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Stroke is the second leading cause of death worldwide, 
and the global effect of stroke is considerable based on 

disability-adjusted life years.1 Incidence rates of stroke are 
reported to be declining in developed countries, presumably 
because of improvements in stroke prevention and increasing 
awareness of healthy living. However, there are epidemics 
of obesity and diabetes mellitus, and there are communities 
at high vascular risk, such as people of African origin, in 
the United States and United Kingdom.2–4 Despite reported 
declining incidence rates, with an aging population, the num-
ber of stroke patients will increase because risk increases 
exponentially with age.3,5

Higher stroke incidence rates have been reported in the 
black populations compared with the white populations in the 
United States and the United Kingdom.4,6 Population-based 
studies in the United States, such as the Framingham Heart 
Study7 and the Greater Cincinnati/Northern Kentucky Stroke 
study (GCNKSS),4 have reported that stroke incidence was 
decreasing in white groups but not in black groups. Similar 
trends in incidence were found in population-based studies 

in the United Kingdom, such as the Oxford Vascular Study 
(OXVASC)8 in white populations and the South London 
Stroke Register (SLSR)6 in multiethnic populations. Despite 
the overall incidence declining, stroke in young adults was 
shown to be increasing in a recent study from GCNKSS by 
Kissela et al,9 in which significant increases in stroke inci-
dence were reported in young adults aged 20 to 54 years in 
both black and white groups during a 12-year study period. 
A similar trend for stroke in young adults was also found in 
ischemic stroke admissions in the United States Nationwide 
Inpatient Sample.10 However, most of these studies reported 
trends in stroke incidence in 2 or 3 different time points.4,8,9,11 
Data on continuous monitoring of stroke incidence among dif-
ferent ethnic groups in the same populations are lacking.6

The SLSR is a prospective population-based register docu-
menting all first-in-a-lifetime strokes since January 1, 1995, 
in a multiethnic inner-city population.6,12 Based on data from 
SLSR, we aimed to investigate trends and differences in the 
incidence and vascular risk factors in different age and ethnic 
groups during the continuous 16-year study period.

Background and Purpose—Data on continuous monitoring of stroke risk among different age and ethnic groups are lacking. 
We aimed to investigate age and ethnic disparities in stroke incidence over time from an inner-city population–based 
stroke register.

Methods—Trends in stroke incidence and before-stroke risk factors were investigated with the South London Stroke 
Register, a population-based register covering a multiethnic population of 357 308 inhabitants. Age-, ethnicity-, and sex-
specific incidence rates with 95% confidence intervals were calculated, assuming a Poisson distribution and their trends 
over time tested by the Cochran–Armitage test.

Results—Four thousand two hundred forty-five patients with first-ever stroke were registered between 1995 and 2010. Total 
stroke incidence reduced by 39.5% during the 16-year period from 247 to 149.5 per 100 000 population (P<0.0001). 
Similar declines in stroke incidence were observed in men, women, white groups, and those aged >45 years, but not in 
those aged 15 to 44 years (12.6–10.1; P=0.2034) and black groups (310.1–267.5; P=0.3633). The mean age at stroke 
decreased significantly from 71.7 to 69.6 years (P=0.0001). The reduction in prevalence of before-stroke risk factors was 
mostly seen in white patients aged >55 years, whereas an increase in diabetes mellitus was observed in younger black 
patients aged 15 to 54 years.

Conclusions—Total stroke incidence decreased during the 16-year time period. However, this was not seen in younger age 
groups and black groups. The advances in risk factor reduction observed in white groups aged >55 years failed to be 
transferred to younger age groups and black groups.    (Stroke. 2013;44:3298-3304.)
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Methods
The methods of the SLSR have been described in detail previously13,14 
and are summarized here. The SLSR is a prospective population-
based stroke register set up in January 1995, recording all first-ever 
strokes in a defined region of Lambeth and Southwark, with a popula-
tion of 310 026 according to the 2001 United Kingdom Census, with 
63% white, 28% black (9% black Caribbean, 15% black African, and 
4% black other), and 9% other ethnic groups. At the time of the 2011 
census, the SLSR source population had increased to 357 308, with 
56% white, 25% black (7% black Caribbean, 14% black African, 4% 
black other), and 18% other groups. The largest increase was seen in 
those aged 45 to 59 years (44%); the number of those aged >65 years 
fell by 12% from 28 646 to 25 227, and there was almost no change 
for those <18 years. There were 3%, 2%, 51%, and 232% increases in 
white, black, Asian, and other ethnic groups, respectively.

Case Ascertainment and Data Collection
Stroke was defined according to World Health Organization criteria.15 
Standardized criteria were applied for ensuring completeness of case 
ascertainment, including multiple overlapping sources of informa-
tion.16 Data were collected prospectively by specially trained study 
nurses and field workers. Stroke diagnosis was verified by a study 
doctor. Hospital surveillance for admission of stroke included hospi-
tals serving the study area. Community surveillance for stroke includ-
ed patients under the care of all general practitioners within the study 
area, and general practitioners were contacted regularly and asked to 
notify all patients with stroke. Notification sources included accident 
and emergency records, hospital wards, requests for brain imaging, 
death certificates, coroner’s records, hospital medical staff, commu-
nity therapists, bereavement officers, and hospital-based stroke reg-
isters. Patients <15 years were excluded in the study because they 
were more likely to follow different pathogenesis. Capture–recapture 
models estimated completeness of case ascertainment in this popula-
tion to be ≈80% (between 75% and 88%) as shown in the previous 
studies from SLSR.6,13,17

Sociodemographic Characteristics
Ethnic origin18 (self-definition, census question) was stratified into 
white, black (black Caribbean, black African, and black other), and 
other ethnic groups. Socioeconomic status was categorized as non-
manual, manual, and others/unknown according to the patient’s cur-
rent or most recent employment using the United Kingdom General 
Register Office occupational codes.

