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Statin Treatment and Clinical Outcomes of Heart Failure Among
Africans: An Inverse Probability Treatment Weighted Analysis
Kwadwo Osei Bonsu, BPharm, PhD; Isaac Koﬁ Owusu, MBChB, FGCP, FWACP; Kwame Ohene Buabeng, BPharm, MSc, PhD, FGCPh;
Daniel D. Reidpath, PhD; Amudha Kadirvelu, MBBS, PhD

Background-—Randomized control trials of statins have not demonstrated signiﬁcant beneﬁts in outcomes of heart failure (HF).
However, randomized control trials may not always be generalizable. The aim was to determine whether statin and statin type–
lipophilic or –hydrophilic improve long-term outcomes in Africans with HF.
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Methods and Results-—This was a retrospective longitudinal study of HF patients aged ≥18 years hospitalized at a tertiary
healthcare center between January 1, 2009 and December 31, 2013 in Ghana. Patients were eligible if they were discharged
from ﬁrst admission for HF (index admission) and followed up to time of all-cause, cardiovascular, and HF mortality or end of
study. Multivariable time-dependent Cox model and inverse-probability-of-treatment weighting of marginal structural model
were used to estimate associations between statin treatment and outcomes. Adjusted hazard ratios were also estimated for
lipophilic and hydrophilic statin compared with no statin use. The study included 1488 patients (mean age 60.314.2 years)
with 9306 person-years of observation. Using the time-dependent Cox model, the 5-year adjusted hazard ratios with 95% CI
for statin treatment on all-cause, cardiovascular, and HF mortality were 0.68 (0.55–0.83), 0.67 (0.54–0.82), and 0.63 (0.51–
0.79), respectively. Use of inverse-probability-of-treatment weighting resulted in estimates of 0.79 (0.65–0.96), 0.77 (0.63–
0.96), and 0.77 (0.61–0.95) for statin treatment on all-cause, cardiovascular, and HF mortality, respectively, compared with no
statin use.
Conclusions-—Among Africans with HF, statin treatment was associated with signiﬁcant reduction in mortality. ( J Am Heart
Assoc. 2017;6:e004706. DOI: 10.1161/JAHA.116.004706.)
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H

eart failure (HF) has become a major public health and
clinical priority worldwide.1 With the world’s aging
population coupled with epidemiological transition, the burden of HF is expected to rise in the foreseeable future.1,2
Statins are well known to reduce cardiovascular events,3,4 and
remain key to preventing HF. More recently there have been
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some discussions about potential beneﬁt of statins for
treatment of established HF because of various pleiotropic
(ie, non-cholesterol-lowering) effects.5
Notwithstanding the beneﬁt of statin therapy in
prevention, the evidence for the role of statins in the
treatment of established HF remains unclear. A number of
nonrandomized studies and post hoc analyses of randomized control trials (RCTs) evaluating treatments other than
statins suggest that statin therapy improves clinical
outcomes in patients with HF,6,7 and beneﬁts were also
shown in several small RCTs identifying improved surrogate and mortality outcomes in HF.8–10 In contrast, large
RCTs—the Controlled Rosuvastatin Multinational Study in
Heart Failure (CORONA) study11 and Gruppo Italiano per
lo Studio della Sopravvivenza nell’Insufﬁcienza cardiaca
(GISSI-HF)12—which were undertaken to evaluate these
promising ﬁndings, did not show signiﬁcant outcome
beneﬁts in primary end points compared with placebo.
The result from the CORONA trial, however, did show
signiﬁcant reductions in hospitalizations and improved
survival in subgroups of patients with low galectin-313 and
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from the date of discharge of the index admission to the time
of all-cause, cardiovascular, or worsening HF mortality; loss to
follow-up; or the end of the study.

