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Abstract
Objective To investigate whether there are sex
differences in risk factor management of patients with
established coronary heart disease (CHD), and to assess
demographic variations of any potential sex differences.
Methods Patients with CHD were recruited from
Europe, Asia, and the Middle East between 2012-2013.
Adherence to guideline-recommended treatment and
lifestyle targets was assessed and summarised as a
Cardiovascular Health Index Score (CHIS). Age-adjusted
regression models were used to estimate odds ratios for
women versus men in risk factor management.
Results 10 112 patients (29% women) were included.
Compared with men, women were less likely to achieve
targets for total cholesterol (OR 0.50, 95% CI 0.43 to
0.59), low-density lipoprotein cholesterol (OR 0.57, 95%
CI 0.51 to 0.64), and glucose (OR 0.78, 95% CI 0.70 to
0.87), or to be physically active (OR 0.74, 95% CI 0.68
to 0.81) or non-obese (OR 0.82, 95% CI 0.74 to 0.90).
In contrast, women had better control of blood pressure
(OR 1.31, 95% CI 1.20 to 1.44) and were more likely
to be a non-smoker (OR 1.93, 95% CI 1.67 to 2.22)
than men. Overall, women were less likely than men to
achieve all treatment targets (OR 0.75, 95% CI 0.60
to 0.93) or obtain an adequate CHIS (OR 0.81, 95% CI
0.73 to 0.91), but no significant differences were found
for all lifestyle targets (OR 0.93, 95% CI 0.84 to 1.02).
Sex disparities in reaching treatment targets were smaller
in Europe than in Asia and the Middle East. Women in
Asia were more likely than men to reach lifestyle targets,
with opposing results in Europe and the Middle East.
Conclusions Risk factor management for the secondary
prevention of CHD was generally worse in women
than in men. The magnitude and direction of the sex
differences varied by region.
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Coronary heart disease (CHD) remains one of the
leading causes of death and disability worldwide. In
2015, 16% of all deaths in both men and women
were caused by CHD.1 Individuals with established CHD are at high risk of further events and
require intensive risk factor management.2 Despite
convincing evidence on the major benefits of the
management of modifiable risk factors in subjects
with established CHD, an unacceptably large
proportion of affected individuals do not reach
guideline recommended risk factor targets.3–5
Previous studies in Western populations have
suggested that the control of cardiovascular risk
factors among patients with established CHD is

generally even lower in women than in men.6–8
For example, results from EUROASPIRE III indicated that, despite similar treatment rates, women
were less likely than men to achieve medical target
levels. EUROASPIRE IV largely confirmed these
findings and also reported that sex differences were
primarily seen among individuals with a lower
education level or at older age, suggesting a double
burden among women in these populations. Despite
the growing burden of CHD in non-Western countries, such as those in Asia and the Middle East, it
remains unknown whether sex differences in risk
factor control for the secondary prevention of CHD
also exist across geographically diverse regions.
We therefore used data from the SUrvey of Risk
Factors (SURF) Phase I audit to investigate whether
there are sex differences in the management of
CHD risk factors among patients with established
CHD from three diverse regions.

Methods
Study population

Details of the study protocol and methodology of
SURF have been previously reported.4 5 Between
2012 and 2013, consecutive patients aged ≥18 years
with established CHD (defined as a history of coronary artery bypass graft surgery (CABG), percutaneous coronary intervention (PCI), acute coronary
syndromes (ACS), or stable angina) were recruited
from routine outpatient cardiology clinics in 11
countries across three regions: Europe (Belgium,
Croatia, Denmark, Ireland, Italy, Northern Ireland,
Romania, and Russia); Asia (Taiwan and China);
and the Middle East (Saudi Arabia). Data on demographics, self-reported smoking status, physical
activity, attendance of cardiac rehabilitation, physical and laboratory measurements (ie, body anthropometry, blood pressure (BP), cholesterol, blood
glucose, and glycated haemoglobin (HbA1c)),
and prescription of medications were obtained by
trained research staff using standardised procedures.

