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Summary
Background The absolute burden of stroke is increasing due to an ageing population, as well as an increased incidence
of stroke in young adults. We aimed to determine whether age modifies the magnitude of association between
vascular risk factors and stroke in the INTERSTROKE study.

Methods INTERSTROKE is an international case–control study of risk factors for first acute stroke. Cases and controls
(matched by age and sex) were recruited in 32 countries (between Jan 11, 2007, and Aug 8, 2015). Participants
completed a clinical assessment and provided blood and urine samples within 72 h of recruitment. Odds ratios
(ORs) for vascular risk factors and their population attributable fractions (PAFs) were calculated among age
groups. We tested for an interaction of age by each risk factor.

Findings Among 26 950 participants, the mean age of cases was 62⋅2 years (SD 13⋅6) and of controls 61⋅3 years (13⋅3).
Increasing age was associated with a significant increased prevalence for seven vascular risk factors (hypertension,
physical inactivity, diabetes, atrial fibrillation, high waist-to-hip ratio, high apolipoprotein B concentration [p<0⋅0001 for
all], and obesity [p=0⋅016]), reduced prevalence for four vascular risk factors (smoking, alcohol use, psychosocial stress
[p<0⋅0001 for all], and unhealthy diet [p=0⋅0081]) and unchanged prevalence for one vascular risk factor (depression).
Increasing age was associated with a reduced magnitude of OR of stroke for hypertension (pinteraction<0⋅0001), high
apolipoprotein B concentration (pinteraction<0⋅001), high waist-to-hip ratio (pinteraction 0⋅011), alcohol use
(pinteraction<0⋅0001), and psychosocial stress (pinteraction=0⋅033). No vascular risk factor was associated with a higher
odds of stroke with increased age. Hypertension, high waist-to-hip ratio, and physical inactivity accounted for the
largest PAF among all age groups.

Interpretation Vascular risk factors exhibit different patterns of association with stroke by age, with consequent
variations in their relative PAF. This information could be used to prioritise risk factor screening and modification by
age group.
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Introduction
The incidence of stroke increases with age.1 Although the
age-adjusted incidence of stroke is reducing in some
regions, such as high-income regions, the absolute burden
of stroke is increasing globally. This increase is due to an
ageing population, as well as an increased incidence of
stroke in young adults.1,2 Among people younger than
70 years, stroke incidence rates from 1990 to 2019 have
increased by 15⋅0% (95% CI 12⋅0–18⋅0),1 highlighting the
need to better understand the prevalence of risk factors for
stroke, and the strength of the association ofmodifiable risk
factors for stroke, in younger and older age groups.3,4

There is some evidence that the strength of association of
commonmodifiable vascular risk factorsmight changewith
www.thelancet.com/healthy-longevity Vol 6 June 2025
advancing age, but studies are scarce.5 An analysis of the
REGARDSprospective cohort study reported a lowerhazard
ratio for hypertension and diabetes with increased age, and
other studieshave reported a diminishingmagnitudeof risk
for other vascular risk factors, such as diet and lipids.5–7

A meta-analysis of prospective cohort studies reported an
attenuated association of blood pressure control with stroke
and vascular mortality with advancing age.8 The annual
absolute differences in risk were greater with older age.
Further evaluation of whether agemodifies the relationship
between cardiovascular risk factors and stroke risk is
required. If themagnitude of risk associatedwith individual
risk factorsdiffersbyage, establishedpublichealth interventions
might need to be tailored for different age groups.
1
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Research in context

Evidence before this study
We searched PubMed from database inception toMarch 15, 2024,
for previous studies published in English using the search terms
“stroke” AND “ageing” OR “age” AND “global”, OR “international”
PLUS “risk factors”, “hypertension”, “smoking”, “diet”, “alcohol”,
“diabetes”, “atrial fibrillation”, “physical inactivity”, “apoB”,
“stress”, “depression”, “body mass index”, OR “waist-to-hip”. We
identified meta-analyses of epidemiological studies, including the
Global Burden of Disease 2019 report of global, regional, and
national burden of stroke and its risk factors in 204 countries from
1990 to 2019. Other than INTERSTROKE, we did not identify an
international study, which included regions spanning North
America, South America, Europe, Africa, Asia, and Australia,
including high-income, middle-income, and low-income
countries, and reported the associationofmultiple risk factorswith
stroke by age.