Method

Exposure

The study design was a retrospective longitudinal cohort of
newly diagnosed HF patients aged ≥18 years hospitalized
between January 1, 2009 and December 31, 2013. HF was
diagnosed using the modiﬁed Framingham criteria30,31 and
echocardiographic data. Patients were eligible for the study if
they were hospitalized for HF as a primary cause of admission
or HF was diagnosed during hospitalization, when HF was not
the initial reason for admission. The ﬁrst admission for HF was
considered the index admission. The follow-up commenced

The exposure of interest was statin prescription at discharge
from index admission or during clinic visit. The comparison
was no statin prescription on optimal treatment at discharge
from admission or during clinic visit. We deﬁned statin
treatment eligibility as both ischemic and nonischemic
etiology of HF, no documented contraindication, no allergies
to statins, and without prior exposure to statin at least
3 months before index admission for HF.32 We employed the
new user approach to avoid bias introduced by the inclusion
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Study Site
The study was conducted at the cardiac clinic, Directorate of
Medicine, Komfo Anokye Teaching Hospital, Kumasi, Ghana.
Komfo Anokye Teaching Hospital is a 1200-bed hospital
located in Kumasi, which is the regional capital of the Ashanti
region of Ghana and the only tertiary facility with a cardiac
clinic that serves patients from the northern half of Ghana.
Approximately 85% of patients who seek health care at Komfo
Anokye Teaching Hospital subscribe to the National Health
Insurance Scheme.
The study was approved by the Committee on Human
Research, Publications and Ethics of Kwame Nkrumah
University of Science and Technology, Ghana and the Monash
University Human Research Ethics Committee, Australia.
Patient consent was not required.

Data Source
Data for the study were abstracted from clinical records of HF
patients from the cardiac clinic, Directorate of Medicine of
Komfo Anokye Teaching Hospital. Data were sourced from
patients’ medical records linked to claims records from the
pharmacy department and the National Health Insurance
Scheme unit of the hospital. The medical records contain
physical signs, diagnosis, laboratory investigations and
results, chest radiograph reports, echocardiography reports,
electrocardiograph and procedures conducted on patients,
prescribed medications and cost covered during admission or
hospital visit linked with the Ghana Diagnosis-Related Group
codes. The records contain medical and drug history as well
as demographic data of patients. The demographic data
include age, sex, height, weight, marital status, and highest
level of education of patients. Also included in the data are
admission dates, discharge dates, as well as death dates if
patients died.
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N-terminal pro-B-type natriuretic peptide14 levels on
rosuvastatin therapy.
It is noteworthy that CORONA and GISSI-HF evaluated the
same drug (rosuvastatin) and dose (10 mg). Two subsequent
meta-analyses of RCTs15,16 that included the CORONA and
GISSI-HF trials found no signiﬁcant outcome beneﬁt of statin
therapy versus placebo in HF. A closer examination of the
management of RCTs included in the meta-analyses shows
that the researchers treated the statins as if they were a
uniform class of drugs, which they are not, and thus failed to
compare the effects of statin types utilized in each trial.
Within the statins, there are 2 different types, which can be
identiﬁed by their hydrophilicity or lipophilicity. Rosuvastatin
(hydrophilic statin) evaluated in CORONA and GISSI-HF is
suggested to have played a critical part in the neutral
outcome in both large RCTs and possibly skewed previous
meta-analyses toward the results of these 2 large trials.
Subsequent to CORONA and GISSI-HF, several studies
demonstrated improved clinical outcomes with statin therapy
in HF.17–19 These studies were nonrandomized, but did
suggest that lipophilic statins may have better outcomes than
hydrophilic statins in treatment of HF.5 Lipophilic statins have
also shown improved surrogate outcomes (cardiac function
and inﬂammation) and signiﬁcant reductions in hospitalizations for worsening HF, all-cause, and cardiovascular mortality
compared with hydrophilic statin treatment in indirect comparison meta-analyses of RCTs.20,21
In addition to the doubt raised in the generalizability of the
earlier large statin trials, because of the focus on hydrophilic
statins, the patient groups were overwhelmingly of white
background. Racial and ethnic differences play an important
role in patient characteristics, treatment, and prognoses of
HF.22–25 In particular, blacks compared with other racial
groups, are at increased risk of developing HF.23,24 Re-analysis
of major HF clinical trials data suggests that black patients
have varied responses to approved treatments for HF
compared with whites.26–29 In this present study, we evaluate
the association between statin use, statin type, and long-term
outcomes of an African population with HF.
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Outcome Assessment
The study outcomes were time to all-cause, cardiovascular,
and worsening HF mortality following discharge from the
index admission. Cardiovascular and HF mortality were
deﬁned based on autopsy reports, clinical notes, and Ghana
Diagnosis-Related Group codes in claim records.