Stroke Subtype
Classification of the pathological subtype12,16 (cerebral infarction, pri-
mary intracerebral hemorrhage, and subarachnoid hemorrhage) was 
based on results from ≥1 of the following: brain imaging, cerebrospi-
nal fluid analysis, or necropsy examination. Cases without pathologi-
cal confirmation of stroke subtype were unclassified. The proportion 
of stroke patients receiving computerized tomography increased from 
79.8% in 1995–1998 to 95.9% in 2007–2010, and only 11.6% of pa-
tients received an MRI in 1995–1998 compared with 67.8% of those 
who received an MRI in 2007–2010.

Risk Factors Before Stroke
History of hypertension (high blood pressure >140 mm Hg systolic 
or >90 mm Hg diastolic), myocardial infarction, atrial fibrillation, 
and transient ischemic attack was collected from patients’ general 
practitioners and hospital records. Information on diabetes mellitus, 
smoking history (current, former smoker, never smoked), and alcohol 
drinking status (yes/no) was self-reported at initial assessment.

Statistical Analysis
Continuous variables were summarized as mean (SD) and categorical 
data as count (percentage). Student t test and Wilcoxon signed-rank 

test were used to test differences in continuous variables when appro-
priate, and the χ2 test was used for proportions. The source popula-
tions of the SLSR from 1995 to 2010 were estimated from the United 
Kingdom Census data for 1991, 2001, and 2011 by assuming a linear 
trend between 2 adjacent censuses. Data were reported in 4-year time 
intervals, 1995–1998, 1999–2002, 2003–2006, and 2007–2010, to 
increase the sample size in subgroups. The average age-specific inci-
dence rates were calculated for each time period and stratified by eth-
nicity. We used 2 different cutoffs for age groups, 15 to 44 years/45+ 
years and 15 to 54 years/55+ years, to present the age-specific inci-
dence rates. Annual incidence rates by sex, ethnicity, and age group 
were age-adjusted to the 2011 England and Wales population.19 The 
95% confidence intervals for the incidence rates were calculated as-
suming a Poisson distribution. The Cochran–Armitage test for trend 
was used to test the changes over time in age-, ethnicity-, sex-, and 
before-stroke risk factor–specific incidence rates. Statistical analyses 
were performed with the statistical software R version 2.11.1.

Ethics
Patients or their relatives gave written informed consent to participate 
in the study. Ethical approval was obtained from the ethics commit-
tees of Guy’s and St Thomas’ Hospital Trust, King’s College Hospital, 
Queens Square, and Westminster Hospital (London).

Results
Between January 1995 and December 2010, 4245 patients 
with first-ever stroke (age ≥15) were registered in the SLSR. 
Changes in sociodemographic characteristics over time are 
shown in Table 1. The mean age of onset of stroke decreased 
from 71.7 years (1995–1998) to 69.6 years (2007–2010; 
P=0.0001). There were significant increases in the proportion 
of young patients, from 5.1% in 1995–1998 to 8.4% in 2007–
2010 for those aged 15 to 44 years (P=0.0094), and from 
11.1% to 19.9% for those aged 15 to 54 years (P<0.0001). 
The proportion of black patients also increased from 16.6% to 
25.6% (P<0.0001) during the study period.

Characteristics of Young Patients With Stroke
Table  2 describes the characteristics of young patients with 
stroke aged 15 to 54 years (n=656) versus those aged >55 
years (n=3589). The number of young patients increased from 
145 in 1995–1998 to 174 in 2007–2010, whereas the num-
ber of those aged >55 years fell significantly from 1158 to 
702 during the same period. Compared with those aged >55 
years, the young patients were more likely to be men (58.5% 
versus 48.7% for young and old patients, respectively), to be 
black (38.1% versus 17.2%), to have a nonmanual job (34.5% 
versus 25.2%), to have an intracerebral hemorrhage (20.1% 
versus 11.6%) or a subarachnoid hemorrhage (18.6% versus 
2.5%), and to have lower prevalence of most vascular risk 
factors. However, there were more current smokers (41.3% 
versus 29.4%) and drinkers (59% versus 51%) in the young 
group compared with those aged >55 years. All comparisons 
are statistically significant, with P<0.0001.

Stroke Incidence
Changes in standardized incidence rates (age-adjusted to the 
2011 England and Wales population) stratified by sex, ethnic-
ity, and age group are presented in Table 3 and Figure. Total 
stroke incidence decreased by 39.5% during this 16-year 
period, from 247 to 149.5 per 100 000 per year (P<0.0001). 
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A similar decline in stroke incidence was observed in men from 
277.3 to 158 (P<0.0001) and in women from 217.3 to 138.6 
(P<0.0001). However, there were differences in the incidence 
trends between ethnic groups and between age groups. During 
the study period, a 41.3% reduction in stroke incidence was 
observed in the white group from 233.4 to 137.1 (P<0.0001), 
whereas no significant changes in incidence rates were seen 
in the black group (from 310.1 to 267.5, not significant, with 
P=0.3633), and a constantly higher incidence was observed in 
the black group compared with the white group. In the same 
period, a 40% reduction in incidence was observed in those 
aged >45 years, from 473.6 to 284.2 (P<0.0001), whereas no 
significant changes were found in the younger group aged 15 
to 44 years (P=0.2034). For those aged 15 to 54 years, how-
ever, a significant reduction in incidence was observed from 
31.1 to 24 (P=0.0013). Table 4 shows trends in age-specific 
incidence rates by ethnicity. Statistically significant decreases 
(after correcting for multiple comparisons) in the rates of first-
ever stroke were found in the white population aged >45 years 
(P<0.0001–0.0051) and in the black population only for those 
aged 55 to 64 years (P<0.0001). There were no significant 
changes in incidence rates for young white groups aged 15 to 
44 years and for most of the black age groups, young and old, 
except for those aged 55 to 64 years.

