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Abstract

Purpose The existence of gender differences in the manage-
ment of statin therapy among patients with chronic heart fail-
ure (HF) is still poorly investigated. We aimed at exploring the
effect of gender on statin prescription rates and adequacy of
dosing and on the association between statin therapy and all-
cause 1-year mortality, after HF hospitalization in a commu-
nity setting.

Methods Statin prescription rates, adequacy of dosing (esti-
mated as a PDD/DDD ratio >0.80), and 1-year mortality were
retrospectively assessed in 2088 consecutive patients
discharged from 5 local community hospitals with a definite
diagnosis of HF after a mean length of stay of 7.6 days. The
effect of gender was explored using multivariable logistic and
Cox analyses adjusting to confounders.
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Results Women showed a lower statin prescription rate (25.7
vs 35.3 %, P<0.0001) and a lower prevalence of adequate
statin dose (32.6 vs 42.3 %, P<0.0001) than men. Female
gender was independently associated with a 24 % lower prob-
ability of statin prescription and a 48 % higher probability of
inadequate statin dose. Statin prescription and adequacy of
dosing were associated with 35 and 44 % decreases in the risk
of 1-year mortality, respectively, irrespective of gender. A
nested case/control analysis confirmed that adequate statin
dose was associated with 48 % lower 1-year mortality, again
without interaction with gender.

Conclusions In patients with chronic HF, female gender is
independently associated with lower statin prescription rates
and higher probability of inadequate dose. Statin therapy in
these subjects is associated with improved 1-year survival in
both men and women. This prognostic benefit is not affected
by gender.

Keywords Gender - Heart failure - Statins - Prescriptions -
Survival

Introduction

During the last years, the prognostic role of statin therapy in
patients with chronic heart failure (HF) has been largely debat-
ed. An improved clinical outcome associated with statin thera-
py was reported by several studies in the overall HF population
[1] and in various HF subcategories, including severe HF [2],
HF with preserved ejection fraction [3], ischemic HF [4], non-
ischemic HF [5], and HF in the elderly [6]. However, two large
randomized controlled trials showed that rosuvastatin therapy
did not improve clinical outcome in subjects with systolic HF
[7, 8]. The results of these two trials were challenged by two
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metanalyses that confirmed that statins may reduce clinical
symptoms, improve cardiac function, and favour ventricular
remodelling in patients with systolic HF, suggesting that a re-
duction in mortality and rehospitalisation in these patients can
be observed in particular subsets, namely those under 65 years
and those treated with atorvastatin [9, 10]. In addition, a recent
collaborative metaanalysis of unpublished data from major ran-
domized trials found that statins reduced the risk of HF death
and non-fatal HF hospitalization, independently on the under-
lying ischemic etiology [11].

Based on these considerations, assessing the potential
existence of gender differences in statin prescription rate
among HF patients may be of potential clinical interest.
The rationale for this analysis is based on previous ev-
idences reporting a tendency towards lower prescription
rates in women than men for several cardiovascular
medications in different settings [12, 13]. However,
available data for patients with HF are limited to two
studies that analysed the unadjusted prevalence of pre-
scriptions for several agents, reporting opposite results
for the comparison of statin prescription rates between
men and women [14, 15]. A focused gender comparison
of statin prescription rate in this population, adjusting
for expected confounding variables, has not been criti-
cally evaluated. Moreover, the impact of gender on the
adequacy of statin dose in HF patients has still not been
investigated.

The aim of this study was to investigate gender differences
in statin prescription rate and adequacy of dosing, and in the
association of statin therapy with overall 1-year mortality, in a
large cohort of hospitalized subjects discharged with a diag-
nosis of HF.

