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a b s t r a c t
Background: It is known that the prognostic value of cardiovascular risk factors differed between men and
women, but data in the elderly are very limited.
Methods: We assessed cardiovascular structural and functional measurements (intima-media thickness,
pulse pressure, pulse wave velocity, left atrial dimension (LAD), arrhythmia, deceleration time of transmitral
early diastolic ﬂow and left ventricular ejection fraction (LVEF)), by ultrasonography, blood pressure monitor, electrocardiography and applanation tonometry, as well as conventional cardiovascular risk factors
(age, body mass index, smoke, total to high density lipoprotein (HDL) cholesterol ratio, and plasma glucose),
and investigated their associations with all-cause mortality in men and women, separately, in 331 consecutive patients (87 ± 7 years, 74.0% female) with a history of cardiovascular disease from the geriatric departments. After a mean follow-up of 378 days, 110 deaths were recorded.
Results: In the full adjusted models, we found that increased LAD (hazard ratio [HR] = 2.24 per 1-standard deviation [SD]; 95% conﬁdential interval [CI]: 1.23–4.09), reduced LVEF (HR = 0.60 per 1-SD; 95% CI: 0.38–
0.96), and increased total-to-HDL cholesterol ratio (HR = 1.99 per 1-SD; 95% CI: 1.05–3.78) were signiﬁcant
predictors of all-cause mortality in men, whereas the presence of arrhythmia (HR = 2.47; 95% CI: 1.28–4.78),
increased plasma glucose (HR = 1.32 per 1-SD; 95% CI: 1.06–1.64) and decreased body mass index
(HR = 0.60 per 1-SD; 95% CI: 0.44–0.83) could signiﬁcantly predict all-cause mortality in women.
Conclusions: Even in the last stage of lifespan, risk factors for all-cause death still differ signiﬁcantly in men
and women with cardiovascular disease.
© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction
Many studies have indicated that, although men and women share
the similar cardiovascular (CV) risk factors, but the two genders differ
in the outcome of cardiovascular diseases (CVD), such as coronary
heart disease [1,2], heart failure [3–5], stroke [6], and even congenital
heart disease [7]. For instance, it has been frequently reported that,
men suffer more from coronary heart disease and heart failure [1–5],
whereas women are more vulnerable to hypertension and diabetes
[8,9]. These ﬁndings indicated that CV risk factors would probably
have a different impact on CV events and mortality in men and women.
Furthermore, CVD in women evolves about 10 years later than men,
but after menopause, the prevalence and mortality of CVD in women
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increased progressively with age [10], which was probably attributable
to the loss of protective effect of ovarian hormones in women's postmenopause [11–13]. It, however, remains unclear whether this menopause-associated modiﬁcation in women, perhaps lasting for many
years, would eventually result in an equivalent prognosis of those CV
risk factors in men and women in their last stage of lifespan.
In addition to conventional CV risk factors, certain clinical measurements of CV structure and function are recognized CV risk factors,
and can be presently evaluated reliably and conveniently in routine
clinical practice. The objective of the present study was to investigate
the prognostic value of the newer measurements of CV structure and
function in comparison with conventional CV risk factors in high-risk
men and women, separately, in the oldest-of-old population of the
PROTEGER study.
2. Materials and methods
2.1. Study cohort
From May 2000 to November 2001, 331 consecutive patients hospitalized in the
Geriatric Departments of Charles Foix and Emile Roux Hospitals (Ile de France), for
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either CV cause or non-CV cause, were included in the PRonostic cardiovasculaire et
Optimisation Therapeutique En GERiatrie (PROTEGER) Study, if they met all the following inclusion criteria: 1) age N 70 years old; 2) a history of CV disease involving either coronary heart disease, cerebrovascular disease, hypertension or any other CV
events of the upper or lower limbs, thoracic or abdominal aorta, or renal arteries; 3)
Mini Mental Status Examination N 15/30; 4) absence of fatal disease with life expectancy b 1 month; and 5) willingness to give a written informed consent to participate in
this study. Patients with cachexia (BMI b 17 kg/m2) and/or evolutive cancer and/or
chronic renal disease were excluded from the study.
The study cohort was composed of 331 subjects (86 men and 245 women) with
mean age ± standard deviation (SD) of 86.8 ± 6.9 years, ranged from 72 to
104 years. The PROTEGER study was approved by the Committee for the Protection
of Human Subjects in Biomedical Research of Saint Germain Hospital. Written informed consent was obtained from all participants after relevant information was
provided to themselves and to their relatives. The authors of this manuscript have
certiﬁed that they comply with the Principles of Ethical Publishing in the International
Journal of Cardiology [14].
2.2. Social, clinical and biological parameters
