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Summary
Background Women undergoing coronary angiography 
(CA) due to chest pain are more likely to present with less 
extensive coronary artery disease (CAD) than men, which 
might be attributed to different effects of cardiovascular 
risk factors on coronary atherogenesis between sexes. 
The aim of the present study was to evaluate sex differ-
ences in independent factors associated with obstructive 
and non-obstructive CAD in a large consecutive cohort 
of patients undergoing elective CA.

Methods Data from 7819 patients (2653 women and 
5184 men), including cardiovascular risk factors, clinical 
presentation, CAD severity and treatment decisions were 
analysed.

Results Women were older than men (65 ± 11 vs. 
63 ± 11 years, p < 0.001); low-density lipoprotein choles-
terol (LDL; 125 ± 38 vs. 122 ± 37  mg/dL, p < 0.001) and 
high-density lipoprotein cholesterol (HDL) cholesterol 
levels (62 ± 18 vs. 51 ± 15  mg/dL, p < 0.001) were higher 
in women; and smokers were more frequently men 

(14.4 vs. 20.1 %, p < 0.001). Men more frequently had an 
obstructive CAD (41.1 vs. 65.6 %, p < 0.001). Multivariable 
analyses revealed age, HDL cholesterol, hypercholester-
olaemia, diabetes mellitus, arterial hypertension and a 
positive family history being associated with obstructive 
CAD in both sexes, whereas smoking was independently 
associated with obstructive CAD only in women. The 
association of hypercholesterolaemia with obstructive 
CAD was stronger in men. For non-obstructive CAD, no 
sex-specific associated factors could be identified.

Conclusion The impact of smoking and hypercho-
lesterolaemia on coronary atherosclerosis is different 
between women and men. This might be taken into 
account when planning individual interventions to 
reduce cardiovascular risk.

Keywords Sex differences  · Coronary artery disease  · 
Cardiovascular risk factors · Chest pain

Geschlechtsunterschiede in mit koronarer 
Herzkrankheit unabhängig assoziierten 
Risikofaktoren

Zusammenfassung
Hintergrund Bei Frauen, die sich aufgrund von Brust-
schmerzen einer Koronarangiographie unterziehen 
müssen, findet sich im Vergleich zu Männern seltener 
eine relevante koronare Herzkrankheit (KHK). Dies 
könnte auf den unterschiedlichen Einfluss kardiovasku-
lärer Risikofaktoren auf die KHK bei Frauen und Män-
nern zurückzuführen sein. Das Ziel der aktuellen Studie 
lag darin, geschlechtsspezifische Unterschiede in unab-
hängig mit signifikanter und nicht-signifikanter KHK 
assoziierten Faktoren in einem großen konsekutiven 
Patientenkollektiv, bei dem eine elektive Koronarangio-
graphie durchgeführt wurde, zu untersuchen.
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Methoden Von 7819 Patienten (n = 2653 Frauen, 
n = 5184 Männer) wurden kardiovaskuläre Risikofakto-
ren, die klinische Präsentation, die Schwere der KHK und 
therapeutische Entscheidungen analysiert.

Resultate Frauen waren älter als Männer (65 ± 11 vs. 
63 ± 11 Jahre, p < 0,001), LDL- (125 ± 38 vs. 122 ± 37  mg/
dL, p < 0,001) und HDL-Cholesterin Werte (62 ± 18 vs. 
51 ± 15  mg/dL, p < 0,001) waren höher bei Frauen, Rau-
chen fand sich häufiger bei Männern (14,4 vs. 20,1 %, 
p < 0,001). Bei Männer wurde häufiger eine signifikante 
KHK diagnostiziert (41,1 vs. 65,6 %, p < 0,001). In multi-
variablen Analysen waren das Alter, das HDL-Choleste-
rin, eine Hypercholesterinämie, ein Diabetes mellitus, 
eine arterielle Hypertonie und eine positive Familien-
anamnese mit dem Vorliegen einer signifikanten KHK 
bei beiden Geschlechtern assoziiert. Rauchen war nur 
bei Frauen unabhängig mit einer signifikanten KHK kor-
reliert. Die Assoziation von Hypercholesterinämie mit 
einer signifikanten KHK war bei Männern stärker aus-
geprägt. Für die nicht-signifikante KHK konnten keine 
Geschlechtsunterschiede in den unabhängig assoziier-
ten Faktoren identifiziert werden.

Schlussfolgerung Der Einfluss von Rauchen und 
Hypercholesterinämie auf eine KHK ist bei Frauen und 
Männern unterschiedlich. Dies könnte zukünftig bei der 
Planung von individuellen Interventionen zur Reduktion 
des kardiovaskulären Risikos berücksichtigt werden.

Schlüsselwörter Geschlechtsunterschiede  · Koronare 
Herzkrankheit  · Kardiovaskuläre Risikofaktoren  · Brust-
schmerzen

Introduction

Women undergoing coronary angiography (CA) due to 
chest pain are more likely to present with less extensive 
coronary artery disease (CAD) than men [1, 2]. Patients 
with evidence of myocardial ischaemia and non-obstruc-
tive CAD are more likely to be women [3]. Compared with 
men, non-obstructive CAD is associated with higher risk 
for future acute coronary syndromes in women [4]. These 
findings might be attributed to different effects of cardio-
vascular risk factors on coronary atherogenesis between 
women and men, probably resulting in different treat-
ment and cardiovascular risk management strategies 
between sexes. The aim of the present analysis was to 
evaluate whether sex differences in independent factors 
associated with obstructive and non-obstructive CAD 
exist in a large consecutive cohort of patients undergoing 
elective (non-acute) CA due to suspected CAD.

