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ABSTRACT

Background: We assessed sex differences in stroke prevalence among individuals of midlife age
(35 to 64 years) in the United States and determined factors predicting stroke.

Methods: Data from 1999 to 2004 (n � 17,061) from the National Health and Nutrition Examina-
tion Survey, a nationally representative sample of US adults, were used to assess sex differences
in stroke prevalence and to identify independent predictors of stroke occurrence among middle-
aged individuals.

Results: Women aged 45 to 54 years had significantly higher odds of having experienced a stroke
vs men of the same age (odds ratio [OR] 2.39, 95% CI 1.32 to 4.32). No other significant midlife
stroke differences between sexes were noted. A higher stroke trend was seen in 45- to 54-year-
old women vs 35- to 44-year-old women (OR 2.13, 95% CI 0.95 to 4.80, p � 0.067), but no
difference was seen in stroke rates in 55- to 64-year-old women vs 45- to 54-year-old women
(OR 1.40, 95% CI 0.6912 to 2.8229, p � 0.352). Independent predictors of stroke in women
aged 45 to 54 years were coronary artery disease (OR 12.790, 95% CI 1.901 to 86.063, p
� 0.009) and waist circumference (OR 1.543, 95% CI 1.002 to 2.376, p � 0.049). Several
vascular risk factors including systolic blood pressure and total cholesterol levels increased
at higher rates among women compared with men in each successively older cohort from 35
to 64 years.

Conclusions: A higher prevalence of stroke may exist among women aged 45 to 54 years com-
pared with similarly aged men. This potential disparity could be due in part to inadequate stroke
risk factor modification in women and is deserving of further study.
Neurology® 2007;69:1898–1904

GLOSSARY
ABPI � ankle–brachial pressure index; CAD � coronary artery disease; DM � diabetes mellitus; NHANES � National Health
and Nutrition Examination Survey.

Although the majority of strokes occur in individuals aged 65 years or older, younger
persons, particularly those in their midlife years (aged 35 to 64 years), are also at risk.1 In
particular, women younger than 65 years harbor unique risk factors for stroke, including
pregnancy, oral contraceptive use, higher prevalence of migraines, and use of hormone
replacement therapy,2 and with recent data suggesting a sex differential in response to
certain stroke prevention therapies,3 further understanding of the sex-specific differences
in the frequency and predictors of stroke among persons at midlife could be important.4

The objective of this study was twofold. The first aim was to assess sex differences in
stroke prevalence rates in the midlife years and to identify potential determinants of these
differences. The second aim was to assess stroke and vascular risk factor rates across
successive decades in the midlife years in both men and women and determine indepen-
dent predictors of stroke.
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METHODS Subjects and methods. The Centers for
Disease Control and Prevention conducted the National
Health and Nutrition Examination Surveys (NHANES) 1999
to 2000, 2001 to 2002, and 2003 to 2004 to estimate the prev-
alence of common chronic conditions and associated risk
factors among a nationally representative sample of the civil-
ian, noninstitutionalized US population. The surveys in-
cluded oversampling of low-income persons, adolescents
aged 12 to 19 years, persons older than age 60 years, African
Americans, and Mexican Americans.

The NHANES detailed interview included demographic,
socioeconomic, dietary, and health-related questions. The
examination component consisted of medical and dental ex-
aminations, physiologic measurements, and laboratory tests.

The study sample included 17,061 subjects, aged 18 years
and older, who participated in the NHANES surveys from
1999 to 2004. During the household interview, participants
were asked whether a physician had ever told them that they
had experienced a stroke; persons who answered in the affir-
mative were defined as having the condition.

Statistical analysis. NHANES data sets were downloaded
from the National Center for Health Statistics Web site
(http://www.cdc.gov/nchs) for the survey years 1999 to 2000,
2001 to 2002, and 2003 to 2004. We analyzed demographic,
clinical, and biomarker data, based on previous literature
depicting major stroke risk factors.5,6 The demographic vari-
ables analyzed included age, sex, race, ethnicity, and educa-
tion. Medical history variables studied included history of
migraine or headache within the 3 months preceding the sur-
vey, history of hypertension, diabetes mellitus (DM), coro-
nary artery disease (CAD), myocardial infarction, smoking,
illicit drug use, and history or current use of hormone re-
placement therapy. NHANES did not specifically ask about
history of TIA; therefore, this variable could not be evalu-
ated. Biomarkers evaluated included body mass index, waist
circumference, systolic blood pressure, ankle–brachial pres-
sure index (ABPI), homocysteine, glycohemoglobin, total
cholesterol, low-density lipoprotein cholesterol, follicle-
stimulating hormone, and luteinizing hormone.