Censoring
Patients who did not experience any of the study end points
or outcomes were censored. The censoring dates were
deﬁned as (1) the end of study period or (2) the date on which
the patient’s data were no longer available.

Covariates
The variation in survival rates may be associated with timeindependent demographic and time-dependent and -independent clinical and treatment factors accounting for 33
covariates for analysis. Demographic factors included age,
sex, BMI, history of cigarette smoking, and highest level of
education. The time-independent clinical factors were medical
history/comorbidities, which included HF etiology, anemia,
atrial ﬁbrillation, chronic liver disease, chronic obstructive
pulmonary disease, prior myocardial infarction, coronary
artery disease, prior angina pectoris, diabetes mellitus,
hypertension, stroke, dilated cardiomyopathy, and chronic
kidney disease. The time-dependent clinical factors were
physical signs (heart rate, New York Heart Association [NHYA]
DOI: 10.1161/JAHA.116.004706

functional class, diastolic blood pressure, and systolic blood
pressure) and results of investigations (ejection fraction, lowdensity lipoprotein-cholesterol [LDL-C] and high-density
lipoprotein-cholesterol [HDL-C]) conducted during admissions
and/or scheduled visits. Treatment factors included prescribed co-medications at discharge or scheduled visit
(angiotensin-converting enzyme inhibitors/angiotensin II
receptor blockers, aldosterone antagonist, b-blockers,
digoxin, diuretics, calcium channel blockers, oral anticoagulants, and nitrates).

Statistical Analysis
Data analyses were performed using R statistical software
version 3.2.4 (R foundation for Statistical Computing, Vienna,
Austria). We used v2 and t test to examine bivariate
associations between predictor variables and outcomes for
categorical and continuous variables, respectively. Two
different approaches were used to examine the treatment
effect of statin on mortality outcomes of HF. First, a timedependent Cox model was developed, and second, a
marginal structural Cox model using inverse probability
weights was constructed.33,35 Missing data for variables
were handled by multiple imputation approach based on the
pattern for all available observations. For all analyses, a level
of signiﬁcance was set to 0.05 and all reported P values are
2-sided.