Material and methods
Study population

* All residents in the geographic area of the Local Health
Authority of Florence, Italy, consecutively discharged over
a 12-month period from 5 local community hospitals with a
definite diagnosis of HF and who remained alive 30 days
after discharge, were included in this study. The Local
Health Authority of Florence is the largest health authority
of Tuscany, provides care for 850,000 inhabitants, and in-
cludes four high-volume hospitals with full cardiac inter-
ventional capabilities and two low-volume peripheral hos-
pitals with non-invasive cardiologic services. For unambig-
uous definition of HF diagnosis, subjects were identified
through the Regional Hospital Discharge System by con-
sidering an International Classification of Diseases - 9th
revision, clinical modification (ICD-9 CM) discharge code
428, corresponding to HF.
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Prescriptions and adequacy of dosing

Data on statin prescriptions were obtained from the Local
Pharmaceutical Service database, which systematically moni-
tors all pharmacological prescriptions by local physicians and
collects all records from local pharmacies in the Florence area.
For the assessment of adequacy of statin dose, we considered
the ratio between the prescribed daily dose (PDD) and the
defined daily dose (DDD). The PDD corresponds to the aver-
age daily dose actually prescribed to the patient, calculated on
the basis of the number of pharmacological prescriptions over
a given span of time [16]. The DDD of a drug is a measure of
consumption corresponding to the assumed average mainte-
nance dose per day in adults [17]. The PDD/DDD ratio is
often used in cohort studies as a surrogate measure for ade-
quacy of dosing. For the calculation of PDD/DDD ratio, we
adopted the following DDD values in accordance with WHO
recommendations [18]: atorvastatin, 20 mg; rosuvastatin,
10 mg; fluvastatin, 60 mg; lovastatin, 45 mg; pravastatin and
simvastatin, 30 mg. As previously described, we considered a
PDD/DDD ratio <0.80 as an index of inadequate dose, sug-
gesting poor adherence to therapy [19].

Clinical outcome

The predefined clinical endpoint of this study was all-cause
mortality at 1 year after discharge. Information on vital status
was obtained by consulting the Florence Registry Office,
which collects complete and updated records of all subjects
living within city boundaries. For those who had moved away,
specific queries were sent to the Registry Office of the new
city of residence.

Statistical analysis

Data were expressed as median (interquartile range) for con-
tinuous variables and number (percentage) for categorical var-
iables. Comparisons of variables were performed using the
Mann-Whitney U test or the chi-square test, as appropriate.
The inclusion of patients who were still alive 30 days after
discharge was predefined to account for the risk of immortal
time bias. Logistic regression models were used to explore the
determinants of statin prescription and adequacy of dosing.
The model goodness-of-fit was assessed using the Hosmer-
Lemeshow test [20]. Cox proportional hazard regression
models were built to explore the independent impact of statin
use on l-year mortality. Risk-adjusted event-free survival
curves were plotted using separate Cox models for males
and females. The proportional hazard assumption and model
goodness-of-fit were tested using the methods of Grambsch-
Therneau [21] and May-Hosmer [22], respectively. All covar-
iates listed in Table 1, showing a p<0.10 in univariable
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Table 1 Baseline characteristics
Men (n=1029) Women (n=1059) P
Age, years® 79 (71-85) 83 (78-88) <0.001
Systemic hypertension, 7 (%) 764 (74.3) 800 (75.5) 0.49
Hypercholesterolemia, n (%) 187 (18.2) 111 (10.5) <0.001
Diabetes mellitus, 7 (%) 294 (28.6) 257 (24.3) 0.026
Coronary artery disease, n (%) 345 (33.5) 246 (23.2) <0.001
Previous hospitalization for HF, n (%) 255 (24.8) 225 (21.3) 0.055
Cerebrovascular disease, n (%) 66 (6.4) 42 (4.0) 0.012
Chronic kidney disease, n (%) 39 (3.8) 22 (2.1) 0.020
Chronic obstructive pulmonary disease, 7 (%) 226 (22.0) 185 (17.5) 0.010
Liver disease, n (%) 102 (9.9) 111 (10.5) 0.67
Neurological disease, n (%) 67 (6.5) 72 (6.8) 0.79
Neoplasm, 7 (%) 107 (10.4) 104 (9.8) 0.66
In-hospital PTCA, n (%) 27 (2.6) 12 (1.1) 0.012
Discharged by Cardiologic Department, n (%) 333 (32.4) 248 (23.4) <0.001
Concomitant medications at discharge
ACE-inhibitors and/or ARB, n (%) 811 (78.8) 800 (75.5) 0.075
Beta-blockers, n (%) 667 (64.8) 589 (55.6) <0.001
Calcium antagonists, 7 (%) 180 (17.5) 196 (18.5) 0.55
Diuretics, 1 (%) 937 91.1) 966 (91.2) 0.90
Nitrates, n (%) 434 (42.2) 499 (47.1) 0.023
Antiplatelet agents, n (%) 620 (60.3) 590 (55.7) 0.036

Comparison of baseline characteristics of the study population between men and women

ACE angiotensin II converting enzyme, ARB angiotensin II receptor blockers, HF heart failure, PTCA percuta-
neous transluminal coronary angioplasty

#Median (interquartile range)

analyses, were tested into multivariable models (logistic or
Cox regression) using a forward selection procedure.

