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ABSTRACT
Background  American and European guidelines define 
hypertension differently and are sex agnostic. Our aim was 
to assess the impact of different hypertension thresholds 
at the age of 40 on 30-year stroke risk and to examine sex 
differences.
Methods  We included 2608 stroke-free individuals 
from the Akershus Cardiac Examination 1950 Study, a 
Norwegian regional study conducted in 2012–2015 of the 
1950 birth cohort, who had previously participated in the 
Age 40 Program, a nationwide health examination study 
conducted in 1990–1993. We categorised participants 
by systolic blood pressure (SBP) at age 40 (<120 mm 
Hg (reference), 120–129 mm Hg, 130–139 mm Hg and 
≥140 mm Hg) and compared stroke risk using Cox 
proportional hazard regressions adjusted for age, sex, 
smoking, cholesterol, physical activity, obesity and 
education. Fatal and non-fatal strokes were obtained from 
the Norwegian Cardiovascular Disease Registry from 1 
January 2012 to 31 December 2020, in addition to self-
reported strokes.
Results  The mean age was 40.1±0.3 years 
(50.4% women) and mean SBP was 128.3±13.5 mm Hg 
(mean±SD). Stroke occurred in 115 (4.4%) individuals (32 
(28%) women and 83 (72%) men) during 29.4±2.9 years 
of follow-up. SBP between 130 and 139 mm Hg was not 
associated with stroke (adjusted HR 1.71, 95% CI 0.87 
to 3.36) while SBP ≥140 mm Hg was associated with 
increased stroke risk (adjusted HR 3.11, 95% CI 1.62 to 
6.00). The adjusted HR of stroke was 4.32 (95% CI 1.66 to 
11.26) for women and 2.66 (95% CI 1.03 to 6.89) for men, 
with non-significant sex interactions.
Conclusions  SBP ≥140 mm Hg was significantly 
associated with 30-year stroke risk in both sexes. A small 
subgroup of women had SBP ≥140 mm Hg and systolic 
hypertension was a strong risk factor for stroke in these 
women.
Trial registration number  NCT01555411.

INTRODUCTION
Stroke is a serious condition with a large 
impact on quality of life.1 Preventive meas-
ures at the population level are needed 
to delay the onset of stroke and reduce its 
disease burden.

Several modifiable risk factors for stroke 
are identified, the most prominent being 
hypertension.2 3 The causal link between 
hypertension and stroke has been established 
through scientific literature over decades.4 
The consequence has been a shift towards 
stricter definitions and treatment targets for 
hypertension, but there is still uncertainty 
about how low targets should be and whether 
they should be age-specific and sex-specific.5–8

Today, there are two widely accepted defi-
nitions of hypertension. The 2018 European 
Society of Cardiology/European Society of 
Hypertension guideline9 defines hyperten-
sion as a blood pressure of at least 140/90 mm 
Hg while the 2017 American College of 
Cardiology/American Heart Association 
(ACC/AHA) guideline defines hypertension 
as a blood pressure of at least 130/80 mm Hg, 
with systolic blood pressure (SBP) less than 
120 mm Hg considered normal.10 Although 
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these definitions are independent of age and sex, lifetime 
blood pressure trajectories differ between the sexes, and 
women seem to be at higher risk of adverse cardiovas-
cular outcomes at lower blood pressure thresholds.11 12

After the publication of the 2017 ACC/AHA guideline, 
questions were raised about the cardiovascular risk posed 
by blood pressure in the category of 130–139/80–89 mm 
Hg among otherwise healthy young adults, as they would 
be defined as having hypertension in one guideline, but 
not the other.13 Supplementary statements based on 
expert opinions and observational studies were published 
to aid clinicians,14 but there is still a lack of data to support 
risk assessment for this population. Studies that compare 
the long-term risk of cardiovascular events by different 
hypertension thresholds, preferably also investigating 
sex differences, are therefore needed. Moreover, studies 
that solely focus on stroke risk are needed to supplement 
studies where stroke is part of a composite endpoint.

