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Prevalence of Angina in Women Versus Men
A Systematic Review and Meta-Analysis of International

Variations Across 31 Countries

Harry Hemingway, FRCP; Claudia Langenberg, MD; Jacqueline Damant, MPhil; Chris Frost, PhD;
Kalevi Pyörälä, MD; Elizabeth Barrett-Connor, MD

Background—In the absence of previous international comparisons, we sought to systematically evaluate, across time and
participant age, the sex ratio in angina prevalence in countries that differ widely in the rate of mortality due to
myocardial infarction.

Methods and Results—We searched MEDLINE and EMBASE until February 2006 for healthy population studies
published in any language that reported the prevalence of angina (Rose questionnaire) in women and men. We obtained
myocardial infarction mortality rates from the World Health Organization. A total of 74 reports of 13 331 angina cases
in women and 11 511 cases in men from 31 countries were included. Angina prevalence varied widely across
populations, from 0.73% to 14.4% (population weighted mean 6.7%) in women and from 0.76% to 15.1% (population
weighted mean 5.7%) in men, and was strongly correlated within populations between the sexes (r�0.80, P�0.0001).
Angina prevalence showed a small female excess with a pooled random-effects sex ratio of 1.20 (95% CI 1.14 to 1.28,
P�0.0001). This female excess was found across countries with widely differing myocardial infarction mortality rates
in women (interquartile range 12.7 to 126.5 per 100 000), was particularly high in the American studies (1.40, 95% CI
1.28 to 1.52), and was higher among nonwhite ethnic groups than among whites. This sex ratio did not differ
significantly by participant’s age, the year the survey began, or the sex ratio for mortality due to myocardial infarction.

Conclusions—Over time and at different ages, independent of diagnostic and treatment practices, women have a similar
or slightly higher prevalence of angina than men across countries with widely differing myocardial infarction mortality
rates. (Circulation. 2008;117:1526-1536.)
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The causes of angina pectoris are poorly understood.
Despite stable angina being a common initial presenta-

tion of coronary disease1 and exerting a major impact on
quality of life,2 ability to work, and costs to society,3 there
have been few large-scale epidemiological investigations and
no meta-analyses of risk factors for angina. The pathological
hallmarks of myocardial infarction (MI)—plaque rupture and
thrombosis—are not shared with angina,4–7 which suggests
that the population causes might differ. The incidence of
acute MI shows a universal excess among males across
countries with widely differing absolute rates of MI mortal-
ity,8,9 and this has been taken as evidence of an inherent
biological cause. By contrast, male sex was not associated
with physician-defined angina occurrence in either a small
(146 cases in women) healthy population study (Framing-
ham)10 or a large (67 832 cases in women) study of primary

care patients.11 Although these physician-defined angina
cases were related to subsequent MI mortality in women, the
lack of male excess could be biased if women with atypical
symptoms were included,12,13 if women sought healthcare
more often than men,12 or if physicians selected nitrates as
a diagnostic test more often for women than for men.
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Thus, it is not known whether male sex is a risk factor for
angina in unselected populations, independent of diagnostic
and treatment practices.14 Addressing this question is funda-
mental both to etiological understanding of the complex
phenotypes aggregated in the term “coronary heart disease”
and to the development of appropriate clinical services, which
have been beset by inequitable underuse of investigation and
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treatment among women.15 The 7-item Rose angina question-
naire16 is largely free of biases due to the diagnostic practices
of physicians and is the only standardized instrument for
assessing typical angina that has been used in different
countries. In women, Rose-determined angina is associated
with coronary risk factors,17 resting ECG abnormalities,17

carotid intima-media thickness,18 and coronary artery calcifi-
cation.19 Women with angina ascertained by use of the Rose
questionnaire have greater cardiovascular20 and coronary21–24

mortality than women without angina, with relative risks
similar to those of men.20–24 Clinical studies suggest that
angina in women is more commonly microvascular in origin
than is the case in men,25 and in the general population,
microvascular disease is associated with increased risk of MI
and coronary death in women but not men.26

We hypothesized that if male sex is a cause of angina, this
would be reflected in its population prevalence across coun-
tries that differ widely in MI mortality rates, risk factors,
cultural factors, and healthcare systems, and it would be
robust across both participant age and study year. In the
absence of any previous studies on this hypothesis, we
performed a meta-analysis according to the standards pro-
posed by the Meta-analysis Of Observational Studies in
Epidemiology (MOOSE) Investigators.27

Methods
Study Eligibility
The review included reports of angina prevalence that used the Rose
angina questionnaire in population-based surveys of women and
men. We included cross-sectional and prospective cohort study
designs and articles in any language; there were no exclusion criteria.

