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Background: Female sex is an independent predictor of better survival in patients with heart

failure (HF), but the mechanism of this association is unknown. On the other hand, pregnancies

have a strong influence on the cardiovascular system.

Hypothesis: Sex and previous gestations might have a prognostic impact on 1-year mortality in

patients admitted with HF.

Methods: We conducted an observational, prospective, consecutive, multicenter registry of

1831 patients (756 females [41.2%]) admitted with HF.

Results: Females had a more advanced age (75.2 �11.4 vs 70.4 �12.2 years), less ischemic

heart disease (167 [25.3%] vs 446 [47.3%]), and higher left ventricular ejection fraction

(52.0% �16.6% vs 41.1% �17.0%) than did men (all P values <0.001). During 1-year follow-up,

373 (20.4%) patients died (151 females and 222 males). Female sex was an independent predic-

tor for survival (hazard ratio: 0.79, 95% confidence interval: 0.64–0.98, P = 0.03). In 504 women

(65.9%), the exact number of previous pregnancies could be determined; 62 women (12.3%) had

no previous pregnancies, 288 (57.1%) women had 1 or 2 pregnancies, and 154 women (30.6%)

had ≥3 pregnancies. We found an association between the number of previous gestations and

better survival (hazard ratio: 0.878, 95% confidence interval: 0.773–0.997, P = 0.045).

Conclusions: In patients admitted with HF, female sex and the number of previous pregnancies

are independently associated with better 1-year survival.
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1 | INTRODUCTION

Sex-related differences in heart failure (HF) patients are well known, and

female sex is an independent predictor of better survival in this popula-

tion.1–4 However, the reasons for this better prognosis are unknown.

More than 10 years ago, we hypothesized that previous pregnancies

could play a role by conditioning the heart toward a better accommoda-

tion to cardiac dysfunction.5 However, pregnancies have been recently

described as deleterious for the cardiovascular (CV) system, not only in

the case of pathological pregnancies,6 but also in normal ones.7–10 On

the other hand, other data support that pregnancy could have a positive

CV influence, as the hemodynamic changes observed during gestation

are comparable with those seen in sportspersons.11,12 Moreover, fetal

microchimerism during pregnancy could favor some degree of heart

regeneration.13 In addition, a beneficial long-term CV influence of the

pregnancy-associated hormone relaxin in patients with HF has been sug-

gested.14 Although there are no previous reports analyzing the influence

of pregnancy on prognosis in HF patients, Chieffo et al15 found recently

that, in women undergoing transcatheter aortic valve replacement, a his-

tory of pregnancy was associated with better prognosis. Our aim was to

study prospectively the influence of sex and pregnancy on 1-year mor-

tality in a large sample of patients admitted with HF.

2 | METHODS

2.1 | Study population

The study population consists of 1831 patients with acute HF admis-

sion enrolled in the Spanish Network for the Study of Heart Failure II

(REDINSCOR II Registry). This is a prospective, multicenter study

designed to describe the clinical profile of patients with HF in Spain

and to assess predictors of prognosis. Patients were consecutively

recruited between November 2013 and November 2014 in 19 hospi-

tals. A maximum number of 200 patients was permitted per center.

Inclusion criteria were (1) age > 18 years and (2) hospitalization for

HF (>24 h) in a cardiology department. Patients were treated accord-

ing to current guidelines in those years.16 Exclusion criteria were

(1) HF due to ST-segment elevation acute coronary syndrome or

(2) concomitant terminal disease.

The study complies with the Declaration of Helsinki, and the reg-

istry was approved by the ethics committees of each participating

center. All patients gave written informed consent.

2.2 | Study variables

Data were collected using specifically designed web forms (http://

www.redinscor2.org), and quality controls were undertaken regularly.

We recorded the following clinical variables at study inclusion: (1) demo-

graphic and clinical history; (2) physical examination; (3) chest radiogra-

phy; (4) electrocardiogram, laboratory blood test, and echocardiography

at admission and before discharge; and (5) medical treatment. Standard

criteria were used to define each variable. The number of pregnancies

was a prespecified research question in women.

