions about participants’ growth, general health, 
and living situation. The clinical health examination was con-
ducted for cohort members living in Northern Finland and the 
Finnish capital area and performed by nurses in local health 
centers.

Permission to gather register data was obtained from 
the Ministry of Social Affairs and Health, and the study was 
approved by the Ethical Committee of Northern Ostrobothnia 
Hospital District in Oulu, Finland. Informed consent was 
obtained from all the participants.

This study was performed and reported in accordance with 
the Strengthening the Reporting of Observational Studies in 
Epidemiology checklist.

Growth Data
The current sample included 10 491 participants with growth 
data either at age 14 or 31 years (Figure). At age 14 years, BMI 
data were collected through a postal questionnaire from 9608 
participants, with 50.1% boys and 49.9% girls. At age 31 years, 
BMI data were obtained either through a postal questionnaire 
or clinical examination from 8294 participants, with 48.4% men 
and 51.6% women. We have primarily used the measured val-
ues (n=5916), and if not available, then the self-reported val-
ues were used (n=2378). Most participants (n=7411) reported 
BMI or were measured at both ages.

BMI was calculated as weight in kilograms divided by height 
in meters squared (kg/m2). Height and weight were measured 
at the exactitude of 0.1 cm or 0.1 kg. Age- and sex-specific 
BMI ranges defined overweight and obesity in both ages. At 
age 14 years, categories were defined separately for girls and 

Nonstandard Abbreviations and Acronyms

BMI	 body mass index
HR	 hazard ratio
ICD	 International Classification of Diseases
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boys in accordance with the World Health Organization guide-
lines: underweight (BMI ≤5th percentile), overweight (BMI 
85th–94th percentile), and obesity (BMI ≥95th percentile).16,17 

For girls, underweight was defined as BMI <16 kg/m2, normal 
weight as 16≤BMI<23 kg/m2, overweight as 23≤BMI<25.5 
kg/m2, and obesity as BMI ≥25.5 kg/m2. For boys, underweight 

Figure. Study population flow chart.
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was defined as BMI <16 kg/m2, normal weight as 16≤BMI<22 
kg/m2, overweight as 22≤BMI<24.3 kg/m2, and obesity as 
BMI ≥24.3 kg/m2. At age 31 years, the body mass categories 
were defined as follows: underweight as BMI <20 kg/m2, nor-
mal weight as 20≤BMI<25 kg/m2, overweight as 25≤BMI<30 
kg/m2, and obesity as BMI ≥30 kg/m2. Normal weight was 
chosen as the reference category.

An additional analysis was conducted to study the effect 
of waist circumference on stroke, as abdominal body fat has 
proven to be a stronger predictor of stroke risk than BMI.18 We 
created a binary variable of either a high-risk or low-risk waist 
circumference. At the age of 31 years, the high-risk cutoff for 
waist circumference was 94 cm for men and 80 cm for women.

Cerebrovascular Disease
The outcome variable was cerebrovascular disease. Strokes 
and transient ischemic attacks were identified from the 
nationwide Care Register for Health Care and Causes of 
Death Register based on medical records.19 The diagnos-
tic coding has been based on the World Health Organization 
International Classification of Diseases (ICD) in Finland since 
1967. Cerebrovascular diseases were classified as follows: 
subarachnoid hemorrhages (ICD-8 430; ICD-9 430; ICD-10 
I60 and I69.0), intracerebral hemorrhages (ICD-8 431; ICD-9 
431; ICD-10 I61 and I69.1), ischemic strokes (ICD-8 432–
434; ICD-9 433–434; ICD-10 I63 and I69.3), transient isch-
emic attacks (ICD-8 435; ICD-9 435; ICD-10 G45), and other 
cerebrovascular diseases (ICD-8 436–438; ICD-9 436–437; 
ICD-10 I64–I68, I69.4, and I69.8). Stroke syndromes (ICD-9 
438; ICD-10 G46) were classified according to etiological sub-
codes (ICD-9 430–437; ICD-10 I60–I67) or as other cerebro-
vascular diseases if subcodes were not present. The linkage to 
other data with pseudonymization was fully complete for cere-
brovascular disease diagnoses. Ischemic strokes and transient 
ischemic attacks were defined as ischemic cerebrovascular 
diseases, and subarachnoid hemorrhages and intracerebral 
hemorrhages were defined as hemorrhagic cerebrovascular 
diseases. For analyses of any cerebrovascular diseases, isch-
emic strokes, hemorrhagic strokes, transient ischemic attacks, 
and other cerebrovascular diseases were combined. Traumatic 
subarachnoid hemorrhage or intracerebral hemorrhage, epi-
dural hematoma, or subdural hematoma were not considered 
cerebrovascular diseases. Participants with ≥2 diagnoses were 
classified according to their primary diagnosis of the first event.