Search of Data Sources
We searched MEDLINE and EMBASE for articles published up to
February 27, 2006, using a search strategy developed with an
experienced librarian. The strategy used search terms (including
MeSH [Medical Subject Headings]) most sensitive for identifying
epidemiological studies of prevalence: “angina pectoris/epidemiolo-
gy [MAJR:NoExp] OR angina [tw] AND prevalence [tw].” We
individually searched on each of the 70 unique countries included in
previous international comparisons of MI in women and men.8,28,29

We hand-searched the bibliography of each eligible study. We
obtained unpublished tabular data for countries with particularly high
(Russia, Poland, and Czech Republic) or particularly low (Japan) MI
mortality rates and obtained data from India and Sri Lanka from
investigators when their surveys had measured but not yet reported
angina prevalence.

Selecting Studies and Data Abstraction
A total of 2068 titles, and abstracts if available, and 136 full-text
papers (25 of which were written in languages other than English)
were reviewed against the eligibility criteria, and 53 unique articles
were included. We excluded 83 full-text papers because they did not
report angina prevalence (n�26 papers), did not use the Rose
questionnaire (n�26), did not report separate estimates for women
and men (n�15), and other reasons. From each article, we abstracted
the following information: definition of angina (classified as “defi-
nite” if cases met all 7 Rose criteria30 [Table 1] or “other” if fewer
than 7 items were used to define a case, or if it was not stated
explicitly), prevalence of angina in women and men, language of
administration (English versus non-English), survey response rate,
country, year the study began, and age range. Where mean age was
not stated, the population weighted mean or midpoint of the range
was derived (in the 14 studies for which both were available, the

mean difference was 1.9 years). The mean age of women and men
was similar in all studies, differing by a mean of 0.11 years. With the
exception of the British-Norwegian Migrant Study,20 all articles
reported estimates within 1 country. Of the 52 articles investigating
a single country, 10 gave more than 1 report according to ethnicity
or geographic region. Because of this and the use of unpublished
data, there were a total of 74 populations (separate reports) from 53
unique articles that contributed data for 31 countries for the present
analyses. Interreader correlation for angina prevalence was high
(reliability coefficient of 0.973 for women and 0.978 for men).

Country-Level Mortality Data
We obtained country- and sex-specific mortality rates for acute MI from
the World Health Organization (WHO) mortality database (http://
www3.who.int/whosis/mort/table1.cfm?path�whosis,mort,mort_
table1 &language�english). Acute MI was defined by the Interna-
tional Classification of Diseases (ICD), 9th revision (ICD-9; code
410) or, when available, the 10th revision (ICD-10; codes I21 and
I22). For the Russian Federation and Switzerland, only the aggre-
gated term “ischemic heart diseases” (ICD-10 I20 to I25) was
available. Masked to angina prevalence, 2 reviewers independently
selected MI mortality rates that were closest in time to the start year
of each survey and that corresponded to the mean age of survey
participants. The interreader agreement between 2 independent
reviewers for acute MI mortality was high, with a reliability
coefficient of 0.978 for women and 0.976 for men. To assess whether
the level of economic development influenced the sex ratio in
angina, we classified each country according to the 6 WHO geo-
graphic regions and according to 5 mortality strata based on
mortality in children younger than 5 years and in males between the
ages of 15 and 59 years31: A, very low child and adult mortality; B,
low child and adult mortality; C, low child and high adult mortality;
D, high child and adult mortality; and E, very high child and adult
mortality.

Statistical Analyses
Prevalence ratios comparing women with men were calculated and
logarithmically transformed for each study. As is standard practice
for ratios, all analyses were performed on these logarithmically
transformed values, with back-transformation for reported results.
Standard errors for each (log) prevalence ratio were calculated.
Pooled (log) prevalence ratios with 95% CIs were calculated with the
STATA (version 9.2) meta-analysis program (Stata Corp, College
Station, Tex; http://www.stata.com), and a forest plot was obtained.
Heterogeneity of effects across studies was assessed by the Cochran
Q statistic. Because this was significant, and to allow for clustering
of data from the same country, a random-effects model was used.
Stratified meta-regression analyses were performed according to
participants’ mean age, start year of the survey, absolute levels of MI
mortality in women (categorized by quartiles), the sex ratio in MI
mortality (quartiles), birth cohorts, WHO region and subregion,
angina definition, language, and response rate of the study. The
statistical significance of differences between estimates in these

