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Abstract

Background: Although sex differences in cardiovascular diseases are recognised, including differences in incidence,
clinical presentation, response to treatments, and outcomes, most of the practice guidelines are not sex-specific.
Heart failure (HF) is a major public health challenge, with high health care expenditures, high prevalence, and poor
clinical outcomes. The objective was to analyse the sex-specific association of socio-demographics, life-style factors
and health characteristics with the prevalence of HF and diastolic left ventricular dysfunction (DLVD) in a cross-
sectional population-based study.

Methods: A random sample of 2001 65-84 year-olds underwent physical examination, laboratory measurements,
including N-terminal pro-B-type natriuretic peptide (NT-proBNP), electrocardiography, and echocardiography. We
selected the subjects with no missing values in covariates and echocardiographic parameters and performed a
complete case analysis. Sex-specific multivariable logistic regression models were used to identify the factors
associated with the prevalence of the diseases, multinomial logistic regression was used to investigate the factors
associated to asymptomatic and symptomatic LVD, and spline curves to display the relationship between the
conditions and both age and NT-proBNP.

Results: In 857 men included, there were 66 cases of HF and 408 cases of DLVD (77% not reporting symptoms).
In 819 women, there were 51 cases of HF and 382 of DLVD (79% not reporting symptoms). In men, the factors
associated with prevalence of HF were age, ischemic heart disease (IHD), and suffering from three or more
comorbid conditions. In women, the factors associated with HF were age, lifestyles (smoking and alcohol), BMI,
hypertension, and atrial fibrillation. Age and diabetes were associated to asymptomatic DLVD in both genders.
NT-proBNP levels were more strongly associated with HF in men than in women.

Conclusions: There were sex differences in the factors associated with HF. The results suggest that prevention
policies should consider the sex-specific impact on cardiac function of modifiable cardiovascular risk factors.
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Background

Heart failure (HF) is a clinical syndrome characterised
by symptoms and signs of increased tissue/organ fluid
retention and decreased tissue/organ perfusion [1-4].
Together with the ageing of the population, the preva-
lence of heart failure continues to increase worldwide,
and it has high rates of morbidity and mortality, leading
to enormous human, social, and economic costs [4].
Thus, the growing epidemic of heart failure is one of the
major health problems in the developed countries [4].
Since people with heart failure develop symptoms grad-
ually, given the progressive nature of the disease charac-
terised by a long preclinical phase, early interventions to
prevent the disease are hypothetically possible [1-4].
Early recognition of clinical HF is critical to prevent
recurrences of HF and hospitalisations due to decom-
pensation [1].

Sex differences in the prevalence, presentation, man-
agement, and outcomes of different cardiovascular dis-
eases have been found, and gender-specific medicine has
received growing attention in recent years [5-9]. Sex dif-
ferences in the presentation of HF may play an import-
ant role in the progression of the disease, in the
development of relevant prognostic comorbidities, and
even in the response to therapies [10, 11].

Although sex is recognised as a modifier of health, dis-
ease, and medicine, the diagnostic and therapeutic ap-
proaches are not differential by sex [12, 13]. The present
study aimed at evaluating the independent association of
traditional cardiovascular risk factors with HF and dia-
stolic left ventricular dysfunction (DLVD) in men and
women aged 65-84 years from the PREDICTOR study
database. In particular, we investigated whether there
are sex differences in the association between age and
the prevalence of the diseases, and whether there are sex
differences in the association of N-terminal pro-B-type
natriuretic peptide (NT-proBNP) and the prevalence of
HF and DLVD.

Methods

The PREDICTOR study

PREDICTOR is a cross-sectional population-based
study. The design, study population, and procedures
have been described elsewhere [14, 15]. Briefly, a
random sample of 5940 residents, aged 65-84, from
four cities in the Lazio region (5.5 million inhabi-
tants) was identified using the Regional Health
Registry of 1 June 2007. The final sample size was
determined a priori to estimate a prevalence of 3%
for HF and of 30% for LVD with a significance level
of P 0.05 assuming a 30% participation rate. In total,
5940 people were invited to participate by mail and
were informed of the aims and the methodology of
the survey. The reasons for refusal to participate
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included old age, major disability, severe comorbidi-
ties, and difficulties in reaching the cardiology
center.

In total, 2001 subjects agreed to participate and under-
went physical examination, electrocardiography, and
echocardiography at eight cardiology centres.

Sociodemographic variables (age, sex, and educational
level), lifestyle factors (smoking, alcohol consumption,
physical activity) and health characteristics were
recorded in a case report form by physicians or trained
nurses at eight cardiology centres [14].

As previously reported [14], colour Doppler echocar-
diograms were performed in peripheral centres using a
predefined standard protocol, were recorded with stand-
ard DICOM format, centrally analysed by two independ-
ent observers, and reviewed by one experienced reader.
The two dimensional (2D) parasternal long axis view or
the M-mode parasternal short axis recording were used
to obtain linear measurements of cardiac chambers.
Linear measurements of the left ventricle were used to
determine the left ventricle volumes, by using prognostic
validated formulas [14]. When linear measures of the LV
were not available, LV volumes were obtained from the
apical four-chamber view and the EF was calculated
using the modified Simpson’s rule method. Diastolic
LVD was defined using doppler-derived indexes of trans-
mitral flow and pulmonary vein flow, and tissue Doppler
imaging of the lateral mitral annulus (E/e’) according
with current guidelines.