Information obtained from the questionnaire ﬁlled out at inclusion contained gender, age, body weight, body height, the presence of hypertension, coronary heart disease, heat failure, diabetes mellitus and dyslipidemia, smoking habits and previous
CV medication. In all cases, such information was in line with that given by relatives
and/or recorded from the most recent previous hospitalization.
Venous blood sample was obtained in subjects after an overnight fast. Total cholesterol, high-density lipoprotein (HDL) cholesterol and triglycerides were measured by
standard methods, and low-density lipoprotein (LDL) cholesterol was calculated
using the Friedewald formula. Fasting plasma glucose was assayed by the glucose-oxidase method.
2.3. Measurement of blood pressure and pulse wave velocity
Blood pressure was measured in the morning with each patient in the supine position. Brachial blood pressure was measured after rest using the semi-automatic oscillometric device Dinamap (Kontron, Paris, France). Five measurements with 2 min
apart were averaged.
Aortic pulse wave velocity (PWV) was measured using Complior system (Colson,
France) with the foot-to-foot method as previously described [15]. The superﬁcial
distance covered by the pulse wave was measured directly from the carotid to the
femoral artery.
2.4. Electrocardiography
A 12-lead resting electrocardiogram was recorded in the supine position in accordance with classical recommendations [16], and arrhythmia was deﬁned by an experienced cardiologist, as non-sinus cardiac rhythm, including atrial ﬁbrillation
(85.0%; 57/67), atrial ﬂutter (4.5%; 3/67) and other supra-ventricular arrhythmia
(10.5%; 7/67).
2.5. Ultrasonography
The common carotid intima-media thickness (IMT) was measured by an ultrasound system Sigma 440 (Kontron, Paris, France) with a 7.5-MHz transducer. Measurements were taken on the left common carotid artery, within 2 cm from the
bifurcation, and always performed on plaque-free arterial segments. IMT was automatically determined from changes of density on the section perpendicular to the
vessel wall using speciﬁc software [17,18]. Data on reproducibility have been previously published [18].
M-mode and 2-dimensional echocardiography were performed with the same device as the IMT measurement, using a 2.5-MHz transducer, according to the guideline
of the American Society of Echocardiography (ASE) [19]. Left atrial dimension (LAD)
was measured by M-mode echocardiography from the parasternal view, according to
ASE recommendation [19]. Left ventricular end-diastolic diameter, interventricular
septal and posterior wall thickness were measured by M-mode or 2-dimensional echocardiography from the parasternal view as recommended by ASE [19], and they were
used to calculate left ventricular mass (LVM) with Devereux formula [20]. Left ventricular ejection fraction (LVEF) was evaluated by M-mode echocardiography using the
Teicholz formula [21]. The deceleration time of the transmitral early diastolic ﬂow
(DTE) was detected by 2-dimensional Doppler echocardiography according to ASE recommendation [22]. All the ultrasonographic measurements were performed by a single experienced sonographer, who was blinded to all clinical details.
2.6. Follow-up procedures
Follow-up started from the baseline examination of each individual to April 2004.
Of all 331 participants in the present study, 3 (1%) were lost to follow-up. Information
was obtained from the patient himself, from relatives, or from general practitioners. Interim telephone and clinic contacts were used to assess all of the hospitalizations, outpatient CV diagnosis, and overall mortality. Fatal and nonfatal CV events and CV and
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all-cause and CV mortality were reported. Follow-up time was deﬁned by the time
from the baseline visit until the ﬁrst event date (for those who had an event) or was
censored at the last contact date (for those who did not have any event). Since some
patients had multiple CV and non-CV complications, at the end of the study, it was extremely difﬁcult to distinguish the CV from non-CV deaths in most cases. Thus, only allcause mortality was taken into account in the multivariate Cox regression analyses.
After a mean follow-up of 378 days, 110 deaths occurred.
2.7. Statistical analysis
Quantitative and qualitative variables were presented as mean ± standard deviation (SD) and numbers with percentage in parenthesis, respectively. Social, clinical
and biological parameters, as well as CV and all-cause mortality, were compared between men and women, by student's t test for quantitative variables and by chisquared test for qualitative variables. The similar comparisons of CV structural and
functional measurements were conducted between the survivors and non-survivors
in men and women, separately. We also performed the multivariable Cox regression
to investigate the association of CV structure and function with all-cause mortality in
men and women, separately. Statistical analysis was performed using SAS software,
version 9.1 (SAS institute, Cary, USA). p b 0.05 was considered statistically signiﬁcant.

