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Abstract 

Background  Heart failure (HF) is an increasing problem for the aging population, specifically among women. The etiology of HF 
influences both the selection and outcome of the treatment. There are variations between genders in morbidity and mortality in different 
studies, possibly reflecting etiology. The objective of this study was to examine the strength of evidence available for gender differences in 
the etiology of chronic heart failure. Methods  Computer-assisted searches from 19802009 for gender differences in the etiology of heart 
failure were performed (Medline, EMBASE and PubMed). From 2347 abstracts reviewed based on inclusion criteria, 35 original articles 
were chosen for review. Data extraction was based on observational studies (prospective/retrospective cohort or cross sectional) with a mean 
follow up of 3 months. There was no interrater variability between the 2 reviewers on data-extraction. Results  Ventricular systolic 
dysfunction being more associated with male sex, but female sex was more reported to be associated with preserved left ventricular function. 
Ischemic etiology and associated coronary heart disease were strongly correlated with male sex. The risk for HF was dramatically more 
elevated for women with systolic hypertension but the association for diabetes mellitus as the etiology of HF was somewhat equal between 
males and females. Conclusions  One of the limitations in reaching conclusions about gender differences in cardiovascular disease is that 
many major clinical trials do not include a gender analysis nor they are powered to do so as women are under-represented in most of the HF 
studies. The need remains for a well designed prospective study of sufficient numbers of male and female patients with and without heart 
failure and analyzing etiology and risk factors based on the sex differences. 
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1  Introduction 

Heart failure (HF) is an increasing problem for the aging 
population, specifically among older women. Individuals 
with HF experience debilitating symptoms and functional 
limitations. Based on recent USA statistics, the prevalence 
of HF among older women (> 75 years) is 10.9% and in 
men of the same age group is 9.8%.[1] Overall prevalence 
rates of 1%–7% have been reported in Europe, Australia, 
USA and Canada.[2]  

Following the establishment of a clinical diagnosis, the 
etiology of HF influences both the selection of treatment 
and outcome. The associated risk factors for developing HF 
can influence mortality and morbidity, and contribute to the 
differences in clinical outcomes between genders.[3,4] For 
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instance, myocardial infarction (MI) as an etiologic factor 
for HF is detrimental for both genders. However in women 
within six years of acute MI, 46% of women are disabled 
because of HF, as compared to a 22% rate of disability in 
men.[1] Estrogen affects collagen synthesis and degradation, 
inhibits the renin-angiotensin system and the loss of its 
protective mechanisms may render the heart of postmenopausal 
women more vulnerable. Other gender differences in 
underlying mechanisms identified include calcium handling, 
the NO system, and natriuretic peptides.[5] 

One of the limitations in reaching any conclusions about 
gender differences in the etiology of HF is that many major 
clinical studies do not include a gender analysis of factors 
involved with the development of HF. Women are only 
represented at about 21% of heart failure intervention trials[6] 

and data on patients over the age of 80 years is very limited. 
Knowledge on relevant gender specific risk factors for HF 
can assist with appropriate targeted preventative interventions, 
diagnosis and therapeutics for each gender. 

The objective of this study was to examine the strength 
of evidence available for gender differences in the etiology 
of chronic heart failure—specifically focusing on coronary 
artery disease, hypertension, diabetes mellitus and left 
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ventricular (LV) dysfunction.  

2  Method 

Computer-assisted searches for gender differences in the 
primary etiology of heart failure were performed, beginning 
with Medline (1996–2009), followed by EMBASE (1980 
2009) and PubMed. The search terms used for Medline, and 
adapted for use in other databases, were #1 Heart Failure, 
Congestive; #2 Heart Failure, Congestive/et (Etiology); #3 
Gender; #4 (#1 and #3); #5 (#2 and #3). 