Risk factor targets

The Joint European Societies guidelines were used
to assess whether recommended targets for risk
factor management were met.2 9 The BP target
was <140/90 mmHg for patients without diabetes
and <140/80 mmHg for patients with diabetes.
The targets for total cholesterol (TC), low-density
lipoprotein (LDL) cholesterol, and blood glucose
were <3 mmol/L, <1.8 mmol/L, and <7 mmol/L,
respectively. HbA1c was only collected for patients
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men. Women were also more likely than men to be non-smokers;
the OR for being a non-smoker was 1.93 (95% CI 1.67 to 2.22).
Among those with diabetes, there was no significant difference between the sexes in achieving the HbA1c targets (41%
of women vs 43% of men). In contrast, a smaller percentage
of women than men reached the treatment targets for TC (8%
vs 14%), LDL cholesterol (22% vs 33%), and glucose (71% vs.
76%), respectively. After adjustment for age, women had 50%,
43%, 22% lower odds than men of achieving TC, LDL cholesterol, and glucose targets (figure 1). Similarly, women had an 18%
higher odds of being obese, a 26% lower odds of being physically
active, and a 40% lower odds of attending cardiac rehabilitation
than men. Overall, 6% of women and 8% of men reached all
treatment targets and about one-third of men and women met
all lifestyle targets; the ORs were 0.75 (95% CI 0.60 to 0.93)
for all treatment targets and 0.93 (95% CI 0.84 to 1.02) for all
lifestyle targets. Combined, 16% of women and 21% of men had
an adequate CHIS, which corresponded to a 19% lower odds in
women than in men (OR 0.81, 95% CI 0.73 to 0.91) (figure 2).
Findings were similar in the analyses adjusted for major risk
factors (supplementary eFigure 1). Stratification of our analyses
by medication use or CHD disease category did not materially
change the results (supplementary eTable 2).

Statistical analyses

Sex differences by region

Patient characteristics were presented as means (SD) for continuous variables and as percentages for categorical variables,
separately for men and women. Age-adjusted logistic regression analyses were used to obtain odds ratios (OR, 95% CI)
of women versus men for sex associated with individual and
combined risk factor targets. Men thus served as the reference
group. Complete case analyses were conducted. Stratified analyses were performed by region (Europe, Asia, and the Middle
East) and age group (≤65 years and >65 years). Effect modification was assessed by adding an interaction term to the model.
In secondary analyses, we additionally adjusted for BP, smoking
status, TC, HDL cholesterol, and glucose.
To assess the impact of medication use on therapeutic target
achievements, the analyses on the target achievements of BP,
TC and LDL cholesterol, glucose and HbA1c were stratified
by the use of antihypertensive, lipid-lowering, and anti-diabetic
medications, respectively. We also assessed whether the findings
differed between defined CHD category (CABG, PCI, ACS, or
stable angina). All analyses were performed with R version 3.2.2
and all tests were two tailed with statistical significance set at the
5% level.

There was some indication that sex differences in the target
achievements differed between regions (table 1 and figure 3).
In Europe, the odds of achieving treatment targets for TC,
LDL cholesterol, and glucose, respectively, were 34%, 31%, and
14% lower in women than men, compared with a 70%, 47%,
and 30% lower odds for women in Asia, and a 76%, 53%, and
47% lower odds for achieving these targets for women in the
Middle East. Sex differences in achieving all treatment targets
were smallest in Europe and largest in the Middle East. Women
in Asia and the Middle East were considerably more likely than
men to be non-smokers, whereas no significant differences in
smoking rates were observed between sexes in Europe (Asia:
OR 11.5, 95% CI 7.4 to 19.0; Middle East: OR 16.2, 95% CI
6.7 to 53.4; Europe: OR 1.1, 95% CI 0.9 to 1.3). In Asia, women
were more likely to be physically active than men. In contrast,
women in Europe and the Middle East were less physically active
than their male counterparts (figure 3). In Asia, women were
more likely than men to meet all lifestyle targets, but the reverse
was seen in Europe and the Middle East.
In Asia, the odds of having an adequate CHIS was 33% higher
in women than men, compared with a 29% and 49% lower odds
in women than men in Europe and the Middle East, respectively.