Time-Dependent Cox Model
Crude mortality rates for statin treatment versus no statin
use were compared. We used the Kaplan–Meier method to
estimate unadjusted mortality by statin treatment versus no
statin use, and the log-rank test was used to compare the
groups. Next, multivariable time-dependent Cox models of
time to mortality outcomes were constructed. The independent variables used in the Cox regression were 33 covariates
comprising time-independent demographic and clinical factors as well as time-dependent clinical and treatment factors
updated periodically during follow-up. Patients were censored
if they did not reach the outcome until December 31, 2013
(end of the study) or last date patient records were traceable
before end of study. Hazards ratios were obtained from the
model after adjusting for the covariates mentioned above.
LDL-C levels reported during follow-up may be timedependent confounder in the present study. It is an
intermediate variable affected by previous treatment and
predicting future treatment and an independent risk factor for
adverse outcomes in HF. Thus, simply adding this variable in
the time-dependent Cox model may introduce bias and
cannot provide causal effect of statin treatment on outcomes
in HF.36
Journal of the American Heart Association
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of prevalent statin users into the study cohort. Thus, we
required that patients were naive to statin therapy at index
admission to merit inclusion. A patient’s exposure to statin
treatment was assessed for the study period (January 1,
2009–December 31, 2013). Exposure was classiﬁed on a
monthly basis by assessment of the days’ supply of ﬁlled
prescriptions. Every person-month during study follow-up was
classiﬁed according to the use of statins. All prescriptions for
statins were retrieved, and the length of each prescription
was calculated based on the recorded number of tablets
prescribed and dispensed and the daily dose; where these
data were not available, the median value (28 days) was
assumed. Statin use in a month was deﬁned as use when the
days’ supply for statins covered 15 or more days in that
month. No statin use in a month was deﬁned as no
prescription for statin or days’ supply covered less than
15 days in that month or any preceding months.33,34 Thus
statin users could become nonusers of statin during follow-up.
Exposure to statin treatment was therefore time varying or
time dependent and could change over the course of
follow-up.
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To estimate the causal effect of statin versus no statin use on
mortality outcomes in the presence of time-varying confounding factors, marginal structural Cox model using inverseprobability-treatment-weighting (IPTW) was employed. The
IPTW approach creates a pseudopopulation of original
subjects who account for themselves and for subjects with
similar characteristics who received the alternate exposure.33,35 With time-independent exposure, IPTW creates a
pseudopopulation in which all subjects are considered
conditionally exchangeable by achieving a balance between
the treated and nontreated groups on the baseline covariates
at the start of the study.33,37 Unlike time-independent
exposures, longitudinal studies with time-varying treatment
employ marginal structural models (MSMs) using the IPTW,
which is updated at various time points to achieve balance
between the groups not only at baseline but also at different
time points. Thus, MSM allows for the control of timedependent confounders that predict the subsequent treatment and are predicted by previous treatment.37 MSMs using
IPTW are related to propensity scoring.38,39 The IPTW
approach has been developed to utilize all sample information
with assigned weights by making an unbiased estimation of
the true risk difference with the lowest standard error of the
estimated risk difference, the lowest mean-squared error, and
approximately correct type I error rates.40,41 It has also been
shown to handle longitudinal data characterized by timevarying treatments and covariates better than conventional
propensity score methods.40,42 Using the same 33 covariates
for the time-dependent Cox model, case-weight estimation
was done to predict the inverse probability weight for statin
use and censoring.40,43 A large variability in propensity score
distribution plausibly attributable to high correlations of some
covariates with treatment means treatment patterns will have
extremely large weights.37 Thus, we used an approach
proposed by Robins et al44 and Hernan et al39 that recommends replacing the IPTW with stabilized weights to reduce
this variability and ensure that estimated treatment effect
remains unbiased.37 These stabilized weights were estimated
from the product of treatment and censoring weights.
To estimate the stabilized weights for use in MSM, ﬁrst, we
created treatment history weights at various time intervals. We
calculated the treatment history weights for each time interval
as conditional probability of receiving the observed treatment
based on the treatment history (treatment in prior time interval)
and the baseline covariates divided by conditional probability of
receiving the observed treatment based on the treatment
history and the baseline covariates as well as the timedependent covariates (LDL-C, HDL-C, and left ventricular
ejection fraction).39,45 Second, the censoring history weight
to adjust for censoring by loss to follow-up or end of study was
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calculated by an approach similar to the estimation of
treatment history weights. The 2 calculated weights (treatment
and censoring) were multiplied to create stabilized weights for
each subject in each period.33 Finally, to estimate the
treatment effect of statin on observed mortality outcomes,
we constructed a weighted Cox regression model with robust
standard errors estimation, treating each person-period as an
observation. This modeling approach assumes no unmeasured
confounding, correct model speciﬁcation, and positivity; thus,
treatment effects estimated in this model have causal interpretation.45 We compared the estimates (hazard ratios with
corresponding 95% CI) obtained from MSM with that obtained
from the time-dependent Cox model to ascertain bias because
of time-varying confounding factors. In our entire Cox modeling, the proportional hazards assumption was tested by scaled
Schoenfeld residuals, and the presence of extreme outliers was
assessed by dfbetas. No violations to the proportional hazards
assumption or possible inﬂuential outliers were found.

Subgroup and Interaction Analyses
Several planned subgroup analyses were carried out to test
the robustness of the study ﬁndings. First, we carried out an
analysis of the study population restricted to those who were
prescribed lipophilic statins versus no statin prescription on
optimal treatment for HF, and a comparable analysis of those
prescribed hydrophilic statins. Finally, we compared the
treatment effect of lipophilic versus hydrophilic statins on
mortality outcomes. Interactions between statin treatment
and clinically relevant variables were examined using MSMs
with IPTW analysis for all-cause mortality. Continuous variables were categorized for easier visual interpretation.