Accordingly, in this study, we aimed to examine the 
longitudinal association between different hyperten-
sion thresholds at the age of 40 and 30-year stroke risk, 
including sex differences, in a well-described cohort from 
the general Norwegian population.

METHODS
Study design
The present study included 2608 stroke-free individ-
uals participating in the Akershus Cardiac Examination 
(ACE) 1950 Study, a prospective 1950 birth cohort study 
within the general Norwegian population, with the first 
visit conducted in 2012–2015.

The exposure, SBP at age 40, was obtained via linkage 
from the ACE 1950 Study to the Age 40 Program, a 

nationwide health examination study conducted in 
1990–1993. The endpoint stroke, was obtained by self-
report for events between 1990–1993 and 31 December 
2011, and from the Norwegian Cardiovascular Disease 
Registry (NCDR) for events from 1 January 2012 to 31 
December 2020. Data from the ACE 1950 Study, the Age 
40 Program and NCDR were linked using the national 
identification number. Figure 1 illustrates the studies and 
registries included in the present study.

The ACE 1950 Study
The ACE 1950 Study is a cohort study of the cardiovas-
cular health of men and women born in 1950 living in 
Akershus County, Norway. All individuals born in 1950 
who were permanent residents of Akershus County at 
the time of 1 November 2011 were invited to participate 
in the study. The first visit was conducted at two study 
sites (Akershus University Hospital and Bærum Hospital, 
Vestre Viken Hospital Trust) between 2012 and 2015. The 
study protocol included a cardiovascular examination, a 
self-reported questionnaire and a fasting blood sample. 
The questionnaire contained marital status, educational 
level, ethnicity, medical history and current medications. 
The clinical examination included measurements of 
blood pressure in the sitting and supine position after 
10 min of rest, height and weight, hip and waist circum-
ference, vital parameters, and ECG. Details on the study 
protocol and population characteristics have been 
described previously.15

The Age 40 Program
In total, 74% of the ACE 1950 Study participants had 
previously participated in the Age 40 Program.16 The 
Age 40 Program was a national cardiovascular health 

Figure 1  Studies and registries included in the present study. Figure developed by the authors using venngage.com with a 
licence to use, reproduce and distribute worldwide. ACE, Akershus Cardiac Examination.
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screening survey conducted by Norwegian health author-
ities in the 1990s. The survey included a clinical exam-
ination, a non-fasting blood sample and a self-reported 
questionnaire on lifestyle habits and medical history.

Blood pressure measurements and categorisation
The main exposure variable, SBP at age 40, was measured 
after 2 min of seated rest by a trained study nurse using 
an automated blood pressure measurer (DINAMAP; Crit-
icon, Tampa, Florida, USA). Three measurements with 
1 min intervals were obtained, and the mean of the second 
and third readings were used in the analyses. SBP was 
categorised into four groups: <120 mm Hg, 120–129 mm 
Hg, 130–139 mm Hg and ≥140 mm Hg, with <120 mm Hg 
as the reference group.

Incident stroke
The outcome variable, incident stroke, was based on 
self-reported and registry-reported events. For the time 
period between the Age 40 Program (1990–1993) and 
31 December 2011, strokes were obtained from the self-
reported questionnaire in the first visit of the ACE 1950 
Study. In the case of a self-reported stroke, participants 
also reported the respective year of occurrence. For the 
time period between 1 January 2012 (on which day the 
NCDR was established) and 31 December 2020, fatal and 
non-fatal strokes were obtained from the NCDR and the 
National Cause of Death Registry. The NCDR is a manda-
tory national registry that contains information on all 
Norwegian citizens with cardiovascular disease, including 
diagnostic codes (International Classification of Diseases 
Version 10) and dates of inpatient hospitalisations. The 
National Cause of Death Registry is a mandatory registry 
that contains information on the time and cause of death 

for all Norwegian citizens. Incident stroke was defined as 
the participant’s first inpatient hospitalisation with diag-
nostic codes I61.x or I63.x as the main diagnosis. For self-
reported strokes, the event date was set to 1 June of the 
year the stroke was reported.