The assessment of anthropometric measures, blood
pressure, and heart rate was conducted following MON-
ICA recommendations. Information about clinical his-
tory and comorbidities was retrieved for each individual:
dyslipidaemia, diabetes mellitus, hypertension, family
history of cardiovascular diseases, ischemic heart disease
(including acute myocardial infarction, angina pectoris,
and revascularisation procedures), atrial fibrillation,
other cardiovascular diseases (including peripheral
vascular and valve disease), and chronic comorbid condi-
tions (including cerebrovascular diseases, chronic
obstructive pulmonary disease, liver disease, thyroid dis-
orders, blood diseases, gastric disorders, renal disease,
Parkinson’s disease, other diseases of the central nervous
system, and cancer) [14]. Moreover, information on
medications (including diuretics and angiotensin II
receptor blockers, ARBs, mineralocorticoid receptor
antagonists, beta blockers, statins, antiarrhythmic drugs,
antiaggregant drugs, and calcium channel blockers) con-
tinuously used in the 6 months before the visit were
collected.

As previously reported, fasting blood samples were col-
lected and standard laboratory tests were performed locally.
N-terminal pro brain natriuretic peptide (NT-proBNP) was
blindly measured, with an electrochemiluminescence
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immunoassay (Elecsys 2010, Roche Diagnostics GmbH) in
a central laboratory [14].

Conditions under study

The diagnosis of HF was based on the clinical evaluation
(clinical history, plus symptoms and signs of HF) done
in peripheral centres according to the 2005 European
Society of Cardiology (ESC) criteria as previously
reported. Then, subjects with a clinical diagnosis of HF
and in New York Heart Association (NYHA) class 1
were checked centrally, and the diagnosis of HF was vali-
dated only when all the three conditions (clinical diagno-
sis, NYHA class 1, and LVD confirmed by the central
echo lab) occurred.

Diastolic function was defined as normal if at least
three of the following conditions were satisfied: E/A
ratio >0.75 and < 1.5; DTE > 140 ms and <280 ms; PV
peak S > PV peak D, PVa dur-Adur difference <0, and E/
€' <8, based on a specific algorithm that took into
account the existing recommendations and guidelines
[14]. When fewer than three diagnostic criteria were rec-
ognized in the case of discordant parameters, or when
an equal number of criteria were recognized for more
than one category of diastolic function, DLVD was
defined as indeterminate.

In the current study, we investigated HF, DLVD, and
DLVD in the presence or absence of reported symptoms
such as fatigue, dyspnoea, oedema, tachycardia, or any
limitation in daily activities (symptomatic and asymp-
tomatic DLVD).

Statistical analysis

We selected all subjects with no missing values in socio-
demographic variables, health characteristics, NT-
proBNP measurements, and echocardiographic variables.
The sociodemographic and health characteristics of the
participants and subjects affected by HF and DLVD were
tabulated by sex. Similarly, the characteristics were tabu-
lated by absence of DLVD, presence of asymptomatic
DLVD, and presence of symptomatic DLVD. We used
X? to compare the distributions of the categorical vari-
ables in the men and women as in the different categor-
ies of DLVD, a t-test to compare the means of the
continuous variables by sex, and linear regression ana-
lyses to compare continuous variables across the cat-
egories of DLVD.

To analyse the relationship between age and the con-
ditions under study in men and women, we modelled
age as a cubic spline using a generalised additive model
[16]. We used the likelihood ratio test to compare the
model with age as a natural spline vs. the model with
age as a linear term. Similarly, we plotted cubic splines
to investigate the shape of the relationship between the
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logarithmic transformations of NT-proBNP measure-
ments and the conditions.

We used multivariable logistic regression models to
evaluate the association (odds ratios and 95% confidence
intervals, OR and 95% CI) between the investigated
factors and the conditions under study separately for
men and women. We performed age-adjusted and fully-
adjusted analyses. We used the likelihood ratio test to
investigate the possible interaction between the factors
and sex.

To analyse the characteristics of subjects with asymp-
tomatic and symptomatic DLVD compared to those
without a diagnosis of DLVD we performed age-adjusted
and fully-adjusted multinomial logistic regression
models, using as outcome a categorical variable indicat-
ing the absence of DLVD, the presence of asymptomatic
DLVD, the presence of symptomatic DLVD.

Since we used a complete case analysis approach, we
excluded from our analysis 325 records (16% of the ori-
ginal 2001 sample). To investigate whether the selection
of all subjects with complete data might have introduced
a bias, we used an inverse probability approach [17, 18].
A proportion of exclusion was due to missing socio-
demographic and health variables, 64% of exclusion
was due to missing echocardiographic parameters.
Through a multivariable logistic regression, we esti-
mated the probability of being included and weighted
the included population taking account of the charac-
teristics of those not included. We used age, sex,
IHD, other cardiovascular diseases and other comor-
bid conditions to calculate a weight [18]. We then
replicated the analyses using the weights.