Patients, materials and methods

Data from 7819 consecutive elective patients referred to 
our institution (tertiary University Hospital) for CA for the 
evaluation of CAD were collected in a risk factor screen-
ing programme between February 2004 and March 2008. 

All patients routinely gave written informed consent for 
CA, which was performed according to standard Judkins’ 
technique [5]. Patients referred for primary or acute per-
cutaneous coronary intervention (PCI) as well as patients 
prior to planned organ transplantation (liver, kidney 
and lung) and patients with congenital heart disease, 
intended to undergo valve repair/replacement and after 
heart transplantation, were excluded from this analysis.

The study was performed according to the Declaration 
of Helsinki, and the study protocol was approved by the 
ethics committee of Innsbruck Medical University (EC 
number UN3266).

Risk factor assessment

Cardiovascular risk factors were assessed by question-
naire (filled out by the treating physician) and blood 
chemistry. Hypertension was defined as suggested by 
the seventh report of the “Joint National Committee” [6]. 
Diabetes mellitus was defined according to the criteria of 
the American Diabetes Association [7]. A positive fam-
ily history for premature CAD was present when a first-
degree relative suffered a myocardial infarction before 
the age of 55 years (male) or 65 years (female), respec-
tively [8]. Smokers were defined as subjects who had 
smoked regularly within the previous 12 months. Hyper-
cholesterolaemia was defined as being under statin 
therapy or if low-density lipoprotein cholesterol (LDL) 
cholesterol levels were ≥ 130  mg/dL. Total cholesterol, 
LDL, high-density lipoprotein cholesterol (HDL) and tri-
glyceride levels were determined by routine blood chem-
istry as well as C-reactive protein (CRP) concentration 
by immunoturbidimetric assay (Roche Diagnostics). The 
height and weight were obtained to calculate the body 
mass index (BMI).

Medical history

The clinical presentation (stable/unstable angina pec-
toris according to the Canadian Cardiovascular Society 
(CCS) angina classification [9], atypical or no chest pain), 
the former medical history including recent (within 6 
months) or prior (more than 6 months ago) myocardial 
infarctions or any revascularisations (PCI or coronary 
artery bypass grafting (CABG)) and prior valve repair/
replacement and therapeutic decisions (optimal medi-
cal treatment alone, CABG, ad hoc PCI and ad hoc unde-
fined) according to angiographic results were recorded.

Clinical presentation

Stable angina pectoris was defined as chest pain or dis-
comfort that typically occurs with activity or stress—
according to CCS angina class I, II or III.

Unstable angina pectoris was defined as new or 
increasing chest pain or discomfort that also occurs at 
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sion analysis was used to assess the relation between sex 
and the presence of different extents of CAD (obstructive 
and non-obstructive CAD) adjusted for the aforemen-
tioned covariates, thereby estimating odds ratios (OR) 
and the accompanying 95 % confidence interval (CI). To 
test for possible effect modifiers, the interaction terms 
for sex with age, LDL cholesterol, HDL cholesterol, CRP, 
triglycerides, BMI, eGFR, hypercholesterolaemia, dia-
betes mellitus, arterial hypertension and smoking were 
assessed in the models.

In the second step, multivariable logistic regression 
analysis was used separately for women and men, with 
the aforementioned covariates (except sex) to assess the 
relation between these covariates and the extent of CAD. 
Cases with missing data were not included in multivari-
able analyses.

Results

The clinical and demographic characteristics, cardio-
vascular risk factors, angiographic results and treatment 
decisions of the overall study population are displayed 
in Table 1. Sex differences in risk factors were found for 
smoking and a positive family history for premature 
cardiovascular disease. Total, LDL and HDL cholesterol 
levels were higher in women, whereas no sex differences 
were found in CRP levels. Comparisons of the clini-
cal presentation revealed that men more often had no 
angina pectoris and women reported more often atypi-
cal angina. At CA, men more frequently had a significant 
CAD. Hence, the overall PCI rate was higher in men.

Given the sex comparisons in the overall population, 
we separated patients with obstructive CAD from those 
with non-obstructive and non-CAD for further analyses. 
In patients with obstructive CAD, the rate of PCI and opti-
mal medical treatment alone was similar in women and 
men, despite several differences in risk factors or clinical 
presentation (Table 2). The comparisons of clinical and 
demographic characteristics, cardiovascular risk factors, 
angiographic results and treatment decisions in patients 
with non-obstructive and non-CAD are also displayed in 
Table 2.

Obstructive vs. non-CAD

Multivariable analysis revealed that female sex, HDL 
cholesterol, BMI and atypical angina were inversely 
associated with obstructive CAD (Table 3). Age, CRP, the 
presence of hypercholesterolaemia, diabetes mellitus, 
arterial hypertension, smoking, a positive family history 
and unstable angina were found to be positively associ-
ated with obstructive CAD. When analysing women and 
men separately, age, HDL cholesterol, hypercholesterol-
aemia, diabetes mellitus, arterial hypertension, a positive 
family history, and atypical angina were independently 
associated with obstructive CAD in both sexes. Smok-
ing was associated with obstructive CAD in women but 

rest or with less exertion and that could be less respon-
sive to medication—according to CCS angina class IV.

Pain located in a small area of the left chest or pain 
felt outside the chest (e.g. neck and jaw pain), not related 
to physical activity, was assumed to be atypical angina 
pectoris. Furthermore, weakness, fatigue, palpitations, 
nausea or dyspnoea were included in this definition [10].