Added value of this study
This case–control study explored the importance of vascular risk
factors by age and we used a nuanced approach to address this
researchquestion by considering prevalence, odds ratios (ORs), and
population attributable fractions (PAFs). The INTERSTROKE study
involved recruitment of individuals from different regions of the
world and individual-level standardised measurements were
conducted. Moreover, both cases and controls were recruited from
the same communities, permitting paired comparisons. With
increasing age, the prevalence of seven risk factors increased
(hypertension, physical inactivity, diabetes, atrial fibrillation,
higher waist-to-hip ratio, high apolipoprotein B, and obesity) and
the prevalence of four risk factors decreased (smoking, alcohol use,

psychosocial stress, and low-quality diet). With increasing age, the
magnitude of the OR for stroke decreased for five risk factors
(hypertension, high apolipoprotein B concentration, high
waist-to-hip ratio, alcohol use, and psychosocial stress).
Hypertension, high waist-to-hip ratio, and physical inactivity
accounted for the largest PAF of stroke among all age groups.
Diminution of OR might also have been influenced by differences
in risk factor modification by age; for example, the proportion of
the population treated with antihypertensive therapy. Although
we found evidence of differences in proportionof antihypertensive
use, these differences do not account for the overall difference in
OR by age subgroup. This finding highlights the importance of
considering population-level risk factors in the context of risk
factor prevalence. The PAF of other risk factors differed by age
group, with alcohol use and psychosocial stress ranked higher in
early life (aged <40 years), and atrial fibrillation ranked higher in
later life (aged >65 years).

Implications of all the available evidence
The prevalence, relative risk, and absolute risk of several common
risk factors for stroke vary with age, which has implications for
policy and strategies to reduce the global burden of stroke.
Hypertension, high waist-to-hip ratio, and physical inactivity
account for the largest population attributable risk and are the
most important target for prevention strategies across all age
groups. Executionof strategies to target other risk factorsmight be
of more impact if prioritised by age group (eg, strategies to deal
with psychosocial stress in early life, and atrial fibrillation detection
in later life).

See Online for appendix
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The aim of this analysis of the INTERSTROKE study is to
evaluate whether age modifies the association of vascular
risk factors with stroke risk.

Methods
Study design and participants
INTERSTROKE is an international case–control study of
risk factors for incident stroke from 32 countries. The
methods have been described previously.9 Patients were
recruited from 142 centres between Jan 11, 2007, and
Aug 8, 2015. Each case was matched for sex and age
(±5 years) with a control from the same centre. For the
current analysis, we included 13 462 cases and 13 488
controls. Cases were patients who presented with first acute
stroke, either ischaemic or haemorrhagic (confirmation by
CT or MRI brain imaging), enrolled within 72 h of hospital
admission or 5 days of symptom onset. Ischaemic stroke
subtype was based on clinical assessment (at baseline and
at 1 month), neuroimaging (CT or MRI at baseline), and
results of tests (eg, vascular imaging and cardiac monitor-
ing) to determine the cause of stroke. Control participants
were either community-based or hospital-based (eg, indi-
viduals attending an outpatient clinic for disorders or
procedures not related to stroke, or visitors or relatives of
other inpatients). The study was approved by the ethics
committees in all participating centres (appendix pp 1–7).
Written informed consent was obtained from participants
or their proxy.

Procedures
Standardised questionnaires were used to collect data on
baseline demographics, lifestyle-related risk factors for
stroke, and characteristics of acute stroke from all cases
and controls. Sex and ethnicity were self-reported by
participants. Physical measurements (eg, blood pressure,
waist-to-hip ratio, height, and weight) were recorded in a
standardised manner. Hypertension was defined as a
composite of self-reported hypertension and a blood pres-
sure reading of greater than 140/90mmHg at recruitment.
Diabetes was defined as a history of diabetes or glycated
haemoglobin (HbA1c) of 6⋅5% or greater. Smoking status
was defined as never or former, or current smoker. Alcohol
use was categorised as current alcohol use, or formerly used
or never used alcohol products. Diet quality was defined by
the modified Alternative Healthy Eating Index (mAHEI),
with a higher score indicating a healthier cardiovascular
www.thelancet.com/healthy-longevity Vol 6 June 2025
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diet. Physical activity (during leisure time)wasmeasured by
askingwhichof the followingbest reflects the level of activity
(with examples of activity levels provided) during leisure
time: mainly sedentary, mild exercise, moderate exercise,
or strenuous exercise. We measured depressive symptoms
by asking whether the participant had felt sad, blue, or
depressed for 2 consecutive weeks or more during the pre-
vious 12 months. For psychosocial and psychological stress
in the preceding year, we used a combined measure of
psychosocial stress used in the INTERHEART study,10

which combines measures of stress (home and work).
Cases were instructed to respond as they would have before
having the stroke event. Concentrations of apolipoprotein
Bweremeasured by non-fasting blood samples, whichwere
collected within 48 h of recruitment.