Covariates
At age 14 years, covariates were smoking, parents’ socioeco-
nomic status, and age at menarche for girls. Smoking status 
was categorized as either smoker (twice per week or more) or 
nonsmoker.

Socioeconomic status was defined as high if a person had 
a full-time working father or mother. First, we used the father’s 
occupational status, but if the father was not working full-time, 
then socioeconomic status was defined based on the mother’s 
occupational status. If no information was obtained from the 
father’s side, then the mother’s occupational status was used.

For girls, the age at menarche was classified into 3 groups: 
9 to 11 years for early onset, 12 to 14 years for average onset, 
and 15 to 18 years for late onset. The average onset age 

served as the reference category. The age at menarche was 
asked retrospectively in a postal questionnaire at age 31 years.

At age 31 years, covariates were smoking pack-years and 
the participant’s own educational level. Smoking pack-years 
were estimated by multiplying self-reported smoking years with 
the number of packs of cigarettes smoked per day. This mea-
sure was chosen because it is estimated to predict accumu-
lated cerebrovascular disease risk better than current smoking 
status at the time.20

We created a binary variable of either low or high edu-
cational level. Postsecondary education, vocational school, 
vocational training course, or no occupational education were 
classified as having a low educational level, and polytechnic or 
university degrees were classified as having a high educational 
level.

Statistical Analyses
Cox proportional hazards models were used to estimate the 
associations of BMI at ages 14 and 31 years in relation to cere-
brovascular disease during follow-up. All models were stratified 
by sex. The follow-up times were calculated separately from 
ages 14 and 31 years onward. Results are presented with haz-
ard ratios (HRs) and their 95% CIs. Adjustments at age 14 
years were smoking, parents’ socioeconomic status, and age 
at menarche for women. Adjustments at age 31 years were 
smoking pack-years and the participant’s own socioeconomic 
status. Sensitivity analyses were conducted, repeating the anal-
yses without transient ischemic attacks (Tables S1 and S2). The 
effect of change in BMI was analyzed by adjusting the results 
at age 14 years with BMI at age 31 years, and vice versa.

The sex-BMI interactions were analyzed with Cox propor-
tional hazard model for each BMI category. At age 14 years, the 
interaction model was adjusted with smoking, parents’ socio-
economic status, and the sex interactions of those. At age 31 
years, the interaction model was adjusted with smoking and 
one’s own socioeconomic status.

E-values were calculated to assess the potential contribu-
tion of unmeasured confounding factors for each of the models 
(Tables S3 through S8).

All analyses were performed using IBM SPSS Statistics 
28.0 for Windows (IBM Corp).