Data analysis was performed in SAS 9.1. A sampling
weight was calculated according to the NHANES Analytic
and Reporting Guidelines.7 The multivariable logistic regres-
sion analysis evaluated predictors of whether the person had
experienced a stroke. The primary reported statistics are the
estimated odds ratios (ORs).

RESULTS Of 17,061 adults surveyed from 1999
to 2004, 15,309 (90%) responded to the interview
question about stroke. Among the respondents,
606 (4%) individuals reported having experienced
a stroke; 51% were men and 49% were women.
Men and women had a similar prevalence of
stroke at age 35 to 44 years, but women aged 45 to
54 years were more than twice as likely to have
had a stroke than men (table 1). At age 55 to 64
years, there was again almost equal sex prevalence
of stroke.Not surprisingly, because increasing age is
a well-established predictor of higher stroke risk,
the highest age groups in both men and women
were significantly more likely to have reported hav-
ing experienced a stroke compared with the lowest
age groups (table 1).

In the 45- to 54-year age group, single stroke
presence predictors in women included increased
waist circumference, higher glycohemoglobin, oc-
currence of severe headache or migraine in the 3
months preceding the survey, and history of hy-
pertension, DM, or CAD (table 2). Stroke predic-
tors in men of this age group included nonwhite
race/non-Hispanic ethnicity, low ABPI, higher
glycohemoglobin, occurrence of severe headache
or migraine in the 3 months preceding the survey,
and history of hypertension, DM, or CAD (table
2). The frequency of stroke in subjects with atrial

Table 1 Comparison of stroke prevalence in men vs women and across age groups 35 to 64 years in NHANES
1999 to 2004

Variable Comparators Odds ratio 95% CI p Value

Age group Women* Men*

35–44 years 1.2% 1.0% 1.2142 0.4715–3.1268 0.6876

45–54 years 2.5% 1.0% 2.3903 1.3205–4.3267 0.0040

55–64 years 3.4% 3.0% 1.1256 0.6218–2.0376 0.6961

Sex Age group Age group

Female 45–54 years 35–44 years 2.1346 0.9491–4.8011 0.0667

Female 55–64 years 45–54 years 1.3969 0.6912–2.8229 0.3518

Female 55–64 years 35–44 years 2.9818 1.3329–6.6704 0.0078

Sex Age group Age group

Male 45–54 years 35–44 years 1.0843 0.4303–2.7322 0.8637

Male 55–64 years 45–54 years 2.9665 1.5407–5.7115 0.0011

Male 55–64 years 35–44 years 3.2165 1.4735–7.0213 0.0034

* Mobile Exam Center weighted percentages.
NHANES � National Health and Nutrition Examination Survey.
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fibrillation was low; no men aged 45 to 54 years
with atrial fibrillation had a stroke, and only two
women aged 45 to 54 years with atrial fibrillation
had a stroke (table 2). Because of the low frequen-
cies of atrial fibrillation and stroke, atrial fibrilla-
tion was not included in the multivariable logistic
regression model. In the sex-specific multivari-
able logistic regression model (after adjustment
for race, ethnicity, waist circumference, average
systolic blood pressure, homocysteine, glycohe-
moglobin, total cholesterol, history of hyperten-
sion, history of DM, history of smoking, and
history of CAD), a history of smoking was the
only independent predictor of stroke in men aged
45 to 54 years to the extent that all stroke victims
had smoked. In women, after multivariable anal-
yses (including all of the aforementioned vari-
ables adjusted for in men, plus any use of
hormone replacement therapy), CAD (OR 12.79,
95% CI 1.901 to 86.063, p � 0.0088) and waist
circumference (OR 1.543 95% CI 1.002 to 2.376,
p � 0.0489) were the only independent predictors
of stroke. History or current use of hormone re-
placement therapy was not a significant predictor
of stroke in 45- to 54-year-old women in bivariate
or multivariable analyses.