Stroke Subtype and Risk Factor Prevalence
There was a trend toward a higher proportion of ischemic 
stroke and a lower proportion of hemorrhagic stroke dur-
ing the 16-year study period (Table I in the online-only Data 
Supplement). Statistically significant changes were found in all 
age and ethnic groups except the older black group aged >55 
years. The trend was most pronounced in the younger black 
patients aged 15 to 54 years, with an 82% increase in the 
proportion of ischemic stroke from 36.2% in 1995–1998 to 
65.9% in 2007–2010 (P<0.0001).

Table  5 shows trends in the vascular risk factors strati-
fied by age and ethnicity. Risk factor reduction was mostly 
seen in white patients aged >55 years, with statistically sig-
nificant decreases observed in the prevalence of before-stroke 

myocardial infarction, atrial fibrillation, previous transient 
ischemic attack, smoking, and drinking. However, this was 
counterbalanced by a significant increase in the prevalence 
of diabetes mellitus (P=0.0256). For black patients aged >55 
years, there was only a decline in the prevalence of previous 
transient ischemic attack (P=0.0064) and drinking (P<0.0001). 
For younger patients aged 15 to 54 years, no statistically signif-
icant changes were observed in any of these risk factors, except 
that there was a significant increase in the prevalence of dia-
betes mellitus among young black patients, rising from 4.3% 
in 1995–1998 to 21.4% in 2007–2010 (P=0.0078), and a mar-
ginal decrease in current smokers among young white patients 
from 63.5% to 47.2% (P=0.0410). The use of age 55 years as 
a cutoff in analyses for stroke subtype and vascular risk fac-
tor prevalence was to increase the numbers in subgroups of 
younger patients so that statistical tests were feasible.

Discussion
In this inner-city population–based study, we have observed 
strikingly higher stroke incidence rates in black groups com-
pared with white groups. Total stroke incidence was reduced 
by 39.5% during the 16-year study period, but this was not 
seen in younger age groups aged 15 to 44 years and black 
groups. These findings were important both for understanding 
the effect of stroke and identifying disparities in risks related 
to age and ethnicity that have relevance to prevention strate-
gies. There have been reports of ethnic disparities in stroke 
incidence from population-based studies in the United States, 
United Kingdom, and New Zealand.4,6,9,11,12,20–22 However, this 
study identifies sustained inequalities in risk and demonstrates 
differential reductions of incidence among different age and 
ethnic groups. The SLSR is population-based and, hence, less 
biased, with a well-phenotyped stroke cohort, allowing analy-
ses to control for potential confounding factors and to identify 
underlying clinical and socioeconomic factors that could be 
used for better risk factor control.6,12,13

Although the causes of ethnic disparities in stroke risk are 
not entirely clear, they might be, in part, because of differences 
in the prevalence of established cardiovascular risk factors.6,20 

Table 1.  Sociodemographic Characteristics for First-Ever Strokes (Age ≥15 Years)

1995–1998 (n=1303) 1999–2002 (n=1072) 2003–2006 (n=994) 2007–2010 (n=876) P Value

Age at stroke onset 71.7 (13.9) 69.8 (14.5) 69.3 (15.1) 69.6 (15.8) 0.0001

15–44 y old at stroke onset 67 (5.1%) 62 (5.8%) 73 (7.3%) 74 (8.4%) 0.0094

15–54 y old at stroke onset 145 (11.1%) 174 (16.2%) 163 (16.4%) 174 (19.9%) <0.0001

Male 636 (48.8%) 533 (49.7%) 537 (54%) 427 (48.7%) 0.0536

Ethnic group

 ��� White 1026 (78.7%) 752 (70.1%) 671 (67.5%) 577 (65.9%) <0.0001

 ��� Black 216 (16.6%) 208 (19.4%) 221 (22.2%) 224 (25.6%)

 ��� Other 52 (4%) 62 (5.8%) 73 (7.3%) 56 (6.4%)

 ��� Unknown 9 (0.7%) 50 (4.7%) 29 (2.9%) 19 (2.2%)

Socioeconomic status

 ��� Nonmanual 320 (24.6%) 285 (26.6%) 264 (26.6%) 263 (30%) <0.0001

 ��� Manual 775 (59.5%) 555 (51.8%) 548 (55.1%) 351 (40.1%)

 ��� Others/unknown 208 (16%) 232 (21.6%) 182 (18.3%) 262 (29.9%)

Summary statistics are mean (SD) or count (%) as appropriate.
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We observed a higher prevalence of hypertension and diabetes 
mellitus in black patients compared with white patients in each 
of the 4 time periods in all age groups. Because hypertension 

and diabetes mellitus are well-established and are major risk 
factors for stroke across all ethnic groups,20,23 they may account 
for a significant proportion of the higher stroke incidence 
observed in black patients.

Also, it is particularly striking that a range of vascular 
risk factors seen reduced in the white groups (age >55 years) 
over time remained unchanged in black groups, except a sig-
nificant reduction in previous transient ischemic attack and 
drinking in those aged >55 years and a significant increase 
in diabetes mellitus in those aged 15 to 54 years (Table 5). 
Other possible explanations for ethnic disparities include cul-
tural differences in perceptions of health and the health care 
system, environmental exposures, genetic factors, socioeco-
nomic status, and educational attainment.2 Our results seem 
similar to findings from previous studies of trends in before-
stroke risk factors based on either a mainly white popula-
tion8,24 or a multiethnic population,4,9 except that we did not 
find a significant reduction in hypertension in white groups in 
this inner-city population.