RESULTS
Characteristics of Sample
The length of follow-up was 372 675 person years from 
age 14 years onward and 189 093 person years from age 
31 years onward. The mean follow-up time per participant 
was 38.8 (SD, 6.1) years from age 14 years onward and 
22.8 (SD, 3.1) years from age 31 years onward. During 
follow-up, a total of 452 (4.7%) participants had a cere-
brovascular disease. Of them, 141 (31.2%) were isch-
emic strokes, 180 (39.8%) transient ischemic attacks, 
51 (11.3%) subarachnoid hemorrhages, 32 (7.1%) intra-
cerebral hemorrhages, and 48 (10.6%) other cerebro-
vascular disease events. The median age at onset was 
47.1 (SD, 8.5) years for ischemic stroke, 48.9 (SD 5.3) 
years for transient ischemic attack, 45.5 (SD 13.5) years 
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for intracerebral hemorrhage, and 43.8 (SD 10.6) years 
for subarachnoid hemorrhage.

Growth characteristics are shown in Table 1. At age 
14 years, the mean BMI for girls was 19.4 kg/m2 (SD, 
2.5) and for boys 19.3 kg/m2 (SD, 2.6). At age 31 years, 
the mean BMI for women was 24.0 kg/m2 (SD, 4.5) and 
for men 25.3 kg/m2 (SD, 3.6).

Adolescence BMI and Cerebrovascular Disease
At age 14 years, overweight was associated with an 
increased risk for cerebrovascular disease (HR, 2.49 
[95% CI, 1.55–4.00]) and especially ischemic cerebro-
vascular disease (HR, 2.49 [95% CI, 1.44–4.31]) later in 
life among women (Table 2). Despite a change in BMI by 
age 31 years, being overweight at age 14 years was still 
associated with an increased risk of cerebrovascular dis-
ease among women, especially ischemic cerebrovascu-
lar disease (Table 3). Similar associations were not found 
among men (Table 4).

The sex-BMI interaction of any cerebrovascular dis-
ease related to overweight was 2.09× higher among 
women than men (95% CI, 1.06–4.15) and the HR of 
ischemic cerebrovascular disease related to overweight 
was 2.29× higher among women than men (95% CI, 
1.01–5.19; Table 5).

Sensitivity analyses were conducted, repeating the 
analyses without transient ischemic attacks, and the 
results were not affected (Tables S1 and S2).

Adulthood BMI and Cerebrovascular Disease
At age 31 years, being overweight was associated with 
an increased risk of ischemic cerebrovascular disease 
among women (HR, 2.13 [95% CI, 1.14–3.97]; Table 2). 
Also, among women, obesity (HR, 2.84 [95% CI, 1.55–
5.19]) increased the risk of any cerebrovascular disease 
in later life and was associated with an increased risk of 
both ischemic cerebrovascular diseases, with an HR of 
2.67 (95% CI, 1.26–5.65) and hemorrhagic cerebrovas-
cular diseases, with an HR of 3.49 (95% CI, 1.13–10.7; 
Table 2). Among men, obesity (HR, 5.75 [95% CI, 1.43–
23.1]) was associated with an increased risk of espe-
cially hemorrhagic cerebrovascular disease later in life 
(Table 2). No other associations were found among men. 
Regardless of BMI at age 14 years, being overweight 
or obese at age 31 years was still associated with an 
increased risk of cerebrovascular disease among women, 
particularly ischemic cerebrovascular disease (Table 4). 
Additionally, having a high-risk waist circumference was 
associated with an increased risk of cerebrovascular dis-
ease among women (HR, 3.22 [95% CI, 1.85–5.61]) but 
not among men.

The sex-BMI interaction of ischemic cerebrovascular 
disease related to obesity was 6.69 times higher among 
women than men (95% CI, 1.36–35.7; Table 5).

Sensitivity analyses were conducted, repeating the 
analyses without transient ischemic attacks, and the 
results were not affected (Tables S1 and S2).