We created a separate sex-specific multivari-
able logistic regression model with occurrence of
severe headache or migraine in the preceding 3
months added to the model. This analysis was
conducted separately because although migraine
has been associated with a higher risk of stroke8

as was confirmed in our bivariate analysis, the na-
ture of the NHANES survey question for mi-
graines also included any severe nonspecific
headache, and excluded persons who had not ex-
perienced migraine within the 3 months preceding
the survey. When this migraine variable was in-
cluded in the multivariable analysis for women, it
was an independent predictor of stroke (OR
4.859, 95% CI 1.864 to 12.669, p � 0.0012), with
presence of coronary artery disease still an inde-
pendent stroke predictor (OR 7.062, 95% CI
1.226 to 40.670, p � 0.0287) and greater waist cir-
cumference showing a trend toward higher stroke
risk (OR 1.448, 95% CI 0.981 to 2.137, p �
0.0627). Otherwise, in women, this headache-
inclusive multivariable model was similar to the
main multivariable model. Adding the NHANES
migraine variable to the multivariable analysis for
men did not change the previous results.

Comparison of vascular risk factors over the

Table 2 Bivariate analysis for predictors of stroke in men and women aged 45 to 54 years

Men, n � 1,117 Women, n � 1,155

Variable OR (95% CI) p Value OR (95% CI) p Value

Other race (vs white) 4.503 (1.389–14.597) 0.0121 2.345 (0.949–5.798) 0.0649

Hispanic 2.557 (0.451–14.503) 0.2889 0.542 (0.169–1.739) 0.3034

Waist circumference, � � 15 cm* 1.321 (0.717–2.435) 0.3716 1.564 (1.144–2.138) 0.0051

Average systolic blood pressure, � � 20 mm Hg* 1.369 (0.627–2.987) 0.4302 1.085 (0.660–1.787) 0.7470

Homocysteine, � � 5 �mol/L* 1.160 (0.955–1.409) 0.1341 1.037 (0.711–1.511) 0.8508

Glycohemoglobin, � � 1%* 1.301 (1.082–1.564) 0.0052 1.388 (1.102–1.749) 0.0054

Total cholesterol, � � 40 mg/dL* 0.846 (0.533–1.341) 0.4757 1.574 (0.941–2.634) 0.0840

LDL cholesterol, � � 36 mg/dL* 0.725 (0.489–1.073) 0.1076 1.676 (0.760–3.698) 0.2005

Follicle stimulating hormone, � � 30 IU/L* Not applicable — 0.959 (0.562–1.636) 0.8784

Luteinizing hormone, � � 20 IU/L* Not applicable — 1.074 (0.750–1.538) 0.6974

Recent severe headache or migraine 3.781 (1.255–11.385) 0.0181 3.749 (1.627–8.639) 0.0019

History of atrial fibrillation † — 3.200 (0.490–20.907) 0.2246

History of hypertension 5.728 (1.505–21.803) 0.0105 3.808 (1.591–9.114) 0.0027

History of diabetes 2.842 (1.014–7.965) 0.0469 3.502 (1.161–10.568) 0.0261

History of smoking ‡ — 1.276 (0.595–2.736) 0.5318

History of coronary artery disease 8.966 (1.519–52.939) 0.0155 6.425 (1.348–30.630) 0.0196

History of illicit drug use 0.179 (0.023–1.416) 0.1030 0.845 (0.144–4.951) 0.8521

Hormone replacement treatment Not applicable — 0.976 (0.393–2.425) 0.9584

* Odds ratio (OR) is based on specified change, �, in variable units.
† No subjects with atrial fibrillation had a stroke in this group.
‡ All subjects who had strokes had smoked; therefore, OR is undefined.
LDL � low-density lipoprotein.
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three successive midlife decades showed that
women in each successively older cohort had
worsening in waist circumference, systolic blood
pressure, homocysteine, glycohemoglobin, total
cholesterol and triglyceride levels, and ABPI with
each consecutive decade (table 3). For men, how-
ever, successively older cohorts exhibited worsen-
ing in waist circumference, systolic blood
pressure, homocysteine, and glycohemoglobin
with each subsequent decade (table 3). Certain
traditional vascular risk factors in women in-
creased at a higher rate than the same risk factors
for stroke in men (table 3). For instance, with
each decade, men’s blood pressure increased by
an average of 4 to 5 points, whereas women’s
blood pressure increased by 7 to 10 points, so that
at age 35 to 54 years, men had a significantly
higher blood pressure than women, whereas by
age 55 to 64 years, women had a significantly
higher average blood pressure than men. Simi-
larly, men had significantly higher total choles-
terol levels than women at age 35 to 44 years, but
men’s total cholesterol remained stable, whereas
women’s total cholesterol increased by 10 to 12
points with each decade, so that by age 55 to 64
years, women had a significantly higher total cho-
lesterol level than men. Homocysteine, glycohe-
moglobin, and triglyceride levels also increased at
higher rates in women compared with men with
each successive midlife decade. ABPI, a biomar-
ker of atherosclerosis, also seemed to worsen at a
greater rate in women than men across midlife
decades. Comparison of biomarker risk factors
by successive midlife decade showed that the
steepest increases in premier stroke risk biomark-
ers such as systolic blood pressure and total cho-