History of myocardial infarction

Patients being referred for elective CA after conservative 
therapy of ST-elevation myocardial infarction (STEMI) 
or non-ST-elevation myocardial infarction (NSTEMI) 
were defined as recent STEMI and recent NSTEMI. All 
patients with STEMI or NSTEMI in their medical history, 
which was not the current reason for referral to CA, were 
defined as prior myocardial infarction.

Scoring of coronary angiograms

Significant CAD was defined as ≥ 70 % lumen diameter 
reduction of more than one major epicardial coronary 
artery at visual estimation. Coronary angiograms were 
reviewed by an experienced interventional cardiologist 
as it is done in daily clinical practice. Patients were clas-
sified as having single vessel (1-VD), two vessel (2-VD) 
or multivessel (3-VD) disease, as having non-significant 
CAD (defined as lumen irregularities < 70 % lumen diam-
eter reduction) or non-CAD (no lumen irregularities).

Statistical analysis

All analyses were conducted with the use of statisti-
cal software (SPSS® for Windows, version 18 or 19). Data 
are expressed as means ± standard deviations or as fre-
quencies (percentages). Due to the large sample size, 
histograms were used to test for normal distribution. To 
compare categorical variables, chi-square test was used. 
For continuous variables, Student’s t test or Mann–Whit-
ney U test were used as appropriate. A two-sided p-value 
< 0.05 was considered statistically significant. Analyses 
were performed in the overall study population and after 
dividing the overall cohort in three groups: obstructive, 
non-obstructive and non-CAD. We predefined the fol-
lowing covariates that potentially influence the extent of 
CAD: age, female sex, total cholesterol, LDL cholesterol, 
HDL cholesterol, CRP, triglycerides, BMI and estimated 
glomerular filtration rate (eGFR); as dichotomous vari-
able, hypercholesterolaemia, diabetes mellitus, arte-
rial hypertension, smoking, positive family history, 
stable/unstable/atypical angina and prior statin use 
were employed. After bivariate correlation analyses, total 
cholesterol, which was correlated with LDL cholesterol, 
and prior statin use, which was correlated with hyper-
cholesterolaemia, were excluded from multivariable 
analyses. In the first step, multivariable logistic regres-
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Interaction analyses revealed significant interactions 
of sex with smoking status (p = 0.009) and hypercholes-
terolaemia (p = 0.001). A subgroup analysis stratified by 
sex revealed for smoking an increased OR (95 % CI) for 
women (2.18 (1.51–3.14)) and a lower OR for men (1.29 
(0.99–1.68)). ORs for hypercholesterolaemia increases 
for men (2.48 (1.961–3.128)) and decreases for women 
(1.36 (1.029–1.784)). ORs for unstable angina pecto-

not in men. Unstable angina pectoris was independently 
associated with obstructive CAD only in men. For BMI, 
a trend towards a stronger association with obstructive 
CAD in women was found. In contrast, for CRP, a trend 
towards being independently associated with obstructive 
CAD in men was found. However, as for both variables, 
95 % CI were overlapping, no clear sex differences can be 
claimed.

Table 1 Clinical characteristics and risk factors in the total study population and in women vs. men

Total

(n = 7819)

Women

(n = 2635)

Men

(n = 5184)

p (Women vs. men)

Age (years) 64 ± 11 65 ± 11 63 ± 11 < 0.001

Arterial hypertension (%) 78.6 79.2 78.3 0.35

Hypercholesterolaemia (%) 60.7 60.3 60.9 0.57

Smoking (%) 18.1 14.4 20.1 < 0.001

Positive family history (%) 22.5 26.4 20.5 < 0.001

Diabetes mellitus (%) 17.1 17.5 17.0 0.58

Total cholesterol (mg/dL) 193 ± 45 200 ± 45 189 ± 44 < 0.001

LDL cholesterol (mg/dL) 123 ± 38 125 ± 38 122 ± 37 < 0.001

HDL cholesterol (mg/dL) 55 ± 17 62 ± 18 51 ± 15 < 0.001

Trigylcerides (mg/dL) 152 ± 121 135 ± 80 161 ± 135 < 0.001

C-reactive protein (mg/dL) 085 ± 2.1 0.77 ± 1.9 0.89 ± 2.15 0.57

Body mass index (kg/m2) 26.9 ± 4.3 26.6 ± 4.9 27.2 ± 3.9 < 0.001

eGFR (MDRD2) 77.1 ± 23.0 72.7 ± 21.0 79.3 ± 23.6 < 0.001

Clinical presentation

Available data (n) 5961 2034 3927

No angina pectoris (%) 19.6 16.8 21.1 < 0.001

Stable angina (%) 51.9 52.9 51.3

Unstable angina (%) 22.2 22.5 22.1

Atypical angina (%) 6.3 7.8 5.5

History of myocardial infarction

Available data (n) 4597 1469 3128

Recent STEMI (%) 10.1 9.0 10.7 0.08

Recent NSTEMI (%) 14.8 14.6 14.9 0.82

Prior myocardial infarction (%) 15.2 11.0 17.2 < 0.001

Results of CA

1-Vessel disease (%) 24.0 20.3 25.9 < 0.001

2-Vessel disease (%) 16.3 10.4 19.3

3-Vessel disease (%) 17.0 10.4 20.4

Non-obstructive CAD 17.8 20.4 16.4

Non-CAD 24.9 38.5 18.0

Treatment decision

Available data (n) 7667 2588 5097

Optimal medical treatment alone (%) 57.2 67.8 51.8 < 0.001

CABG (%) 7.3 4.3 8.8

Ad hoc undefineda (%) 7.4 7.7 7.3

Ad hoc PCI (%) 28.1 20.2 32.1

LDL low density lipoprotein, HDL high density lipoprotein, eGFR estimated glomerular filtration rate, STEMI ST-elevation myocardial infarction, NSTEMI non-
ST-elevation myocardial infarction, CA coronary angiography, CAD coronary artery disease, CABG coronary artery bypass graft, PCI percutaneous coronary 
intervention
aDecision postponed as further testing is required (e.g. test for viability, contractility reserve or inducible ischaemia) or patient’s request ad hoc uncertain
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Non-obstructive vs. non-CAD