Results
Table 1 describes the demographic, clinical, and be-
havioural characteristics in men and women included
in the study, and in the subgroups of individuals af-
fected by HF and DLVD. Compared to women, men
were highly educated, had a higher proportion of
smoking and alcohol consumption, were more active,
had a different distribution of BMI categories (with a
higher proportion of overweight), had a lower preva-
lence of dyslipidaemia, and of family history of car-
diovascular disease, but higher prevalence of diabetes
and ischemic heart disease (IHD). In the entire popu-
lation, creatinine level was higher in men than in
women, the % ejection fraction was lower in men
than in women, and NT-proBNP was lower in men
than in women. Overall, men used more than women
angiotensin converting enzyme inhibitors, calcium
channel blockers, and antiaggregant drugs.

In heart failure subjects, the different distribution of
risk factors by sex was attenuated in comparison to the
general population. Still, compared to women, men with
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Table 1 Distribution (%) of socio-demographic, lifestyle, and health characteristics in the study population and in subjects suffering
from heart failure (HF) and diastolic left ventricular dysfunction (DLVD) by gender

Characteristic Men Women
Total HF DLVD Total HF DLVD
N =857 N =66 N =408 N =819 N =51 N =382
Age (m, sd) 73 () 76 (5) 74 (5) 73 (5) 75 (5) 74 (5)
Education level <= Primary 27.0* 379 27.7% 39.4* 431 42.4*
School
Junior High 22.1% 212 19.9% 22.6* 255 21.7%
School
>=High School 50.9% 409 52.4% 38.0% 314 359*%
Smoking habit Never 30.5% 15.1% 284* 66.5% 56.9% 67.0%
Ever 69.5% 84.9% 71.6* 33.5% 43.1* 33.0*
Alcohol consumption No 26.8* 364 27.2% 56.2% 47.1 55.8%
Yes 73.2% 63.6 72.8* 43.8* 529 44.2%
Physical activity No 52.9* 576 56.1% 62.7% 76.5 64.7*
Occasionally 234* 242 21.0% 20.0* 11.8 18.8%
Daily 23.7* 18.2 22.8% 17.3% 1.8 16.5%
BMI >=30 14.8% 18.2 16.2* 17.7% 314 204*
25-299 51.2% 54.6 51.5% 35.3% 412 374%
< 25 34.0% 273 32.3* 47.0% 27.5 42.2%
Dyslipidemia No 63.4* 72.7% 654* 47.7% 45.1% 50.3*
Yes 36.6% 27.3% 34.6% 52.3% 54.9* 49.7%
Diabetes No 80.9% 74.2 76.2* 86.4% 86.3 83.5%
Yes 19.1% 258 23.8* 13.6* 137 16.5%
Hypertension No 417 258 370 408 17.7 36.7
Yes 583 74.2 63.0 59.2 824 634
Family history of CVD No 82.5* 758 83.6* 75.0% 64.7 73.8*
Yes 17.5% 24.2 16.4* 25.0% 353 26.2%
Ischemic heart disease® No 82.6% 54.5% 78.2% 92.4* 86.3* 91.9%
Yes 17.4% 455% 21.8% 7.6% 13.7% 8.1*
Atrial fibrillation No 92.3 81.8 904 934 84.3 929
Yes 7.7 18.2 9.6 6.6 157 7.1
Other cardiovascular disease® No 94.0 894 934 939 94.1 93.5
Yes 6.0 10.6 6.6 6.1 59 6.5
Other conditions® No 524* 409 52.2% 43.0% 353 43.7*
1-2 40.6* 455 38.7% 46.7% 56.9 47.9*%
3+ 7.0% 13.6 9.1* 10.3% 78 8.4*
Use of diuretics No 77.7*% 530 73.8 73.0% 392 68.9
Yes 22.3* 47.0 26.2 26.9% 60.8 311
Use of ARBs No 77.0 74.2% 75.7 75.2 56.9% 720
Yes 230 25.8* 24.3 248 43.1% 280
Use of Angiotensin-converting enzyme No 71.3* 530 67.4% 78.7* 70.6 76.7*
inhibitors Yes 287 470 326* 213% 294 233
Mineralocorticoid receptor antagonists No 98.1 924 97.8 989 94.1 98.7
Yes 19 76 22 1.1 59 13
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Table 1 Distribution (%) of socio-demographic, lifestyle, and health characteristics in the study population and in subjects suffering
from heart failure (HF) and diastolic left ventricular dysfunction (DLVD) by gender (Continued)

Characteristic Men Women
Total HF DLVD Total HF DLVD
N =857 N =66 N =408 N =819 N =51 N =382
Beta blockers No 822 68.2 789 82.3 68.6 81.2
Yes 17.8 318 21.1 177 314 188
Statins No 76.8 66.7 76.0 736 66.7 754
Yes 232 333 24.00 264 333 246
Antiarrhythmic drugs No 96.0 90.9 95.1 96.2 92.2 96.3
Yes 4.0 9.1 49 3.8 7.8 3.7
Antiaggregant drugs No 68.7* 56.1 64.9% 74.9% 56.9 73.0%
Yes 31.3* 439 35.1% 252% 43.1 27.0%
Calcium channel blockers No 79.1% 75.8 77.0 83.6% 66.7 82.2
Yes 20.9% 24.2 230 16.4* 333 17.8
Creatinine level (mg/dl) (mean, sd) 1.06 (0.27)* 1.11 (0.30)* 1.09 (0.30)* 085 (0.24)* 090 (0.30* 0.87 (0.23)*
% Ejection Fraction (mean,sd) 65.0 (8.1)* 530 (12.6)* 62.5 (9.6)* 674 (6.3)* 62.7 (11.8)* 664 (6.9)*
E/A wave ratio 0.81(0.27) 0.84 (0.53) 0.77 (0.34)  080(0.23) 079 (043) 0.73 (0.25)
E/e’ 77 (28)%  95(3.0)* 89 (2.9 86 (34)* 112 @44* 9939
NT-pro BNP (pg/mL)(median, P25-P75) 78 (40— 389 (119- 107 (49— 102 (53— 129 (76~ 105 (56—
174)% 1117)% 249)* 180)* 399)% 185)*