3. Results
3.1. Participants
Comparisons of characteristics between men and women were
showed in Table 1, including conventional CV risk factors, CV and metabolic disorders, CV agents, and CV and all-cause mortality. Men, compared to women, had signiﬁcantly higher prevalence of atrial
ﬁbrillation (25.6% vs 15.4%, p = 0.04), and more frequently reported
smoking (75.3% vs 9.4%, p b 0.001) and antidiabetic treatment (20.9%
vs 11.8%, p = 0.04). Women, in contrast, were signiﬁcantly older

Table 1
Characteristics of patients by gender.
Overall
(n = 331)

Men
(n = 86)

Women
(n = 245)

p

83.4 ± 6.9
26.3 ± 4.2
64 (75.3)
129.4 ± 20.2
67.3 ± 13.3
6.31 ± 3.05
4.80 ± 1.18
1.02 ± 0.30
3.14 ± 1.02
1.37 ± 0.62

88.0 ± 6.5
27.6 ± 6.1
23 (9.4)
132.5 ± 20.9
64.6 ± 10.9
5.81 ± 1.99
5.44 ± 1.16
1.15 ± 0.31
3.53 ± 0.97
1.64 ± 0.95

b 0.001
0.03
b 0.001
0.25
0.10
0.17
b 0.001
0.002
0.002
0.004

Cardiovascular and metabolic disorders
Hypertension, n (%)
249 (75.2)
CHD, n (%)
109 (33.0)
Heart failure, n (%)
73 (22.2)
Atrial ﬁbrillation, n (%)
57 (17.2)
Diabetes, n (%)
69 (20.9)
Dyslipidemia, n (%)
57 (17.3)

54
32
18
21
24
19

195 (79.6)
77 (31.6)
55 (22.5)
36 (15.4)
45 (18.4)
38 (15.6)

0.002
0.34
0.79
0.04
0.06
0.16

Cardiovascular agents
ACEI/ARB, n (%)
β-Blocker, n (%)
CCB, n (%)
Diuretics, n (%)
Antidiabetics, n (%)
Hypolipidemics, n (%)

98 (29.6)
41 (12.4)
90 (27.2)
126 (38.0)
47 (14.2)
10 (3.0)

23 (26.7)
14 (16.3)
22 (25.6)
28 (32.6)
18 (20.9)
4 (4.7)

75 (30.6)
27 (11.0)
68 (27.8)
98 (40.0)
29 (11.8)
6 (2.5)

0.50
0.20
0.70
0.22
0.04
0.30

Outcomes
CV mortality, n (%)
All-cause mortality, n (%)

35 (10.6)
110 (33.2)

10 (11.6)
31 (36.1)

25 (10.2)
79 (32.2)