Table 1. Angina Questionnaire Items*

1. Have you ever had any pain or discomfort in your chest? (yes)

2. Do you get it when you walk uphill or hurry?

3. Do you get it when you walk at an ordinary pace on the level?

If the answer to question 2 or question 3 is “yes,” then proceed to
question 4:

4. What do you do if you get it while walking? (stop or slow down)

5. If you stand still what happens? (relieved)

6. How soon? (10 minutes or less)

7. Location? (central chest or left arm)

Responses required to define a case.
Taken from Rose et al.30
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Table 2. Angina Prevalence Studies Included in the Meta-Analysis (74 Reports, 31 Countries)

WHO Region Country/Study Author

Year
of

Study
Mean
Age, y

Women Men

Angina, No. of
Cases/Total

No. Surveyed Prevalence*
AMI Mortality

(WHO)†

Angina, No. of
Cases/Total

No. Surveyed Prevalence*
AMI Mortality

(WHO)‡

Subregion AFRO, mortality
stratum D

Ghana/Watkins33 1981 50 44/442 9.9 NA 11/366 3.0 NA

Subregion AFRO, mortality
stratum E

South-Africa/
Rossouw34

1979 40.6 182/3831 4.8 NA 113/3357 3.4 NA

Subregion AMRO, mortality
stratum A

Canada/Reeder35 1990 39.9 45/1093 4.1 2.3 33/1074 3.1 15.7

USA/Ford (white)36 1971 57.0 98/2141 4.6 126.5 87/1929 4.5 409.2

USA/Ford (black)36 1971 57.0 18/328 5.5 126.5 6/292 1.9 409.2

USA/Wilcosky37 1972 54.5 95/2191 4.3 36.1 78/2431 3.2 157.3

USA/Ford (white)36 1976 57.0 272/3357 8.1 126.5 187/3010 6.2 409.2

USA/Ford (black)36 1976 57.0 35/428 8.1 126.5 22/346 6.5 409.2

USA/LaCroix (white)38 1976 52.0 289/4345 6.7 36.1 190/3978 4.8 157.3

USA/LaCroix (black)38 1976 50.3 45/619 7.3 36.1 31/516 6.0 157.3

USA/LaCroix
(Hispanic)38

1976 44.2 83/1533 5.4 7.5 33/1242 2.7 35.4

USA/LaCroix22 1981 73.8 272/5292 5.2 346.6 115/3067 3.8 799.0

USA/Langford
(white)39

1981 49.5 102/1180 8.6 36.1 97/1896 5.1 157.3

USA/Langford
(black)39

1981 49.5 133/1344 9.9 36.1 82/1065 7.7 157.3

USA/Sorlie (white)18 1987 54.5 422/6041 7.3 24.7 275/5418 5.0 90.3

USA/Sorlie (black)18 1987 54.5 169/2625 6.4 24.7 67/1623 4.1 90.3

USA/Ford (white)40 1988 57.0 159/2695 5.9 87.4 156/2889 5.4 231.2

USA/Ford (black)40 1988 57.0 112/1273 8.8 87.4 48/1297 3.7 231.2

USA/Ford (Hispanic)40 1988 57.0 74/1057 7.0 87.4 52/1156 4.5 231.2

USA/Mittelmark41 1989 72.3 37/2946 1.3 242.4 17/2250 0.8 497.1

USA/Smith (white)42 1990 59.1 22/460 4.8 79.9 18/316 5.7 216.4

USA/Smith (black)42 1990 56.0 51/7372 7.0 79.9 21/416 5.0 216.4

Subregion AMRO, mortality
stratum B

Jamaica/Miall43 1962 49.5 51/541 9.4 NA 40/526 7.6 NA

Subregion EMRO, mortality
stratum B

Iran/Sarraf-Zadegan44 1996 50.6 145/3362 4.3 NA 82/2411 3.4 NA

Subregion EURO, mortality
stratum A

Belgium/DeBacquer45 1978 46.1 758/12 637 6.0 20.8 1737/34 731 5.0 111.7

Czech
Republic/Bobak§

2002 57.9 346/4649 7.4 52.1 283/4068 7.0 196.8

Denmark/Hagerup46 1964 50 8/366 2.2 9.0 19/436 4.3 47.8

Denmark/Hagerup46 1976 40 4/548 0.7 1.9 7/5049 1.4 10.6

Denmark/Jensen47 1976 52.3 464/7699 6.0 9.0 404/6491 6.2 47.8

Denmark/Agner48 1967 70 11/210 5.0 222.7 23/230 10.0 522.1

Finland/Reunanen49 1966 44.1 281/5224 5.4 3.1 239/5738 4.2 26.3

(Continued )
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Table 2. Continued