In addition, references from review articles were hand 
searched for further relevant articles. No language limitations 
were applied. The electronic database searches yielded 2347 
abstracts. Inclusion criteria for review were studies with 
explicit definition for HF and provided gender-based 
original data in etiology and risk factors in developing heart 
failure. All article abstracts identified through our searches 
were assessed by two independent reviewers. An over 
inclusive list from the articles based on abstracts reviewed 

were contrasted and discrepancies were discussed. The 
protocol permitted a 3rd party reviewer if agreement could 
not be reached. Independent data extraction was performed 
only from the original articles and in the areas of 
disagreement, reviewers discussed and reached consensus. 
Data extraction was based on observational studies 
(prospective/retrospective cohort or cross sectional) with a 
mean follow up of 3 months on human adults. Pilot studies 
were excluded. An analysis and summary for each etiology 
was independently collated and then critically appraised by 
the research team members. 

The process of article selection based on PRISMA 
guidelines[7] is presented in Figure 1.  

3  Result 

From 2347 abstracts reviewed that met inclusion criteria, 
35 original articles that provided data for both genders were 
chosen for detailed analysis. The baseline characteristics of 
included studies (10 prospective, 15 retrospective, 8 cross-  

 

 
 

Figure 1.  Process of article selection based on PRISMA guidelines. 
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sectional and 2 baseline data from clinical trials) published 
during 1996–2009 relevant to the inclusion criteria are 
presented in Table 1. 

The baseline characteristics of 2 clinical trials—Best and 
DIG trials[8,9]—included in the analysis had a total of 3427 

subjects with an age range of 45–73 years old and 27.2% 
being female. 

In the 10 prospective studies[10-19], the total number of 
subjects reported was 13863. Female representation was 
54% in these studies with a range of 40%-68%; and the age 

 
Table 1.  Baseline characteristics of included studies. 

Study 
Year of 

Publication 
Method 

Subjects 
Analyzed

Male (%) Female (%) Average Age Ethnicity Follow Up
         

Ghali, et al[8] 2003 1 2708 2115 (78) 593 (22) 58.8 ± 14.1 30% Blacks  

Deswal and Bozkurt[9] 2006 1 719 378 (52) 341 (48) 68.5 85% White  

Adams, et al[10] 1996 2 557 380 (68) 177 (32) 51 ± 14  28.8 mo 

Rywik, et al[11] 2000 2 10 579 3901 (37) 6678 (63) 75 ± 10  5 mo 

Crabbe, et al[12] 2003 2 100 72 (72) 28 (28) 53 ± 3  38 mo 

Klapholz, et al[13] 2004 2 619 170 (27) 449 (73) 71.7 ± 14.1 30% Black 30 mo 

Gottdiener, et al[14] 2000 2 5625 2368 (42) 3257 (58) 72.8 ± 5.2  66 mo 

He, et al[15] 2001 2 13 643 5545 (40) 8098 (60) 50 ± 17 14% Blacks 228 mo 

Cowie, et al[16] 1999 2 220 118 (54) 102 (46) 76  20 mo 

Kenchaiah, et al[17] 2002 2 5881 2704 (46) 3177 (54) 56 ± 15 Majority 
White 

168 mo 

Lloyd-Jones, et al[18] 2002 2 8229 3757 (46) 4472 (54) 59 ± 25 Majority 
White 

19711996

Levy, et al[19] 1996 2 5143 2334 (45) 2809 (55) 59 ± 15 Majority 
White 

Mean follow
up 14 yr 

Hussey and Hardin[20] 2005 3 206 128 (62) 78 (38) 70.4 ± 12.9 21% Blacks Unclear 

Samuel, et al[21] 1999 3 695 336 (48) 359 (52) 70.2 ± 13.0  10 yr 

Mendes, et al[22] 1997 3 1667 1081 (65) 586 (35) 61.5 ± 1.5  24 mo 

Agvall and Dahlstrom[23] 2001 3 256 148 (58) 108 (42) 78  Unclear 

Varela-Roman, et al[24] 2005 3 1252 767 (61) 485 (39) 69.4 ± 11.7  144 mo 

Peyster, et al[25] 2004 3 247 98 (40) 149 (60) 76.3 Majority 
non-White 

Unclear 

Lee, et al[26] 2004 3 1591 839 (53) 752 (47) 72 ± 13  12 mo 

Sheppard, et al[27] 2005 3 32 639 16 017 (49) 16 622 (51) 75.5 ± 13.5  48 mo 

Martinez-Selles, et al[28] 2003 3 1065 443 (41) 622 (59) 73 ± 14.4  median 
19 mo 