Other covariates
Body mass index (BMI) was calculated as the weight in 
kilograms divided by the square of height in metres. 
Obesity was defined as a BMI of at least 30 kg/m2. Higher 
education was defined as at least 4 years of college or 
university training.

Statistical analysis
Continuous data are presented as mean±SD for normally 
distributed variables and median with IQR for skewed 
variables, with comparisons made using the Student’s 
t-test or one-way analysis of variance. Categorical data are 
presented as numbers with percentages, and compari-
sons were made using the χ2 test.

The total stroke incidence per 100 000 person-years was 
calculated for the total population and separately for men 
and women. Cox proportional hazard regressions were 
used to estimate HRs with 95% CIs for stroke, with SBP 
both as a continuous and categorical exposure variable.

In all Cox regressions, the start date was defined as the 
examination date in the Age 40 Program, and partici-
pants were censored at the time of stroke, death or end of 
follow-up, whichever occurred first. Separate Cox regres-
sions were performed for men and women, and we tested 
for interactions between sex and SBP on stroke risk.

In all analyses, the crude model presents unadjusted 
data. In the adjusted models, we adjusted for the following 
predefined covariates from the Age 40 Program: age, sex, 

Figure 2  Inclusion of participants to the study. ACE, Akershus Cardiac Examination.
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smoking, total cholesterol, physical activity and obesity. 
In addition, we adjusted for education as reported at 
the time of the ACE 1950 Study’s first visit. All statistical 
analyses were performed by using the Stata software V.17 
(StataCorp). Two-sided p values below 0.05 were consid-
ered statistically significant.

Patient and public involvement
An ACE 1950 Study ‘User Panel’ has been formed, 
consisting of four study cohort members born in 1950 
(two women and two men), two user organisation repre-
sentatives and two general practitioners. This User Panel 
serves in an advisory capacity, working alongside the 
steering committee to guide the ongoing study. The User 
Panel members participated in the practical planning 
phase of the ACE 1950 Study and are actively involved in 
the current conduct of the 10-year follow-up study visits.

RESULTS
A total of 5827 individuals were invited to participate 
in the ACE 1950 Study (2012–2015), and 3706 (attend-
ance rate 64%) were enrolled in the study. Of these, 
2733 (74%) individuals had previously participated in 
the Age 40 Program and were available for the analysis. 
We excluded individuals with incomplete blood pres-
sure readings (n=122) or a self-reported history of stroke 
(n=3) before the age of 40, resulting in a final analytical 
cohort of 2608 individuals (figure 2).

The mean age of participants was 40.1±0.3 years 
and 50.4% were women. The mean SBP and diastolic 
blood pressure values were 128.3±13.5 and 78.2±9.4 mm 
Hg (123.2±12.6 and 75.9±8.9 mm Hg for women and 
133.4±12.4 and 80.6±9.2 mm Hg for men). Only 36 (1%) 
individuals reported being under treatment for hyperten-
sion while 488 (19%) had a mean SBP of at least 140 mm 

Table 1  Study population characteristics at age 40 years, n=2608

Systolic blood pressure at age 40 years (mm Hg)

P value<120 120–129 130–139 ≥140

N 711 (27%) 792 (30%) 617 (24%) 488 (19%) <0.001

Female sex 551 (78%) 410 (52%) 228 (37%) 124 (25%) <0.001

Age, years, mean±SD 40.1±0.3 40.1±0.3 40.0±0.3 40.0±0.3 0.887

Body mass index, kg/m2, mean±SD 23.1±2.8 24.3±3.2 25.1±3.3 25.8±3.5 <0.001

Obesity* 17 (2%) 46 (6%) 45 (7%) 48 (10%) <0.001

Systolic blood pressure, mm Hg, mean±SD 112.8±5.5 124.8±2.8 134.4±2.8 148.9±8.2 <0.001