We did not specifically examine genetic factors in our study. 
There have been reported racial/ethnic differences of genetic 
polymorphisms: for example, CYP2C19 variant that affects 
warfarin metabolism may have a higher frequency of occur-
rence in some racial/ethnic groups,2 but these results need to 
be further validated before actually going to clinical practice.

Many studies have compared ethnic differences in stroke 
incidence or stroke mortality and have observed that socioeco-
nomic status accounted for a proportion of the observed ethnic 
differences (eg, 39% in GCNKSS).25 However, many investi-
gators question the validity of typical socioeconomic status 
indicators when comparing status across ethnic groups.2 We 
did not have income data in our study and we used manual and 
nonmanual categorization as an indicator for socioeconomic 
status. Recent studies from SLSR showed that socioeconomic 
status (manual versus nonmanual) was not associated with 
provision of short-term care including stroke unit admission14 
or with long-term survival after stroke.26

Kissela et al9 reported findings from the GCNKSS that the 
proportion of total first-ever stroke in those 20 to 54 years of 
age increased from 12.9% to 18.6% during a 12-year period 
(using only 3 time points), which are in accordance with the 
findings in our study. They also reported that incident stroke 
in this age group increased from 26 to 48 per 100 000 among 

Table 3.  Annual Stroke Incidence Rate per 100 000 Population (95% CI), Adjusted to the England and Wales Population

1995–1998 1999–2002 2003–2006 2007–2010 P Value*

Total 247 (233.5–261.2) 211.7 (199–225.1) 175.3 (164.3–186.8) 149.5 (139.4–160.1) <0.0001

Men 277.3 (254.4–302.2) 235.5 (214.9–258) 207.9 (189.8–227.7) 158 (142.4–175.1) <0.0001

Women 217.5 (201.2–234.9) 186.6 (171.1–203.3) 145.5 (132.3–159.7) 138.6 (125.8–152.4) <0.0001

White 233.4 (219.2–248.3) 189.8 (176.3–204) 157.2 (145.4–169.7) 137.1 (126–148.9) <0.0001

Black 310.1 (256.5–377.1) 230.6 (192.2–278.2) 223.5 (189.6–265.2) 267.5 (223–321.1) 0.3633

Aged 15–44 y 12.6 (9.7–16.2) 11.2 (8.6–14.4) 10.4 (8.1–13.1) 10.1 (7.9–12.8) 0.2034

Aged 45+ y 473.6 (447.2–501.2) 405.5 (380.7–431.7) 334.6 (313.2–357.2) 284.2 (264.6–305) <0.0001

Aged 15–54 y 31.1 (26–37) 37.6 (32–43.9) 25.8 (21.8–30.3) 24 (20.5–28) 0.0013

Aged 55+ y 662.9 (624.8–702.9) 547.2 (511.7–584.6) 463.1 (432–495.9) 391.3 (362.7–421.6) <0.0001

CI indicates confidence interval.
*P values were obtained from Cochran–Armitage tests for trend after correcting for multiple comparisons.

Table 2.  Comparison of Characteristics of First-Ever Strokes: 
Aged 15 to 54 Versus 55+ Years

Aged 15–54 y  
(n=656)

Aged 55+ y  
(n=3589) P Value

Age 44.4 (8.7) 75 (9.9) <0.0001

Year of stroke

 ��� 1995–1998 145 (22.1%) 1158 (32.3%) <0.0001

 ��� 1999–2002 174 (26.5%) 898 (25%)

 ��� 2003–2006 163 (24.8%) 831 (23.2%)

 ��� 2007–2010 174 (26.5%) 702 (19.6%)

Male 384 (58.5%) 1749 (48.7%) <0.0001

Ethnic group

 ��� White 322 (49.1%) 2704 (75.3%) <0.0001

 ��� Black 250 (38.1%) 619 (17.2%)

 ��� Other 58 (8.8%) 185 (5.2%)

 ��� Unknown 26 (4%) 81 (2.3%)

Socioeconomic status

 ��� Nonmanual 226 (34.5%) 906 (25.2%) <0.0001

 ��� Manual 302 (46%) 1927 (53.7%)

 ��� Others/unknown 128 (19.5%) 756 (21.1%)

Stroke subtype

 ��� Infarct 369 (56.2%) 2806 (78.2%) <0.0001

 ��� PICH 132 (20.1%) 418 (11.6%)

 ��� SAH 122 (18.6%) 91 (2.5%)

 ��� Unclassified/unknown 33 (5%) 274 (7.6%)

Risk factor before stroke

 ��� Hypertension 269 (41%) 2307 (64.3%) <0.0001

 ��� Myocardial infarction 28 (4.3%) 408 (11.4%) <0.0001

 ��� Atrial fibrillation 18 (2.7%) 647 (18%) <0.0001

 ��� Previous TIA 35 (5.3%) 452 (12.6%) <0.0001

 ��� Diabetes mellitus 79 (12%) 683 (19%) 0.0001

 ��� Current smoker 271 (41.3%) 1054 (29.4%) <0.0001

 ��� Drinker 387 (59%) 1830 (51%) <0.0001

Summary statistics are mean (SD) or count (%) as appropriate. Infarct 
indicates cerebral infarction; PICH, primary intracerebral hemorrhage; SAH, 
subarachnoid hemorrhage; and TIA, transient ischemic attack.
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white groups and from 83 to 128 among black groups. In our 
study, overall incidence rates for those aged 15 to 44 years 
remained unchanged from 12.6 to 10.1 (not significant with 
P=0.2034) during the 16-year period. When stratified by age 
and ethnicity, no statistically significant changes in incidence 
were found in young white groups aged 15 to 44 years (8.5–
6.7) and in black groups in general, except for those aged 55 
to 64 years. Our observed incidence rates for young strokes are 
similar to those in several other studies, with reported incidence 
rates ranging from 3 to 23 per 100 000.9,27,28 George et al10 have 
reported that ischemic stroke admissions in the United States 
Nationwide Inpatient Sample rose steadily from 1995 to 2008 
among young adults aged 14 to 44 years, which was associated 
with an increase in prevalence of major risk factors such as 
hypertension, diabetes mellitus, and obesity. This is likely to 