0.71
0.52

Conventional cardiovascular
Age, years
Body mass index, kg/m2
Smoking, n (%)
Systolic BP, mm Hg
Diastolic BP, mm Hg
Glucose, mmol/L
Total cholesterol, mmol/L
HDL, mmol/L
LDL, mmol/L
Triglyceride, mmol/L

risk factors
86.8 ± 6.9
27.2 ± 5.7
87 (26.4)
131.7 ± 20.8
65.3 ± 11.6
5.94 ± 2.31
5.27 ± 1.20
1.11 ± 0.31
3.42 ± 1.00
1.57 ± 0.89

(62.8)
(37.2)
(21.2)
(25.6)
(27.9)
(22.4)

Data are mean ± standard deviation or numbers with percentages in parenthesis.
BP = blood pressure; HDL = high-density lipoprotein; LDL = low-density lipoprotein;
CHD = coronary heart disease; ACEI = angiotensin converting enzyme inhibitor;
ARB = angiotensin
receptor
blocker;
CCB = calcium
channel
blocker;
CV = cardiovascular. Cardiovascular disorders and therapies were deﬁned by
reviewing patients' medical documents.
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Table 2
Comparisons of cardiovascular structural and functional measurements between the survivors and non-survivors in men and women.
Men (n = 86)

Women (n = 245)

Survivors (n = 55)

Non-survivors (n = 31)

p

Survivors (n = 166)

Non-survivors(n = 79)

p

Arterial measurements:
Intima-media thickness, μm
Pulse pressure, mm Hg
Pulse wave velocity, m/s

843.4 ± 117.2
61.4 ± 17.0
15.0 ± 3.7

843.4 ± 131.7
63.5 ± 16.4
15.2 ± 4.0

0.99
0.59
0.78

834.2 ± 114.0
67.9 ± 15.7
13.9 ± 3.5

799.8 ± 104.2
67.8 ± 15.8
14.8 ± 3.7

0.04
0.94
0.11

Cardiac measurements:
Left atrial dimension, mm
Left ventricular mass, g
Arrhythmia, n (%)
Deceleration time of the E wave, ms
Left ventricular ejection fraction, %

40.6 ± 8.1
217.0 ± 69.5
14 (26.9)
198.0 ± 69.6
57.1 ± 11.7

45.1 ± 5.9
222.9 ± 72.3
12 (40.0)
217.7 ± 75.0
49.8 ± 15.4

0.01
0.73
0.22
0.22
0.03

40.4 ± 8.3
173.2 ± 64.2
17 (10.8)
209.1 ± 64.5
64.1 ± 10.5

43.6 ± 7.7
176.6 ± 63.3
24 (31.4)
205.1 ± 75.5
60.2 ± 12.1

0.004
0.70
b0.001
0.67
0.02

Data are mean ± standard deviation or numbers with percentages in parenthesis. Arrhythmia was deﬁned as non-sinus rhythm, including atrial ﬁbrillation, atrial ﬂutter and other
supra-ventricular arrhythmia. Deceleration time of E wave indicates deceleration time of transmitral early diastolic ﬂow.

(88.0 ± 6.5 years vs 83.4 ± 6.9 years, p b 0.001), had higher prevalence
of hypertension (79.6% vs 62.8%, p = 0.002), and higher levels of all
forms of plasma cholesterol than men (p ≤ 0.004). Of note, neither
CV nor all-cause mortality was signiﬁcantly different between men
and women (p = 0.71 and p = 0.52, respectively).
3.2. Comparisons of CV structure and function between the survivors and
non-survivors
In Table 2, in both men and women, non-survivors consistently
had greater LAD (45.1 ± 5.9 mm vs 40.6 ± 8.4 mm, p = 0.01 in men;
43.6 ± 7.7 mm vs 40.4 ± 8.3 mm, p = 0.004 in women) and lower
LVEF (49.8 ± 15.4% vs 57.1 ± 11.7%, p = 0.03 in men; 60.2 ± 12.1%
vs 64.1 ± 10.5%, p = 0.02 in women), as compared to the survivors.
Besides, in women, non-survivors had signiﬁcantly higher prevalence of arrhythmia (31.4% vs 10.8%, P b 0.001) and slightly but signiﬁcantly lower IMT (799.8 ± 104.2 μm vs 834.2 ± 114.0 μm,
p = 0.04) than the survivors.
3.3. Prognostic signiﬁcance of conventional CV risk factors and CV
structural and functional measurements
As shown in Fig. 1, all CV structural and functional measurements, including carotid IMT, pulse pressure, aortic PWV, LAD,