Outcomes
The primary outcome was all stroke. Secondary outcomes
were stroke subtypes; ischaemic and haemorrhagic stroke.

Statistical analysis
Descriptive statistics were used to characterise the study
populationbyagegroup.A trichotomised agegroupvariable
was derived; early life (aged<40 years),mid-life (aged 40–65
years), and later life (aged >65 years). Binary variables for
risk factors of interest were derived where responses were
continuous or more than two categories a dichotomous
variable was derived. High waist-to-hip ratio was defined as
greater than 0⋅85 for female individuals and greater than
0⋅90 for male individuals. Obesity was defined as BMI
greater than or equal to 30 kg/m2. High apolipoprotein
B concentration was defined as greater than 1 g/L. Physical
inactivity was defined as mainly sedentary or mild exercise
during leisure time. Mainly sedentary or mild exercise was
defined as physical inactivity. Moderate exercise, and
strenuous exercise was defined as physically active. A two-
level mAHEI variable was derived: tertile 1 (low-quality
diet) and tertile 2 or 3 (high-quality diet). Alcohol use was
defined as current alcohol use. Psychosocial stress was
defined as several periods or permanent stress at home or
work in the preceding year. The correlation between age and
individual risk factors was tested using Pearson correlation
coefficients. We used multivariable conditional logistic
regression with an interaction term for age (continuous
variable) to explore the association of the following risk
factors with stroke: hypertension, atrial fibrillation, high
waist-to-hip ratio, high apolipoprotein B concentration,
physical inactivity, unhealthy diet, alcohol use, smoking,
stress, and depression. The primary analysis was mutually
adjusted for other risk factors (hypertension, diabetes, atrial
fibrillation, physical inactivity, smoking, alcohol use, psy-
chosocial stress, depression, highwaist-to-hip ratio, obesity,
high apolipoprotein B concentration, and unhealthy diet
[mAHEI score]). A sensitivity analysis was conducted for
hypertension and high apolipoproten B concentration to
evaluate the association of these risk factors by treatment
status (antihypertensive or statin therapy). We used the
www.thelancet.com/healthy-longevity Vol 6 June 2025
Wald test to test for interactions between age (continuous
variable) and risk factors. All conditional analyses were
stratifiedon thematching criteria (ie, controlswerematched
for sex and age (±5 years) with cases; age matching was
extended (±10 years) for participants older than 90 years).
We used restricted cubic splines to explore the pattern of
association. Population attributable fraction (PAF), the
proportion of all cases in the population (exposed and
unexposed) that may be attributed to the exposure, was
calculated using Levin’s formula.11 The PAF was estimated
with by age groups (early life,mid-life, and later life) and as a
function of age.With regard to PAF as a function of age, risk
factor prevalence and odds ratios (ORs) by age (extracted
from a multivariate logic model) with 95% CIs were sub-
stituted into Levin’s formula to estimate age-specific PAF.
A p value <0⋅05 was considered statistically significant.
Statistical analyses were performed using R version 4.4.1.

Role of the funding source
The funders of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results
Among 26 950 participants analysed, the mean age of cases
was 62⋅2 years (SD 13⋅6) and of controls 61⋅3 years ( 13⋅3);
5441 (40⋅4%) cases and 5453 (40⋅4%) controls were female
individuals and 8021 (59⋅6%) cases and 8035 (59⋅6%)
controls were male individuals (table 1).
Among controls, the prevalence of seven vascular risk