2.3 | Follow-up

Follow-up data were obtained by telephone contact at 1, 3, 6, and

12 months after discharge and from the event reports entered in the

electronic records of each hospital. Patients lost to follow-up

(30 [1.6%]) were censored in the survival analysis.

2.4 | Statistical analysis

Continuous variables are expressed as mean �SD or as median (inter-

quartile range) whenever appropriate. Differences in continuous vari-

ables were tested by analysis of variance or Student t test for

independent samples. Categorical variables are presented as frequen-

cies and percentages. Differences in the categorical variables were

assessed by the χ2 test or by Fisher exact test. The study endpoint for

all regression analyses was the date of death at 1 year of follow-up.

To achieve our first objective, a multivariate analysis (Cox regression

model), including clinical meaningful variables and all possible

Number at risk

- Women 755   689       653      630      613   603       588      

- Men 1074         966   917 881     854          825  807

Number at risk

- 0 pregnancies      62   56      53     52   48  46      44

288     262   - 1-2 pregnancies   254  244          238  233          228

- >=3 pregnancies           154  138       128 124          120        113 118       

(A) (B)

FIGURE 1 (A) Cumulative survival in 1075 men and 756 women and (B) cumulative survival in 504 women according to the number of previous

pregnancies
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TABLE 1 Sex-related differences in the clinical profile of 1831 patients admitted with HF in cardiology departments

Females, n = 756 (41.2%) Males, n = 1075 (58.7%) P Value

Mean age, y 75.2 � 11.4 70.4 �12.2 <0.001

Previous CV admissions 1 (0–2) 1 (0–3) 0.011

Etiology <0.001

Ischemic 167 (25.3) 446 (47.3)

Valvular 233 (35.3) 178 (18.9)

HTN 146 (22.1) 110 (11.7)

Idiopathic 55 (8.3) 144 (15.3)

Other 59 (8.9) 65 (7.0)

Follow-up <0.001

Only general practitioner 298 (40.1) 367 (34.8)

Cardiologist 377 (50.7) 534 (50.6)

HF unit 46 (6.2) 128 (12.1)

Other specialist 23 (3.1) 26 (2.5)

Tobacco consumption <0.001

No 654 (86.5) 349 (32.6)

Previous 71 (9.4) 559 (52.2)

Active 31 (4.1) 162 (15.1)

Alcohol consumption 11 (1.5) 182 (17.1) <0.001

COPD 61 (8.1) 229 (21.5) <0.001

OSA 58 (7.8) 135 (12.7) 0.001

PAD 70 (9.4) 140 (13.3) 0.011

MI 144 (19.4) 340 (32.7) <0.001

Syncope 27 (3.6) 91 (8.6) <0.001

Pregnancies 2 (1–3) — —

Medications

ACEIs 256 (34.1) 432 (40.4) 0.006

ARBs 206 (27.6) 238 (22.6) 0.015

β-Blockers 399 (52.8) 597 (55.3) 0.005

Ivabradine 22 (2.9) 65 (6.1) 0.002

Statins 384 (51.1) 610 (57.0) 0.012

Aldosterone antagonists 164 (21.5) 283 (25.8) <0.001

Nitrates 85 (11.3) 178 (16.7) 0.001

ASA 225 (29.8) 412 (38.5) <0.001

Clopidogrel 63 (8.3) 134 (12.5) 0.005

Anticoagulation 326 (43.2) 394 (36.8) 0.006

Cardiac resynchronization 13 (1.7) 38 (3.6) 0.020

ICD 20 (2.7) 107 (10.0) <0.001

NYHA classification 0.002

I 138 (20.0) 276 (27.6)

II 445 (64.4) 605 (60.5)

III 105 (15.2) 115 (11.5)

IV 3 (0.4) 4 (0.4)

Cardiac precipitating factors 0.002

None 319 (42.4) 487 (45.5)

AF 157 (20.9) 159 (14.9)

Supraventricular arrhythmia 16 (2.1) 9 (0.8)

VT 3 (0.4) 7 (0.7)

Bradycardia 19 (2.5) 22 (2.1)