lead to major future public health concern because stroke in 
younger people will influence long-term disability and result in 
handicap that will affect health and social care services.

The reasons for this trend toward increased risk in younger 
stroke patients are not clear. However, it could be because of 
a rise in classical cardiovascular risk factors such as diabe-
tes mellitus, obesity, and high cholesterol level. A significant 
trend toward increase in diabetes mellitus, high cholesterol, 
and obesity over time was found among young respondents 
aged 20 to 54 years based on the National Health and Nutrition 
Examination Survey national survey data in the United 
States.9 The rise in obesity and diabetes mellitus among young 
adults is more common in black patients compared with white 
patients.29 A study from the GCNKSS suggested that diabe-
tes mellitus might particularly increase the risk of ischemic 

Figure. Trends in stroke incidence by ethnicity and age group (age-adjusted).

Table 4.  Age-Specific Annual Incidence Rates (95% CI) for First-Ever Stroke During the 16-Year Study Period, Stratified by 
Ethnicity, per 100 000

Age Category 1995–1998 1999–2002 2003–2006 2007–2010 P Value*

White

 ��� 15–44 8.5 (5.8–12.1) 6 (3.8–8.9) 8.1 (5.7–11.2) 6.7 (4.6–9.4) 1.0000

 ��� 45–54 81.1 (60.8–106.1) 86.6 (65.9–111.7) 53.3 (38.9–71.3) 40.4 (28.9–55) 0.0004

 ��� 55–64 227.7 (189.7–271.1) 239.9 (198.6–287.3) 190.8 (155.8–231.5) 149.8 (120–184.8) 0.0051

 ��� 65–74 560.8 (496.7–630.9) 437.8 (376.1–506.6) 351.6 (296.7–413.7) 293.4 (242.4–351.9) <0.0001

 ��� 75–84 1057.1 (949.4–1173.7) 774 (677.6–880.2) 748.3 (654.1–852.2) 631.3 (542.2–730.8) <0.0001

 ��� 85+ 1933.7 (1666.4–2231.5) 1453.2 (1221.7–1715.8) 1086.5 (896.3–1305.3) 1185.2 (985–1414.1) <0.0001

Black

 ��� 15–44 23.7 (16.2–33.4) 19.4 (13.2–27.6) 12.8 (8.2–19) 16.8 (11.6–23.7) 0.5156

 ��� 45–54 78.9 (44.1–130.1) 152.4 (104.9–214.1) 113.1 (76.9–160.6) 160.1 (119.2–210.5) 0.3265

 ��� 55–64 381.7 (288.3–495.6) 310.7 (227.4–414.4) 244.4 (175.4–331.6) 112.5 (68.7–173.8) <0.0001

 ��� 65–74 761.4 (592.4–963.6) 581.2 (447.6–742.1) 691.9 (549.5–860) 566 (431.9–728.5) 1.0000

 ��� 75–84 1251.5 (866.7–1748.8) 657.3 (421.2–978) 989.2 (700–1357.8) 1302 (946–1747.8) 1.0000

 ��� 85+ 2471.6 (1185.2–4545.3) 1708.2 (819.2–3141.5) 902.9 (331.3–1965.1) 2554.3 (1460–4148) 1.0000

CI indicates confidence interval.
*P values were obtained by using Cochran–Armitage test for trend and corrected within each age stratum for multiple testing.
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stroke in young patients.23,30 We found increases in the preva-
lence of diabetes mellitus among young stroke patients aged 
15 to 54 years, but it was only statistically significant in black 
patients, with an increase from 4.3% to 21.4%. The signifi-
cant reduction in major risk factors observed in white patients 
aged >55 years was not seen in young patients aged 15 to 54 
years for both black and white patients. Compared with those 
aged >55 years, the young patients in our study were more 
likely to be men, to be black, to have an intracerebral hemor-
rhage or a subarachnoid hemorrhage, and to currently drink 
and smoke (Table 2). These features are useful in identifying 
young stroke patients and designing risk reduction programs 
for young adults.

The decline in stroke incidence may be partly because of 
improvements in prevention, combined with an increase in 
healthy living. A recent study by Marshall et al31 showed anti-
platelet and cholesterol-lowering treatment for treating before-
stroke risk factors had improved significantly from 1995 to 
2010 in SLSR, similarly for both white and black patients. 
We do not have information on the use of these medications 
among different age groups. However, as Kissela et al9 argued, 
the elderly might get preferential prevention treatments com-
pared with young adults because stroke was not expected to 
occur in the young. Also, many young adults do not visit a 
doctor regularly to monitor their health status, especially 
with regard to vascular risk. These may partially explain the 
increased risk in young stroke patients, but no formal analysis 
has been undertaken to confirm a causal relationship. The rela-
tively lower computerized tomography/MRI scan rates in the 
earlier years of SLSR might affect the diagnosis and subtype 
of stroke. It is also possible that more strokes in the young are 
being detected because of greater use of computerized tomog-
raphy/MRI because younger people may have been more 
likely to have undergone these scans.9 There was no change 

in case mix (eg, Glasgow Coma Scale and previous Barthel 
index) over time among age and ethnic groups in SLSR, and 
this adds strength to our argument of sustained inequalities 
in stroke incidence among different age and ethnic groups.14