WHO Region Country/Study Author

Year
of

Study
Mean
Age, y

Women Men

Angina, No. of
Cases/Total

No. Surveyed Prevalence*
AMI Mortality

(WHO)†

Angina, No. of
Cases/Total

No. Surveyed Prevalence*
AMI Mortality

(WHO)‡

Finland/Ahto50 1990 76 35/708 4.9 1564.4 44/488 9.0 2479.5

Finland/Lahelma51 2000 50 299/4991 6.0 10.3 50/1252 4.0 64.6

Germany/Todzy52 1975 41.1 116/1207 9.6 21.6 62/898 6.9 131.9

Germany/Helmert53 1984 53.4 907/12 125 7.5 16.5 867/12 093 7.2 100.9

Ireland/Shelley54 1985 47.8 19/396 5.1 36.9 8/415 1.9 167.9

Israel/Librach55 1967 80.7 9/116 7.8 1429.6 1/44 2.3 1872.6

Italy/Krogh56 1978 41.6 134/3433 3.9 3.8 71/3140 2.3 26.4

Italy/Cacciatore57 1991 74.2 103/772 13.4 116.6 54/567 9.6 337.8

Netherlands/
Grobbee58

1990 70.6 337/4878 6.9 239.8 211/3105 6.8 642.9

Norway/Feinleib20 1962 52.1 1322/14 066 9.4 19.4 1040/12 089 8.6 123.3

Spain/Masia59 1995 50.3 35/909 3.9 7.1 25/839 3.0 49.0

Spain/Cosin60 1995 61.5 382/4961 7.7 26.9 386/5287 7.3 130.8

Sweden/Lernfelt61 1971 70 52/524 10 306.8 58/499 13.0 910.1

Sweden/Cederholm62 1981 50.5 17/443 3.9 12.7 21/376 5.7 77.9

Sweden/Glader63 1986 49.8 36/610 5.9 12.7 22/627 3.4 77.9

Sweden/Glader63 1994 49.5 17/607 2.8 10.4 18/580 3.1 49.4

Switzerland/
Gutzwiller64

1977 40.9 137/4148 3.3 1.7� 83/3607 2.3 14.8�

UK/Feinleib20 1962 52.1 1028/9607 10.7 42.1 946/8089 11.7 221.8

England/Nicholson17 1985 45 134/3350 4.0 27.2 164/6830 2.4 151.5

England/Dewhurst65 1988 73.9 13/116 11.2 410.4 15/143 10.5 918.5

England/Harland
(Chinese)66

1991 44.5 8/197 4.1 16.9 6/183 3.2 93.0

England/Harland
(Europid)66

1993 44.5 21/315 6.7 14.1 26/310 3.2 75.3

England/Patel67 1994 47.0 8/184 4.3 12.7 6/192 3.1 65.6

England/Fischbacher
(South-Asian)68

1995 50.1 14/359 3.9 13.1 13/325 4.0 63.1

Scotland/Kitchin69 1970 76 32/272 11.6 1764.4 22/215 10.3 2965.0

Scotland/Hart24 1972 54.4 799/8350 9.6 72.4 671/7057 9.5 300.8

Scotland/Smith23 1984 49.5 445/5236 8.5 55.6 323/5123 6.3 224.0

Scotland/Smith70 1988 64.5 89/796 11.2 670.7 118/796 14.8 1344.5

Subregion EURO, mortality
stratum B

Georgia/Balabadze71 1985 44.5 154/1636 9.4 15.6 111/1371 8.1 96.3

Poland/Bobak§ 2002 52.3 728/5427 13.4 52.3 497/5140 9.7 223.8

Turkey/Onat72 1990 40.7 41/1822 2.3 NA 49/1867 2.6 NA

Subregion EURO, mortality
stratum C

Lithuania/Bluzhas73 1983 49.5 90/2801 3.2 7.0 62/2694 2.3 49.5

Russian
Federation/Bobak§

2002 57.1 359/4735 7.6 361.8� 231/3551 6.5 1236.9�

Subregion SEARO,
mortality stratum B

Sri Lanka/Mohideen§ 2003 47.5 188/3792 4.95 NA 137/3044 4.5 NA

(Continued )
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subgroup analyses was assessed with random-effects meta-
regression models. Global tests of heterogeneity were used to
investigate differences when the source of variability under investi-
gation was unordered, and trend tests were used for ordered sources.
We calculated �-squared, a moment-based estimate of the residual
between-studies variance, as part of the random-effects meta-
regression analysis.32

The authors had full access to the data and take full responsibility
for its integrity. All authors have read and agree to the manuscript as
written.

Results
Individual Study Estimates
We included a total of 74 population samples of 13 331 angina
cases in 199 494 women and 11 511 cases in 201 821 men from