NSTE-ACS 35 (4.7) 73 (6.8)

Other 203 (27.0) 313 (29.3)

Noncardiac precipitating factors 0.002

None 554 (76.1) 744 (72.5)

Noncompliance 16 (2.2) 43 (4.2)
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confounding factors with a P value <0.2, was built to assess the influ-

ence of sex on survival in the complete cohort. A backward stepwise

method was used to identify independent risk predictors with

P < 0.05 for the inclusion or deletion criterion. The proportionality

assumption of the models was verified using time-dependent vari-

ables. Finally, a reduced model was obtained if magnitude change in

the hazard ratios (HR) was <10% in the main variable when removing

possible confounding factors. Secondly, the same methodology was

employed to analyze the influence of the number of previous preg-

nancies on survival in the subgroup of women. A regression multiple

imputations (n = 15) was applied whenever necessary (missing data

range, 0%–25%), except for N-terminal pro brain natriuretic peptide,

where the missing data were recoded as “nonmeasured” and were

analyzed as such, because a “nonmeasured” N-terminal pro brain

natriuretic peptide can be potentially associated to the events.17–19

All analyses were performed using SPSS version 22.0 (IBM Corp.,

Armonk, NY) and Stata version 13.1 (StataCorp LP, College Station, TX).

3 | RESULTS

We included 1831 patients (756 women [41.2%]). The main sex-

related differences in baseline clinical profile are depicted in Table 1.

Women had a more advanced age; less frequent ischemic heart dis-

ease, obstructive sleep apnea, and peripheral arterial disease; and

lower tobacco/alcohol consumption than men. Women presented

more frequently a functional class >I, but they received drugs less fre-

quently than did men, except for angiotensin receptor blockers. Car-

diac resynchronization therapy and implantable cardioverter-

defibrillators were also less frequently used in women than in men,

but women presented systolic dysfunction less frequently. Also, the

rate of cardiac and noncardiac precipitating factors was different

between the sexes, as were the symptoms and signs. During 1-year

follow-up, 373 (20.4%) patients died (151 women [20.0%] and

222 men [20.7%]; Figure, 1A). Female sex was an independent predic-

tor for all-cause mortality (HR: 0.79, 95% CI: 0.64–0.98; Table 2). In

504 women (65.9%), the exact number of previous pregnancies could

be determined; 62 women (12.3%) had no previous pregnancies,

288 (57.1%) women had 1 or 2 pregnancies, and 154 women (30.6%)

had ≥3 pregnancies. The main differences between the clinical profile

and 1-year mortality of these 3 groups are depicted in Table 3.

Women without previous pregnancies had a more favorable clinical

profile, as they were younger, presented less frequently with ischemic

etiology, and had a lower prevalence of diabetes and hypertension

than did women with previous pregnancies (survival curves according

to number of previous gestations are depicted in Figure, 1B). For vari-

ables associated with mortality in women during the first year, see

Supporting Information, Appendix, in the online version of this article

(univariate analysis). When adjusted by all the independent predictors

of mortality, we found an association between the number of previous

pregnancies and a better survival (HR: 0.878, 95% CI: 0.773–0.997;

Table 4).

4 | DISCUSSION

This study reveals that female sex and the number of previous preg-

nancies are associated with better 1-year survival in patients admitted

with HF.

TABLE 1 (Continued)

Females, n = 756 (41.2%) Males, n = 1075 (58.7%) P Value

Infection 65 (8.9) 130 (12.7)

NSAIDs 18 (2.5) 11 (1.1)

Other 75 (10.3) 98 (9.6)