Hellermann, et al[29] 2003 3 395 159 (40) 236 (60) 70 ± 13  19791994

Vaccarino, et al[30] 1999 3 2445 1019(42) 1426 (58) 78 ± 1.5  12 mo 

Mejhert, et al[31] 1999 3 379 187(49) 192 (51) 79.5 ± 1.5  6 mo 

Lenzen, et al[32] 2004 3 6806 4016 (59) 2791 (41) 68.5 ± 14.5  14 mo 

Gustafsson, et al[33] 2004 3 5491 3285 (59) 2206 (41) 69.5 ± 17.5  6096 mo 

Bener, et al[34] 2005 3 3617 2411 (67) 1206 (33) 59 ± 16 Qatari & Asian 120 mo 

Masoudi, et al[35] 2003 4 19 710 8475 (43) 11 235 (57) 78.7 ± 7.5   

Dunlap, et al[36] 1999 4 680 469 (70) 211 (30) 51 ± 0.5 44% Blacks  

Aronow, et al[17] 1998 4 572 177 (31) 395 (69) 82 ± 8   

Ahmed, et al[38] 2003 4 394 171 (43) 223 (57) 78 ± 7   

Oyati, et al[39] 2004 4 95 60 (63) 35 (37) 54 ± 11.15 Nigerians  

Mosterd, et al[40] 1999 4 5540 2251 (40) 3289 (60) 68.9 ± 8.7   

Abhayaratna, et al[41] 2006 4 1275 638 (50) 637 (50) 69.4   

O'Mahony et a[42] 2003 4 351 126 (36) 126 (64) 77.9   

Method: 1= baseline data from clinical trials, 2= prospective, 3 = retrospective, 4 = cross section   
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range were 35–90 years old. The follow up duration in these 
studies were reported from 5 months to 25 years. 

In the 15 retrospective studies[20-34] the total number of 
subjects analysed was 32 845. Female representation was 
52.5% with a range of 33%72%; and the age range were 
41–81 years old. The study period were reported from 5 
months to 15 years. In three of the retrospective studies[20,23,25] 
the precise duration of follow up was not specified. 

In the 8 cross sectional studies[35–42] included the total 

number of subjects analyzed was 19805; with 45.5% female 
population in these studies ranging from 22% to 69%. The 
age range was from 43 years old to 90 years old.  

Quality of included studies and their potential biases is 
reported in table 2. Sex-based differences reported by these 
studies on risk factors [hypertension (HTN), coronary heart 
diseasel (CHD), diabetes mellitus (DM)] and LV function 
are presented in Figures 2–5. 

Twenty of the included studies reported LV function 
 

Table 2.  Methodological characteristics of studies. 

Study 

Are study participants well 

defined and inclusion 

criteria explicit? 

Were losses to follow 

up mentioned? 

Were clear definitions 

used to deter-mine 

presence of HF? 

Were clear definitions 

used to determine the 

presence of risk factors? 

Are outcomes 

measured in a standard 

and reliable way for 

majority of patients 

(>75%)? 