2 Either angina pectoris, or myocardial infarction, or revascularization procedures
b Either peripheral vascular disease or valve disease

€ Number of other conditions among stroke, TIA, COPD, liver disease, thyroid disorders, blood disease, gastric disorders, renal disease, Parkinson’s disease, other

disease of CNS, and cancer

* The difference between men and women in the total population or between men and women in the subgroups of individuals affected by HF and DLVD was

statistically significant with p < 0.05

HF were more frequently smokers, less dyslipidaemic,
more frequently had an history of IHD, had a higher
NT-proBNP, and used less ARBs. A total of 408 men
(48%) and 47% of women had a diagnosis of DLVD. The
men and women with DLVD had characteristics similar
to the overall population. The majority (77 and 79%, re-
spectively) of subjects with DLVD were asymptomatic
(ADLVD): they did not report symptoms such as fatigue,
dyspnoea, oedema, tachycardia, or any limitation in daily
activities.

Age was an important determinant of all the conditions
considered (p <0.001). Figure 1 reports the relationship
between age (as a non-linear term) and the logarithm OR
of the conditions under study separately for men and
women. The likelihood ratio test suggests no better fit of
the spline model compared to the linear one in both sexes
(p >0.08), with the exception of the relationship between
age and HF in the men. Although there was no evidence
of effect modification in the relationship between age and
HF by sex, the slope of the curve was steeper in men than
in women with HF: for each year of increasing age, an
OR =1.15 (95% CI: 1.09-1.20) in men vs OR =1.08 (95%
CI: 1.02-1.14) in women. The curves of the association
between age and DLVD (overall and asymptomatic) were
similar in the two sexes.

Supplemental Figure 1 shows the curves of the crude
relationship between the logarithm of NT-proBNP mea-
surements and the conditions in both sexes. The rela-
tionship was linear and steep in men for both the
conditions, whereas it was U-shaped for women.

Table 2 shows the distribution of socio-
demographic, lifestyle and health characteristics in
men and women by DLVD category: absence of dia-
stolic left ventricular dysfunction, presence of DLVD
without symptoms, and presence of DLVD with
symptoms. The differences between men and women
confirm the differences presented in Table 1. In men,
across categories of DLVD, there were differences in
age, smoking habit, diabetes, hypertension, ischemic
heart disease, atrial fibrillation, other comorbid condi-
tions, and in use of beta blockers, antiarrhythmic and
antiaggregant drugs. In women, across categories of
DLVD, there were differences in age, BMI, hyperten-
sion, and in use of ARBs, and beta blockers. In both
genders, the use of diuretics increased with worsening
of DLVD, as NTproBNP and creatinine levels. Simi-
larly, echography variables (% ejection fraction, E/A
wave ratio, and E/e’) worsened across levels of DLVD
in both men and women (with a statistically signifi-
cant trend).
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Fig. 1 Relationship between age and heart failure (HF), diastolic left ventricular dysfunction (DLVD), and asymptomatic DLVD (ADLVD) in men
and women

Table 3 shows the association between sociodemo-  NT-proBNP in the model, taking account of all the fac-
graphic and health factors with the presence of HF, sep-  tors in the table, we found a stronger association of NT-
arately in men and in women. The results from fully proBNP with HF in men compared to women (likeli-
adjusted models (adjusted for all the variables in the hood ratio test p for interaction =0.0229). For each
table) show that the characteristics associated with HF  increase in the log transformation of NT-proBNP we
were age, IHD, and the presence of more than two found an OR =2.54 (95%CI: 1.88-3.44) in men and an
comorbid conditions in men; whereas they were age, OR=1.46 (95%CI: 1.04—2.06) in women.
smoking habit, alcohol consumption, hypertension, atrial Table 4 shows the results from fully-adjusted multi-
fibrillation, and BMI in women. When we introduced nomial logistic regression models. (Age-adjusted models
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Table 2 Distribution (%) of socio-demographic, lifestyle, and health characteristics in men and women by absence of diastolic left
ventricular dysfunction (DLVD), presence of DLVD without symptoms (ADLVD), and presence of DLVD with symptoms (SDLVD)