lesterol occurred between women aged 35 to 44
years vs women aged 45 to 54 years (table 4).

When comparing historic risk factors for stroke,
men had significantly higher per capita prevalence
rates of CAD than women across all ages except be-
tween 45 and 54 years, where there was no signifi-
cant difference (OR 1.6433, 95% CI 0.7684 to
3.5143) between sexes. Among women, transition-
ing from the 35- to 44-year to the 45- to 54-year age
group resulted in four times the odds of havingCAD
(OR 4.2470, 95%CI 1.466 to 12.30, p � 0.008), and
although there was an increase in CAD prevalence
when transitioning from the 45- to 54-year to the 55-
to 64-year age group, this difference did not reach
significance. Furthermore, comparing the presence
of a history of the premier modifiable risk factor for
stroke, hypertension, in men vs women, there were
no differences between 35 and 44 years, but after age
45 years, men had lower rates of hypertension his-
tory than women (OR 0.7854, 95% CI 0.6310 to
0.9777, p � 0.0306).

DISCUSSION In this nationally representative
cohort, we found that in the years 1999 to 2004,
women aged 45 to 54 years had twice the odds of
having experienced a stroke compared with men
of the same age, and that the transition from ages
35 to 44 years to 45 to 54 years marked the steep-
est increase in stroke prevalence over successive
midlife decades for women. This 6-year study pe-
riod is too short for any conclusions to be drawn
about overall sex-specific secular trends in stroke
in the United States, but longer term observa-
tional data from the Rochester community study
suggest a rising incidence of stroke among women
in their midlife years,9 and a more recent analysis

Table 3 Physiologic stroke risk variable comparisons in men vs women across midlife (35 to 64 years) decades

Age group/Sex Age group/Sex Age group/Sex

35 to 44 years 45 to 54 years 55 to 64 years

Variable Men Women p Value Men Women p Value Men Women p Value

Body mass index, kg/m2 28.2361 28.403 0.5696 28.6298 28.9570 0.3380 28.7233 29.5843 0.0202

Waist circumference, cm 99.2731 92.3403 �0.0001 102.0670 94.9395 �0.0001 104.2316 97.5505 �0.0001

Average SBP, mm Hg 119.9254 113.9440 �0.0001 124.7098 123.5454 0.1767 128.6503 131.9976 0.0082

Left ABPI 1.1697 1.4673 0.0062 1.1666 1.1292 �0.0001 1.1496 1.1099 �0.0001

Right ABPI 1.1653 1.1330 �0.0001 1.1643 1.1209 �0.0001 1.1439 1.0980 �0.0001

Homocysteine, �mol/L 8.9176 7.2259 �0.0001 9.5591 7.9580 �0.0001 9.9227 8.5289 �0.0001

Glycohemoglobin, % 5.3997 5.2765 0.0018 5.6511 5.5240 0.0146 5.8065 5.7548 0.3494

Total cholesterol, mg/dL 208.6748 197.5985 �0.0001 213.40723 209.8612 0.1277 208.7677 219.7549 �0.0001

HDL cholesterol, mg/dL 45.7805 55.6920 �0.0001 45.7156 56.6862 �0.0001 47.2561 58.4132 �0.0001

Triglycerides, mg/dL 178.0621 125.7701 �0.0001 191.5534 135.4046 �0.0001 178.5280 160.3469 0.1952

SBP � systolic blood pressure; ABPI � ankle–brachial pulsatility index; HDL � high-density lipoprotein.
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from another Westernized population study, the
Swedish Hospital Discharge Register, also re-
vealed that among individuals aged 30 to 65 years,
the average stroke incidence increased by 19%
among men and by 33% among women between
1989 and 1991 vs 1998 to 2000, with the largest
increase among those younger than 60 years.10

The midlife sex disparity in stroke prevalence in
the NHANES data would seemmore likely due to
an increased stroke incidence in women, rather
than differential survival of women poststroke.
Stroke outcomes do not seem to be any worse in
men,11 with several studies indicating that women
may actually come off worse.12-16 Furthermore,
our results among middle-aged women alone
(without the male comparisons) point to a sharp
increase in stroke after age 45 years.