Variables associated with non-obstructive CAD were age, 
hypercholesterolemia, diabetes mellitus, arterial hyper-
tension, smoking and a positive family history (Table 3). 

ris (p = 0.006) increases in men (2.04 (1.47–2.83)) and 
decreases in women (0.98 (0.67–1.43)). The same was 
found for stable angina pectoris (p = 0.013; women: 0.73 
(0.52–1.02); men: 1.25 (0.97–1.62)).

Table 2 Sex-specific clinical characteristics and risk factors in patients with obstructive, non-obstructive and non-CAD

Patients with obstructive CAD Patients with non-obstructive CAD Patients with non-CAD

Women Men p (Women 

vs. men)

Women Men p (Women 

vs. men)

Women Men p (Women 

vs. men)

n 1083 3401 537 851 1015 932

Age (years) 67 ± 10 64 ± 10 < 0.001 68 ± 9 64 ± 10 < 0.001 61 ± 11 57 ± 12 < 0.001

Arterial hypertension (%) 87.8 81.8 < 0.001 82.9 79.2 0.09 68.1 64.5 0.09

Hypercholesterolaemia (%) 62.9 65.0 0.22 63.1 57.2 0.03 56.0 49.7 0.01

Smoking (%) 16.3 20.3 0.004 12.8 19.3 0.002 13.1 20.0 < 0.001

Positive family history (%) 29.4 21.7 < 0.001 27.9 19.0 < 0.001 22.5 17.5 0.01

Diabetes mellitus (%) 24.8 18.7 < 0.001 16.4 19.0 0.21 10.1 8.8 0.31

Total cholesterol (mg/dL) 198 ± 48 188 ± 44 < 0.001 201 ± 43 190 ± 43 < 0.001 202 ± 44 193 ± 44 < 0.001

LDL cholesterol (mg/dL) 125 ± 40 121 ± 38 0.011 125 ± 37 123 ± 37 0.27 126 ± 38 124 ± 34 0.18

HDL cholesterol (mg/dL) 58 ± 16 49 ± 14 < 0.001 62 ± 17 53 ± 17 < 0.001 66 ± 19 55 ± 17 < 0.001

Trigylcerides (mg/dL) 146 ± 92 162 ± 118 < 0.001 139 ± 78 163 ± 136 0.002 122 ± 74 157 ± 185 < 0.001

C-reactive protein (mg/dL) 0.95 ± 2.0 1.01 ± 2.39 0.014 0.66 ± 1.51 0.70 ± 1.51 0.13 0.64 ± 1.94 0.65 ± 1.65 0.15

Body mass index (kg/m2) 26.5 ± 4.8 27.2 ± 3.8 < 0.001 27.0 ± 5.0 27.2 ± 4.1 0.29 26 ± 5 27 ± 4 < 0.01

eGFR (MDRD2) 71.2 ± 22.0 78.2 ± 24.6 < 0.001 70.2 ± 20.7 78.7 ± 21.5 < 0.001 76 ± 20 84 ± 21 < 0.001

Clinical presentation

Available data (n (%) of all 
patients)

850 (78.5) 2632 (77.4) 471 (87.7) 674 (79.2) 713 (70.2) 621 (66.6)

No angina pectoris (%) 15.7 15.1 0.78 13.4 23.1 < 0.001 15.1 25.6 < 0.001

Stable angina (%) 38.7 40.2 0.18 57.3 52.1 0.08 54.4 47.8 0.02

Unstable angina (%) 21.4 19.5 0.22 20.8 17.5 0.16 18.0 13.8 0.04

Atypical angina (%) 2.7 2.6 0.88 8.5 7.3 0.45 12.5 12.7 0.90

History of myocardial infarction

Available data (n) 730 2238 308 491 431 (42.5) 399 (42.8)

Recent STEMI (%) 15.8 14.3 0.32 2.9 1.8 0.31 1.9 1.5 0.69

Recent NSTEMI (%) 21.5 18.1 0.04 9.4 7.5 0.35 6.7 5.8 0.57

Prior myocardial infarction (%) 16.8 21.0 0.01 8.1 12.2 0.07 3.0 2.0 0.35

Results of CA

1-Vessel disease (%) 49.4 39.5 < 0.001

2-Vessel disease (%) 25.3 29.4

3-Vessel disease (%) 25.3 31.1

Treatment decision

Available data (n (%) of all 
patients)

1062 (98.1) 3346 (98.4) 532 (99.1) 839 (98.6) 994 (97.9) 894 (95.9)

Optimal medical treatment 
alone (%)

33.7 31.2 0.13 94.2 93.6 0.65 90.0 89.8 0.87

CABG (%) 10.4 13.4 0.01 0 0 0 0

Ad hoc undefineda (%) 6.7 6.8 0.91 5.8 6.4 0.76 10.0 10.2 0.87

Ad hoc PCI (%) 49.2 48.6 0.72 0 0 0 0

LDL low density lipoprotein, HDL high density lipoprotein, eGFR estimated glomerular filtration rate, STEMI ST-elevation myocardial infarction, NSTEMI non-
ST-elevation myocardial infarction, CA coronary angiography, CAD coronary artery disease, CABG coronary artery bypass graft, PCI percutaneous coronary 
intervention
aDecision postponed as further testing is required (e.g. test for viability, contractility reserve or inducible ischaemia) or patient’s request ad hoc uncertain
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between sexes, no clear sex-specific factors associated 
with non-obstructive CAD could be determined.