31 countries, 5 countries being English speaking (Table 2) (I.
Nazareth, G. D’Costa, G. Levy, D. Naik, R. Vaidya, M. King,
unpublished data, 2007).17,18,20,22,23,24,33–74,76–80 Mortality es-
timates for acute MI were available for 66 of the 74 studies.
Angina prevalence varied widely, from 0.73% to 14.4%
(population weighted mean 6.7%) in women and from 0.76%
to 15.1% (population weighted mean 5.7%) in men. There
was a strong and significant correlation between female and
male angina prevalence across studies (correlation coefficient
0.80, 95% CI 0.70 to 0.87, P�0.0001; Figure 1). Figure 1
illustrates that most studies lie above the line of equality
between the sexes, which denotes a female excess. There
were significant ecological correlations between study-level
angina prevalence and country-level MI mortality rates in

women (r�0.27, 95% CI 0.03 to 0.48, P�0.03) and men
(r�0.42, 95% CI 0.20 to 0.60, P�0.0005).

Pooled Results From Meta-Analysis
The pooled sex ratio of angina prevalence from the random-
effects model was 1.20 (95% CI 1.14 to 1.28, P�0.0001),
with significant heterogeneity between studies (P�0.0001;
Figure 2); the between-studies variance of the log (prevalence
ratio) was 0.0347, which corresponds to a geometric SD of
1.20 [1.20�exp(square root of 0.0347)] acting in a multipli-
cative fashion. In other words, the average weighted preva-
lence ratio was 1.20, with a geometric SD of 1.21 (exponen-
tiated value of the SD of the log-transformed values). The
British sample in the Norwegian Migrant Study, performed in
1962, was the largest study that differed from the pooled
estimate; 2 of the 3 estimates from India showed a male
excess. The sex ratio in angina was similar in the subset of
studies with complete information on MI mortality rates
(n�66, sex ratio 1.20, 95% CI 1.12 to 1.27).

Meta-Regression of Influence of Country, Study,
and Participant Characteristics on the Sex Ratio
of Angina
Stratified analyses showed that the angina sex ratio did not
differ significantly according to participant’s age (P�0.12),
start year of the survey (P�0.89), the sex ratio in MI
(P�0.09), or birth cohort (P�0.15; Table 3). A female excess
was found across countries with MI mortality rates in women

Table 2. Continued

WHO Region Country/Study Author

Year
of

Study
Mean
Age, y

Women Men

Angina, No. of
Cases/Total

No. Surveyed Prevalence*
AMI Mortality

(WHO)†

Angina, No. of
Cases/Total

No. Surveyed Prevalence*
AMI Mortality

(WHO)‡

Subregion SEARO,
mortality stratum D

India/Gopinath102 1985 40.1 137/7325 1.9 60.5¶ 156/6235 2.5 62.5¶

India/Singh (urban)74 1994 39.9 10/902 1.1 60.5¶ 33/904 3.7 62.5¶

India/Singh (rural)74 1994 39.9 10/875 1.1 28.0# 12/894 1.3 31.0#

India/Nazareth75 2003 52.2 27/930 2.9 60.5¶ 6/626 1.0 62.5¶

Subregion WPRO,
mortality stratum A

Japan/Sekine§ 2005 41.9 13/8284 4.6 1.1 30/598 5.0 6.1

Subregion WPRO-
Mortality Stratum B

Hong Kong/Woo76‡ 1990 79.4 9/101 8.9 484.8 7/96 7.3 628.6

Hong Kong/Lam77‡ 1995 45.5 44/1385 3.2 3.4 33/1348 2.5 17.1

Taiwan/Chen78‡ 1992 76.0 45/2094 2.2 NA 14/1732 0.8 NA

Taiwan/Lin79‡ 2001 79.0 79/547 14.4 NA 229/1513 15.1 NA

AMI indicates acute MI; AFRO, African region; AMRO, Americas region; EMRO, Eastern Mediterranean region; EURO, European region; UK, United Kingdom; SEARO,
Southeast Asian region; and WPRO, Western Pacific region.