factors significantly increased with increased age: hyper-
tension (46⋅5% increase in prevalence from early life to later
life; p<0⋅0001), physical inactivity (3⋅2% increase in preva-
lence from early life to later life; p<0⋅0001), diabetes (15⋅7%
increase in prevalence fromearly life to later life; p<0⋅0001),
atrial fibrillation (3⋅9% increase in prevalence from early
life to later life; p<0⋅0001), high waist-to-hip ratio (14⋅2%
increase in prevalence fromearly life to later life; p<0⋅0001),
high apolipoprotein B (11⋅8% increase in prevalence from
early life to later life; p<0⋅0001) and obesity (3⋅9% increase
in prevalence from early life to later life; p=0⋅016). The
prevalence of four other vascular risk factors significantly
reduced with increased age: smoking (13⋅5% reduction in
prevalence fromearly life to later life; p<0⋅0001), alcohol use
(2⋅9% reduction in prevalence from early life to later life;
p<0⋅0001), psychosocial stress (15⋅5% reduction in preva-
lence from early life to later life; p<0⋅0001), and unhealthy
diet (3⋅5% reduction in prevalence from early life to later
life; p=0⋅0081). The prevalence of depression was not
significantly correlated with age (figure 1).
Increasing age was associated with a diminution of the

OR of stroke for five vascular risk factors: hypertension (OR
6⋅10 [95%CI4⋅09–9⋅09] inearly life, 3⋅74 [3⋅40–4⋅12] inmid-
life, and 2⋅36 [2⋅13–2⋅62] in later life; pinteraction<0⋅0001),
apolipoprotein B (1⋅27 [0⋅90–1⋅80] in early life, 1⋅21 [1⋅10–1⋅33]
inmid-life, and0⋅93 [0⋅84–1⋅03] in later life; pinteraction<0⋅0001),
high waist-to-hip ratio (1⋅59 [1⋅14–2⋅23] in early life,
3
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Controls Cases

Early life (<40 years)
n=749

Mid-life (40–65 years)
n=6932

Later life (>65 years)
n=5807

Early life (<40 years)
n=683

Mid-life (40–65 years)
n=6667

Later life (>65 years)
n=6112

Age, years 33⋅01 (5⋅04) 54⋅13 (6⋅64) 73⋅53 (6⋅35) 32⋅76 (5⋅45) 54⋅18 (6⋅59) 74⋅17 (6⋅72)
Sex

Female 267 (35⋅65%) 2541 (36⋅66%) 645 (45⋅55%) 257 (37⋅63%) 2380 (35⋅70%) 2804 (45⋅88%)
Male 482 (64⋅35%) 4391 (63⋅34%) 3162 (54⋅45%) 426 (62⋅37%) 4287 (64⋅30%) 3308 (54⋅12%)

Ethnicity

European 88 (11⋅75%) 1702 (29⋅31%) 1162 (16⋅76%) 88 (12⋅88%) 1721 (28⋅16%) 1128 (16⋅92%)
Chinese 147 (19⋅63%) 1588 (27⋅35%) 2283 (32⋅93%) 124 (18⋅16%) 1680 (27⋅49%) 2212 (33⋅18%)
South Asian 220 (29⋅37%) 1045 (18⋅00%) 1773 (25⋅58%) 208 (30⋅45%) 1202 (19⋅67%) 1622 (24⋅33%)
Other Asian 86 (11⋅48%) 179 (3⋅08%) 428 (6⋅17%) 69 (10⋅10%) 168 (2⋅75%) 467 (7⋅00%)
Arabic 22 (2⋅94%) 125 (2⋅15%) 102 (1⋅47%) 17 (2⋅49%) 140 (2⋅29%) 98 (1⋅47%)
Latin American 71 (9⋅48%) 772 (13⋅29%) 590 (8⋅51%) 71 (10⋅40%) 772 (12⋅63%) 557 (8⋅35%)
African 61 (8⋅14%) 147 (2⋅53%) 331 (4⋅77%) 57 (8⋅35%) 166 (2⋅72%) 337 (5⋅05%)
Other 54 (7⋅21%) 249 (4⋅29%) 263 (3⋅79%) 49 (7⋅17%) 263 (4⋅30%) 246 (3⋅69%)

History of hypertension or adjusted blood pressure >140/90 mm Hg

Yes 96 (12⋅82%) 2846 (41⋅06%) 3443 (59⋅29%) 277 (40⋅56%) 4762 (71⋅43%) 4736 (77⋅49%)
No 653 (87⋅18%) 4086 (58⋅94%) 2364 (40⋅71%) 406 (59⋅44%) 1905 (28⋅57%) 1376 (22⋅51%)

History of diabetes or HbA1c ≥6⋅5%
Yes 69 (9⋅21%) 1441 (20⋅81%) 1447 (24⋅92%) 80 (11⋅71%) 1903 (28⋅56%) 1793 (29⋅35%)
No 680 (90⋅79%) 5482 (79⋅19%) 4359 (75⋅08%) 603 (88⋅29%) 4761 (71⋅44%) 4315 (70⋅65%)