Discussion

The present analyses of a prospective single-centre reg-
istry including almost 8000 patients referred for elec-
tive non-acute CA revealed intriguing sex differences in 
factors independently associated with obstructive CAD. 
For non-obstructive CAD, no distinct sex-specific factors 
could be determined.

The only negatively associated factors were female sex and 
HDL cholesterol. Analysing sex-specific factors associated 
with non-obstructive CAD revealed following differences: 
in women, age, arterial hypertension, hypercholesterolae-
mia, smoking and a positive family history were associated 
with increased risk of non-obstructive vs. non-CAD; high 
HDL cholesterol levels were associated with decreased 
risk. In men, age and the presence of diabetes, hyper-
cholesterolaemia and hypertension were associated with 
non-obstructive CAD. However, as interaction analyses 
revealed no statistically significant effect modifiers for sex 
and the 95 % CI of all of these variables were overlapping 

Table 3 Multivariable analyses evaluating independent factors associated with obstructive vs. non-CAD and non-obstructive 
vs. non-CAD in overall patients, in women and men

Overall patients (n = 5345) Women (n = 1813) Men (n = 3532)

OR (95 %CI) p OR (95 %CI) p OR (95 %CI) p

Obstructive vs. non-CAD

Age (per year) 1.07 (1.06–1.07) < 0.001 1.06 (1.05–1.08) < 0.001 1.07 (1.05–1.08) < 0.001

Female sex 0.25 (0.21–0.29) < 0.001

LDL-cholesterol (per mg/dL) 0.99 (0.97–1.0) 0.28 1.0 (1.0–1.0) 0.86 1.0 (1.0–1.0) 0.3

HDL-cholesterol (per mg/dL) 0.98 (0.97–0.98) < 0.001 0.98 (0.97–0.99) < 0.001 0.97 (0.97–0.98) < 0.001

C-reactive protein (per mg/dL) 1.08 (1.01–1.15) 0.03 0.99 (0.91–1.08) 0.87 1.19 (1.06–1.32) < 0.01

Triglycerides (per mg/dL) 1.0 (1.0–1.0) 0.41 1.0 (1.0–1.0) 0.14 1.0 (1.0–1.0) 0.99

Body-mass index (per kg/m2) 0.97 (0.96–0.99) < 0.01 0.96 (0.94–0.99) 0.002 0.99 (0.96–1.01) 0.26

eGFR (per mL/min/1.73m2) 1.0 (0.99–1.0) 0.35 1.0 (0.99–1.0) 0.84 1.0 (0.99–1.0) 0.16

Hypercholesterolaemia (yes vs. no) 1.96 (1.64–2.33) < 0.001 1.36 (1.03–1.78) 0.03 2.48 (1.96–3.22) < 0.001

Diabetes mellitus (yes vs. no) 1.87 (1.49–2.35) < 0.001 2.0 (1.45–2.77) < 0.001 1.92 (1.38–2.67) < 0.001

Arterial hypertension (yes vs. no) 2.07 (1.72–2.49) < 0.001 2.5 (1.81–3.46) < 0.001 1.99 (1.5–2.4) < 0.001

Smoking (yes vs. no) 1.55 (1.26–1.92) < 0.001 2.18 (1.51–3.14) < 0.001 1.29 (0.99–1.68) 0.06

Positive family history (yes vs. no) 1.46 (1.22–1.74) < 0.001 1.48 (1.14–1.91) 0.003 1.42 (1.11–1.82) 0.01

Atypical angina vs. no angina 0.34 (0.24–0.47) < 0.001 0.23 (0.14–0.4) < 0.001 0.4 (.27–0.61) < 0.001

Unstable angina vs. no angina 1.51 (1.19–1.94) 0.001 0.98 (0.67–1.43) 0.92 2.04 (1.47–2.83) < 0.001

Stable angina vs. no angina 1.04 (0.85–1.27) 0.7 0.73 (0.52–1.02) 0.06 1.25 (0.97–1.62) 0.09

Non-obstructive vs. non-CAD

Age (per year) 1.06 (1.05–1.07) < 0.001 1.06 (1.05–1.08) < 0.001 1.05 (1.04–1.06) < 0.001

Female sex 0.52 (0.43–0.63) < 0.001

LDL-cholesterol (per mg/dL) 1.0 (0.98–1.0) 0.7 1.0 (1.0–1.0) 0.42 1.0 (1.0–1.0) 0.99

HDL-cholesterol (per mg/dL) 0.99 (0.98–1.0) < 0.001 0.99 (0.98–0.99) 0.001 0.99 (0.99–1.0) 0.16

C-reactive protein (per mg/dL) 0.98 (0.9–1.07) 0.71 0.9 (0.79–1.03) 0.12 1.09 (0.96–1.24) 0.2

Triglycerides (per mg/dL) 1.0 (1.0–1.0) 0.08 1.0 (1.0–1.0) 0.14 1.0 (1.0–1.0) 0.3