*Per 100 in population.
†Per 100 000 in population.
‡Hong Kong and Taiwan are not WHO member states; therefore, geographic region and mortality stratum are based on classification for China.
§Personal communication: 5 reports from 3 investigators.
�Mortality rate for ICD-10 codes I20–I25.
¶Represents midpoint of coronary heart disease mortality range for urban areas.80

#Represents midpoint of coronary heart disease mortality range for rural areas.80
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that ranged from 1 to 1764.4 per 100 000, with some evidence
that the excess declined as MI mortality increased. This
female excess was particularly high among American studies
(1.40, 95% CI 1.28 to 1.52) and was higher among nonwhite
ethnic groups than among whites. Estimates differed accord-
ing to WHO region (P�0.0004), with Southeast Asia (4
studies from India, 1 from Sri Lanka) being the only region
that did not show an overall female excess (sex ratio 0.88,
95% CI 0.56 to 1.38). The female excess effect did not differ
according to definition of angina (P�0.83), questionnaire
language (P�0.10), administration method (P�0.43), or
response rate to survey (P�0.09). In meta-regression analy-
ses of the subset of studies with complete information on all
covariates (n�66), adjustment for all factors mentioned
above reduced the residual variance between studies by 8%,
which indicates that these factors explained only a small
proportion of the heterogeneity between studies.

Discussion
Objective Addressed
In the present meta-analysis, which was based on almost
25 000 angina cases in women and men from 31 countries,
we found that women had a slightly higher prevalence of
stable angina pectoris than men, with a pooled sex ratio of
1.20. The present study adds to current understanding by
demonstrating for the first time that the female excess is

remarkably consistent across countries with widely differing
MI mortality rates, spanning 4 decades of study period and
4 decades of participant age. Such generalizability sug-
gests an inherent biological basis rather than artifactual
explanations. The sex ratio of angina contrasts with the
male excess of MI, is unexplained, and warrants further
study. There have been no previous international compar-
isons focusing on angina in women and men, and as far as
we are aware, this is the first systematic review of any
etiological risk factor for stable angina, as distinct from
aggregate end points of nonfatal MI and coronary death. The
male focus of randomized trials and clinical guidelines in
angina is at odds with the global public health burden and
should be addressed.

Lack of Male Excess
Clinicians have been faced with a paradox, with the male
preponderance of patients who reach coronary angiography
contrasting with individually small reports from epidemio-
logical studies that suggest that male sex may not be a risk
factor for angina in the general population. The contribution
of the present meta-analysis is to provide large-scale evidence
that this lack of male excess in angina prevalence is highly
robust across countries that differ markedly in rates of MI
mortality (interquartile range 12.7 to 126.5 per 100 000 in
women) and in angina prevalence. This contrasts with the

West Germany/ Todzy

Italy/ Cacciatore

USA/ Ford (Hispanic)

Ghana/ Watkins

Ireland/ Shelley
USA/ Ford (Black 1971)

Israel/ Librach

Poland/ Bobak

USA/ Ford (Black)

USA/ Langford (White)

Sweden/ Glader (1986)

USA/ Lacroix (Hispanic)

Sweden/ Lernfelt

Finland/ Ahto
Denmark/ Agner

India/ Singh (Urban)

Scotland/ Smith

r=0.80; p<0.0001

y=x

0
5

10
15

P
re

va
le

nc
e 

(%
) 

W
om

en

0 5 10 15
Prevalence (%) Men

Figure 1. Angina prevalence in women vs men. Labels are given for populations in which the prevalence differs by at least 2.5%
between women and men.