History of atrial fibrillation or flutter

Yes 6 (0⋅80%) 91 (1⋅31%) 273 (4⋅70%) 28 (4⋅10%) 340 (5⋅10%) 961 (15⋅72%)
No 743 (99⋅20%) 6841 (98⋅69%) 5534 (95⋅30%) 655 (95⋅90%) 6327 (94⋅90%) 5151 (84⋅28%)

Depression (sad, blue, or depressed in the past 2 or more weeks)

Yes 132 (17⋅65%) 969 (13⋅98%) 805 (13⋅86%) 151 (22⋅21%) 1221 (18⋅44%) 1084 (17⋅83%)
No 616 (82⋅35%) 5961 (86⋅02%) 5002 (86⋅14%) 529 (77⋅79%) 5400 (81⋅56%) 4996 (82⋅17%)

Global stress (several periods or permanent)

Yes 191 (25⋅53%) 1164 (16⋅81%) 578 (9⋅98%) 234 (34⋅56%) 1664 (25⋅21%) 847 (13⋅95%)
No 557 (74⋅47%) 5760 (83⋅19%) 5212 (90⋅02%) 443 (65⋅44%) 4936 (74⋅79%) 5226 (86⋅05%)

Modified Alternative Healthy Eating Index tertile

Tertile 2 or 3 (high-quality
diet)

485 (64⋅75%) 4588 (66⋅19%) 3963 (68⋅25%) 440 (64⋅42%) 4146 (62⋅19%) 3868 (63⋅29%)

Tertile 1 (low-quality diet) 264 (35⋅25%) 2344 (33⋅81%) 1844 (31⋅75%) 243 (35⋅58%) 2521 (37⋅81%) 2244 (36⋅71%)
Alcohol use

Never or former 572 (76⋅37%) 5285 (76⋅26%) 4602 (79⋅25%) 490 (71⋅74%) 4704 (70⋅58%) 4830 (79⋅05%)
Current 177 (23⋅63%) 1645 (23⋅74%) 1205 (20⋅75%) 193 (28⋅26%) 1961 (29⋅42%) 1280 (20⋅95%)

Smoking history

Never or former smoker 531 (70⋅89%) 5034 (72⋅65%) 4899 (84⋅42%) 443 (64⋅86%) 4102 (61⋅57%) 4832 (79⋅08%)
Current Smoker 218 (29⋅11%) 1895 (27⋅35%) 904 (15⋅58%) 240 (35⋅14%) 2560 (38⋅43%) 1278 (20⋅92%)

Physical inactivity during leisure time

Yes 607 (81⋅15%) 5779 (83⋅39%) 4893 (84⋅35%) 582 (85⋅21%) 5970 (89⋅63%) 5508 (90⋅16%)
No 141 (18⋅85%) 1151 (16⋅61%) 908 (15⋅65%) 101 (14⋅79%) 691 (10⋅37%) 601 (9⋅84%)

High waist-to-hip ratio (>0⋅85 for women and >0⋅90 for men)

Yes 445 (59⋅57%) 4918 (71⋅08%) 4263 (73⋅72%) 456 (67⋅76%) 5106 (77⋅65%) 4729 (78⋅78%)
No 302 (40⋅43%) 2001 (28⋅92%) 1520 (26⋅28%) 217 (32⋅24%) 1470 (22⋅35%) 1274 (21⋅22%)

Obesity (BMI ≥30 kg, kg/m2)

Yes 83 (11⋅19%) 1023 (14⋅86%) 872 (15⋅12%) 98 (14⋅63%) 1117 (17⋅07%) 937 (15⋅61%)
No 659 (88⋅81%) 5863 (85⋅14%) 4897 (84⋅88%) 572 (85⋅37%) 5425 (82⋅93%) 5064 (84⋅39%)

High apolipoprotein B (>1 g/L)

Yes 215 (33⋅65%) 2759 (44⋅85%) 2403 (45⋅57%) 260 (44⋅52%) 3053 (51⋅10%) 2389 (43⋅17%)
No 424 (66⋅35%) 3392 (55⋅15%) 2870 (54⋅43%) 324 (55⋅48%) 2922 (48⋅90%) 3145 (56⋅83%)

HbA1c=glycated haemoglobin.