the presence of arrhythmia, LVM, DTE and LVEF, were put in the
multivariate Cox regression model to predict all-cause mortality,
in men and women, separately. In men, signiﬁcant predictors of
overall mortality were increased LAD (hazard ratio [HR] = 2.24
per 1-SD; 95% conﬁdential interval [CI]: 1.23–4.09) and reduced
LVEF (HR = 0.60 per 1-SD; 95% CI: 0.38–0.96). In women, the
only signiﬁcant predictor was the presence of arrhythmia
(HR = 2.47 presence vs absence; 95% CI: 1.28–4.78). Reduced
LVEF could also predict women's all-cause mortality, but with a
marginal p value (p = 0.052).
In Table 3, the ﬁnal multivariate Cox regression models were
applied to predict all-cause mortality in men and women, separately, taking both the above-mentioned CV structural and functional measurements and conventional CV risk factors (age, body
mass index, smoke, total-to-HDL cholesterol ratio, and plasma glucose) into account. In men, increased LAD and reduced LVEF
remained as signiﬁcant predictors in the model, with HR = 2.30
(95% CI: 1.15–4.60) and HR = 0.58 (95% CI: 0.36–0.94), respectively. The third independent predictor in men was increased total-toHDL cholesterol ratio (HR = 1.99 per 1-SD; 95% CI: 1.05–3.78). In
women, the presence of arrhythmias was retained in the allcause death prediction model, with HR = 3.05 (95% CI: 1.57–
5.95). In addition, decreased BMI (HR = 0.60 per 1-SD; 95% CI:
0.44–0.83) and increased plasma glucose (HR = 1.32 per 1-SD;

Fig. 1. Association of all-cause mortality with cardiovascular structural and functional measurements by Cox regression models in men and women. The multivariate Cox regressions are conducted in men (left) and women (right), separately, with all the cardiovascular structural and functional measurements considered in each model. Hazard ratio and
95% conﬁdential interval are present on the right side of each plot. Hazard ratio is calculated per SD unit in quantitative variables and the presence against absence in qualitative
variables. Arrhythmia is deﬁned as non-sinus rhythm, including atrial ﬁbrillation, atrial ﬂutter and other supra-ventricular arrhythmia. IMT = intima-media thickness; PWV = pulse
wave velocity; LA = left atrial; LV = left ventricular; DTE = deceleration time of transmitral early diastolic ﬂow; LVEF = left ventricular ejection fraction.
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Table 3
Associations of all-cause mortality with CV structural and functional measurements
and conventional CV risk factors in men and women.
HR

95% CI

147

highlighted the importance of nutritional condition in women's
prognosis in the last stage of lifespan.

p

4.2. Explanation of gender difference in prognosis of CV risk factors

Men (n = 86)
Left atrial diameter, mm
Left ventricular ejection fraction,%
Total/HDL cholesterol

2.30
0.58
1.99

1.15–4.60
0.36–0.94
1.05–3.78

0.02
0.03
0.04

Women (n = 245)
Arrhythmia, (1 = presence, 0 = absence)
Body mass index, g/m2
Plasma glucose, mmol/L