Hemingway et al Is Male Sex a Risk Factor for Angina Pectoris? 1531

 at Stanford University on March 23, 2008 circ.ahajournals.orgDownloaded from 

http://circ.ahajournals.org


male excess in MI that is present and of similar magnitude
among countries with low, medium, and high rates of
coronary death. The countries included in the present review
span widely differing social conditions and smoking, diet,
physical activity, and other health-related behaviors that
influence MI mortality.81 Furthermore, we found a lack of
male excess in angina at all ages, including women before
and after menopause. This suggests that the changes in
hormone, lipid, hemostatic, hemodynamic, and inflammatory
factors9 at the time of the menopause are not important
modifiers of the angina sex ratio. So why, then, do women
have lower rates of MI than men but not of angina? Neither
the observational studies on women’s reproductive history
nor the trials of exogenous estrogens82 have addressed the
development of stable angina, with all such studies focusing

on MI. Further research is required to establish whether risk
factors that are unique to women (eg, cyclic hormones with
menses, pregnancy-associated remodeling of the coronary
arteries, pregnancy-induced hypertension, and gestational
diabetes), that are more common in women (eg, clustering of
risk factors, lower levels of physical exercise, and higher
mean heart rates), or that have stronger effects in women (eg,
diabetes mellitus11,83), as well as their underlying genetic
basis,84 differentially predict angina compared with MI.

Vasculopathy in Women With Angina
Angina in women is associated with myocardial ischemia
through mechanisms that both overlap with and differ from
those in men.25 The prevalence of atherosclerosis in the large
epicardial coronary arteries in unbiased samples of women has

NOTE: Weights are from random effects analysis
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Figure 2. Sex ratios in Rose angina prevalence ([PR] 95% CIs) ordered by study weight and pooled estimate from a random-effects
model. Numbers in parentheses denote patients’ ages or year of study.
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been difficult to study. In a large primary care study (7906
coronary deaths), women with angina were at markedly in-
creased risk of subsequent coronary mortality, even among
women not known to have abnormal angiography findings.11

Intracoronary ultrasound studies of young heart transplant recip-
ients shows a similar prevalence (52%) of intimal thickening in
women and men.85 Studies in heart transplant86 and transsexual87

patients show that large arteries are inherently smaller in women,
independent of body size, and such smaller coronary arteries
may be associated with ischemia at a lower plaque burden.88

Many women with unobstructed coronary arteries have mag-
netic resonance spectroscopy changes consistent with ische-
mia,89 and these are associated with an increased risk of
subsequent coronary events.90 Microvascular disease of the
coronary arteries is more common in women than men and is
associated with anginal symptoms and ischemia.91 Although
some studies have suggested that retinal markers of microvas-
cular disease might be stronger predictors of coronary events in
women than men,26,92,93 this has not been found in other
studies.94,95 Moreover, in the Multi-Ethnic Study of Atheroscle-
rosis (MESA), retinal microvascular abnormalities showed sim-
ilar associations in women and men in concentric left ventricular
remodeling,96 aortic distensibility,97 and coronary artery
calcification.98

Study Strengths and Limitations
A key strength of the present study is the use of a standard
questionnaire to detect typical symptoms of angina pectoris,
which is largely free of the potential underrecognition and
selection biases that might affect angina diagnosed by phy-
sicians.11,12 However, several limitations require consider-
ation. The first limitation is reporting bias. Importantly, the
sex ratio we observed (1.2, small female excess) is identical
to that observed when angina is defined clinically by the
initiation of antianginal therapy in an entire country (Finland;
sex ratio 1.2).11 This strongly suggests that the sex ratio is not
an artifact of reporting on the Rose questionnaire. Second, the
Rose angina questionnaire was originally developed and
validated in men99 in western Europe and the United States;
however, we found that angina prevalence in women was
associated with country-level MI mortality rate, consistent
with the impact of angina on mortality in individual women
in cohort studies.20–24 Misdiagnosis of MI in women might
explain why these associations were stronger in men. The
lack of male excess in angina was found in each of the 31
countries studied, with their attending differences in public
and professional awareness of heart disease in women and
healthcare provision. Such a stable finding supports an
inherent, valid underlying association. Third, the only avail-
able data for meta-analysis concerned prevalent rather than
incident (new) cases. Although women with incident angina
might have a better survival than men, the small size of this
difference cannot account for the lack of male excess in
angina occurrence. Furthermore, the present results are in
accordance with studies of new cases of angina without a
previous history of MI.10,11 Lastly, although we may have
missed data sets, we estimate that 35 larger studies (with the
75th centile in study weight) each reporting the most extreme
observed male excess (sex ratio 0.30) would be required to
change the pooled estimate to 0.77 (the least extreme male
excess in MI mortality). It is unlikely that such a volume of
such extreme data would not have been reported or would
have been reported but not found.