Diastolic blood pressure, mm Hg, mean±SD 70.5±6.1 76.1±6.2 81.5±6.6 88.9±8.8 <0.001

Non-caucasian 13 (2%) 9 (1%) 8 (1%) 6 (1%) 0.680

Higher education† 320 (45%) 357 (45%) 274 (44%) 209 (43%) 0.886

Physical activity <0.001

 � Sedentary activity 143 (20%) 130 (17%) 122 (20%) 89 (18%) –

 � Walking or cycling at least 4 hours/week 464 (65%) 485 (61%) 338 (55%) 289 (59%) –

 � Recreational sports at least 4 hours/week 95 (14%) 159 (20%) 140 (22%) 101 (21%) –

 � Hard training several times per week 9 (1%) 18 (2%) 17 (3%) 9 (2%) –

Smoking‡ 0.906

 � Never 276 (39%) 311 (40%) 251 (41%) 193 (40%) –

 � Current or previous 430 (61%) 472 (60%) 360 (59%) 290 (60%) –

Cardiovascular comorbidity

 � Myocardial infarction or angina 3 (0.4%) 4 (0.5%) 3 (0.5%) 3 (0.6%) 0.974

 � Hypertension§ 3 (0.4%) 5 (0.6%) 2 (0.3%) 26 (5.3%) <0.001

 � Diabetes¶ 1 (0.1%) 2 (0.3%) 0 (0%) 4 (0.8%) 0.054

Biomarkers

 � Cholesterol, mmol/L, mean±SD 5.2±0.9 5.4±1.0 5.6±1.0 5.8±1.1 <0.001

 � Triglycerides, mmol/L, mean±SD 1.4±0.9 1.6±1.1 1.9±1.3 2.2±1.8 <0.001

Obesity: body mass index ≥30 kg/m2, higher education: at least 4 years of college or university training.
*1 missing value.
†8 missing values.
‡25 missing values.
§3 missing values.
¶2 missing values.
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Hg. Study population characteristics at age 40 for the 
total cohort are provided in table  1 while characteris-
tics separate for men and women are provided in online 
supplemental table S1. Population characteristics of the 
ACE 1950 Study’s first visit (2012–2015) by SBP at age 40 
are provided in online supplemental table S2, and char-
acteristics at the ACE 1950 Study’s first visit among partic-
ipants versus non-participants in the Age 40 Program are 
provided in online supplemental table S3.

A total of 115 strokes occurred during a mean follow-up 
of 29.4±2.9 years. Of these, 70 (61%) were self-reported 
and 45 (39%) were registry reported. The median age 
of stroke victims was 60.1 (IQR 54.5–64.9) years, and the 
total incidence of stroke per 100 000 person-years was 
149.

Figure  3 shows the cumulative incidence of stroke 
by SBP categories at age 40. In the crude analysis, SBP 
between 130 and 139 mm Hg was associated with stroke 
(HR 1.97, 95% CI 1.06 to 3.66) when compared with 
the category of <120 mm Hg (table 2). This association 
was attenuated by adjustment for covariates (HR 1.71, 
95% CI 0.87 to 3.36). For the category of SBP ≥140 mm 

Hg, associations were significant in both the crude (HR 
4.07, 95% CI 2.29 to 7.22) and adjusted analysis (HR 3.11, 
95% CI 1.62 to 6.00).

When exploring SBP as a continuous exposure vari-
able, each 1 mm Hg higher SBP at age 40 increased the 
crude HR of incident stroke by 1.03 (HR 1.03, 95% CI 
1.02 to 1.05). Adjustment for covariates did not attenuate 
this association (adjusted HR 1.03, 95% CI 1.01 to 1.04). 
In subgroup analyses, SBP as a continuous variable was 
associated with stroke among women (adjusted HR 1.04, 
95% CI 1.02 to 1.07) and men (adjusted HR 1.02, 95% CI 
1.00 to 1.04).