Results
Patient Characteristics
There were 1488 HF patients included in the retrospective
cohort. Figure 1 is a ﬂow chart illustrating how various study
cohorts were derived for data analyses. The mean (SD) age of
our cohort was 60.3 (14.2) years and 54% of the patients
were women. Almost 5% of the patients reported to have ever
smoked. Of these patients, 552 (37.2%) received statins and
939 (62.8%) did not receive statin treatment on optimal
treatment for HF. Table 1 provides the baseline characteristics
of the study cohort with and without statin treatment.

Clinical Factors
Our cohort had a diverse mix of patients with differences in
HF severity as measured by ejection fraction and NYHA
functional class. The mean (SD) ejection fraction of patients
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2058 patients seen for Heart Failure
between January 1, 2009 and
December 31, 2013

570 Excluded
•
•
•
•
•

76 – age<18 years
129 – severe valvular heart disease
94 – No LVEF data
(28 with prior statin exposure)
154 – incomplete data
(16 with prior statin exposure)
117 – died on index admission
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Lipophilic statin versus
no statin use cohort
(n=1382)

Main Study cohort
(Statin use versus no
statin use)
(n=1488)

Excluded for
hydrophilic statin
use (n=103)

Excluded for
lipophilic statin
use (n=449)

Lipophilic statin versus
hydrophilic statin use
cohort (n=552)

Hydrophilic statin versus
no statin use cohort
(n=1042)

Figure 1. Flow chart showing the derivation of various study cohorts for data analyses. LVEF indicates
left ventricular ejection fraction.

in the overall cohort was 52.9 (16.4). This differed between
statin and nonstatin users at baseline (54.2 [17.1] versus
52.2 [15.9], P=0.024). About 76.2% of the overall cohort
was in NYHA class II and III, 11.1% belonged to class I, and
12.7% were in class IV at baseline. Statin and nonstatin users
had signiﬁcant differences across the NYHA classes
(P=0.003). Statin users were symptomatic of HF (NYHA II
and III) but nonstatin users had a signiﬁcantly higher
proportion of HF patients with severe symptoms (NYHA IV).
In our study cohort, HF was predominantly of nonischemic
etiology with only about 10% of ischemic etiology of HF. We
DOI: 10.1161/JAHA.116.004706

found signiﬁcant differences between statin users and
nonstatin users regarding clinical factors such as HDL-C,
LDL-C, and heart rate. Statin users had signiﬁcantly lower
heart rate and HDL-C levels, but higher LDL-C levels
compared with nonstatin users. Generally, the patients in
the overall cohort had considerable comorbidity burden, with
over 60% of the cohort having at least 1 comorbid condition.
Hypertension was the most frequent comorbid condition with
61.2% of the patients but did not differ between statin and
nonstatin users. Diabetes mellitus (22.8%), atrial ﬁbrillation
(20.7%), idiopathic dilated cardiomyopathy (19.9%), chronic
Journal of the American Heart Association
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Table 1. Demographics and Clinical Characteristics of Overall Cohort and Statin Use
Overall
(n=1488)

Statin
Use (n=552)

No Statin
Use (n=936)

P Value*

Sex female, %

54.4

52.7

55.3

0.353

Mean age (SD), years

60.3 (14.2)

61.0 (14.2)

59.9 (14.2)

0.132

<65

62.8

60.3

64.3

0.138

≥65

37.2

39.7

35.7

...

Basic education

20.4

20.3

20.5

0.401

Secondary education

47.7

45.3

49.1

...

Tertiary education

30.6

33.0

29.2

...

No formal education

1.3

1.4

1.2

...

I

11.1

11.8

10.7

0.003

II

46.4

49.3

44.7

...

III

29.8

29.9

29.8

...

Demographics

Age group, %

Education, %

Clinical characteristics
Downloaded from http://jaha.ahajournals.org/ by guest on July 24, 2017

NYHA, %

12.7

9.1

14.9

...