An additional analysis was obtained using a nested case-
control study. For each death, three controls were randomly
chosen from those members of the cohort who were alive at
the failure time of the case, considering age quartiles and
propensity score deciles as matching criteria. The propensity
score was calculated for each patient by multivariable logistic
regression, including all significant predictors of statin use at
baseline (shown in Table 2) without regard to clinical out-
come. The significance level was set at 0.05. All tests were
two-tailed. Analyses were performed using Stata statistical
package (version 11.0, Stata Corporation, Texas, 2009).

Results
General characteristics

A total of 2088 patients (50.7 % women) met the selection
criteria and entered the study population. Baseline character-
istics at discharge are shown in Table 1. Compared to women,
men were younger and showed a significantly higher

prevalence of comorbidities, including hyperlipemia, diabetes
mellitus, coronary artery disease, chronic kidney disease, pe-
ripheral artery disease, and chronic obstructive pulmonary
disease. Men also showed higher prevalences of percutaneous
coronary intervention and discharge from cardiologic depart-
ments during the index hospitalization. Beta/blockers and an-
tiplatelet agents were more commonly prescribed in men than
women, whereas prescription of nitrates was more common in
women.

Gender and statin prescriptions

Overall, 643 subjects (248 women, 38.6 %) received statin
prescriptions during the period of study. Statins were pre-
scribed more frequently in men (38.4 %, 95 % confidence
interval (CI) 35.4, 41.4) than women (23.4 %, 95 % CI120.4,
26.0; P<0.0001). This difference was still evident using age-
adjusted rates (men 35.3 %, 95 % CI 32.5, 38.2; women
25.7 %, 95 % CI 23.0, 28.4; P<0.0001) and was consistently
observed across all age classes (Supplementary file 1).
Univariable logistic regression showed that female gender
was associated with a reduced probability of statin prescrip-
tion (odds ratio 0.49, 95 % CI 0.41, 0.59; P<0.0001). In a
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Table 2 Determinants of statin prescription and inadequacy of dosing

Odds ratio 95 % CI P

Statin prescription

Female gender 0.76 0.61-0.96 0.019

Age 0.95 0.94-0.96  <0.001

Hyperlipemia 7.59 5.46-10.57 <0.001

Diabetes mellitus 1.50 1.18-1.92  <0.001

Coronary artery disease 1.62 1.26-2.09  <0.001

Discharging Department® 0.64 0.51-0.82  <0.001
Concomitant medications

- ACE-inhibitors and/or ARB 1.70 126231  <0.001

- Beta-blockers 1.65 1.29-2.11  <0.001

- Nitrates 1.27 1.00-1.61 0.019

- Antiplatelet agents 2.47 1.95-3.14  <0.001
Inadequate statin dose

Female gender 1.48 1.05-2.11 0.027

Age 1.03 1.01-1.05 0.003

Diabetes mellitus 0.70 0.50-0.97 0.034

Neurological disease 0.40 0.18-0.90 0.027

Discharging Department® 1.37 0.97-1.92 0.070
Concomitant medications

- ACE-inhibitors and/or ARB  1.50 0.94-2.41 0.091
- Antiplatelet agents 0.44 0.30-0.66  <0.001

Independent determinants of statin prescription in the overall study pop-
ulation (top) and inadequate statin dose in statin users (bottom), as iden-
tified by multivariable logistic regression. Models were built by testing all
variables presented in Table 1 with univariable p<0.10 in an enter
procedure

ACE angiotensin II converting enzyme, ARB angiotensin II receptor
blockers, CI confidence interval

#Non-cardiologic vs cardiologic

multivariable logistic model adjusting for confounders, female
gender remained independently associated with a 24 % lower
probability of statin prescription (Table 2).