Out of 115 strokes, 83 (72%) occurred in men. Stroke 
incidence was 82 per 100 000 person-years for women 
and 218 per 100 000 person-years for men. Median age 
of stroke was 60.4 (95% CI 56.4 to 66.6) years for women 
and 59.1 (95% CI 54.1 to 64.1) years for men. Online 
supplemental table S4 shows the distribution of strokes 
per SBP categories at age 40 in women and men.

In sex-specific Cox regressions, the results were compa-
rable to that of the total cohort (online supplemental 
table S5). SBP between 130 and 139 mm Hg was not 

Figure 3  Cumulative incidence of stroke by systolic blood pressure categories at age 40 years, n=2608.

Table 2  HRs of incident stroke by SBP categories at age 40 years, n=2608

N

Crude Adjusted*

Strokes, nHR (95% CI) P value HR (95% CI) P value

SBP, mm Hg

 � <120 711 (27%) 1 (reference) – 1 (reference) – 17 (15%)

 � 120–129 792 (30%) 1.58 (0.86 to 2.92) 0.144 1.47 (0.76 to 2.85) 0.252 28 (24%)

 � 130–139 617 (24%) 1.97 (1.06 to 3.66) 0.032 1.71 (0.87 to 3.36) 0.118 27 (24%)

 � ≥140 488 (19%) 4.07 (2.29 to 7.22) <0.001 3.11 (1.62 to 6.00) 0.001 43 (37%)

*Adjusted for age, sex, smoking, total cholesterol, physical activity, obesity, education.
SBP, systolic blood pressure.

https://dx.doi.org/10.1136/openhrt-2024-002805
https://dx.doi.org/10.1136/openhrt-2024-002805
https://dx.doi.org/10.1136/openhrt-2024-002805
https://dx.doi.org/10.1136/openhrt-2024-002805
https://dx.doi.org/10.1136/openhrt-2024-002805
https://dx.doi.org/10.1136/openhrt-2024-002805
https://dx.doi.org/10.1136/openhrt-2024-002805
https://dx.doi.org/10.1136/openhrt-2024-002805


Open Heart

6 Walle-Hansen MM, et al. Open Heart 2024;11:e002805. doi:10.1136/openhrt-2024-002805

associated with an increased stroke risk compared with 
the reference group in either of the sexes (adjusted HR 
1.57, 95% CI 0.55 to 4.48 for women and 1.64, 95% CI 
0.62 to 4.37 for men). However, an SBP of at least 140 mm 
Hg was significantly associated with stroke in both women 
(adjusted HR 4.32, 95% CI 1.66 to 11.26) and men 
(adjusted HR 2.66, 95% CI 1.03 to 6.89) (figure 4). There 
was no interaction between sex and SBP on the risk of 
stroke (P for interaction=0.146). Among adjustment 
covariates, smoking and sex were significantly associated 
with stroke risk (online supplemental table S6).

DISCUSSION
In this population-based cohort study, we examined 
the association between different systolic hypertension 
thresholds at age 40 and incident stroke risk over a 
30-year period. We did not find an increased stroke risk 
among individuals with SBP between 130 and 139 mm 
Hg. However, the risk of stroke increased gradually with 
increasing SBP, suggesting a positive dose–response rela-
tionship. For SBP ≥140 mm Hg, we found significant 
associations, with an almost threefold stroke risk in the 
total population. The small subgroup of women with 
SBP ≥140 mm Hg at age 40 had fourfold risk of stroke 

compared with women with SBP <120 mm Hg in multi-
variable analysis.

These findings are consistent with those reported in 
the Coronary Artery Risk Development in Young Adults 
study, which found no significant association between 
blood pressure in the range of 130–139/80–89 mm Hg 
and incident stroke over a 28-year period.17 In line with 
our results, blood pressure ≥140/≥90 mm Hg exhibited a 
significant increase in stroke hazard, with HRs of similar 
magnitude to ours.