DISCUSSION
We have examined how adolescent and young adult BMI 
are associated with early onset cerebrovascular disease. 
Women who were overweight at ages 14 or 31 years 
had an increased risk of cerebrovascular disease. Both 
associations were independent of BMI at the other time 
point (14-year BMI independent of 31 years, and vice 
versa), suggesting that overweight carries a risk through-
out adolescence and young adulthood, at least for 
women. The association between high BMI and cerebro-
vascular disease was considerably stronger for women 
than for men, among whom we found limited evidence 
of associations between adolescent or young adult BMI 
and early onset cerebrovascular disease. The E-values 
(Tables S3 through S8) are low to moderate, implying 
that little unmeasured confounding would be needed 
to explain away an effect estimate. In the main findings, 
the E-values are moderate. The possibility of important, 
unmeasured confounding should be considered when 
interpreting our results. Additionally, having a high-risk 
waist circumference was associated with an increased 
risk of cerebrovascular disease only in women, support-
ing our other findings.

We found out that overweight is a risk factor at ages 
14 and 31 years for women, irrespective of BMI at the 

Table 1.  BMI Measurements in Adolescence and Young 
Adulthood

Measurement 

Women Men

n 
Mean 
(SD), % n 

Mean 
(SD), % 

14 y 4788 4820  

 � Weight, kg 50.6 (7.9)  52.8 (10.0)

 � Height, cm 161.4 (6.1)  164.8 (8.8)

 � BMI, kg/m2 19.4 (2.5)  19.3 (2.6)

31 y 4276 4018  

 � Weight, kg 65.0 (12.7)  80.6 (12.8)

 � Height, cm 164.7 (6.2)  178.4 (6.4)

 � BMI, kg/m2 24.0 (4.5)  25.3 (3.6)

Change in BMI between 14 and 31 y

 � Normal or underweight to 
normal or underweight

2692 69.4% 1782 50.5%

 � Normal or underweight to 
overweight or obese

890 22.9% 1365 38.6%

 � Overweight or obese to 
normal or underweight

64 1.6% 55 1.6%

 � Overweight or obese to 
overweight or obese

233 6.0% 330 9.3%

 � Total 3879 100.0% 3532 100.0%

BMI indicates body mass index.
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other age. Our results suggest that being overweight at 
age 14 years was associated with later cerebrovascu-
lar disease risk, despite having lost weight by age 31 
years. Furthermore, being overweight at age 31 years 
was associated with later cerebrovascular disease risk, 
despite having a normal weight at age 14 years. The 
current literature supports this finding. Studies have 
found that weight gain during puberty and adolescence 
is associated with a risk of adult cerebrovascular dis-
ease.21,22 Another study found that weight gain during 
early adult life, but not mid-life, is associated with an 
increased risk of cerebrovascular disease.23 In con-
trast, a study in Helsinki, Finland, found no association 
between BMI at age 11 years and adult cerebrovascu-
lar disease, but cerebrovascular disease was predicted 
by a lower BMI earlier in childhood.24 Taken together, 
these findings highlight the importance of maintaining a 
healthy weight throughout life.

Several studies have identified the association 
between overweight and an increased risk of cerebro-
vascular disease in young adults.6,7 Although this is a 
well-known risk factor, the pathophysiological mecha-
nisms underlying this link remain controversial.25 One 
of the suggested pathways is the chronic inflamma-
tion state caused by excess fatty tissue, which, in turn, 
leads to difficulty in blood flow and an increased risk of  
blockage.25,26 Overweight is also associated with several 
secondary risk factors for cerebrovascular disease, such 
as high blood pressure and diabetes.25

In previous studies, overweight and obesity have been 
associated with a higher incidence of total and ischemic 
cerebrovascular disease in both women and men.27,28 
Interestingly, another study has reported a significant 
association between high BMI and the incidence of isch-
emic cerebrovascular disease only in men.29 One study 
found that underweight, overweight, and obesity were 

Table 2.  Associations of BMI in Adolescence and Young and Cerebrovascular Event Under the Age of 55 Years Stratified by 
Sex

 

Any cerebrovascular disease Ischemic cerebrovascular disease Hemorrhagic cerebrovascular disease

n (%) HR (95% CI) n (%) HR (95% CI) n (%) HR (95% CI) 

Women

 � At 14 y

 � BMI (n=4788)