Gender and adequacy of statin dose

In the group of patients who received statin prescriptions, the
proportion of subjects prescribed with adequate statin dose
was lower in women than men (Fig. 1). Multivariable logistic
analysis confirmed that female gender was independently as-
sociated with a 48 % relative increase in the risk of inadequate
statin dose (Table 2).

Gender, statins, and clinical outcome

In the study population, cardiovascular death accounted for
57.2 % of all deaths observed over the 1-year follow-up
(53.4 % in men vs 61.5 % in women, p<0.0001).
Multivariable Cox regression adjusting for confounders
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Fig. 1 Crude and age-adjusted gender differences in the proportion of
subjects prescribed with adequate statin dose, calculated in the group of
patients who received at least one statin prescription

showed that statin prescription was independently associated
with a relative 35 % decrease in the risk of death at 1 year
(hazard ratio 0.65, 95 % CI 0.51, 0.83; P<0.001). Gender
showed no association with the clinical endpoint (hazard ratio
0.89,95 9% CI10.75, 1.07; P=0.22), and no interaction between
gender and statin prescription was found. Adjusted survival
curves showing the impact of statin prescription on clinical
outcome in men and women are shown in Fig. 2.

When a similar model was built by substituting statin pre-
scription with adequacy of statin dose among the independent
variables, an adequate statin dose was associated with a 44 %
relative reduction in the risk of death at 1 year (Table 3).
Again, gender showed no association with outcome (hazard
ratio 0.89, 95 % CI 0.74, 1.07; P=0.20), and no interaction
between gender and adequacy of statin dose was found. The
nested case/control analysis confirmed that adequate statin
dose was associated with a 48 % lower 1-year mortality, with
no independent association of gender with outcome and no
evidence of gender-adequacy of dosing interaction.

The overall prevalence of rehospitalization during the
follow-up was 51.3 %. This prevalence was lower among
patients who received than those who did not receive statin
prescriptions (45.9 vs 61.4 %, p<0.0001). In stepwise multi-
variable Cox analysis, only age (hazard ratio 1.008, 95 % CI
1.002, 1.014, p=0.013) and chronic pulmonary obstructive
disease (hazard ratio 1.26, 95 % CI 1.10, 1.45; P=0.0010)
were found to be independent predictors of rehospitalization,
with no effect of either statin treatment or gender.

Discussion
Main findings

This study explored gender differences in statin prescription
rate, adequacy of statin dose, and the association between
statin therapy and clinical outcome in a cohort of hospitalized
patients discharged with a diagnosis of HF. Our results
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Fig. 2 Gender-specific adjusted
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showed that in this population: (1) female gender was inde-
pendently associated with a reduced probability of statin pre-
scription and a higher probability of inadequate statin dose;
(2) statin therapy and adequate statin dose were associated
with improved 1-year survival independently of gender.

Impact of gender on statin prescription rate and adequacy
of dosing

Two studies previously explored gender differences in the rate
of statin prescription among patients with HF, providing con-
flicting data. In the GIPSI study [14], an Italian registry that
collected data on 530 patients considered at risk for HF and
227 patients with overt HF in a primary care setting, the un-
adjusted rate of statin prescription in women was found to be
lower than that observed in men among patients at risk for HF
(5.6 vs 12.4 %), but higher than that observed in men among
patients with overt HF (17.9 vs 10.5 %). Another study, ret-
rospectively performed on 206 men and 94 women consecu-
tively admitted with a primary diagnosis of HF to a tertiary
care hospital, reported a higher in-hospital prescription rate of
statins in men than women (48.5 vs 22.3 %) [15]. Both studies
were designed to provide data about the prescription rates of
major pharmacological classes in men and women with HF
with no specific focus on statins and did not explore the inde-
pendent impact of gender by adjusting analyses for the ob-
served clinical differences between the female and male pop-
ulation with HF. As a novel contribution, we found that female
gender was associated with lower probability of statin pre-
scriptions in a large cohort of hospitalized patients discharged
with a diagnosis of HF and that this difference was

independent of confounders including age, clinical variables,
and concomitant cardiovascular therapy. These findings agree
with previous evidence showing that significant gender dis-
crepancies in the management of patients with cardiovascular
diseases still exist and that women are less likely to receive
appropriate diagnostic examinations and prescriptions of
evidence-based medications than men [23-25].