Characteristic Men Women
Without ADLVD SDLVD Without ADLVD SDLVD
DLVD N =315 N =93 DLVD N =301 N =81
N =449 N =437
Age (m, sd) T+ 72 (4 74 (5) 76 (5) 72 (5) 74 (5) 75 (5)
Education level <= Primary School  26.3* 254* 335 36.8* 41.9% 44.5
Junior High School ~ 24* 20.6% 172 233% 216% 222
> =High School 49.7% 54.0% 473 39.8% 36.5% 333
Smoking habit t Never 323% 31.8¢ 17.2% 66.1* 67.1* 66.7*
Ever 67.7% 68.2% 82.8* 33.9* 329% 33.3*
Alcohol consumption No 26.5% 26.0% 31.2% 56.5% 55.5% 56.8%
Yes 73.5% 74.0% 68.8% 43.5*% 44.5% 43.2*
Physical activity No 49.9* 54.6 61.3 60.9% 62.1 741
Occasionally 25.6* 210 215 21.1% 203 136
Daily 24.5% 244 17.2 18.0* 176 12.3
BMI + >=30 13.6% 15.9% 17.2 15.3% 18.6% 27.2
25-299 51.0% 50.5% 54.8 334*% 33.9% 50.6
<25 354* 33.6% 280 51.3% 47.5% 22.2
Dyslipidemia No 61.5% 64.1* 69.9% 45.5% 50.8* 48.2%
Yes 38.5% 35.9* 30.1% 54.5% 49.2% 51.8*
Diabetes No 85.1 75.9* 774 89.0 83.4* 84.0
Yes 149 24.1%* 226 11.0 16.6* 16.0
Hypertension 1+ No 459 390 30.1 444 399 24.7
Yes 541 61.0 69.9 556 60.1 753
Family history of CVD No 81.5% 85.1% 785 76.0* 75.7% 66.7
Yes 18.5% 14.9% 215 24.0% 24.3% 333
Ischemic heart disease® t No 86.6% 83.8* 59.1% 92.9% 93.0% 87.7%
Yes 13.4% 16.2* 40.9% 7.0% 7.0* 12.3%
Atrial fibrillation t+ No 94.0 93.0 81.7 93.8 94.0 889
Yes 6.0 70 183 6.2 6.0 1.1
Other cardiovascular disease®  No 94.7 94.6 89.3 94.3 94.0 914
Yes 53 54 10.7 5.7 6.0 86
Other conditions® + No 52.6% 552 41.9* 42.3% 46.2 34.6%
1-2 42.3*% 38.1 40.9% 45.8* 44.5 60.5%
3+ 5.1 6.7 17.2% 11.9% 93 49%
Use of diuretics No 81.3 765 64.5 769 73.8 50.6
Yes 187 235 355 23.1 26.3 494
Use of ARBs + No 782 759 753 780 748 61.7
Yes 21.8 241 24.7 220 253 383
Use of Angiotensin-converting No 74.8* 70.8 559 80.6% 77.1 753
enzyme inhibitors f Yes 252 292 447 195 229 247
Mineralocorticoid receptor No 984 98.7 94.6 99.1 99.3 96.3
antagonists Yes 16 13 54 09 07 37

Beta blockers t+ No 85.1 81.9 68.8 833 83.7 716
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Table 2 Distribution (%) of socio-demographic, lifestyle, and health characteristics in men and women by absence of diastolic left
ventricular dysfunction (DLVD), presence of DLVD without symptoms (ADLVD), and presence of DLVD with symptoms (SDLVD)

(Continued)
Characteristic Men Women
Without ADLVD SDLVD Without ADLVD SDLVD
DLVD N =315 N =93 DLVD N =301 N =81
N =449 N =437
Yes 14.9 18.1 31.2 16.7 16.3 284
Statins No 775 784 67.7 721 76.1 72.8
Yes 225 216 323 279 239 27.2
Antiarrhythmic drugs t No 9.9 96.8 89.3 96.1 96.7 95.1
Yes 3.1 32 108 39 33 49
Antiaggregant drugs t No 722 67.3 57.0 764 744 679
Yes 27.8 327 430 236 256 321
Calcium channel blockers No 81.1 77.8* 74.2 849 84.1% 753
Yes 189 22.2% 258 15.1 16.0* 24.7
Creatinine level (mg/dl) 1.04 (0.23)* 1.08 (029  1.14 (0.33)* 0.84 (0.24)* 0.86 (0.21)* 091 (0.26)*
(mean, sd) T+
% Ejection Fraction (mean,sd) 67.1 (5.8)* 64.1 (8.1)* 56.9 (12.1)* 682 (5.5)* 67.1 (6.2)* 64.0 (8.7)*
E/A ratio (mean,sd) T+ 0.85 (0.18) 0.74 (0.25) 0.86 (0.25) 0.86 (0.18) 0.72 (0.21) 0.76 (0.37)
E/e’ (mean,sd) ¥ 6.7 2.2)* 8.8 (2.8)* 9.3 (3.2* 74 (24)* 96 (3.3)* 11 (5.6)*
NT-pro BNP (pg/mL) (median, P25-P75) t+ 63 (33-125)* 88 (42-182) 291 (92-756)* 99 (51-177)* 96 (53-167) 132 (78-276)*

“Either angina pectoris, or myocardial infarction, or revascularization procedures
PEither peripheral vascular disease or valve disease

“Number of other conditions among stroke, TIA, COPD, liver disease, thyroid disorders, blood disease, gastric disorders, renal disease, Parkinson’s disease, other

disease of CNS, and cancer

*The difference between men and women in the total population or between men and women in each condition is statistically significant p < 0.05

1The differences across groups of DLVD are statistically significant in men (p < 0.05)

$The differences across groups of DLVD are statistically significant in women (p < 0.05)3

are presented in Supplemental Table 1). Given that most
of the men with symptomatic DLVD (66%) were HF
cases, the factors associated to symptomatic DLVD were
those associated to HF: age, ischemic heart disease and
comorbid conditions. In men the factors associated with
asymptomatic DLVD were age and diabetes. The per-
centage of HF cases among women with symptomatic
DLVD was 57%. In women the factors associated with
symptomatic DLVD were age and BMI, whereas the fac-
tors associated with asymptomatic DLVD were age and
diabetes.