Table 1: Baseline characteristics and risk factors among participants by age group
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Figure 1: Prevalence of risk factors among cases and controls
p value represents p for correlation between individual risk factor and age (continuous) among controls.
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1⋅34 [1⋅20–1⋅50] in mid-life, and 1⋅36 [1⋅20–1⋅53] in later
life; pinteraction=0⋅011), psychosocial stress (1⋅53 [1⋅08–2⋅18]
in early life, 1⋅63 [1⋅44–1⋅84] inmid-life, and 1⋅39 [1⋅19–1⋅62]
in later life; pinteraction=0⋅033), and alcohol use
(1⋅64 [1⋅11–2⋅44] in early life, 1⋅39 [1⋅23–1⋅57] in mid-life,
and 1⋅09 [0⋅95–1⋅25] in later life; pinteraction<0⋅0001). The
magnitude of association of diabetes and stroke was
highest in mid-life (OR 1⋅42 [95% CI 1⋅27–1⋅59]), high
in later life (1⋅13 [1⋅01–1⋅28]), and lowest in early life
(0⋅82 [0⋅46–1⋅46]; pinteraction=0⋅0015). There was no sig-
nificant difference for other vascular risk factors by age
group, and no vascular risk factor was associated with a
higher OR with increased age (figure 2; appendix p 9).
A sensitivity analysis was conducted for hypertension and
high apolipoprotein B concentration by treatment status.
A higher proportion of hypertensive participants were
prescribed antihypertensive therapy (before hospital
admission) in later life than early adulthood (32 [33⋅8%] of
96 vs 2231 [64⋅8%] of 3443). Increasing age was associated
with a diminution of the OR of stroke for treated and
untreated hypertension (pinteraction<0⋅001), and treated
and untreated high apolipoprotein B (pinteraction<0⋅001;
appendix p 10). The association of vascular risk factors
with stroke subtype by age group are reported in the
appendix (pp 11–12). Findings were consistent with all
stroke outcomes with the exception of the association of
www.thelancet.com/healthy-longevity Vol 6 June 2025
diabetes, which was not associated with increased risk of
haemorrhagic stroke or significant interaction by age
(pinteraction=0⋅66).
Figure 3 reports population attributable risk by age. The

three risk factors accounting for the highest PAF among all
age groups were hypertension, physical inactivity, and high
waist-to-hip ratio. The PAF of hypertension was highest
in mid-life (PAF 0⋅52 [95% CI 0⋅49–0⋅55] in mid-life vs
0⋅34 [0⋅30–0⋅40] in early life and 0⋅45 [0⋅40–0⋅49] in later
life). The PAF of physical inactivity was highest in mid-life
(PAF 0⋅42 [95% CI 0⋅34–0⋅48] in mid-life, 0⋅32 [0⋅05–0⋅60]
in early life, and 0⋅31 [0⋅22–0⋅42] in later life). The PAF of
high waist-to-hip ratio was highest in early life (PAF 0⋅25
[95%CI 0⋅13–0⋅40] in early life, 0⋅19 [0⋅13–0⋅26] inmid-life,
and 0⋅21 [0⋅13–0⋅28] in later life). The PAF for atrial fibril-
lationwas highest in later life (PAF0⋅11 [95%CI, 0⋅09–0⋅12]
in later life, 0⋅04 [0⋅03–0⋅05] inmid-life, and 0⋅03 [0⋅01–0⋅05]
in early life; table 2).

Discussion
In the INTERSTROKE study, we showed a varying effect of
age on prevalence of vascular risk factors. Given the rising
incidence of stroke in early life and mid-life, and the
increase in absolute rates of stroke in later life (in context of
an ageing population),1,2 understanding the differences in
the contributions of vascular risk factors by age group is
5
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Figure 2: Association of common risk factors and stroke, by age group
Each colouredmarker (red, green, or blue) represents the odds ratio for a given age group, and the horizontal lines indicate the 95% confidence intervals. The dashed vertical line at an odds ratio of 1⋅0denotes
no association with stroke. *pintera calculated between age (continuous variable) and risk factor.
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required to guide strokeprevention strategies.We found the
highest prevalence of hypertension, diabetes, atrial fibrilla-
tion, and waist-to-hip ratio in later life, and the highest
prevalence of smoking, alcohol intake, psychosocial stress,
andunhealthy diet in early life. Increased agewas associated
with a reduction in the magnitude of OR of stroke with
hypertension, high apolipoprotein B concentration, high
waist-to-hip ratio, psychosocial stress, and alcohol use.
Although the OR for hypertension and high waist-to-hip
ratio diminished with age, there was a counterbalanced