Our findings also provide evidence of an independent as-
sociation between female gender and reduced probability of
adequate statin dose in HF patients. This result may be in
accordance with previous reports of lower adherence to
guideline-recommended therapies among women than men
in other cardiovascular settings [26, 27]. In this regard, it
should be considered that poor adherence to statin therapy
depends on complex interaction between patient’s and physi-
cian’s attitudes, comorbidities potentially affecting statin in-
tolerance, ageing, clinical inertia, co-existence of coronary
artery disease, family history of cardiovascular events, type
of statin, and socioeconomic factors including the levels of
co-payments, their changes over time, the cost and type of
medication (e.g. generic or branded), the availability of alter-
native drugs, and the level of health services utilization
[28-30]. Age and comorbidities, in particular, can favour the
probability of adverse effects of statins, particularly at high
dose, potentially leading physicians to avoid statin prescrip-
tions or to prescribe them at low doses, and patients to inter-
rupt treatment or to self-reduce the medication dose. However,
it is interesting to note that in our population, women were
older but showed lower prevalences of comorbidities as com-
pared to men. On the other hand, in our population, women
also showed lower prevalences of hyperlipemia and coronary
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Table 3 Predictors of mortality

Cox regression Hazard ratio 95 % CI P
Statin therapy®

- Adequate dose 0.56 0.38-0.82 0.003

- Inadequate dose 0.70 0.53-0.92 0.012
Age 1.04 1.03-1.06 <0.001
Coronary artery disease 1.21 0.97-1.50 0.089
Ischemic etiology 1.20 0.98-1.47 0.082
Previous hospitalization for HF 1.27 1.03-1.57 0.029
Chronic obstructive pulmonary disease 1.31 1.07-1.61 0.009
Neurological disease 1.34 1.00-1.80 0.049
Concomitant medications

- ACE-inhibitors and/or ARB 0.57 0.47-0.70 <0.001

- Beta-blockers 0.69 0.57-0.83 <0.001

- Calcium antagonists 0.77 0.60-0.99 0.046

- Nitrates 1.20 1.00-1.45 0.046

- Antiplatelet agents 0.77 0.65-0.93 0.006
Nested case-control analysis Odds ratio 95 % CI P
Statin therapy®

- Adequate dose 0.52 0.33-0.81 0.004

- Inadequate dose 0.73 0.53-1.03 0.071
Age 1.03 1.00-1.06 0.041
Female gender 0.82 0.66-1.02 0.070
Ischemic etiology 1.89 1.36-2.61 <0.001
Chronic obstructive pulmonary disease 1.50 1.17-1.92 0.001
Concomitant medications

- ACE-inhibitors and/or ARB 0.72 0.56-0.93 0.011

- Beta-blockers 0.65 0.51-0.83 0.001

Independent predictors of 1-year mortality in the study population, as identified by multivariable Cox regression
and nested case—control analysis. Models were built by testing all variables presented in Table 1 with univariable

p<0.10

ACE angiotensin II converting enzyme, ARB angiotensin II receptor blockers, CI confidence interval HF heart

failure

#Using patients not receiving statin prescriptions as a reference group

artery disease, which are common indications to statin treat-
ment in daily practice. Although the effect of gender in our
population was found to be independent from these variables,
it cannot be excluded that a residual confounding effect might
have favoured lower prescription rates and inadequate doses
in women.