Body-mass index (per kg/m2) 0.99 (0.97–1.01) 0.50 1.0 (0.97–1.0) 0.7 1.0 (0.96–1.03) 0.75

eGFR (per mL/min/1.73m2) 0.99 (0.99–1.0) 0.32 1.0 (0.99–1.0) 0.74 1.0 (0.99–1.0) 0.28

Hypercholesterolaemia (yes vs. no) 1.4 (1.14–1.72) 0.001 1.36 (1.0–1.85) 0.05 1.54 (1.17–2.03) < 0.01

Diabetes mellitus (yes vs. no) 1.61 (1.24–2.08) < 0.001 1.29 (0.89–1.87) 0.19 1.95 (1.34–2.83) < 0.001

Arterial hypertension (yes vs. no) 1.64 (1.31–2.04) < 0.001 1.42 (1.01–2.0) 0.04 1.76 (1.32–2.36) < 0.001

Smoking (yes vs. no) 1.49 (1.16–1.92) 0.002 1.81 (1.2–2.74) 0.01 1.3 (0.95–1.79) 0.1

Positive family history (yes vs. no) 1.29 (1.05–1.58) 0.02 1.33 (1.0–1.78) 0.05 1.24 (0.92–1.67) 0.16

Atypical angina vs. no angina 0.71 (0.50–1.0) 0.05 0.79 (0.46–1.36) 0.4 0.71 (0.44–1.13) 0.71

Unstable angina vs. no angina 1.14 (0.86–1.53) 0.37 1.1 (0.70–1.75) 0.67 1.33 (0.9–1.97) 0.16

Stable angina vs. no angina 1.05 (0.83–1.34) 0.68 1.2 (0.81–1.88) 0.38 1.05 (0.77–1.42) 0.78

CI confidence interval, LDL low density lipoprotein, HDL high density lipoprotein, eGFR estimated glomerular filtration rate, CAD coronary artery disease, OR odds 
ratios
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tive and non-CAD, the present analyses confirmed our 
previous results that CRP might be strongly associated 
with obstructive CAD in men than in women. Although 
some data suggest that in patients with a high risk for 
cardiovascular disease, CRP seems to be more predictive 
for coronary artery calcium in women [30, 31], our data 
indicate that in consecutive patients who are referred for 
elective CA, CRP seems to be strongly associated with 
obstructive CAD in men.

Atypical angina pectoris was associated with a lower 
risk of obstructive CAD in both sexes, suggesting that 
symptoms considered being “atypical” often do not have 
a cardiac origin in women and men. The presence of 
stable angina was not associated with obstructive CAD in 
both sexes, whereas unstable angina was strongly associ-
ated with obstructive CAD in men but not in women. A 
possible explanation for this finding might be that women 
often report chest pain differently compared with men 
[32, 33], and especially in patients with an acute coronary 
syndrome, physicians consider chest pain being typical 
less frequently in women [34].

Studies have repeatedly reported that PCI and CABG 
rates are higher in men than in women [35, 36]. In our 
overall study cohort, we also found a higher PCI rate in 
men and accordingly a higher isolated medical treatment 
rate in women. This sex difference can be explained by 
the higher presence of significant 1-, 2- or 3-VD in men. 
When analysing only patients with significant CAD, no sex 
differences in the rate of PCI respectively optimal medi-
cal treatment alone remained. This was also described by 
Ghali et al. [37], who found that sex differences in the rates 
of revascularisation disappeared once demographic and 
especially clinical characteristics are taken into account. 
In our analyses, men with significant CAD were more 
often referred for CABG than women with significant CAD. 
Reasons commonly given for lower CABG rates in women 
include higher comorbidity and smaller coronary arteries 
[38], facts that may reflect greater technical challenges and 
increase the potential for incomplete revascularisation.

Study limitations

The present study has all the limitations inherent to reg-
istries while reflecting the real-world setting of elective 
patients referred for CA [39]. Furthermore, as all patients 
were referred for invasive evaluation of CAD, a referral 
bias may be present. Therefore, our results cannot be 
extrapolated to the general population.

Conclusion

In patients referred for non-acute CA, smoking was 
strongly associated with obstructive CAD in women than 
in men, whereas hypercholesterolaemia was strongly 
associated with obstructive CAD in men. For non-
obstructive CAD, no distinct sex differences in associated 
risk factors were observed. These findings might be taken 

Analysing the overall study cohort, no unexpected 
sex differences in risk factor profile were observed: as 
described before, women were older [11, 12], men were 
more often smokers and the prevalence of hyperlipidae-
mia and diabetes mellitus was similar between sexes 
[11, 13, 14]. However, in patients with obstructive CAD, 
diabetes mellitus and arterial hypertension were more 
prevalent in women. This findings are in accordance with 
results recently published by the ProspeCtive observa-
tional LongitudinAl RegIstry oF patients with stable cor-
onary arterY disease (CLARIFY) investigators [15]. The 
aforementioned cardiovascular risk factors remained 
independently associated with obstructive CAD in both 
women and men. In patients with non-obstructive CAD, 
arterial hypertension remained independently asso-
ciated with CAD in both sexes, whereas diabetes was 
associated with non-obstructive CAD only in men. Inter-
estingly, although more men than women were smok-
ing, this risk factor was more strongly associated with 
obstructive CAD in women, supporting earlier findings 
that women might be more sensitive to the damaging 
effects of smoking [16]. As recent analyses revealed that 
in some European countries, the smoking prevalence 
between adolescent boys and girls were about the same 
[17, 18], or even higher in girls [19], one might expect an 
increase in the prevalence of CAD in women.