3.05
0.60
1.32

1.57–5.95
0.44–0.83
1.06–1.64

0.001
0.002
0.01

The multivariate Cox regression models were conducted in men and women,
separately, with full adjustment for CV structural and functional measurements
(intima-media thickness, pulse pressure, pulse wave velocity, left atrial dimension,
the presence of arrhythmia, deceleration time of E wave, and left ventricular ejection
fraction) and CV risk factors (age, body mass index, smoke, total to HDL cholesterol
ratio, and plasma glucose). HR is calculated per SD in quantitative variables and the
presence against absence in qualitative variables. Arrhythmia was deﬁned as nonsinus rhythm, including atrial ﬁbrillation, atrial ﬂutter and other supra-ventricular
arrhythmia. CV = cardiovascular; HR = hazard ratio; CI = conﬁdential interval;
HDL = high-density lipoprotein.

95% CI: 1.06–1.64) could also signiﬁcantly predict all-cause mortality in women.
4. Discussion
The present study contains two major ﬁndings: 1) gender difference still existed in the very elderly in terms of prognostic value of
CV structural and functional parameters. Speciﬁcally, left ventricular
systolic dysfunction and left atrial enlargement could signiﬁcantly
predict all-cause mortality in men, while the presence of arrhythmia
was the most pronounced predictor in women; and 2) besides CV
structural and functional parameters, dyslipoproteinemia was a signiﬁcant and independent predictor of all-cause death in men but
not in women. In contrast, in women, hyperglycemia and malnutrition appeared to be signiﬁcant predictors for all-cause death, in the
last stage of lifespan.
4.1. Gender difference in prognosis of CV risk factors
In literature, many studies were aimed to investigate the gender
difference in prognosis of CV risk factors in the middle-age population, and most of their ﬁndings are in line with what we found in
the very elderly, which indicates the differences between genders,
to some extent, remained unaltered till the last stage of lifespan.
For CV structure and function, it was frequently reported that, as
compared to women, men were more vulnerable to coronary
heart disease and heart failure with systolic dysfunction [3–5].
From a pathophysiological point of view, left atrial volume can be
inﬂuenced by either pressure overload or volume overload, so the
observed signiﬁcant predictive value of left atrial enlargement in
men can therefore be attributable to their more pronounced systolic dysfunction. On the other hand, it was reported that, women
with atrial ﬁbrillation had a poorer prognosis than men, because
of the higher thromboembolic events [23]. For biochemical measurements, some investigators indicated that diabetes mellitus
was more harmful in women than in men [8,24], and others documented that, although dyslipoproteinemia could predict fatal CV
events in both men and women, its prognostic signiﬁcance in
women was largely attenuated with age [25]. It is interesting
that, physical exercise, but not BMI, was frequently reported as a
strong predictor of CV events and mortality in the middle-age
women [26, 27], whereas we observed that the decreased BMI
was an independent and signiﬁcant predictor of all-cause mortality
in the very elderly women. The discrepancy in ﬁndings just

Gender difference in prognosis of CV risk factors was considered
to be attributable mostly to the hormone effect, more speciﬁcally,
to the direct and indirect protective effect of estrogen on the CV
physiology [11–13]. Nevertheless, we found in the present study
that gender difference remains stable in the very elderly. Of note,
only very limited modiﬁcation in prognosis of CV risk factors was
achieved in women about 20–30 years after the initiation of their estrogen withdraw. Furthermore, some clinical trials, speciﬁcally conducted in the post-menopause women, like HERS [28,29] and WHI
studies [30], also failed to provide any favorable effect of estrogen replacement therapy in terms of CVD prevention. All these ﬁndings indicated that, hormone discrepancy between genders, or effect of
estrogen in women, was only one potential explanation of gender
difference in prognosis of CV risk factors. Other mechanism still
existed to account for the observed gender difference, and further
studies were apparently warranted.

4.3. Considerations on this population
The population of the present study had many particularities.
First, this population was extremely old, with 80 subjects under
80 years and 131 subjects over 90 years. Second, all these participants, enrolled from two geriatric departments, had a high prevalence of CV disease (coronary, cerebral and peripheral vascular
disease). Third, a very high one-year mortality rate (33%) was observed in the present study. To sum up, those characteristics indicated that this population was mainly composed of “survivors” from
“physiological” CV aging. Although this is a very elderly population
with a high CV risk, given ever-growing elderly population and increasing burden of CV diseases, our study is of importance in regard
of the general elderly population.