A standardized definition of young adults is lacking. We 
used age groups of 15 to 54 years as young patients with 
strokes in our study, although we also used those of 15 to 44 
years in subgroup analyses where appropriate. Kissela et al9 
have used a range of 20 to 54 years for young patients with 
stroke, but they also used a range of 20 to 44 years in their 
subgroup analyses. We did not specically subdivide the age 
group of 15 to 54 years into young and middle-aged because 
dividing the younger age into young and middle-aged would 
make numbers too small for analysis and the unusual causes 
of stroke, for example, arteriovenous malformation, patent 
foramen ovale, and recreational drugs dissection, continue to 
present in middle age; therefore, there is probably no clinical 
justification to subdivide. Nevertheless, it would be interesting 
to formally assess the difference in risk factors between young 
and middle-aged groups if numbers allowed.

There are limitations to this study. We do not have data 
regarding risk factor levels, such as body mass index and cho-
lesterol (incomplete) in the stroke register; therefore, we could 
not comment on the effect of obesity in our study. Because 
there are only ≈170 patients aged 15 to 54 years in each time 
period (Table  1) and even fewer in the 15 to 44 years age 
group, the power to detect changes in risk factor prevalence 
in these subgroups is limited. For black groups, we did not 
have family migration history, and risk factors might vary 
between first- and second-generation migrants. There was a 
slight decrease in completeness of case ascertainment from 
84% during 1995–1996 to 75% in 2001–2002, followed by 
increases to 88% in 2005–2006,6,13 although the overall trend 
was not significant. The reason for these changes was unclear 

Table 5.  Vascular Risk Factor Prevalence in SLSR

Age: 15–54 y Age: 55+ y

1995–1998 1999–2002 2003–2006 2007–2010 P Value 1995–1998 1999–2002 2003–2006 2007–2010 P Value

White

 ��� Hypertension 34 (40%) 23 (27.7%) 28 (34.1%) 21 (29.2%) 0.2637 622 (66.1%) 344(51.4%) 382 (64.9%) 322 (63.8%) 0.9329

 ��� MI 7 (8.2%) 4 (4.8%) 6 (7.3%) 2 (2.8%) 0.2549 142 (15.1%) 70 (10.5%) 68 (11.5%) 55 (10.9%) 0.0176

 ��� AF 1 (1.2%) 2 (2.4%) 6 (7.3%) 3 (4.2%) 0.1261 237 (25.2%) 115 (17.2%) 121 (20.5%) 100 (19.8%) 0.0198

 ��� Previous TIA 11 (12.9%) 2 (2.4%) 4 (4.9%) 4 (5.6%) 0.0542 150 (15.9%) 77 (11.5%) 85 (14.4%) 49 (9.7%) 0.0056

 ��� Diabetes mellitus 8 (9.4%) 9 (10.8%) 5 (6.1%) 8 (11.1%) 0.9811 110 (11.7%) 92 (13.8%) 93 (15.8%) 76 (15%) 0.0256

 ��� Current smoker 54 (63.5%) 44 (53%) 42 (51.2%) 34 (47.2%) 0.0410 327 (34.8%) 205 (30.6%) 167 (28.4%) 145 (28.7%) 0.0052

 ��� Drinker 68 (80%) 50 (60.2%) 57 (69.5%) 52 (72.2%) 0.4791 618 (65.7%) 284 (42.5%) 310 (52.6%) 220 (43.6%) <0.0001

Black

 ��� Hypertension 25 (53.2%) 36 (56.2%) 26 (47.3%) 44 (52.4%) 0.7157 134 (79.3%) 100 (69.4%) 134 (80.7%) 114 (81.4%) 0.2857

 ��� MI 1 (2.1%) 0 (0%) 1 (1.8%) 5 (6%) 0.0828 15 (8.9%) 8 (5.6%) 11 (6.6%) 10 (7.1%) 0.6051

 ��� AF 1 (2.1%) 1 (1.6%) 2 (3.6%) 1 (1.2%) 0.8340 11 (6.5%) 9 (6.2%) 13 (7.8%) 14 (10%) 0.2228

 ��� Previous TIA 2 (4.3%) 3 (4.7%) 2 (3.6%) 6 (7.1%) 0.4692 26 (15.4%) 15 (10.4%) 11 (6.6%) 10 (7.1%) 0.0064

 ��� Diabetes mellitus 2 (4.3%) 8 (12.5%) 7 (12.7%) 18 (21.4%) 0.0078 67 (39.6%) 43 (29.9%) 64 (38.6%) 53 (37.9%) 0.9156

 ��� Current smoker 20 (42.6%) 13 (20.3%) 17 (30.9%) 18 (21.4%) 0.0593 42 (24.9%) 32 (22.2%) 40 (24.1%) 26 (18.6%) 0.2762

 ��� Drinker 32 (68.1%) 26 (40.6%) 27 (49.1%) 41 (48.8%) 0.1866 108 (63.9%) 60 (41.7%) 98 (59%) 45 (32.1%) <0.0001

AF indicates atrial fibrillation; MI, myocardial infarction; SLSR, South London Stroke Register; and TIA, transient ischemic attack. 
P values were obtained from the Cochran–Armitage test for trend. 
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and may need further investigation. Furthermore, these esti-
mates were provided only for total completeness; therefore, 
we could not exclude that completeness varied in specific sub-
groups, which may influence the interpretation of the data.