Symptoms and signs

Paroxysmal nocturnal dyspnoea 323 (44.9) 529 (51.5) 0.007

Third heart sound 50 (6.8) 115 (11.2) 0.002

Hepatomegaly 89 (12.1) 192 (18.4) <0.001

LVEF, % 52.0 � 16.6 41.1 � 17.0 <0.001

NT-proBNP, ng/L 444.4 (201.1–888.5) 532.0 (248.0–1064.0) 0.004

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin II receptor blocker; ASA, acetylsalicylic acid (aspirin);
COPD, chronic obstructive pulmonary disease; CV, cardiovascular; HF, heart failure; HTN, hypertension; ICD, implantable cardioverter-defibrillator; IQR,
interquartile range; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NSAID, nonsteroidal anti-inflammatory drug; NSTE-ACS, non–
ST-segment elevation acute coronary syndrome; NT-proBNP, N-terminal pro brain natriuretic peptide; NYHA, New York Heart Association; OSA, obstruc-
tive sleep apnea; PAD, peripheral arterial disease; SD, standard deviation; VT, ventricular tachycardia. Data are presented as n (%), mean � SD, or
median (IQR).

TABLE 2 Independent predictors of mortality during the first year in

1831 patients admitted with HF in cardiology departments

HR (95% CI) P Value

Female sex 0.79 (0.64–0.98) 0.03

Age, y 1.02 (1.01–1.03) 0.005

Functional class >I 1.54 (1.12–2.12) 0.007

SBP, mm Hg 0.992 (0.988–0.995) <0.001

BMI, kg/m2 0.975 (0.954–0.996) 0.02

Barthel ADL index 0.98 (0.98–0.99) <0.001

GFR, mL/min/1.73 m2 0.98 (0.98–0.99) <0.001

NT-proBNP ≥1500 ng/L 1.85 (1.21–2.83) 0.004

Nonmeasured NT-proBNP 2.00 (1.28–3.13) 0.002

Abbreviations: ADL, activities of daily living; BMI, body mass index; CI,
confidence interval; GFR, glomerular filtration rate; HF, heart failure; HR,
hazard ratio; NT-proBNP, N-terminal pro brain natriuretic peptide; SBP,
systolic blood pressure.

MARTÍNEZ-SELLÉS ET AL. 927



In HF patients, the association of female sex with prognosis has

been previously described.1–4 Women with HF are usually older and

have a different clinical profile with respect to men, and most of the

differences we found, including the lower prevalence of ischemic

heart disease and systolic dysfunction, have been already reported.

Although the absence of these 2 conditions has been related to a bet-

ter prognosis in HF patients,20 the superior survival of females with

respect of males also occurs in patients with ischemic HF4 and irre-

spective of left ventricular ejection fraction,2 suggesting the presence

of a female sex-specific protector factor.3

The influence of the number of previous pregnancies in women

with HF has not been previously reported. We found that women

with absence of previous pregnancies presented apparently the best

prognosis; however, this was determined by their better clinical pro-

file. Although a possible deleterious effect of pregnancy on the CV

system has been recently described in the case of pathological

pregnancies,6 and in normal ones,7–10 our data do not support this

hypothesis. The changes in the CV system are complex, and some of

them could have a negative influence, such as maladaptation to

chronic volume overload and impaired myocardial relaxation,7 alter-

ation of left ventricular (LV) contractility and function,8,9 and decrease

of the carotid artery elasticity.21 Pregnancy entails an important stress

to the heart, with an increase in the heart rate, ventricular volumes,

cardiac output, and ventricular hypertrophy11; and some of these fac-

tors, such as heart rate22 or ventricular hypertrophy,23 have been

related to poor prognosis in HF patients. However, in our view, bene-

ficial pregnancy-related changes are more frequent and more relevant;

these include the decline in vascular resistance,11 related, in part, to

the increase of atrial natriuretic peptide24 and relaxin.25 In fact, the

positive long-term CV influence of serelaxin has been suggested.14

Moreover, the presence of XY cardiomyocytes in the hearts of women

who have had male children has been reported,13 and this microchi-

merism could produce some degree of rejuvenation during pregnancy.