It is not immediately clear why there is a grow-
ing sex disparity in stroke prevalence rates among
individuals aged 45 to 54 years, and the cross-
sectional nature of the study may limit any strong
inferences from being drawn at this time. How-
ever, on multivariable analyses, different inde-
pendent predictors of stroke prevalence within
this age range were noted: history of coronary ar-
tery disease and increasing waist circumference
for women vs smoking for men. This sex differ-
ence in stroke predictors may not be surprising
because we observed a steeper rise in several con-
ventional vascular biomarkers over the course of
midlife in women compared with men, with the
biggest changes frequently occurring between 45
and 54 years. For instance, the rise of systolic
blood pressure in women after the age of 35 years,
at twice the rate of men of comparable age, was
striking. Indeed, previous NHANES analyses of
other time periods have shown that systolic blood

pressures and pulse pressures, although higher in
men than in women among persons younger than
45 years, became higher in women compared with
men after age 45 years.17 Furthermore, among just
the women in this study, the steepest rise in sys-
tolic blood pressure over successive midlife de-
cades was seen when women aged 35 to 44 years
were compared with women aged 45 to 54 years.
Because it has previously been shown that the risk
of stroke increases continuously above systolic
blood pressure levels of approximately 115 mm
Hg, with even small increases translating to greater
stroke risk especially in middle-aged subjects (45 to
69 years),18 these blood pressure disparities may be
resulting in deleterious consequences for women in
their midlife.

Abdominal obesity is a known predictor of
stroke in women younger than 60 years,19 and it
has been suggested that women nearing meno-
pause are particularly susceptible to steep in-
creases in waist circumference due to ovarian
aging.20 In addition, estrogen deficiency during
menopause can contribute to the metabolic syn-
drome with a resultant increase in cerebrovascu-
lar disease risk.20-22 Being overweight or obese has
been shown to exert substantially greater morbid-
ity on women compared with men, and interest-
ingly, this sex disparity is most marked from age 45
years.23 As such, it is conceivable that the widening
midlife sex disparity in stroke rates noted in our
study, and those of others,10 may in part reflect the
impact of the growing obesity epidemic,24 which
would likely exert a higher cardiovascular toll on
middle-aged women compared with men.23,25

A history of any migraine or severe nonspecific
headache within 3 months of the NHANES sur-
vey was an independent risk factor for stroke in

Table 4 Physiologic stroke risk variable comparisons in women across midlife (35 to 64 years) decades

Age in years Age in years

Variable 35 to 44 45 to 54 p Value 45 to 54 55 to 64 p Value

Body mass index, kg/m2 28.4031 28.9570 0.1356 28.9570 29.5843 0.1541

Waist circumference, cm 92.3403 94.9395 0.0010 94.9395 97.5505 0.0065

Average SBP, mm Hg 113.9440 123.5454 �0.0001 123.5454 131.9976 �0.0001

Left ABPI 1.1467 1.1292 0.0222 1.1292 1.1099 0.0046

Right ABPI 1.1330 1.1209 0.0955 1.1209 1.0980 0.0006

Homocysteine, �mol/L 7.2259 7.9581 �0.0001 7.9581 8.5289 �0.0001

Glycohemoglobin, % 5.2765 5.5240 �0.0001 5.5240 5.7548 �0.0001

Total cholesterol, mg/dL 197.5985 209.8612 �0.0001 209.8612 219.7549 0.0002

HDL cholesterol, mg/dL 55.6920 56.6862 0.3667 56.6862 58.4132 0.1005

Triglycerides, mg/dL 125.7701 135.4046 0.3121 135.4046 160.3469 0.0007

SBP � systolic blood pressure; ABPI � ankle–brachial pulsatility index; HDL � high-density lipoprotein.
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women aged 45 to 54 years, but not men in addi-
tional multivariable analyses. These results are in
accord with an NHANES study of a different
time period than ours, which showed a nonran-
dom association of both headache and migraine
with stroke, especially among young women.8