4.4. Limitations
Findings of the present study need to be carefully interpreted
within the context of its limitation. In addition to the limited generality mentioned above, we also noted that, the sample size of men in
this population is relatively small (n = 86). However, it is common
to have more women in such a geriatric population because of the
longer life expectancy in women. Moreover, with a high mortality in
men (death = 31, mortality = 36.0%), we had sufﬁcient statistic
power.

4.5. Conclusion
In conclusion, gender difference in prognostic signiﬁcance of CV
structural and functional parameters and conventional CV frisk factors still exists in the last stage of lifespan. Speciﬁcally, men, compared with women, suffer more from left ventricular systolic
dysfunction and dyslipoproteinemia, whereas women are more vulnerable to arrhythmia, hyperglycemia and malnutrition.

Acknowledgment
The authors of this manuscript have certiﬁed that they comply
with the Principles of Ethical Publishing in the International Journal
of Cardiology [31].

148

Y. Zhang et al. / International Journal of Cardiology 155 (2012) 144–148

References
[1] Vaccarino V, Badimon L, Corti R, et al. Ischaemic heart disease in women: are there
sex differences in pathophysiology and risk factors? Cardiovasc Res 2011;90:
9–17.
[2] Shaw LJ, Bugiardini R, Merz CN. Women and ischemic heart disease: evolving
knowledge. J Am Coll Cardiol 2009;54:1561–75.
[3] Lenzen MJ, Rosengren A, Scholte op Reimer WJ, et al. Management of patients
with heart failure in clinical practice: differences between men and women.
Heart 2008;94:e10.
[4] Ho KK, Anderson KM, Kannel WB, Grossman W, Levy D. Survival after the onset of
congestive heart failure in Framingham Heart Study subjects. Circulation 1993;88:
107–15.
[5] Ghali JK, Krause-Steinrauf HJ, Adams KF, et al. Gender differences in advanced
heart failure: insights from the BEST study. J Am Coll Cardiol 2003;42:2128–34.
[6] Rosamond W, Flegal K, Friday G, et al. Heart disease and stroke statistics-2007 update: a report from the American Heart Association Statistics Committee and
Stroke Statistics Subcommittee. Circulation 2007;115:e69–71.
[7] Verheugt CL, Uiterwaal CS, van der Velde ET, et al. Gender and outcome in adult
congenital heart disease. Circulation 2008;118:26–32.
[8] Yusuf S, Hawken S, Ounpuu S; INTERHEART Study Investigators. Effect of potentially modiﬁable risk factors associated with myocardial infarction in 52 countries
(the INTERHEART study): case–control study. Lancet 2004;364:937–52.
[9] Hu G, Qiao Q, Tuomilehto J, et al. Plasma insulin and cardiovascular mortality in
non-diabetic European men and women: a meta-analysis of data from eleven prospective studies. Diabetologia 2004;47:1245–56.
[10] Lombardi M, Mercuro G, Fini M, Rosano GMC. Gender-speciﬁc aspects of treatment of cardiovascular risk factors in primary and secondary prevention. Fundam
Clin Pharmacol 2010;24:699–705.
[11] Mendelsohn ME, Karas RH. The protective effect of estrogen on the cardiovascular
system. N Engl J Med 1999;340:1801–11.
[12] Mendelsohn ME, Karas RH. Molecular and cellular basis of cardiovascular gender
differences. Science 2005;308:1583–7.
[13] Ross RL, Serock MR, Khalil RA. Experimental beneﬁts of sex hormones on vascular
function and the outcome of hormone therapy in cardiovascular disease. Curr Cardiol Rev 2008;4:309–22.
[14] Shewan LG, Coats AJ. Ethics in the authorship and publishing of scientiﬁc articles.
Int J Cardiol 2010;144:1–2.
[15] Asmar R, Benetos A, Toupouchian J, et al. Assessment of arterial distensibility by
automatic pulse wave velocity measurement: validation and clinical application
studies. Hypertension 1995;26:485–90.
[16] Furberg CD, Manolio TA, Psaty BM, et al. Major electrocardiographic abnormalities
in persons aged 65 years and older (the Cardiovascular Health Study). Am J Cardiol 1992;69:1329–35.
[17] Touboul PJ, Prati P, Scarabin PY, et al. Use of monitoring software to improve the
measurements of carotid wall thickness by B-mode imaging. J Hypertens
1992;10:S37–41.