Ghali, et al[8] yes  yes yes yes 

Deswal and Bozkurt[9] yes  yes   

Adams, et al[10] yes yes yes yes yes 

Rywik, et al[11] yes ? yes   

Crabbe, et al[12] yes  yes   

Klapholz, et al[13] yes  yes yes  

Gottdiener, et al[14] Yes ? yes yes  

He, et al[15] yes yes yes yes yes 

Cowie, et al[16] yes  yes yes yes 

Kenchaiah, et al[17] yes yes yes  yes 

Lloyd-Jones, et al[18] yes ? yes yes yes 

Levy, et al[19] yes ? yes yes yes 

Hussey and Hardin[20] yes   ? Yes 

Samuel, et al[21]   yes ? yes 

Mendes, et al[22] yes  yes yes yes 

Agvall and Dahlstrom[23] yes  yes yes  

Varela-Roman, et al[24] yes  yes yes yes 

Peyster, et al[25] yes  yes yes  

Lee, et al[26] yes yes yes yes yes 

Sheppard, et al[27] yes  yes yes yes 

Martínez-Sellés M[28] yes yes yes yes yes 

Hellermann, et al[29] yes  yes yes  

Vaccarino, et al[30] yes  yes   

Mejhert, et al[31] yes yes yes   

Lenzen, et al[32] yes    yes 

Gustafsson, et al[33] yes yes yes yes yes 

Bener, et al[34] yes  yes yes  

Masoudi, et al[35] yes  yes   

Dunlap, et al[36] yes ? yes yes yes 

Aronow, et al[37] yes  yes yes yes 

Ahmed, et al[38] yes  yes   

Oyati, et al[39] yes  yes yes yes 

Mosterd, et al[40] yes yes yes yes  

Abhayaratna, et al[41] yes yes yes   

O'Mahony et a[42] yes yes Yes  yes 
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Figure 2.  Heart failure subjects with preserved left ventricular. 
 

 
 

Figure 3.  Heart failure subjects with hypertension. 
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Figure 4.  Heart failure subjects with coronary heart disease (CND). 
 

 
 

Figure 5.  Heart failure subjects with diabetes mellitus (DM). 
 
measurement by echocardiogram for risk analysis. Figure 2 
demonstrate differences between male and female with 
regards to systolic dysfunction (lower ejection fraction) 
being more associated with male sex, but female sex were 
more reported to be associated with preserved LV function, 

although there were varied levels of LV measurements 
reported in these studies ranging from 20% to 87%. Rywik 
et al.[11] reported less than 20% of their subjects had 
echocardiogram and did not show the same correlation. 
Gottdiener et al.[14] based on 2D echocardiography of only 
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553 patients found slightly more women than men with 
preserved systolic function (95% vs. 88%). In a small study 
on 95 hypertensive Nigerians with HF, it was found women 
more likely to have combined diastolic and systolic LV 
dysfunction.[26] In another cross sectional echocardiography 
survey in the Euro study, of patients who had clinical HF, 
77% of women had preserved LV systolic function, 
compared to 52% of men.[31] Only one study (baseline data 
from DIG trial) with 85% white population reported 
ischemic etiology in HF with preserved systolic function 
being more prevalent in men.[12]  

Figure 3 demonstrates risk differences for hypertension 
(HTN) between male and female. In eight studies analysed 
(two prospective, five retrospective, one cross sectional), 
etiology of HF was more likely to be HTN for females than 
in males. In contrast, the prospective Cardiovascular Health 
Study reported HF incidence rates for those with HTN being 
21.2% for females and 33.6% for males.[22]  

Ischemic etiology among 15 studies analysed (6 
prospective, 7 retrospective, 2 baseline data from clinical 
trials) showed associated coronary heart disease were strongly 
correlated with male gender, Figure 4. The association for 
DM as the etiology of HF among 17 studies analysed was 
somewhat equal between males and females, Figure 5. 

Among other etiologies reported in these studies, valvular 
heart disease, high BMI, and idiopathic cardiomyopathy 
were mainly observed in women. Alcohol related 
cardiomyopathy and atrial fibrillation associated HF were 
more often seen in men. 

4  Discussion 

The prevalence and incidence of HF are increasing in 
Western countries, particularly in individuals older than 80 
years of age.[43] The life time risk for developing HF 
according to data from Framingham Heart Study (FHS), 
independent of gender, is one in five for those less than 40 
years old. In the same cohort, at the age of 40, the lifetime 
risk of HF without myocardial infarction is 1 in 9 in men 
and 1 in 6 for women.[18] Over the past 20 years in this 
mainly white cohort, incidence of HF was rising faster in 
women than in men (9% vs. 6%).  