  �  16.00–22.99 (n=4213) 186 (4.4%) ref 129 (3.1%) ref 37 (0.9%) ref

  �  <15.99 (n=217) 10 (4.6%) 1.22 (0.61–2.42) 7 (3.3%) 1.35 (0.62–2.96) 1 (0.5%) NA

  �  23.00–25.49 (n=247) 21 (8.5%) 2.49 (1.55–4.00)* 15 (6.2%) 2.49 (1.44–4.31)* 3 (1.3%) 1.55 (0.36–6.59)

  �  >25.50 (n=111) 8 (7.1%) 1.89 (0.88–4.04) 6 (5.5%) 1.87 (0.76–4.58) 2 (1.9%) 3.08 (0.73–13.0)

 � At 31 y

 � BMI (n=4276)

  �  20.00–24.99 (n=2424) 94 (3.9%) ref 67 (2.8%) ref 18 (0.8%) ref

  �  <19.99 (n=593) 12 (2.0%) 0.63 (0.25–1.62) 8 (1.3%) 0.19 (0.03–1.38) 2 (0.3%) 0.99 (0.21–4.65)

  �  25.00–29.99 (n=886) 50 (5.6%) 1.63 (0.93–2.85) 41 (4.6%) 2.13 (1.14–3.97)* 3 (0.4%) NA

  �  >30.00 (n=373) 25 (6.7%) 2.84 (1.55–5.19)* 15 (4.0%) 2.67 (1.26–5.65)* 8 (2.2%) 3.49 (1.13–10.7)*

Men

 � At 14 y

 � BMI (n=4820)

  �  16.00–21.99 (n=4046) 190 (4.7%) ref 138 (3.4%) ref 32 (0.8%) ref

  �  <15.99 (n=224) 10 (4.5%) 1.00 (0.53–1.89) 7 (3.1%) 0.95 (0.44–2.02) 3 (1.3%) 1.84 (0.56–6.02)

  �  22.00–24.29 (n=355) 16 (4.5%) 0.97 (0.58–1.62) 11 (3.1%) 0.92 (0.50–1.69) 2 (0.6%) 0.73 (0.17–3.04)

  �  >24.30 (n=195) 11 (5.6%) 1.20 (0.65–2.21) 8 (4.1%) 1.20 (0.59–2.46) 3 (1.5%) 1.91 (0.58–6.26)

 � At 31 y

 � BMI (n=4018)

  �  20.00–24.99 (n=1950) 79 (4.1%) ref 56 (2.9%) ref 12 (0.6%) ref

  �  <19.99 (n=136) 3 (2.2%) 0.34 (0.05–2.48) 2 (1.5%) NA 1 (0.7%) 3.20 (0.38–28.6)

  �  25.00–29.99 (n=1585) 78 (4.9%) 1.28 (0.82–2.00) 58 (3.7%) 1.20 (0.71–2.02) 14 (0.9%) 2.19 (0.64–7.49)

  �  >30.00 (n=347) 14 (4.0%) 1.06 (0.47–2.38) 9 (2.6%) 0.61 (0.19–2.02) 4 (1.2%) 5.75 (1.43–23.1)*

Cox regression adjusted for smoking, parents’ socioeconomic status, and the age at menarche for women at age 14 y; and for smoking pack-years and one’s own 
educational level at age 31 y. BMI of 16.00–22.99 or 16.00–21.99 or 20.00–24.99 indicate normal weight; −15.99 or −19.99 indicate underweight; 23.00–25.49 or 
22.00–24.29 or 25.00–29.99 indicate overweight; 25.50 or >24.30 or >30.00 indicate obesity. BMI indicates body mass index; HR, hazard ratio; NA, not applicable; 
and ref, reference group.

*Statistically significant.
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associated with a higher hemorrhagic cerebrovascular 
disease incidence in men but not in women.27 However, 
participants in the aforementioned studies were middle-
aged and older at the onset of cerebrovascular disease, 
whereas we studied the effect of BMI earlier in life and 
early onset cerebrovascular disease.