The comparison of lipid levels between sexes revealed 
higher total, LDL and HDL cholesterol but lower triglycer-
ide concentrations in women in all analysed subgroups. 
As population studies reported higher cholesterol levels 
in men until the fifth decade, with women having higher 
concentrations at later stages of life [20], this differences 
in cholesterol levels might be partially attributed to the 
older age of women. In multivariable analyses, the pres-
ence of hypercholesterolaemia was strongly associated 
with obstructive CAD in men than in women. In accor-
dance with a recent meta-analyses revealing that lipid-
lowering therapy with statins reduces the risk of coronary 
heart disease events in men but not in women [21], our 
study results emphasise a strict lipid-lowering strategy 
for CAD prevention especially in men.

Among a myriad of inflammatory markers [22–24], CRP 
has been extensively studied in atherogenesis. CRP has 
been shown to be an independent predictor of cardiovas-
cular events in both women and men [25, 26]. Its associa-
tion with the prevalence of CAD in stable patients is less 
well investigated and obvious [27]. In our study, higher 
serum CRP levels were found in men than in women with 
obstructive CAD, whereas in the overall as well as in the 
subgroup with non-obstructive or non-CAD, CRP levels 
were comparable between sexes. In women with chronic 
stable angina, higher CRP levels were reported compared 
with men [28, 29]. However, as we also included patients 
with unstable angina and even prior or previous myo-
cardial infarctions, results are not directly comparable. 
We recently demonstrated in a large cohort of more than 
5000 patients undergoing CA that CRP was indepen-
dently associated with the presence of CAD only in men 
but not in women [27]. Comparing patients with obstruc-
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15. Ferrari R, Abergel H, Ford I, et al. Gender- and age-related 
differences in clinical presentation and management of 
outpatients with stable coronary artery disease. Int J Car-
diol. 2012;167:2938–43.

16. Prescott E, Osler M, Andersen PK, et al. Mortality in 
women and men in relation to smoking. Int J Epidemiol. 
1998;27(1):27–32.

17. Warren CW, Jones NR, Peruga A, et al. Global youth 
tobacco surveillance, 2000–2007. MMWR Surveill Summ. 
2008;57(1):1–28.

18. Global Youth Tabacco Survey Collaborative Group. 
Tobacco use among youth: a cross country comparison. 
Tob Control. 2002;11(3):252–70.

19. Currie C, Zanotti C, Morgan A, et al. Social determinants of 
health and well-being among young people. Health Behav-
iour in School-aged Children (HBSC) study: international 
report from the 2009/2010 survey, WHO Regional Office 
for Europe, Copenhagen. Health Policy Child Adolesc 
2012;6:141–147.

20. Shaw LJ, Bairey Merz CN, Pepine CJ, et al. Insights from 
the NHLBI-sponsored Women’s Ischemia Syndrome 
Evaluation (WISE) study: part I: gender differences in tra-
ditional and novel risk factors, symptom evaluation, and 
gender-optimized diagnostic strategies. J Am Coll Cardiol. 
2006;47(3 Suppl.):S4–20.

21. Petretta M, Costanzo P, Perrone-Filardi P, et al. Impact 
of gender in primary prevention of coronary heart dis-
ease with statin therapy: a meta-analysis. Int J Cardiol. 
2010;138(1):25–31.

22. Alber HF, Frick M, Suessenbacher A, et al. Effect of atorvas-
tatin on circulating proinflammatory T-lymphocyte subsets 
and soluble CD40 ligand in patients with stable coronary 
artery disease—a randomized, placebo-controlled study. 
Am Heart J. 2006;151(1):139.

23. Alber HF, Duftner C, Wanitschek M, et al. Neopterin, CD4+ 
CD28− lymphocytes and the extent and severity of coro-
nary artery disease. Int J Cardiol. 2009;135(1):27–35.

24. Alber HF, Wanitschek M, Duftner C, et al. Neopterin: 
marker of coronary artery disease activity, severity and/or 
extent in patients with clinically stable angina? Int J Car-
diol. 2010;144(1):75–6.

25. Ridker PM, Hennekens CH, Buring JE, et al. C-reactive 
protein and other markers of inflammation in the predic-
tion of cardiovascular disease in women. N Engl J Med. 
2000;342(12):836–43.

26. Ballantyne CM, Hoogeveen RC, Bang H, et al. Lipo-
protein-associated phospholipase A2, high-sensitivity 
C-reactive protein, and risk for incident coronary heart 
disease in middle-aged men and women in the Athero-
sclerosis Risk in Communities (ARIC) study. Circulation. 
2004;109(7):837–42.

27. Alber HF, Wanitschek MM, de Waha S, et al. High-density 
lipoprotein cholesterol, C-reactive protein, and prevalence 
and severity of coronary artery disease in 5641 consecu-
tive patients undergoing coronary angiography. Eur J Clin 
Invest. 2008;38(6):372–80.

28. Khor LL, Muhlestein JB, Carlquist JF, et al. Sex- and age-
related differences in the prognostic value of C-reactive 
protein in patients with angiographic coronary artery dis-
ease. Am J Med. 2004;117(9):657–64.

29. Garcia-Moll X, Zouridakis E, Cole D, et al. C-reactive pro-
tein in patients with chronic stable angina: differences in 
baseline serum concentration between women and men. 
Eur Heart J. 2000;21(19):1598–606.

30. Qasim AN, Budharaju V, Mehta NN, et al. Gender differ-
ences in the association of C-reactive protein with coronary 
artery calcium in type-2 diabetes. Clin Endocrinol (Oxf ). 
2010;74(1):44–50.

into account when planning individual interventions 
to reduce cardiovascular risk. Sex differences in thera-
peutic decisions met in the catheterisation laboratory 
in patients with obstructive CAD seem to be eliminated 
today.