[18] Tartière JM, Kesri L, Safar H, et al. Association between pulse pressure, carotid
intima-media thickness and carotid and/or iliofemoral plaque in hypertensive patients. J Hum Hypertens 2004;18:325–31.
[19] Lang BM, Bierig M, Devereux RB, et al. Recommendations for chamber quantiﬁcation. Eur J Echocardiogr 2006;7:79–108.
[20] Devereux RB, Alonso DR, Lutas EM, et al. Echocardiographic assessment of left
ventricular hypertrophy: comparison to necropsy ﬁndings. Am J Cardiol
1986;57:450–8.
[21] Teicholz LE, Kreulen T, Herman MV, Goriin R. Problems in echocardiographic volume determinations: echocardiographic–angiographic correlations in the presence or absence of asynergy. Am J Cardiol 1976;37:7–11.
[22] Quiñones MA, Otto CM, Stoddard M, Waggoner A, Zoghbi WA. Recommendations for quantiﬁcation of Doppler echocardiography: a report from the Doppler quantiﬁcation task force of the nomenclature and standards committee of
the American Society of Echocardiography. J Am Soc Echocardiogr 2002;15:
167–84.
[23] Fang MC, Singer DE, Chang Y, et al. Gender differences in the risk of ischemic
stroke and peripheral embolism in atrial ﬁbrillation: the AnTicoagulation and
Risk factors In Atrial ﬁbrillation (ATRIA) study. Circulation 2005;112:1687–91.
[24] Barrett-Connor EL, Cohn BA, Wingard DL, Edelstein SL. Why is diabetes mellitus a
stronger risk factor for fatal ischemic heart disease in women than in men? The
Rancho Bernardo Study. JAMA 1991;265:627–31.
[25] Manolio TA, Pearson TA, Wenger NK, et al. Cholesterol and heart disease in older
persons and women. Review of an NHLBI workshop. Ann Epidemiol 1992;2:
161–76.
[26] Wessel TR, Arant CB, Olson MB, et al. Relationship of physical ﬁtness vs body mass
index with coronary artery disease and cardiovascular events in women. JAMA
2004;292:1179–87.
[27] Kip KE, Marroquin OC, Kelley DE, et al. Clinical importance of obesity versus
the metabolic syndrome in cardiovascular risk in women: a report from the
Women's Ischemia Syndrome Evaluation (WISE) study. Circulation 2004;109:
706–13.
[28] Herrington DM, Vittinghoff E, Lin F, et al. Statin therapy, cardiovascular events,
and total mortality in the Heart and Estrogen/Progestin Replacement Study
(HERS). Circulation 2002;105:2962–7.
[29] Hulley S, Grady D, Bush T, et al. Randomized trial of estrogen plus progestin for
secondary prevention of coronary heart disease in postmenopausal women.
Heart and Estrogen/progestin Replacement Study (HERS) Research Group. JAMA
1998;280:605–13.
[30] Rossouw JE, Anderson GL, Prentice RL, et al. Risks and beneﬁts of estrogen
plus progestin in healthy postmenopausal women: principal results from the
Women's Health Initiative randomized controlled trial. JAMA 2002;288:
321–33.
[31] Shewan LG, Coats AJ. Ethics in the authorship and publishing of scientiﬁc articles
Int J Cardiol 2010;144:1–2.