Table 3. Sex Ratio in Angina Prevalence in Specified
Subgroups (Random Effects Models)

Subgroup
No. of

Populations

Crude
Prevalence

Women/Men
Pooled Sex Ratio

(95% CI)

Mean age of participants, y

�45 15 3.8/3.2 1.11 (0.92–1.34)

45–54 33 7.1/5.9 1.27 (1.17–1.38)

55–64 13 8.2/6.7 1.26 (1.12–1.41)

65–74 9 6.2/6.9 1.02 (0.85–1.23)

�75 4 7.1/8.8 0.95 (0.53–1.71)

Ptrend 0.12

Start year of study

Before 1970 7 9.0/8.5 1.04 (0.88–1.22)

1970–1979 17 6.3/5.2 1.25 (1.12–1.38)

1980–1989 21 6.0/4.8 1.34 (1.18–1.52)

1990–1999 20 5.2/4.8 1.06 (0.92–1.23)

2000 or later 8 8.0/7.4 1.19 (1.04–1.37)

Ptrend 0.89

MI mortality rate*

Q1 (1.1–12.7/100 000) 17 4.7/3.8 1.27 (1.09–1.47)

Q2 (13.1–36.1/100 000) 18 7.3/5.7 1.25 (1.16–1.36)

Q3 (36.9–116.6/100 000) 15 8.2/7.4 1.19 (1.02–1.38)

Q4 (126.5–1764.4/100 000) 16 6.2/5.8 1.05 (0.91–1.22)

Ptrend 0.03

Sex ratio MI*

Q1 (0.11–0.18) 17 6.5/5.4 1.28 (1.16–1.42)

Q2 (0.19–0.23) 17 7.1/5.9 1.19 (1.06–1.34)

Q3 (0.23–0.37) 16 8.4/7.1 1.20 (1.09–1.33)

Q4 (0.38–0.97) 16 4.1/3.9 1.06 (0.83–1.36)

Ptrend 0.09

Birth cohort

Before 1920 20 8.2/8.1 1.07 (0.97–1.18)

1920–1929 8 6.4/6.0 1.13 (0.97–1.33)

1930–1939 24 6.3/5.0 1.41 (1.28–1.56)

1940–1949 15 6.0/4.8 1.14 (1.00–1.30)

1950 or later 7 4.6/3.6 1.08 (0.76–1.54)

Ptrend 0.004

WHO region

1–Africa 2 5.3/3.3 2.05 (0.89–4.70)

2–Americas 21 6.2/4.5 1.40 (1.28–1.52)

3–Southeast Asia 5 2.7/2.9 0.88 (0.56–1.38)

4–Europe 40 7.5/6.3 1.13 (1.05–1.21)

5–Eastern Mediterranean 1 4.3/3.4 1.27 (0.97–1.65)

6–Western Pacific 5 4.3/5.9 1.26 (0.87–1.83)

Pinteraction 0.0004

Ethnicity

White 8 6.8/5.3 1.26 (1.10–1.44)

Nonwhite 10 7.2/4.5 1.58 (1.35–1.86)

Pinteraction 0.03

Q1 through Q4 indicate quartiles 1 through 4.
*N�66 reports.
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Clinical Implications
The present finding of the global phenomenon of a female
excess in angina, independent of diagnostic and treatment
practices, has clinical implications for understanding quality
of care in women. First, inequities in management of women
may be underestimates, because studies begin with popula-
tions that are selected by clinical contact rather than because
of the presence of typical anginal symptoms in the general
population. With each step in the presentation, investigation,
and referral cascade, the ratio of women to men declines.
Second, clinical guidelines should consider the population
perspective. Recent guidelines specific to women recommend
investigation among those with typical symptoms,100 but
these and other guidelines are silent on the issue of whether
women with typical symptoms present to a physician and, if
so, whether their physician will label their symptoms as
typical. Women with typical symptoms on Rose question-
naire who are not diagnosed with angina by a doctor have an
increased mortality compared with women with no
symptoms.12,101

Conclusions
Women have a similar or slightly higher prevalence of angina
across countries that differ widely in MI mortality. Under-
standing the dichotomy of why men, who have a universal
excess of fatal MI, do not have an excess of angina presents
an important challenge for further research.
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