Results

Sex differences by age

A total of 10 112 patients, of whom 2958 (29%) were women,
were included. On average, women were 4 years older than
men; more women than men had stable angina but fewer had
CABG. Women more frequently had a history of hypertension
and diabetes (table 1). Prescriptions of antiplatelet and lipid
lowering therapy were less frequent in women than men. The
percentage of data not recorded was broadly similar between the
sexes (supplementary eTable 1).

Achievement of risk factor targets

Control of cardiovascular risk factors was suboptimal in both men
and women for all risk factors examined (figure 1). BP levels were
on target in 45% of women and 38% of men. The corresponding
age-adjusted OR was 1.31 (95% CI 1.20 to 1.44), indicating that
women had a 31% higher odds of meeting the BP target than
1588

The sex differences in achieving treatment targets differed
between those aged ≤65 years and those >65 years for TC,
LDL cholesterol, and glucose, but not for other risk factors
(figure 4). Compared with younger men, younger women were
59% less likely to meet the TC target, 53% less likely to meet the
LDL cholesterol target, and 28% less likely to meet the glucose
target. Corresponding results in those aged >65 years were
42%, 34%, and 18%, respectively. There was no evidence that
women’s lower odds of meeting all treatment targets, all lifestyle targets, or having an adequate CHIS, compared with men,
differed between those aged ≤65 versus >65 years.

Sex differences by age and region

Regional differences in achieving treatment and lifestyle targets varied between younger and older individuals
Zhao M, et al. Heart 2017;103:1587–1594. doi:10.1136/heartjnl-2017-311429
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with diabetes and its target was <7%. While the guideline does
not define targets for high-density lipoprotein (HDL) cholesterol, values >1.0 mmol/L for men and >1.2 mmol/L for women
were regarded as desirable. Obesity was defined as a body mass
index (BMI) ≥30 kg/m2 and central obesity was defined as waist
circumference ≥88 cm for women and ≥102 cm for men.10
Adequate physical activity was defined as moderate or vigorous
physical activity for at least 30 min three or more times a week.
A Cardiovascular Health Index Score (CHIS), adapted from
the ideal Cardiovascular Health Score,11 was used to summarise
overall risk factor management. Since dietary information was
not available, the CHIS included six risk factors: smoking status
(current smoker vs non-smoker (never/ex-smoker)), BMI (obese
vs not), physical activity (adequate vs not), BP (on target vs
not), LDL cholesterol (on target vs not), and HbA1c/glucose (on
target vs not).4 The number of risk factors on target could range
from 0 to 6 and the risk factor profile was considered satisfactory if five or more risk factors were controlled. Additionally,
risk factor control was assessed separately for therapeutic and
lifestyle targets. ‘All treatment targets’ was defined as reaching
targets for BP, LDL cholesterol, and HbA1c/glucose. ‘All lifestyle
targets’ was defined as reaching targets for smoking status, BMI,
and physical activity.
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(supplementary eTable 3). Due to higher smoking prevalence in
younger men, in Asia and the Middle East, sex differences in
smoking rates tended to be larger in those aged ≤65 years than
in those aged >65 years in these regions. In Europe and the
Middle East, sex differences in overall risk factor management,
to women’s disadvantage, were larger among younger than
among older individuals. In Asia, the odds of adequate overall
risk factor management (ie, a good CHIS) was higher among
younger women than younger men, which was largely driven
by better control of lifestyle factors in women. In older women
in Asia, the odds of adequate risk factor management was lower
than in their male counterparts.