ction
increase in prevalence, which resulted in relatively consistent
PAFs among age subgroups.
A potential modifying effect of age on the relative

importance of known risk factors for stroke has been
reported previously.5 The burden of stroke attributable to
risk factors is related to two key determinants, the prevalence
of the risk factor and the magnitude of association, repre-
sented in our study by the ORs. In the case of hypertension,
the prevalence of the risk factor increased with age, but the
OR reduced, resulting in a net modest effect on PAF.
www.thelancet.com/healthy-longevity Vol 6 June 2025
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Figure 3: Association and population attributable risk of risk factors
The purple lines represent the ORs and the grey lines represent the PAFs. The shaded regions indicate 95% CIs. The dashed horizontal line at OR=1 (for ORs) and PAF=0 (for PAFs) indicates no association
between the risk factor and case status. OR=odds ratio. PAF=population attributable fraction.
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We report that PAF for hypertension is highest in mid-life,
which has been reported in other studies;12 however, hyper-
tension remains the most important modifiable risk factor
throughout the age range.
A reduction in OR with increasing age might relate to

different underlying factors. First, it might relate to a true
reduction in the causative role of a risk factor. For example,
the attenuation of association of high apolipoprotein
B concentration and risk of myocardial infarction with
increasing age been reported previously.13 Moreover,
www.thelancet.com/healthy-longevity Vol 6 June 2025
evidence from a meta-analysis of randomised controlled
trials of statin therapy reported a smaller proportional risk
reduction in older cohorts, compared with mid-life, and
serves as an argument for a different emphasis on use
of statin therapy for primary prevention among older indi-
viduals.14 By contrast, meta-analyses of blood pressure-
lowering therapy have not reported a differing risk
reduction in stroke with increased age.15,16 Subgroup
analyses by age must be interpreted with caution, given
the poor representation of older adults in clinical trials.17
7
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Early life (aged <40 years) Mid-life (aged 40–65 years) Later life (aged ≥65 years)

PAF (95% CI) Rank PAF (95% CI) Rank PAF (95% CI) Rank

Hypertension 0⋅34 (0⋅30 to 0⋅40) 1 0⋅52 (0⋅49 to 0⋅55) 1 0⋅45 (0⋅40 to 0⋅49) 1

Physical inactivity 0⋅32 (0⋅05 to 0⋅60) 2 0⋅42 (0⋅34 to 0⋅48) 2 0⋅31 (0⋅22 to 0⋅42) 2

High waist-to-hip ratio (>0⋅85 for women and
>0⋅90 for men)

0⋅25 (0⋅13 to 0⋅40) 3 0⋅19 (0⋅13 to 0⋅26) 3 0⋅21 (0⋅13 to 0⋅28) 3

Alcohol use 0⋅11 (0⋅03 to 0⋅19) 4 0⋅08 (0⋅05 to 0⋅11) 9 0⋅02 (–0⋅008 to 0⋅05) 7

Psychosocial stress 0⋅12 (0⋅04 to 0⋅23) 5 0⋅09 (0⋅07 to 0⋅11) 6 0⋅04 (0⋅02 to 0⋅06) 10

HIgh apolipoprotein B (>1 g/L) 0⋅09 (–0⋅02 to 0⋅20) 6 0⋅09 (0⋅05 to 0⋅13) 7 –0⋅03 (–0⋅08 to 0⋅15) 12

Depression 0⋅06 (–0⋅01 to 0⋅13) 7 0⋅03 (0⋅008 to 0⋅06) 11 0⋅05 (0⋅03 to 0⋅07) 8

Smoking 0⋅06 (–0⋅08 to 0⋅20) 8 0⋅18 (0⋅16 to 0⋅20) 4 0⋅09 (0⋅07 to 0⋅11) 6

Atrial fibrillation 0⋅03 (0⋅01 to 0⋅05) 9 0⋅04 (0⋅03 to 0⋅05) 10 0⋅11 (0⋅09 to 0⋅12) 4

Modified Alternative Healthy Eating Index tertile 1
(low-quality diet)

0⋅03 (–0⋅07 to 0⋅14) 10 0⋅13 (0⋅10 to 0⋅16) 5 0⋅11 (0⋅08 to 0⋅14) 5

Diabetes –0⋅01 (–0⋅09 to 0⋅07) 11 0⋅08 (0⋅05 to 0⋅11) 8 0⋅04 (0⋅003 to 0⋅07) 9

Obesity (BMI ≥30 kg, kg/m2) –0⋅06 (–0⋅15 to 0⋅04) 12 –0⋅03 (–0⋅06- to -0⋅003) 12 –0⋅03 (–0⋅05 to –0⋅003) 11

Rank indicates highest to lowest PAF within each age group. PAF=population attributable fraction.