However, prospectively collected data have
shown no relationship between overall migraine
and incidence of stroke,26 but a positive associa-
tion between migraineurs with aura aged � 55
years and ischemic stroke.26 Unable to distinguish
migraines from other headache types within this
study, let alone the different types of migraines,
and limited by the headache time cutoff of 3
months, we did not include the NHANES mi-
graine variable in the final multivariable analysis.
Another explanation for the association between
recent nonspecific headache and history of stroke
could be that those who experienced a stroke may
have been more attentive to headaches, leading to
overreporting, particularly because recent educa-
tional campaigns have emphasized this symptom
as a major stroke warning sign.

Despite the preeminence of cardiovascular dis-
ease as the leading killer of women, women seem
generally ill informed about its attendant
risks.27,28 Unfortunately, health care practitioners
also tend to underestimate women’s cardiovascu-
lar disease risk,29 with only a minority of women
achieving national guideline recommended target
biomarker goals and receiving recommended
drug therapy.30 Specific to stroke, even after con-
trolling for explanatory variables in one study,
women with stroke were less likely to receive
standard diagnostic tests vs men.31

Our finding of a relatively low prevalence of
stroke in men aged 45 to 54 years was unexpected,
and we cannot exclude a decreasing stroke inci-
dence among men of this age, or a cardiac sur-
vival bias contributing to our results, where in the
latter situation men with extensive cardiovascular
disease may be dying earlier than age 45 years.
However, the lack of any corresponding recent
national increase in cardiovascular mortality
rates among men aged 35 to 54 years32 would indi-
cate that a cardiac sex survival bias is unlikely to
be a factor. Furthermore, it is conceivable that
men aged 45 to 54 years who had experienced a
stroke were less likely to participate in NHANES
than women aged 45 to 54 years who had experi-
enced a stroke; however, it is unclear why a sex
difference in participation would manifest only
among persons between 45 and 54 years, and not
other age groups. Another interesting and unex-
pected finding in this study was a late midlife

stroke acceleration among men. Men aged 55 to
64 years were three times more likely than men
aged 45 to 54 years to have experienced a stroke.
The reasons behind this precipitous rise in stroke
certainly warrant further investigation.

This study has some other limitations in addi-
tion to those already mentioned. We did not dis-
tinguish hemorrhagic from ischemic strokes, and
unmeasured confounding or the play of chance
could still explain our results. Furthermore,
NHANES has not validated self-reporting of
stroke, but other studies have found self-
reporting of stroke to have a sensitivity ranging
from 80% to 95% and a specificity of 96% to
99%.33,34 Additional study is certainly needed, and
calls for a nationwide, systematic mechanism for
tracking the incidence of heart disease and stroke in
the United States may help facilitate a prompt and
more in-depth understanding of burgeoning public
health issues like the one raised in this study.35

In the meantime, our study suggests a substan-
tial toll of stroke among women aged 45 to 54
years that may be amenable to optimal control of
modifiable vascular risk factors. Prompt and
close attention may need to be paid to the cardio-
vascular health of women in their mid-30s to mid-
50s with a goal of mitigating this burden.
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Sex and stroke
Are they really different in midlife?

Kevin M. Barrett, MD
Bradford B. Worrall,
MD, MSc

Neurology® 2007;69:1894–1895

Whether in social or academic circles, discussing
the differences between men and women is a
fairly easy way to generate lively conversation. In
this issue, Dr. Towfighi and colleagues1 report
provocative findings obtained from the National
Health and Nutrition Examination Surveys
(NHANES). Using results from three consecutive
surveys spanning the years 1999 to 2004, the au-
thors found that women aged 45 to 54 years were
more than twice as likely to have had a stroke
than men of the same age. This midlife surge in
stroke prevalence was paralleled by the observa-
tion that some traditional vascular risk factors,
such as blood pressure and total cholesterol, in-
creased at a greater rate in women than in men
through successive decades between 35 and 64
years. The authors propose that the observed dif-
ference in midlife stroke prevalence may, in part,
be explained by inadequate stroke risk factor
modification in women. Important epidemiologic
findings such as these, if substantiated, have the
potential to impact prevention, detection, and
management of cardiovascular disease and stroke
in both sexes.