Discussion

The present study among over 10 000 individuals with CHD
indicated that, overall, risk factor management for the secondary
prevention of CHD is worse among women than men. However,
the magnitude and direction of the sex differences in the likelihood of meeting guideline-recommended targets varied across
component treatment and lifestyle targets. BP control was
better in women than in men whereas women were less likely
to reach target lipid and glucose levels. Sex differences in risk
factor management also varied across regions, with contrasting
patterns for treatment and lifestyle targets.
Previous studies on sex differences in risk factor management
for the secondary prevention of CHD have also shown that
women, in general, have a worse risk factor profile and are less
likely to meet therapeutic targets than men. The EUROASPIRE
III and IV, two large surveys on the control of cardiovascular
risk factors among coronary patients across Europe, reported
that women were less likely than men to achieve target lipid and
HbA1c levels.6 7 Additionally, EUROASPIRE IV demonstrated
that the largest sex differences were seen among elderly patients
and among those with lower levels of education.6 EUROASPIRE
III reported that BP control was also worse among women than
men, whereas EUROASPIRE IV found similar rates between
sexes.6 7 In the present study, we found that, although BP levels
were higher among women than men, BP control was considerably better in women than in men. Lipid and glucose targets,
however, were less likely to be achieved by women than men.
Sex differences in the availability of evidence-based medications may be responsible for women’s lower likelihood of
achieving treatment targets. While the EUROASPIRE surveys
reported broadly similar treatment rates between sexes,6 7 our
results are consistent with several other studies indicating lower
rates of medication use in women than men.12–16 For instance,
the CRUSADE study, a large national study involving 36 000
coronary patients in the USA, demonstrated that women were
less likely than men to receive aspirin, ACE inhibitors, or statins
at hospital discharge after a cardiac event, even after adjustment
for women’s worse cardiovascular risk profile at admission.17
Moreover, a study among 15 000 coronary patients in the Netherlands found persistent sex differences in the use of lipid-lowering and antithrombotic medications, particularly in younger
patients.13 Others also reported that women were less likely
than men to receive intensive lipid-lowering therapy in order
to achieve their optimal lipid goals.14 16 However, our analyses
stratified by medication use did not alter our main findings on
sex differences of risk factor management; nevertheless, the
prevalence of medication use differs between sexes.
Despite this, as shown in our findings that women with
CHD tended to be older, women’s older age at the diagnosis of
CHD with more comorbidities might also explain their lower
Zhao M, et al. Heart 2017;103:1587–1594. doi:10.1136/heartjnl-2017-311429
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likelihood of receiving pharmacological therapy.18 19 This is
also problematic for younger women when their CHD conditions are often considered less serious, compared with men.18
Consistent with previous evidence,13 the sex differences in

achieving lipid targets in this study were larger among younger
than among older patients, indicating that younger women are
particularly disadvantaged. Furthermore, our findings revealed
differential distribution of CHD category between women and