Table 2: PAF by age group
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The INTERSTROKE study included a relatively large pro-
portion of older adults (5160 participantswere aged 75 years
or older). Second, the age-related increased prevalence of
some risk factors—most notable for hypertension, diabetes,
and atrial fibrillation—will diminish the individual contri-
bution of risk factors, with a greater magnitude of adjust-
ment of OR on multivariable analysis. Third, the lower OR
might relate to an analytic ceiling effect in OR estimate for
common risk factors, resulting from increased prevalence.
For example, a prevalence of 50% in the control group will
limit theOR to less than around 2⋅0whereas a prevalence of
5% permits a wider range of possible OR values. The large
sample size included in our analysis increases our ability to
detect statistically significant p value interactions, which
does not instruct on the magnitude or pattern (linear or
stepwise) of the interaction between risk factor and age.
In our analysis, risk factors associated with a larger PAF

with increasing agewere related to an increase in prevalence
rather than an increase in OR. The most marked relative
change inPAFwas atrialfibrillation,whichwent from3–4%
(early life and mid-life) to 11% (later life) and from 10th to
4th in rankedmagnitude of PAF. This finding is consistent
with evidence from previous studies,18,19 reporting a curvi-
linear increase in prevalence of atrialfibrillationwith ageing
but consistent risk ratio. In addition, the efficacy of direct
oral anticoagulants for stroke prevention in atrialfibrillation
populations did not differ by age group, although an inter-
action between age andmajor bleeding has been reported.20

We also observed an increased PAF with age for an
unhealthy diet, which has not been reported previously. By
contrast, themain determinant of a lower PAF of psychosocial
stress with increasing age was a lower prevalence from
early to later life age groups, which has been reported
previously.21 We have previously reported that the associ-
ation of psychosocial stress (measured as combined home
and work stress) with stroke was consistent across age
groups.22 Similarly, the PAF for alcohol use declined with
increased age in the current study, which might reflect
differences in consumption patterns of a younger cohort
compared with an older cohort, and potentially differences
in the importance of a triggering effect of excess alcohol
intake (versus chronic exposure).
Our study has some potential limitations. One limitation

was the case–control design, specifically with regard to
selection bias, recall bias, or social desirability bias of self-
reported risk factors. The INTERSTROKE study aimed to
recruit a representative sample of patients across the stroke
spectrum, but those with severe stroke syndromes might
have been less likely to enrol. Proxy consent was permitted
to mitigate communication barriers to enrolment. Know-
ledge of personal history of risk factors might be higher in
later life due to increased health-care contact and, therefore,
ascertainment of self-reported risk factors might be more
likely in older adults. Although a case–control design is
considered inferior to prospective cohort studies, it has
advantages in addressing the current researchquestion.The
INTERSTROKE study used a case–control design,matched
for age and sex. Prospective cohort studies are more suited
for the determination of causal inference, and the inception
cohort is usually restricted to a narrow age range, making
these designs less suited to evaluating the influence of age.
In addition, the measurement of exposures (risk factors) is
usually completed at baseline and might underestimate
the prevalence of risk factors during follow-up, or at the
time of the event. Although a limitation of the matched
design is the inability to determine the contribution of age
to risk of stroke, it does allow us to study the change in
the role of risk factors between cases and controls within
age subgroups. Case–control studies also allow for accruing
a larger number of cases in subgroups with lower disease
incidence, such as younger individuals, and overall
provide better power for subgroup analyses. For example,
the large PURE study of nearly 200 000 people accrued
about 5000 strokes over a mean follow-up of 14 years
www.thelancet.com/healthy-longevity Vol 6 June 2025
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(unpublished data) and so would have less power compared
with INTERSTROKE, to examine variations in the effects of
a risk factor by age.
To conclude, increased age appears to modify the associ-

ation of vascular risk factors and stroke risk, with a lower
magnitudeofassociation forhypertension,highapolipoprotein
B concentration, high waist-to-hip ratio, and psychosocial
stress with stroke risk in older adults. Atrial fibrillation is
associated with an increased PAF with advanced age, due
to increased prevalence rather than higher OR.
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