Acknowledgement
Prof. Hanno Ulmer, head of the Department of Medical 
Statistics, Informatics and Health Economics, Innsbruck 
Medical University, assisted in statistical analyses.

Conflict of interest
All authors declare that they have no conflict of interest.

References

 1. Mancini GB, Bates ER, Maron DJ, et al. Quantitative results 
of baseline angiography and percutaneous coronary inter-
vention in the COURAGE trial. Circ Cardiovasc Qual Out-
comes. 2009;2(4):320–7.

 2. Jong P, Mohammed S, Sternberg L. Sex differences in the 
features of coronary artery disease of patients undergoing 
coronary angiography. Can J Cardiol. 1996;12(7):671–7.

 3. Bugiardini R, Bairey Merz CN. Angina with “nor-
mal” coronary arteries: a changing philosophy. JAMA. 
2005;293(4):477–84.

 4. Humphries KH, Pu A, Gao M, et al. Angina with “normal” 
coronary arteries: sex differences in outcomes. Am Heart J. 
2008;155(2):375–81.

 5. Judkins MP. Selective coronary arteriography. I. A percuta-
neous transfemoral technic. Radiology. 1967;89(5):815–24.

 6. Chobanian AV, Bakris GL, Black HR, et al. Seventh report 
of the Joint National Committee on prevention, detection, 
evaluation, and treatment of high blood pressure. Hyper-
tension. 2003;42(6):1206–52.

 7. Expert Committee on the Diagnosis and Classification of 
Diabetes Mellitus. Report of the expert committee on the 
diagnosis and classification of diabetes mellitus. Diabetes 
Care. 2003;26(Suppl. 1):S5–20.

 8. Expert Panel on Detection, Evaluation, and Treatment of 
High Blood Cholesterol in Adults. Executive summary of 
the Third Report of The National Cholesterol Education 
Program (NCEP) Expert Panel on Detection, Evaluation, 
and Treatment of High Blood Cholesterol in Adults (Adult 
Treatment Panel III). JAMA. 2001;285(19):2486–97.

 9. Campeau L. The Canadian Cardiovascular Society grading 
of angina pectoris revisited 30 years later. Can J Cardiol. 
2002;18(4):371–9.

10. Chiamvimonvat V, Sternberg L. Coronary artery disease in 
women. Can Fam Physician. 1998;44:2709–17.

11. Daly C, Clemens F, Lopez Sendon JL, et al. Gender differ-
ences in the management and clinical outcome of stable 
angina. Circulation. 2006;113(4):490–8.

12. Shaw LJ, Shaw RE, Merz CN, et al. Impact of ethnicity and 
gender differences on angiographic coronary artery dis-
ease prevalence and in-hospital mortality in the American 
College of Cardiology-National Cardiovascular Data Regis-
try. Circulation. 2008;117(14):1787–801.

13. Kreatsoulas C, Natarajan MK, Khatun R, et al. Identifying 
women with severe angiographic coronary disease. J Intern 
Med. 2009;268(1):66–74.

14. Anand SS, Islam S, Rosengren A, et al. Risk factors for myo-
cardial infarction in women and men: insights from the 
INTERHEART study. Eur Heart J. 2008;29(7):932–40.



original article

726  Sex differences in independent factors associated with coronary artery disease 1 3

36. Petticrew M, McKee M, Jones J. Coronary artery surgery: are 
women discriminated against? BMJ. 1993;306(6886):1164–6.

37. Ghali WA, Faris PD, Galbraith PD, et al. Sex differences in 
access to coronary revascularization after cardiac catheter-
ization: importance of detailed clinical data. Ann Intern 
Med. 2002;136(10):723–32.

38. Guru V, Fremes SE, Tu JV. Time-related mortality for women 
after coronary artery bypass graft surgery: a population-
based study. J Thorac Cardiovasc Surg. 2004;127(4):1158–65.

39. Gitt AK, Bueno H, Danchin N, et al. The role of car-
diac registries in evidence-based medicine. Eur Heart J. 
2010;31(5):525–9.

31. Lakoski SG, Cushman M, Blumenthal RS, et al. Implica-
tions of C-reactive protein or coronary artery calcium score 
as an adjunct to global risk assessment for primary preven-
tion of CHD. Atherosclerosis. 2007;193(2):401–7.

32. Granot M, Goldstein-Ferber S, Azzam ZS. Gender dif-
ferences in the perception of chest pain. J Pain Symptom 
Manage. 2004;27(2):149–55.

33. Bosner S, Haasenritter J, Hani MA, et al. Gender bias revis-
ited: new insights on the differential management of chest 
pain. BMC Fam Pract. 2011;12:45.

34. Hess EP, Perry JJ, Calder LA, et al. Sex differences in clini-
cal presentation, management and outcome in emer-
gency department patients with chest pain. CJEM. 
2010;12(5):405–13.

35. King KM, Ghali WA, Faris PD, et al. Sex differences in out-
comes after cardiac catheterization: effect modification by 
treatment strategy and time. JAMA. 2004;291(10):1220–5.


	Sex differences in independent factors associated with coronary artery disease
	Summary
	Zusammenfassung
	Introduction
	Patients, materials and methods
	Risk factor assessment
	Medical history
	Clinical presentation
	History of myocardial infarction
	Scoring of coronary angiograms
	Statistical analysis

	Results
	Obstructive vs. non-CAD
	Non-obstructive vs. non-CAD

	Discussion
	Study limitations

	Conclusion
	References