Figure 2 Age-adjusted sex differences in Cardiovascular Health Index Score (CHIS). The CHIS included six risk factors: smoking status (current
smoker or non-smoker), body mass index (obese or not), physical activity (adequate or not), blood pressure (on target or not), low-density lipoprotein
(LDL) cholesterol (on target or not), and HbA1c/glucose (on target or not). The number of controlled risk factors was summed, ranging from 0 to 6. A
good CHIS was defined as five or more risk factors controlled (CHIS=5 or 6). Odds ratios (95% CI) presented as women versus men; p values are for
interaction between subgroups.
Zhao M, et al. Heart 2017;103:1587–1594. doi:10.1136/heartjnl-2017-311429
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Figure 1 Age-adjusted sex differences in risk factor management. Target blood pressure (BP) was defined as BP <140/90 mmHg in those without
diabetes or <140/80 mmHg in those with diabetes. The target for total cholesterol (TC), low-density lipoprotein (LDL) cholesterol and high-density
lipoprotein (HDL) cholesterol levels were defined as <3 mmol/L, <1.8 mmol/L, and >1.0 mmol/L for men and >1.2 mmol/L for women, respectively.
Target glucose was defined as <7 mmol/L. Information on glycated haemoglobin (HbA1c) was only collected from patients with diabetes and its target
was defined as <7%. Achieving all three medical targets (BP on target, LDL on target, and glucose/HbA1c on target) was defined as ‘All treatment
targets’. Obesity was defined as a body mass index (BMI) ≥30 kg/m2 and central obesity was defined as waist circumference ≥88 cm for women
and ≥102 cm for men. Smoking status was current smoker and non-smoker. Adequate physical activity level was defined as moderate or vigorous
physical activity for at least 30 min three or more times a week. Reaching all three lifestyle targets (non-smoker, adequate physical activities, and nonobesity) was defined as ‘All lifestyle targets’. Odds ratios (95% CI) presented as women versus men.

Cardiac risk factors and prevention

men and fewer female CABG patients were recruited. As such,
women may pay less attention to their CHD risk factor management, resulting in less cardiovascular medication being used and
fewer targets being achieved by women. This is unfortunate as
clinical guidelines recommend, based on evidence from large
randomised controlled trials, the use of preventative medications and a strategy of CHD prevention for all CHD patients,
irrespective of age, sex, or severity of disease.2 20
Most previous studies on sex differences in cardiovascular risk
management have been conducted in Western populations. Our
study not only showed that substantial sex differences in cardiovascular risk management exist in Europe, Asia and the Middle
East, but also indicated that regional variations in the size and

direction of these sex disparities are present. Sex differences in
smoking habits varied most notably across regions; while the
prevalence of smoking was similar between the sexes in Europe,
women in Asia and the Middle East were considerably less likely
to smoke than their male counterparts. In contrast, sex disparities in the achievement of treatment targets were smaller in
Europe than in Asia and the Middle East, especially for lipid
and glucose levels. Lack of knowledge among female patients
about their disease or the necessity of adequate guideline-recommended treatment could contribute to these sex differences
in risk factor management.19 21–24 A survey in the USA found
that only 55% of women were aware that CHD is the leading
cause of death in women and less than half of the women were

Figure 4 Sex differences in treatment targets and lifestyle factor management, stratified by age. Conventions as in figure 1. Odds ratios (95% CI)
presented as women versus men; p values are for interaction between subgroups.
1592
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Figure 3 Age-adjusted sex differences on treatment targets and lifestyle factor management, stratified by region. Conventions as in figure 1. Odds
ratios (95% CI) presented as women versus men; p values are for interaction between subgroups.
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Key messages
What is already known about this subject?
Prior studies in mostly Western populations have suggested a
sex disparity in the management of cardiovascular risk factors
among patients with established coronary heart disease (CHD).
What does this study add?
This study assessed sex differences in risk factor management
for the secondary prevention of CHD across three geographically
diverse regions; Europe, Asia, and the Middle East.
These data show that sex disparities in reaching treatment
targets in Asia and the Middle East were greater than in Europe,
to the detriment of women.
How might this impact on clinical practice?
A better understanding of sex disparities in CHD is needed to
treat women with CHD more efficiently in all regions, especially
in Asia and the Middle East.
Zhao M, et al. Heart 2017;103:1587–1594. doi:10.1136/heartjnl-2017-311429

Conclusion

We observed substantial differences between men and women
in cardiovascular risk factor management for the secondary
prevention of CHD, most often to the detriment of women.
Sex disparities in risk factor management differed across
regions, suggesting the need for tailored strategies to reduce
these inequalities and to improve the uptake of guideline-recommended care for the secondary prevention of CHD in
both men and women.
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