Information on gender differences in heart failure 
outcomes is limited and not consistent. Among epidemiologic 
studies, women appear to have better survival rates than 
men. In FHS, the one year mortality rate was 36% in 
women compared with 43% in men (HR 0.64; 95% CI 
0.54–0.77).[44] In contrast, women in the Studies of Left 
Ventricular Dysfunction (SOLVD) registry had a higher one 
year mortality rate (22%) than men (17%).[30] This 

difference has been attributed to hypertension being the 
most common etiology for HF in women, whereas 
myocardial infarction is the most common factor causing 
HF in men. Women with HF tend to be older than men with 
HF and may have higher level of co-morbidities at baseline. 
Hypertension and MI together account for about three 
quarters of the population-attributable risk of HF. According 
to FHS, the hazard for developing HF in hypertensive 
compared with normotensive subjects was about 2-fold in 
men and 3-fold in women. There was a significant 
association between HTN and HF in both men and women
—the risk doubled with blood pressure (BP) ≥ 160/90 
mmHg compared to BP < 140/90.[16] HTN had the highest 
population attributable risk (PAR) of all risk factors; 39% 
for males and 59% for females. The PAR for MI was 34% 
for men, 13% for females and for DM was 6% for men and 
12% for females. 

This implies that efforts to reduce the incidence of HF for 
both men and women, require targeted strategies to control 
major associated risk factors based on gender related data. 
For instance it has been shown that a 10-mm reduction in 
systolic BP can reduce the incidence of congestive HF by 
50%.[19] If women are particularly at risk for hypertension 
associated HF, the role of early detection and management 
of HTN is even greater in them.  

In this review, we found convergence of findings between 
prospective, retrospective and cross sectional analysis; 
demonstrating there is positive correlation between female 
gender and preserved LV function and non-ischemic 
etiologies (Figure 2 and Figure 4). Out of 10 prospective 
studies reviewed only 3 reported LV function measurement 
and they found significant positive correlation between 
female gender with HF and preserved LV function.[10,13,14] 
Of the 15 retrospective studies reviewed, the majority 
reported positive association between HF with preserved 
LV and female gender.[20-34] Martínez-Sellés M [28] reported 
a difference in HF and preserved LV function rate of 60% 
vs. 29% between women and men, and Lenzen et al.[32] 

reported a difference of 55% vs. 29%. Hellerman et al.[29] 
reported an OR =1.97 for women developing HF with 
preserved LV function. From 8 cross-sectional studies 
reviewed, 5 reported HF with preserved LV was 
independently associated with female gender,[13,17,25,31,36] 
while Oyati et al.[39]found similar rates between two genders. 
Of note, these studies had varied levels of echocardiography 
measurements of LV in their subjects which may account 
for different results. 

It is important to note that most HF clinical trials have 
focused on patients with decreased left-ventricular ejection 
fraction, whereas women are more likely to have preserved 
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ventricular systolic function. Further research is required to 
evaluate the effectiveness of therapies in diastolic 
dysfunctio—the predominant presentation in elderly women. 

In relation to HTN (Figure 3), there was significantly 
higher association between female gender and HTN. 
However, the prospective Cardiovascular Health Study with 
66 months follow up on a large population with an average 
age of 72 years old reported HF incidence rates for those 
with HTN as being 21.2% for females and 33.6% for 
males.[14]  

Male gender had a significantly higher correlation with 
CAD and ischemic etiology (Figure 4). The life time risk of 
HF in males free of MI was one in nine (compared to one in 
five for all men), indicating the importance of antecedent 
MI in men.[16] 

The association for DM as the etiology of HF among 17 
studies analysed was similar between males and females 
(Figure 5). The population-attributable risk (PAR) for DM 
was reported as 6% for men and 12% for women in 
Framingham Heart Study,[19] in contrast in Cardiovascular 
Health Study[14] the HF incidence was reported higher in 
diabetic men than in diabetic women (44.6% vs. 32.5%). In 
addition, NHANES 1 data on 19 years follow up of a large 
population (14% blacks) found risk of DM for HF was 
comparable between genders.[15]  

The clinical implications for gender differences in HF are 
significant. It impacts the risk factor screening and targeting 
gender-specific intervention. Clinical guidelines should 
reflect on these gender-based data and provide needed 
evidence and recommendations regarding appropriate 
approach and management. Clearly, the researchers need 
also become more aware of the importance of balanced 
recruitment of both men and women in clinical trials, offering 
gender-specific data in their analysis and in assisting 
clinicians with tailoring the optimum intervention for each 
gender. 
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