Figure 2 summarizes the main findings of the study.

The weighted multivariate logistic regression showed
results comparable to those presented.

Discussion

In our study population, we found sex differences in the
distribution of socio-demographic, lifestyle, and health
characteristics and in their association with HF and
DVLD. The factors associated with HF in men were age,
ischemic heart disease and comorbidities, whereas in
women were a combination of lifestyle factors, age, BMI,
hypertension, and atrial fibrillation. The association

between NT-proBNP and HF was stronger in men than
in women. While the factors associated to symptomatic
DLVD in men were the same factors associated to HF,
in women were age and BMI. This could be related to
the HF identification which was based on a mixture of
clinical signs and symptoms according to an integrated
multi-criteria definition validated at central level by the
investigators [14]. In subjects with DVLD and no symp-
toms, we found sex differences in sociodemographic and
clinical characteristics, but we did not observe any differ-
ence in relation to the condition. Age and diabetes
where the factors associated with asymptomatic DLVD
in both men and women.

Attention has recently been paid to the complex issue
of sex-specific differences in the impact of cardiovascular
risk factors on HF and DLVD [12, 19]. At present, there
is no complete understanding of how and why cardio-
vascular disease presentations differ between sexes.
Complex and diverse mechanisms contribute to sex
differences in CVD [1, 2, 12]. Several modifiable risk
factors for coronary heart disease are similar in men and
women. However, some characteristics are stronger pre-
dictors of heart disease in women compared to men; for
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Table 3 Association between characteristics of the population and heart failure (HF) in men and women. Adjusted Odds Ratios

(ORs) and 95% Confidence Intervals (Cl)

Men Women
Age 95% Cl Fully 95% Cl Age 95% Cl Fully 95% Cl
adjusted adjusted adjusted adjusted
OR OR OR OR
Age (1 year increase) 1.15 1.09 1.20 1.14 1.07 1.21 1.08 1.02 1.14 1.09 1.03 1.16
Education level
Junior High vs. Primary School 0.85 042 173 101 048 215 1.09 053 222 127 059 273
> = High vs. Primary School 063 035 114 o0 038 133 081 041 158 103 049 218
Smoking habit (Ever vs. Never) 2.31 1.15 4.64 204 097 431 162 091 288 2.02 1.08 3.79
Alcohol consumption (Yes vs. No) 0.63 037 108 064 036 113 153 087 270 1.98 1.07 3.69
Physical activity
Occasionally vs. No 1.13 060 211 1.2 057 218 051 021 123 049 019 123
Daily vs. No 0.74 037 147 076 037 156 058 024 141 054 021 139
BMI
25-299 vs. < 25 1.35 075 244 193 082 450 3.29 156 6.92 347 152 7.92
30+ vs. <25 1.58 074 339 149 078 284 2.08 1.04 4.16 2.12 1.01 445
Dyslipidemia (Yes vs. No) 0.72 041 128 047 025 090 107 061 188 102 055 190
Diabetes (Yes vs. No) 1.52 085 271 128 068 241 102 045 232 074 030 185
Hypertension (Yes vs. No) 1.88 1.05 336 183 097 344 3.27 157 6.83 268 1.23 5.82
Family history of CVD (Yes vs. No) 1.91 1.03 3,52 133 068 263 170 094 310 161 084 3.09
Ischemic heart disease® (Yes vs. No) 4.21 247 7.8 443 240 8.19 213 095 479 227 088 585
Atrial fibrillation (Yes vs. No) 232 114 471 124 056 273 273 1.21 6.18 2.81 1.15 6.89
Other cardiovascular disease® (Yes vs. No) 147 062 350 092 035 241 088 026 295 044 011 180
Other conditions®
1-2vs. 0 141 081 244 125 069 225 155 085 284 167 086 323
3+ vs. 0 2.50 1.09 575 281 1.15 6.89 090 029 273 091 028 294
Creatinine (1 mg/dl increase) 1.91 086 425 080 030 214 211 083 534 125 039 395

“Either angina pectoris, or myocardial infarction, or revascularization procedures; P Either peripheral vascular disease or valve disease; © Number of other
conditions among stroke, TIA, COPD, liver disease, thyroid disorders, blood disease, gastric disorders, renal disease, Parkinson’s disease, other disease of CNS, and

cancer. Fully adjusted ORs are adjusted for all the variables in the table

example, hypertension and diabetes are more strongly
associated with myocardial infarction in women than
men [20].