There are some potential explanations for our find-
ings since cerebrovascular disease risk factors unique to 
women have previously been recognized.30 Mechanisms 
explaining the stronger association of overweight with 

cerebrovascular disease in women could be due to dif-
ferences in sex hormones and pubertal timing between 
women and men.30 Research on the role of endogenous 
estrogen levels in women is relatively limited, but in a 
Danish prospective cohort study, neither high nor low 
estrogen levels were associated with an increased risk 
of ischemic cerebrovascular disease.31 In some previous 
studies, earlier age at menarche has been associated 
with greater cardiovascular disease risk,32–34 but not in all 
studies.35,36 It is also known that overweight women have 

Table 3.  Associations of Change in BMI Between the Ages 14 and 31 Years and Cerebrovascular Event Under the Age of 55 
Years Among Women

 

Any cerebrovascular disease Ischemic cerebrovascular disease Hemorrhagic cerebrovascular disease

n (%) HR (95% CI) n (%) HR (95% CI) n (%) HR (95% CI) 

At 14 y (adjusted for BMI at 31 y)

 � BMI (n=4788)

  �  16.00–22.99 (n=4213) 186 (4.4%) ref 129 (3.1%) ref 37 (0.9%) ref

  �  <15.99 (n=217) 10 (4.6%) 1.43 (0.71–2.88) 7 (3.3%) 1.71 (0.77–3.78) 1 (0.5%) NA

  �  22.00–25.49 (n=247) 21 (8.5%) 2.06 (1.24–3.42)* 15 (6.2%) 2.08 (1.16–3.72)* 3 (1.3%) 1.15 (0.24–5.56)

  �  >25.50 (n=111) 8 (7.1%) 1.51 (0.66–3.42) 6 (5.5%) 1.58 (0.61–4.14) 2 (1.9%) 1.48 (0.29–7.66)

At 31 y (adjusted for BMI at 14 y)

 � BMI (n=4276)

  �  20.00–24.99 (n=2424) 94 (3.9%) ref 67 (2.8%) ref 18 (0.8%) ref

  �  <19.99 (n=593) 12 (2.0%) 0.79 (0.30–2.07) 8 (1.3%) 0.24 (0.02–1.78) 2 (0.3%) 1.17 (0.24–5.65)

  �  25.00–29.99 (n=886) 50 (5.6%) 1.85 (1.00–3.42)* 41 (4.6%) 2.39 (1.19–4.79)* 3 (0.4%) NA

  �  >30.00 (n=373) 25 (6.7%) 3.03 (1.46–6.30)* 15 (4.0%) 2.93 (1.20–7.15)* 8 (2.2%) 3.21 (0.76–13.5)

Cox regression adjusted for smoking, parents’ socioeconomic status, BMI at 31 y, and the age at menarche at age 14 y; and for smoking pack-years, BMI at 14 y 
and one’s own educational level at age 31 y. BMI of 16.00–22.99 or 16.00–21.99 or 20.00–24.99 indicate normal weight; <15.99 or <19.99 indicate underweight; 
23.00–25.49 or 22.00–24.29 or 25.00–29.99 indicate overweight; 25.50 or >24.30 or >30.00 indicate obesity. BMI indicates body mass index; HR, hazard ratio; NA, 
not applicable; and ref, reference group.

*Statistically significant.