Conclusions
Overall stroke incidence declined during the 16-year time 
period. However, this was not seen in younger age groups and 
black groups. Sustained or increased stroke risk was found in 
younger age groups and black groups. Advances in risk factor 
reduction observed in older white groups failed to be trans-
ferred to both younger age groups and black groups.

Sources of Funding
The study was funded by the Northern & Yorkshire National Health 
Service (NHS) R&D Program in Cardiovascular Disease and 
Stroke, Guy’s and St Thomas’ Hospital Charity, Stanley Thomas 
Johnson Foundation, The Stroke Association, Department of Health 
Healthcare Quality Improvement Partnership grant, National Institute 
for Health Research (NIHR) Program grant (RP-PG-0407-10184), 
and the NIHR Biomedical Research Center at Guy’s and St Thomas’ 
NHS Foundation Trust and King’s College London.

Disclosures
None.

References
	 1.	 World Health Organization. Global Health Risks: Mortality and Burden 

of Disease Attributable to Selected Major Risks. Geneva, Switzerland: 
World Health Organization; 2009.

	 2.	 Cruz-Flores S, Rabinstein A, Biller J, Elkind MS, Griffith P, Gorelick 
PB, et al; American Heart Association Stroke Council; Council on 
Cardiovascular Nursing; Council on Epidemiology and Prevention; 
Council on Quality of Care and Outcomes Research. Racial-ethnic dis-
parities in stroke care: the American experience: a statement for health-
care professionals from the American Heart Association/American 
Stroke Association. Stroke. 2011;42:2091–2116.

	 3.	 Feigin VL, Lawes CM, Bennett DA, Barker-Collo SL, Parag V. 
Worldwide stroke incidence and early case fatality reported in 56 popula-
tion-based studies: a systematic review. Lancet Neurol. 2009;8:355–369.

	 4.	 Kleindorfer DO, Khoury J, Moomaw CJ, Alwell K, Woo D, Flaherty 
ML, et al. Stroke incidence is decreasing in whites but not in blacks: 
a population-based estimate of temporal trends in stroke incidence 
from the Greater Cincinnati/Northern Kentucky Stroke Study. Stroke. 
2010;41:1326–1331.

	 5.	 Truelsen T, Piechowski-Jóźwiak B, Bonita R, Mathers C, Bogousslavsky 
J, Boysen G. Stroke incidence and prevalence in Europe: a review of 
available data. Eur J Neurol. 2006;13:581–598.

	 6.	 Heuschmann PU, Grieve AP, Toschke AM, Rudd AG, Wolfe CD. 
Ethnic group disparities in 10-year trends in stroke incidence and vas-
cular risk factors: the South London Stroke Register (SLSR). Stroke. 
2008;39:2204–2210.

	 7.	 Carandang R, Seshadri S, Beiser A, Kelly-Hayes M, Kase CS, Kannel 
WB, et al. Trends in incidence, lifetime risk, severity, and 30-day mortal-
ity of stroke over the past 50 years. JAMA. 2006;296:2939–2946.

	 8.	 Rothwell PM, Coull AJ, Giles MF, Howard SC, Silver LE, Bull LM, 
et al; Oxford Vascular Study. Change in stroke incidence, mortality, case-
fatality, severity, and risk factors in Oxfordshire, UK from 1981 to 2004 
(Oxford Vascular Study). Lancet. 2004;363:1925–1933.

	 9.	 Kissela BM, Khoury JC, Alwell K, Moomaw CJ, Woo D, Adeoye O, 
et al. Age at stroke: temporal trends in stroke incidence in a large, biracial 
population. Neurology. 2012;79:1781–1787.

	 10.	 George MG, Tong X, Kuklina EV, Labarthe DR. Trends in stroke hospi-
talizations and associated risk factors among children and young adults, 
1995-2008. Ann Neurol. 2011;70:713–721.

	 11.	 Kleindorfer D, Broderick J, Khoury J, Flaherty M, Woo D, Alwell K, 
et al. The unchanging incidence and case-fatality of stroke in the 1990s: 
a population-based study. Stroke. 2006;37:2473–2478.

	 12.	 Wolfe CD, Rudd AG, Howard R, Coshall C, Stewart J, Lawrence E, et 
al. Incidence and case fatality rates of stroke subtypes in a multiethnic 
population: the South London Stroke Register. J Neurol Neurosurg 
Psychiatry. 2002;72:211–216.

	 13.	 Wolfe CD, Crichton SL, Heuschmann PU, McKevitt CJ, Toschke AM, 
Grieve AP, et al. Estimates of outcomes up to ten years after stroke: 
analysis from the prospective South London Stroke Register. PLoS Med. 
2011;8:e1001033.

	 14.	 Addo J, Bhalla A, Crichton S, Rudd AG, McKevitt C, Wolfe CD. 
Provision of acute stroke care and associated factors in a multiethnic 
population: prospective study with the South London Stroke Register. 
BMJ. 2011;342:d744.

	 15.	 Hatano S. Experience from a multicentre stroke register: a preliminary 
report. Bull World Health Org. 1976;54:541–553.

	 16.	 Sudlow CL, Warlow CP. Comparing stroke incidence worldwide: what 
makes studies comparable? Stroke. 1996;27:550–558.

	 17.	 Tilling K, Sterne JA, Wolfe CD. Estimation of the incidence of stroke 
using a capture-recapture model including covariates. Int J Epidemiol. 
2001;30:1351–1359, discussion 1359.

	 18.	 Stewart JA, Dundas R, Howard RS, Rudd AG, Wolfe CD. Ethnic differ-
ences in incidence of stroke: prospective study with stroke register. BMJ. 
1999;318:967–971.