In our study, age was strongly associated with all
the conditions under study in men and in women,
confirming previous results [21]. The curve of the re-
lationship between age and HF was steeper in men
than in women. However, once all other factors were
taken into account, age had a similar association with
the condition under study in men and women. Car-
diovascular diseases are considered age-related condi-
tions in both sexes. Age-related changes in cardiac
and vascular anatomy and physiology, generally called
“cardiovascular ageing,” interact over the life course
with exposure to traditional risk factors and impact
the individual likelihood of developing cardiovascular
disease during life [21].

Natriuretic peptides measured in plasma have been
shown to be the most effective circulating biomarkers
supporting diagnosis, risk stratification and response to
treatment in patients with heart failure with reduced
ejection fraction. When measured at the same time of
the clinical and echocardiographic evaluation of the sub-
jects included in the PREDICTOR cohort, NT-proBNP
proved to be higher, irrespective of the presence of HF,
in females than in males aged 65+ years. Similar findings
in patients/subjects of different ages have been previ-
ously reported [22]. The association of logNT-proBNP
with HF and diastolic dysfunction was stronger in men
than in women. This result contradicts what the Authors
of a study in patients of various age with acute HF con-
cluded: NT-proBNP works in females as well as in males
when used for differential diagnosis of dyspnoea [23].
The reason for the difference found in community
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Table 4 Association between characteristics of the population and Diastolic Left Ventricular Dysfunction (DLVD) in men and
women, results from fully-adjusted multinomial logistic regression. Relative Risk Ratios (RRRs) and 95% Confidence Intervals (Cl)

Men Women
Asymptomatic DLVD Symptomatic DLVD Asymptomatic DLVD Symptomatic DLVD
RRR 95% ClI RRR 95% ClI RRR 95% ClI RRR  95% CI
Age (1 year increase) 1.09 1.06 1.13 1.16 1.10 1.22 1.10 1.06 1.14 117 111 1.24
Education level
Junior High vs. Primary School 1.05 0.67 1.63 0.77 038 1.58 0.94 0.63 142 1.11 0.56 2.18
> = High vs. Primary School 1.39 0.95 203 103 058 1.82 1.05 0.73 153 134 072 251
Smoking habit (Ever vs. Never) 0.95 0.68 1.32 1.80 0.96 339 1.08 0.77 1.50 1.25 0.71 2.18
Alcohol consumption (Yes vs. No) 113 0.80 1.59 0.95 0.55 1.63 1.08 0.79 148 124 073 2.10
Physical activity
Yes (occasionally) vs. No 0.80 0.55 1.17 0.76 041 140 1.03 0.69 153 0.57 0.27 118
Yes (daily) vs. No 1.00 0.69 1.45 0.65 0.34 1.25 1.04 0.69 1.59 0.61 027 137
BMI
25-299 vs. < 25 1.03 0.74 144 141 080 250 142 091 222 536 250 1149
30+ vs. <25 1.31 0.81 2.12 1.90 0.88 4.12 1.14 0.81 1.62 3.81 201 7.22
Dyslipidemia (Yes vs. No) 083 0.60 1.14 052 030 090 079 0.58 1.07 086 051 1.45
Diabetes (Yes vs. No) 1.86 126 275 153 083 283 162 103 256 109 050 237
Hypertension (Yes vs. No) 1.16 0.85 1.60 147 0.85 2.53 1.05 0.76 146 1.58 0.88 2.84
Family history of CVD (Yes vs. No) 081 0.53 1.22 108 057 203 1.12 0.78 161 169 095 299
Ischemic heart disease® (Yes vs. No) 1.16 0.74 1.82 3.83 2.13 6.87 084 045 157 1.71 0.72 404
Atrial fibrillation (Yes vs. No) 1.05 0.56 1.95 1.55 0.72 334 0.89 047 1.69 136 056 333
Other cardiovascular disease® (Yes vs. No)  0.86 043 1.73 097 039 241 1.10 0.56 2.16 107 038 303
Other conditions®
1-2vs. 0 0.78 057 1.08 0.95 0.56 1.63 0.86 0.62 1.19 166 095 2.90
3+ vs. 0 1.20 0.63 230 436 196 9.73 068 039 1.17 029 008 106
Creatinine (1 mg/dl increase) 137 0.74 2.54 174 0.75 403 1.00 0.49 2.02 155 0.57 421

@ Either angina pectoris, or myocardial infarction, or revascularization procedures; b Either peripheral vascular disease or valve disease; © Number of other
conditions among stroke, TIA, COPD, liver disease, thyroid disorders, blood disease, gastric disorders, renal disease, Parkinson’s disease, other disease of CNS, and
cancer; RRRs are adjusted for all the variables

HF Symptomatic Asymptomatic HF Symptomatic Asymptomatic

DLVD DLVD DLVD DLVD
Age +++ +++ +++ +++ +++ +++
Smoking 4+
Alcohol consumption e
IHD +++ +++
Hypertension r
Diabetes +++ +++
Atrial Fibrillation fann
BMI +++ +++
Comorbid conditions ~ +++ +++

Fig. 2 Summary of the results from multivariable analyses
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dwelling elderly subjects is not known, but the finding, if
confirmed, suggests that NT-proBNP may be a diagnos-
tic of HF in the general population less reliable in
females than males. Well known factors influencing the
circulating concentrations of natriuretic peptides are
age, body mass, and renal function. However, age was
similar between males and females in PREDICTOR, and
we took account of differences in BMI and in creatinine
levels in the analysis. The adoption of diagnostic thresh-
olds for NT-proBNP [24], takes into consideration age,
but not sex. The assumption is that the threshold is not
influenced by sex, and that the diagnostic performance
of the test is similar between sexes, as far as the correct
age-based threshold value is used. Our results, if con-
firmed by other studies, could contribute to the scientific
discussion on the validity of this assumption.