Table 4.  Associations of Change in BMI Between the Ages 14 and 31 Years and Cerebrovascular Event Under the Age of 55 
Years Among Men

 

Any cerebrovascular disease Ischemic cerebrovascular disease Hemorrhagic cerebrovascular disease

n (%) HR (95% CI) n (%) HR (95% CI) n (%) HR (95% CI) 

At 14 y (adjusted for BMI at 31 y)

 � BMI (n=4820)

  �  16.00–21.99 (n=4046) 190 (4.7%) ref 138 (3.4%) ref 32 (0.8%) ref

  �  <15.99 (n=224) 10 (4.5%) 0.93 (0.41–2.14) 7 (3.1%) 0.85 (0.31–2.34) 3 (1.3%) 2.01 (0.45–8.98)

  �  22.00–24.29 (n=355) 16 (4.5%) 0.86 (0.46–1.62) 11 (3.1%) 0.78 (0.36–1.70) 2 (0.6%) 0.69 (0.16–3.06)

  �  >24.30 (n=195) 11 (5.6%) 0.89 (0.37–2.13) 8 (4.1%) 0.90 (0.31–2.60) 3 (1.5%) 0.91 (0.19–4.42)

At 31 y (adjusted for BMI at 14 y)

 � BMI (n=4018)

  �  20.00–24.99 (n=1950) 79 (4.1%) ref 56 (2.9%) ref 12 (0.6%) ref

  �  <19.99 (n=136) 3 (2.2%) 0.41 (0.05–3.01) 2 (1.5%) NA 1 (0.7%) 4.98 (0.39–63.7)

  �  25.00–29.99 (n=1585) 78 (4.9%) 1.40 (0.87–2.23) 58 (3.7%) 1.36 (0.79–2.35) 14 (0.9%) 4.30 (0.86–21.5)

  �  >30.00 (n=347) 14 (4.0%) 1.35 (0.53–3.47) 9 (2.6%) 0.57 (0.12–2.61) 4 (1.2%) 19.4 (3.28–115.08)*

Cox regression adjusted for smoking, BMI at 31 y, and parents’ socioeconomic status at age 14 y; and for smoking pack-years, BMI at 14 y and one’s own educational 
level at age 31 y. BMI of 16.00–22.99 or 16.00–21.99 or 20.00–24.99 indicate normal weight; <15.99 or <19.99 indicate underweight; 23.00–25.49 or 22.00–24.29 
or 25.00–29.99 indicate overweight; 25.50 or >24.30 or >30.00 indicate obesity. BMI indicates body mass index; HR, hazard ratio; NA, not applicable; and ref, reference 
group.

*Statistically significant.
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an earlier age at menarche,37 but the causal pathways 
possibly linking age at menarche, overweight, and cere-
brovascular disease remain poorly known. Standardizing 
the analyses for age at menarche among women did not 
affect the results in the present study.

This study has limitations. First, cerebrovascular dis-
eases in early adulthood are quite rare,2 and despite having 
a large population-based cohort with extensive follow-up 
data, only 452 cerebrovascular diseases were recorded. 
Second, the common problem with BMI is that it does not 
measure body composition or fat distribution38; however, 
the use of BMI is still commonly accepted.39 Third, BMI 
was based on self- or parent-reported heights and weights 
for all cohort members at age 14 years and for 29% of 
them at age 31 years. Fourth, we did not have complete 
BMI data during adolescence and young adulthood. Finally, 
the study population was quite homogeneous and entirely 
Finnish, so there is limited generalizability of the findings.

The present study has several strengths, the main 
ones being the prospective method of data collection, 
the length of follow-up, and the large size of the cohort 
population. We performed separate analyses for both 
sexes and analyzed sex-BMI interactions. Due to having 
data at 2 different time points, we were able to assess 
the effect of changes in BMI. There were no significant 
amounts of missing data. Additionally, we conducted 
sensitivity analyses by eliminating transient ischemic 
attacks, yet the results remained the same. Information 
on cerebrovascular disease diagnoses was reliable and 
complete, sourced from nationwide registers.19

CONCLUSIONS
Overweight at ages 14 and 31 years is independently 
associated with adult cerebrovascular diseases among 
women but not among men. The association between 
childhood overweight and adult cerebrovascular disease 
is independent of overweight or obesity in adulthood, 

highlighting the importance for children to achieve and 
maintain healthy weights. The mechanisms underlying 
these sex-specific associations remain to be elucidated.
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