Sex differences have been previously recog-
nized in stroke. Similar to women with acute cor-
onary syndromes, there are data to suggest that
women with stroke may present to emergency de-
partments with atypical symptoms more com-
monly than men.2 Women have unique stroke risk
factors that include oral contraceptive use, hor-
mone replacement therapy, and changes in risk
associated with pregnancy. Differential responses
to both acute interventions3 and preventive strat-
egies have been reported,4,5 in addition to sex dif-
ferences in coagulation and fibrinolytic cascades.6

The influence of sex steroids (estrogens and an-
drogens) on the vascular environment, as well as
the unique genetic backgrounds of men and
women, may partly explain these clinical observa-
tions. However, our current knowledge is incom-
plete, and there is room to promote further

understanding. This was recently highlighted by
the identification of research gaps related to the
study of stroke in women by a National Institute
of Neurological Disease and Stroke–sponsored
multidisciplinary working group.7

Perhaps more relevant than the stroke preva-
lence data in the present study are the changes in
vascular risk noted with advancing age. The
NHANES data are noteworthy for changes in
measured blood pressure with age: for men,
blood pressure increased by an average of 4 to 5
mm Hg per decade, and for women, blood pres-
sure increased by an average of 7 to 10 mmHg per
decade. Total cholesterol levels in men remained
relatively stable, but for women a brisk increase
was seen with advancing age. These differences
are difficult to explain. However, the widely held
stereotype that premenopausal women have a fa-
vorable vascular risk profile could result in less
vigilant screening or treatment of vascular risk
factors in midlife. The data do not provide insight
into the potential effects of oral contraceptive use,
but their impact on blood pressure and triglycer-
ide levels cannot be overlooked. By including
younger patients in their analysis, Towfigi and
colleagues have helped shift our attention to this
age group, in which stroke is not uncommon and
of particular consequence to those affected during
their productive working years.

Despite the potential importance of the find-
ings reported here, the results should be inter-
preted with caution. The NHANES dataset is an
important epidemiologic tool, but the cross-
sectional design and use of self-reporting to esti-
mate disease prevalence impose clear limitations
on conclusions drawn from the survey results.
One remarkable feature of the NHANES stroke
prevalence data are the notably low prevalence
among men aged 45 to 54 years. As increasing age
is an established independent predictor of higher
stroke risk,8 the static prevalence of stroke in men
between the decades of 35 to 44 and 45 to 54 is
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unexpected. This apparent plateau across succes-
sive decades in men, coupled with the anticipated
age-related increase through the same decades in
women, largely accounts for the observed sex dif-
ferences in stroke prevalence. It is difficult to
measure the extent to which recall bias (which it-
self may be differentially affected by sex) may
have influenced the results. Misinterpretation of
TIA or mini-stroke by participants when report-
ing stroke could represent an important source of
confounding. Despite these limitations, the re-
sults may offer a preliminary glimpse onto a
changing dynamic in US stroke prevalence, espe-
cially among a population perceived as younger
than the prime age for stroke (�55 years).

Further exploration of the interplay of sex and
age on the distribution and determinants of
stroke occurrence is necessary. It is not inconceiv-
able that ongoing efforts to address cardiovascu-
lar and stroke risk factors could be altering the
epidemiologic landscape. Changes in the rates of
cerebral infarction, with differential rates of de-
cline for men and women, were recently reported
in another North American population.9 At-
tempts to reproduce the findings of Towfighi and
colleagues in a prospective US cohort should be a
priority. Validation of the observations in a
population-based cohort, ideally with clinical or
radiographically confirmed stroke, would add
substantially to our knowledge. If the NHANES
data truly represent an initial glimpse onto a shift-
ing burden of stroke in younger women, then
greater emphasis might be placed on surveillance
and modification of vascular risk factors in pre-
menopausal women. As our current understand-
ing of the influence imparted by sex, age, and
ethnicity on disease occurrence grows, one might
imagine future recommendations for blood pres-
sure goals and management of other vascular risk
factors based on age and sex. Sex differences
could be highlighted and emphasized among our

primary care colleagues, those on the front lines
of primary and secondary stroke prevention. In
light of the current results, we should heed the
admonishment of Towfighi and colleagues to im-
prove risk factor control among women in an at-
tempt to close any gap that may exist for stroke in
men and women. At the same time, these findings
should provide incentive to confirm and further
study the basis of sex differences in stroke
prevalence.
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