Impact of gender on the association between statin
therapy and outcome

In our population of patients with HF, we found that not only
statin prescription but also the adequacy of statin dose was
independently associated with more favourable clinical out-
come and that these associations were not affected by gender.
It should also be stressed that as a result of the retrospective
and observational nature of our analysis, the prognostic bene-
fit observed in this study must be considered with caution. The
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prognostic value of statin therapy in patients with HF is still
controversial, and inconsistencies across studies are likely to
be affected by a high variability in several key factors, includ-
ing age of the study population, HF etiology distribution, pro-
portion of HF patients with preserved or reduced ejection
fraction, prevalence of hyperlipemia, specific statin consid-
ered in the study, concomitant medications, differences in
the exclusion criteria, and potential confounding role of dif-
ferent types of bias [31]. Regardless of these discrepancies,
several mechanisms have been proposed to explain the exis-
tence of a potential benefit associated with statin therapy in
patients with HF, including anti-inflammatory properties, neu-
rohormonal modulation, restoration of endothelial function,
and favourable electrophysiological changes [32-34]. With
this in mind, our findings might suggest that a potential prog-
nostic benefit of statin therapy in HF patients could occur
independently of the established gender differences in the
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pathophysiology and clinical features of chronic HF and in the
lipoprotein responses to statins [35]. This may be in accor-
dance with previous evidence showing that in secondary pre-
vention, statins are equally effective in both genders [36].

Clinical implications and study limitations

From a practical point of view, the findings of this study sug-
gest that physicians should give particular attention to evalu-
ate the potential indication for statin prescription in women
with HF and to correctly identify the adequate dose. Also,
searching for ways to encourage female patients to persist with
statin therapy might also contribute to fill the gap related to
lower adherence to therapy. This may be of particular impor-
tance after initiation of statin therapy, as recent evidence sug-
gests that the decision on long-term continuation of statin use
is often taken during the first year of treatment [37]. Moreover,
since statin prescription and adequate dose were both associ-
ated with better outcome in our study population, a prognostic
benefit might be expected by appropriate interventions aimed
at motivating physicians to consider patient’s compliance as a
clinically relevant target, and patients to adequately assume
therapy and correctly interpret potential adverse drug reac-
tions [38]. The practical utility of prediction models for the
identification of patients with high risk of non-adherence to
statin therapy could also be taken into account [39]. On the
other hand, it should be considered that successful implemen-
tation of strategies aimed at improving patients’ adherence to
their statin medication may not be easy to obtain in the real
world [40]. Moreover, considering the lower baseline risk of
cardiovascular disease in women and the potential increase in
the risk of cognitive impairment, insulin resistance, and type-2
diabetes related to statin therapy [41], it may be reasonable to
take into account the cost-effectiveness of these strategies [42]
and to base treatment decisions on the level of cardiovascular
risk as recommended by current guidelines [43, 44]. Lastly, it
should be pointed out that some studies previously found that
lowering cholesterol levels might not be beneficial but could
even increase mortality in chronic HF [45, 46]. This strictly
suggests that the role of statins in these patients is worthy of
further exploration.

Several limitations should be considered in this study. This
study was carried out in a single Italian region so that caution
is required to generalize findings to other settings and popu-
lations. We only considered all-cause 1-year mortality as the
clinical endpoint. Extending the analyses to other endpoints
such as cardiac rehospitalization and the amount of primary
care would have been of clinical interest. We were not able to
assess the prevalence of adverse effect to statins or surrogate
measures—e.g. the number of orthopaedic consultations relat-
ed to symptoms believed to depend on bone-related pain, but
actually related to statin-induced myositis—which may have
played a role in affecting gender discrepancies. Other

important variables involved in affecting the probability of
statin therapy or in the prognostic benefit of statins—e.g. a
family history of coronary artery disease or the temporal trend
of C-reactive protein levels—were not available in our data-
base. This study was not powered enough to allow for analy-
ses in subsets with different types of HF (e.g. reduced vs
preserved ejection fraction). Differences in pharmacokinetic
aspects, efficacy, and tolerability exist between different
statins [47]. Assessing the impact of gender on the prescrip-
tion rate and adequacy of dosing for different statins would
have provided further information, but the sample size of our
study precluded this additional analysis. In our study, we did
not consider the use of other lipid lowering agents since statins
are the most commonly medications used to lower cholesterol
in our region. However, the prevalence of use of statins and
other lipid lowering agents might be different in other
Countries. Lastly, other indexes of therapeutic adherence and
compliance to therapy (e.g. self-reported questionnaires)
would have been useful to better explore the impact of gender
on statin prescription patterns.

In conclusion, in a population of patients discharged with a
diagnosis of chronic HF, female gender was independently
associated with lower statin prescription rates and higher
probability of inadequate dose. Statin therapy in these subjects
was associated with improved 1-year survival in both men and
women. This prognostic benefit was not affected by gender.
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