Although available data suggest a graded increase in 
the risk of major cardiovascular events with rising blood 
pressure,4 18 and correspondingly a reduced risk when 
blood pressure is lowered,19 20 previous studies have 
primarily used composite endpoints, where the propor-
tion of stroke cases tends to be small, rather than exclu-
sively focusing on stroke risk.21–25 Further, few studies 
have specifically investigated the sex-specific risk of SBP 
on long-term stroke risk.

We found significant associations for both men and 
women for SBP ≥140 mm Hg, with hypertensive women 
having approximately fourfold risk of stroke in multi-
variable analysis that adjusted for other clinical risk 
factors, while HR was two for hypertensive men at age 40 

Figure 4  Adjusted HRs for stroke for men and women by systolic blood pressure at age 40 years, with 95% CIs (mean follow-
up 29.4±2.9 years), n=2608. Adjusted for age, sex, smoking, total cholesterol, physical activity, obesity and education.

https://dx.doi.org/10.1136/openhrt-2024-002805
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compared with men with SBP <120 mm Hg. These find-
ings are supported by recently published sex-stratified 
data from ten cycles of the National Health and Nutrition 
Examination Survey suggesting that women are at higher 
risk of death from cardiovascular disease at lower levels 
of SBP compared with men.26 Confirmatory studies on 
sex-specific risk cut points in defining and treating hyper-
tension are warranted.

The present study reports a slightly lower stroke inci-
dence (approximately 25% lower) compared with esti-
mates from The Norwegian National Patient Registry and 
the National Cause of Death Registry.27 This discrepancy 
can be explained by the fact that the mean age of stroke 
is significantly higher nationally, with a mean age of 72 
years for men and 76 years for women in Norway, whereas 
our participants were only followed until the age of 70 
years.28 Moreover, our participants reported a higher 
level of education and socioeconomic status compared 
with the national average. Additionally, survivorship bias 
may contribute to the lower stroke incidence observed in 
our cohort.

Our study has several strengths. These include a 
long follow-up period and a substantial sample size 
comprising healthy individuals from the general popula-
tion. Furthermore, our study builds on prior population-
based studies by reporting HRs for stroke by categories 
of SBP, thereby offering insights valuable for clinical 
practice. Additionally, we present data separately for 
men and women within an already extensively described 
Norwegian cohort.29 30 Blood pressure was measured 
according to protocol in a controlled research environ-
ment. Few individuals were treated for hypertension at 
baseline, and the general cardiovascular risk burden was 
low in our population.

However, the findings of this study must be interpreted 
in light of certain limitations. First, our main exposure 
variable was obtained at age 40, and we cannot exclude 
confounding factors related to blood pressure changes 
in the follow-up period. Second, participants in the ACE 
1950 Study were invited from the general population, 
but those who chose to participate may have had system-
atically differing traits compared with non-participants. 
This selection may have been exaggerated by the further 
subgrouping of participants who had also enrolled in 
the Age 40 Program (45% of individuals invited to the 
ACE 1950 Study were included in the final analysis). 
Third, even though we have controlled for covariates, we 
cannot exclude residual confounding. Fourth, the use of 
self-reported stroke may have introduced recall bias, as 
participants may misclassify stroke events. Still, previous 
studies have demonstrated acceptable validity of self-
reported events such as stroke with positive predictive 
values ranging from 0.67 to 0.79.31–33 Finally, information 
on stroke severity would have enhanced the clinical rele-
vance of our findings.

CONCLUSIONS
In this cohort, there was no significant association 
between SBP between 130 and 139 mm Hg at the age 
of 40 and stroke during 30 years of follow-up. However, 
long-term stroke risk increased with rising SBP, and above 
the threshold of 140 mm Hg, stroke risk was significantly 
increased in both sexes. A small subgroup of women had 
SBP ≥140 mm Hg at age 40 and these women had a four-
fold increased risk of stroke compared with women with 
SBP <120 mm Hg in an analysis that adjusted for other 
clinical risk factors.
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