	 19.	 Census 2011: population and household estimates for England and Wales. 
Home Office, UK: Office of National Statistics; 2011. http://www.ons.gov.
uk/ons/publications/re-reference-tables.html?edition=tcm%3A77-257414. 
Accessed November 27, 2012.

	 20.	 Sacco RL, Boden-Albala B, Abel G, Lin IF, Elkind M, Hauser WA, et al. 
Race-ethnic disparities in the impact of stroke risk factors: the northern 
Manhattan stroke study. Stroke. 2001;32:1725–1731.

	 21.	 Sacco RL, Boden-Albala B, Gan R, Chen X, Kargman DE, Shea S, et al. 
Stroke incidence among white, black, and Hispanic residents of an urban 
community: the Northern Manhattan Stroke Study. Am J Epidemiol. 
1998;147:259–268.

	 22.	 Feigin V, Carter K, Hackett M, Barber PA, McNaughton H, Dyall L, 
et al; Auckland Regional Community Stroke Study Group. Ethnic dis-
parities in incidence of stroke subtypes: Auckland Regional Community 
Stroke Study, 2002-2003. Lancet Neurol. 2006;5:130–139.

	 23.	 Kissela BM, Khoury J, Kleindorfer D, Woo D, Schneider A, Alwell K, 
et al. Epidemiology of ischemic stroke in patients with diabetes: the 
greater Cincinnati/Northern Kentucky Stroke Study. Diabetes Care. 
2005;28:355–359.

	 24.	 Benatru I, Rouaud O, Durier J, Contegal F, Couvreur G, Bejot Y, et al. 
Stable stroke incidence rates but improved case-fatality in Dijon, France, 
from 1985 to 2004. Stroke. 2006;37:1674–1679.

	 25.	 Kleindorfer DO, Lindsell C, Broderick J, Flaherty ML, Woo D, Alwell 
K, et al. Impact of socioeconomic status on stroke incidence: a popula-
tion-based study. Ann Neurol. 2006;60:480–484.

	 26.	 Wang Y, Rudd AG, Wolfe CD. Trends and survival between eth-
nic groups after stroke: the South London Stroke Register. Stroke. 
2013;44:380–387.

	 27.	 Jacobs BS, Boden-Albala B, Lin IF, Sacco RL. Stroke in the young in the 
northern Manhattan stroke study. Stroke. 2002;33:2789–2793.

	 28.	 Putaala J, Metso AJ, Metso TM, Konkola N, Kraemer Y, Haapaniemi 
E, et al. Analysis of 1008 consecutive patients aged 15 to 49 with 
first-ever ischemic stroke: the Helsinki young stroke registry. Stroke. 
2009;40:1195–1203.

	 29.	 Flegal KM, Carroll MD, Ogden CL, Curtin LR. Prevalence and trends in 
obesity among US adults, 1999-2008. JAMA. 2010;303:235–241.

	 30.	 Sultan S, Elkind MS. Stroke in young adults: on the rise? Neurology. 
2012;79:1752–1753.

	 31.	 Marshall IJ, Wang Y, McKevitt C, Rudd AG, Wolfe CD. Trends in risk 
factor prevalence and management before first stroke: data from the 
South London Stroke Register 1995-2011. Stroke. 2013;44:1809–1816.

 by guest on August 21, 2015http://stroke.ahajournals.org/Downloaded from 

http://www.ons.gov.uk/ons/publications/re-reference-tables.html?edition=tcm%3A77-257414
http://www.ons.gov.uk/ons/publications/re-reference-tables.html?edition=tcm%3A77-257414
http://stroke.ahajournals.org/


 

SUPPLEMENTAL MATERIAL 

 

Supplemental Table I 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 Supplemental table I: Trends in stroke subtypes between age and ethnic groups 

 

 
Aged 15-54 years Aged 55+ 

 
 

1995-1998 1999-2002  2003-2006  2007-2010  1995-1998 1999-2002 2003-2006 2007-2010 

White Cerebral infarct  49(56.3%)  37(44%)  52(63.4%)  54(75%)
*
  685(72.8%)  533(79.7%)  488(82.9%)  420(83.2%)

**
  

 Intracerebral haemorrhage  13(14.9%)  16(19%)  8(9.8%)  8(11.1%)  109(11.6%)  83(12.4%)  66(11.2%)  41(8.1%)  

 Subarachnoid haemorrhage  22(25.3%)  27(32.1%)  18(22%)  6(8.3%)  24(2.6%)  15(2.2%)  13(2.2%)  6(1.2%)  

 Unclassified/unknown  3(3.4%)  4(4.8%)  4(4.9%)  4(5.6%)  123(13.1%)  38(5.7%)  22(3.7%)  38(7.5%)  

Black Cerebral infarct  17(36.2%)  26(40%)  33(60%)  56(65.9%)
**

  128(75.7%)  119(82.6%)  132(79.5%)  113(80.7%)  

 Intracerebral haemorrhage  14(29.8%)  26(40%)  12(21.8%)  15(17.6%)  24(14.2%)  16(11.1%)  21(12.7%)  16(11.4%)  

 Subarachnoid haemorrhage  15(31.9%)  12(18.5%)  8(14.5%)  5(5.9%)  7(4.1%)  5(3.5%)  7(4.2%)  1(0.7%)  

 Unclassified/unknown  1(2.1%)  1(1.5%)  2(3.6%)  9(10.6%)  10(5.9%)  4(2.8%)  6(3.6%)  10(7.1%)  

Chi-squared test: 
**

 significance at P-value<0.0001; 
*
 significance at P-value=0.0156. 
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