In men, ischemic heart disease (IHD) was strongly
associated with HF. In women, the risk factors were
smoking, alcohol consumption, BMI, hypertension, and
atrial fibrillation. In women we did not find evidence of
association between IHD and the conditions. Although
coronary heart disease is considered to be more related
to the male gender, among women it claims more vic-
tims than cancer [25]. Cardiovascular diseases (CVDs)
differ in men and women in many respects, most not-
ably, the disease manifestations [10, 11]. Although cor-
onary heart disease prevalence is lower in women at any
age, this difference is attenuated with advancing age.
Men develop cardiovascular diseases earlier than
women, even if the overall lifetime risk of CVD is similar
in the two sexes [10]. Before menopause, women have a
lower risk of IHD than age-matched men [21]. Smoking
is a well-known risk factor. However, in our dataset it
was associated to HF in women. The absence of associ-
ation in men does not mean that it is not a risk factor
for the male population, but that its association was
hidden by the association between IHD and HF in the
multivariable analysis.

Although the prevalence of hypertension was similar
in men and women, hypertension was associated with
HF in the women only. Previous research reported an
elevated degree of end-organ damage due to hyperten-
sion in women compared to men [26]. Hypertension can
contribute to left ventricular and arterial stiffening in a
sex-specific way. Sex differences in ventricular diastolic
distensibility, vascular stiffness and ventricular/vascular
coupling, and skeletal muscle adaptation to HF have
been potentially related to a greater rate of diastolic HF
in women [26]. The underlying molecular mechanisms
include gender differences in calcium handling, the nitric
oxide system, and natriuretic peptides [27]. Moreover,
oestrogen affects collagen synthesis and degradation and
inhibits the renin-angiotensin system. It has been sug-
gested that oestrogens may benefit premenopausal
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women, and the loss of its protective mechanisms may
render the hearts of postmenopausal women vulnerable
[28]. Furthermore, although women are more often pre-
scribed antihypertensive drugs than men, blood pressure
control is not completely achieved [29]. Differently from
the European guidelines, the latest American College of
Cardiology/American Heart Association guidelines on
arterial hypertension recommend a blood pressure target
<130/80 in all patients with HF; hence, it would be cru-
cial to know if a more intensive pressure target can
affect the prognosis to different degrees in the sexes.

Diabetes was associated with asymptomatic DLVD in
both men and women, while BMI was associated with
symptomatic DLVD in women only. Subjects with pre-
diabetes and diabetes are at increased risk of developing
HF, either with reduced or preserved ejection fraction.
The coexistence of diabetes and HF leads to a higher
risk of HF hospitalization, all-cause death, and cardio-
vascular death. Major causes of HF in patients with dia-
betes are coronary artery diseases, chronic kidney
diseases, hypertension, and myocardial effects of insulin
resistance. In patients with severe, diffuse and often si-
lent coronary artery diseases there is an increased risk of
cardiovascular events, asymptomatic myocardial dys-
function and HF. Complex pathophysiological mecha-
nisms may be responsible for the development of
myocardial dysfunction, even in the absence of coronary
artery diseases or hypertension, but the existence of dia-
betic cardiomyopathy per se has not been confirmed.
Association between diabetes and HF with preserved
ejection fraction has been reported in hypertensive fe-
male patients [30]. As regards BMI, in our population
the proportion of normal-weight individuals was higher
in women then in men, but so it was the prevalence of
obesity. In women, BMI was strongly associated with
both HF and DLVD. In the present study however, dia-
betes was strongly associated with asymptomatic DLVD
in both sexes. In multivariable models for DLVD, we
found an inverse association between dyslipidaemia and
symptomatic DLVD in men. There is not a plausible ex-
planation to this result, that could depend on a statistical
artefact. In fact, the association become statistically sig-
nificant only when ischemic heart diseases are intro-
duced in the model.

The main limitation of this study is its cross-sectional
design, which allowed us to analyse the association
between risk factors and cardiac dysfunction without
knowing the temporal relationship between the two [14].
In addition, another limit is that findings are based on a
slightly dated dataset. A common problem in cross-
sectional studies is the response rate, as previously
reported in our case the response rate was quite low.
Moreover, comparing participants and non-participants
in our study, high prevalence of women, of elderly, of
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neurological disability, and of low socio-demographic
level was found in non-participants [14]. Hence, there
could be problems in generalisability of our results on
very old populations, particularly for females. Finally, we
based our definition of asymptomatic DLVD on reported
symptoms, without considering the impact of functional
status. Subjects with low physical activity might report
symptoms later than physically active individuals. The
strengths of this study include the standardised method-
ology to measure the risk factors and health status of the
study population, the echocardiographic evaluation, and
finally yet importantly, that it was a population-based
study with a similar number of men and women [19].

Conclusions

Sex differences seem to influence the diseases in a
dissimilar way. Understanding these differences is a key
requirement for the early recognition and the early
strategies to prevent the disease.
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