Our data support the beneficial effect of previous pregnancies in

women admitted with HF, as the number of previous gestations was

an independent predictor of better survival. A greater number of preg-

nancies could result in cardiac preconditioning, making these women

more resistant to adverse LV remodeling and HF later in life. In sum,

there are several pregnancy-related CV effects, and our results sug-

gest that the final balance is a positive one, although we would like to

stress the need to perform further work specifically designed to evalu-

ate the long-term influence of pregnancy in women with heart dis-

ease. Broader studies regarding other female sex-related variables and

HF would be welcome. In fact, early age at menopause recently has

been associated with a greater risk of HF26; changes in gene

TABLE 3 Differences related to number of previous pregnancies in the clinical profile of 504 women admitted with HF in cardiology

departmentsa

No. of Pregnancies 0, n = 62 1–2, n = 288 ≥3, n = 154 Unknown, n = 252 P Value

Mean age, y 67.2 �16.6 75.7 �10.7 75.8 �10.1 76.3 �10.7 <0.001

Etiology 0.001

Ischemic 7 (14.0) 73 (29.7) 41 (30.1) 46 (20.2)

Valvular 18 (36.0) 83 (33.7) 40 (29.4) 92 (40.4)

Idiopathic 9 (18.0) 15 (6.1) 15 (11.0) 16 (7.0)

Hypertrophic 2 (4.0) 8 (3.3) 3 (2.2) 14 (6.1)

HTN 9 (18.0) 61 (24.8) 30 (22.1) 46 (20.2)

Other 5 (10.0) 6 (2.4) 7 (5.1) 8 (3.5)

Tobacco consumption <0.001

No 41 (66.1) 251 (87.2) 140 (90.9) 222 (88.1)

Previous 13 (21.0) 23 (8.0) 10 (6.5) 25 (9.9)

Active 8 (12.9) 14 (4.9) 4 (2.6) 5 (2.0)

DM 25 (40.3) 145 (50.5) 93 (60.8) 96 (38.1) <0.001

HTN 41 (66.1) 233 (81.2) 130 (85.0) 190 (76.0) 0.009

MI 6 (9.7) 65 (22.6) 40 (26.5) 33 (13.6) 0.001

Mean eGFR (CKD-EPI), mL/min/1.73m2 67 � 28 58 � 23 53 � 26 57 � 23 0.002

NT proBNP ≥1500 ng/L 27 (71.1) 167 (80.3) 90 (72.9) 144 (79.1) 0.280

Mean Barthel ADL index score 89 � 20 88 �21 81 �25 87 �25 0.017

Mortality during the first year 15 (24.2) 56 (19.4) 37 (24.0) 43 (17.1) 0.301

Abbreviations: ADL, activities of daily living; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; DM, diabetes mellitus; eGFR, estimated glo-
merular filtration rate; HF, heart failure; HTN, hypertension; MI, myocardial infarction; NT-proBNP, N-terminal pro brain natriuretic peptide; SD, standard
deviation. Data are presented as n (%) or mean � SD.

a Data previous to hospitalization.

TABLE 4 Independent predictors of mortality during the first year in

504 women admitted with HF in cardiology departments

HR (95% CI) P Value

GFR, mL/min/1.73 m2 0.979 (0.970–0.988) <0.001

NT-proBNP ≥1500 ng/L 2.397 (1.207–4.763) 0.014

Barthel ADL index 0.980 (0.973–0.986) <0.001

No. of previous pregnancies 0.878 (0.773–0.997) 0.045

Abbreviations: ADL, activities of daily living; CI, confidence interval; GFR,
glomerular filtration rate; HF, heart failure; HR, hazard ratio; NT-proBNP,
N-terminal pro brain natriuretic peptide.
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expression in the pregnant heart in animal models have been

described27; sex-biased miRNA networks may explain sex-specific CV

pathophysiologies in women28; and reverse remodeling is more fre-

quent among women, regardless of cause and severity of LV

dysfunction.29

4.1 | Study limitations

Our study has some limitations. In a large number of women

(252 [33%]), the exact number of previous pregnancies could not be

determined. In addition, the number of women with no previous preg-

nancies was relatively low (62). Finally, our data were obtained from

patients admitted to cardiology departments due to HF and may not

be extrapolated to other populations. However, this is the first

description regarding the possible effect of previous pregnancies in

the prognosis of HF, and our study was specifically designed to test

this effect.

5 | CONCLUSION

In patients admitted with HF, female sex was independently associ-

ated with better survival. In women, the number of previous pregnan-

cies was related to better prognosis.
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