Nonischemic etiology, %

89.6

86.1

91.7

0.001

Readmission, %

45.2

42.9

46.6

0.627

Ever smoked, %

4.6

4.3

4.7

0.852

Chronic liver disease, %

0.6

0.7

0.5

0.911

Chronic kidney disease, %

17.6

20.8

15.7

0.015

Anemia, %

9.9

12.3

8.4

0.020

Prior myocardial infarction, %

4.0

4.5

3.6

0.472

Chronic obstructive pulmonary disease, %

2.2

2.2

2.2

1.000

Stroke, %

5.8

6.9

5.2

0.232

Hypertension, %

61.2

64.1

59.4

0.080

Diabetes mellitus, %

22.8

24.8

21.7

0.185

Dilated cardiomyopathy, %

19.9

17.9

21.0

0.166

Prior angina pectoris, %

2.7

3.8

2.0

0.060

Prior coronary artery disease, %

10.2

12.7

8.8

0.020

Atrial fibrillation, %

20.7

17.3

23.0

0.009

Systolic blood pressure (SD), mm Hg

134.4 (25.6)

135.5 (25.7)

133.7 (25.6)

0.200

Diastolic blood pressure (SD), mm Hg

85.1 (14.7)

85.3 (13.7)

85.0 (15.3)

0.759

LDL-C (SD), mmol/L

3.9 (2.4)

4.5 (2.1)

3.5 (2.6)

<0.001

HDL-C (SD), mmol/L

1.6 (1.5)

1.7 (1.5)

1.5 (1.4)

0.019

Heart rate (SD), beat per minute

70.8 (29.6)

67.9 (29.7)

72.4 (29.5)

0.005

BMI (SD), kg/m2

25.4 (12.0)

24.6 (11.9)

25.9 (12.1)

0.040

Ejection fraction % (SD)

52.9 (16.4)

54.2 (17.1)

52.2 (15.9)

0.024

IV

Continued
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Table 1. Continued
Overall
(n=1488)

Statin
Use (n=552)

No Statin
Use (n=936)

P Value*

<50

41.1

38.4

42.6

0.122

≥50

58.9

61.6

57.4

...

ACE inhibitor/ARB, %

62.0

61.2

62.4

0.696

Aldosterone antagonist, %

28.0

28.3

27.8

0.888

Digoxin, %

16.3

17.4

15.6

0.405

Diuretic, %

68.4

67.6

68.9

0.632

b-Blocker, %

32.5

32.1

32.8

0.814

Oral anticoagulant, %

0.9

2.0

0.3

0.003

Nitrate, %

2.1

2.7

1.7

0.260

Calcium antagonist, %

44.9

50.4

41.7

0.001

Ejection fraction by group, %

Discharge medications
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Mean and SD are reported for continuous data and percentages for categorical data. ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; HDL-C, high-density
lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; NYHA, New York Heart Association.
*Comparing statin use and no statin use.

kidney disease (17.6%), coronary artery disease (10.7%), and
anemia (9.9%) were some of the reported comorbidities.
Statin and nonstatin users differed signiﬁcantly for the
presence of atrial ﬁbrillation (P=0.009), chronic kidney
disease (P=0.015), coronary artery disease (P=0.020), and
anemia (P=0.020).

Medication Utilization
In our cohort of 1488 HF patients, 37% received statin
treatments during follow-up. Of the patients who were
prescribed statins, 18.7% received rosuvastatin (5–20 mg) as
the only hydrophilic statin, whereas the remaining were
lipophilic statins comprising atorvastatin (10–80 mg) (49.3%),
ﬂuvastatin (20–80 mg) (21.2%), and simvastatin (20–80 mg)
(11.1%). Patients in our cohort showed frequent utilization of
other medication classes for treatment of HF. Among the comedications, diuretics were prescribed for the majority of the
patients (68.4%), followed by angiotensin-converting enzyme
inhibitor/angiotensin II receptor blockers (62.0%), calcium
channel antagonists (44.9%), b-blockers (32.5%), and aldosterone antagonists (28.0%). The diuretic use implies prescription for thiazide and loop diuretics. Utilization of all comedications was similar except for the use of calcium channel
antagonists (P=0.001) and oral anticoagulants (P=0.003),
which signiﬁcantly differed between statin and nonstatin users.

Statin Treatment on Mortality Outcomes
Patients in the overall cohort had 9306 person-years of
observation for the period of study. During follow-up, 472
DOI: 10.1161/JAHA.116.004706

(31.7%) deaths occurred, 249 among women and 223
among men. Among patients who were prescribed statins,
166 deaths occurred (30.1% of statin patients), whereas
306 (32.6%) died in the nonstatin group. The median
survival after discharge from index admission for HF is
3.26, 4.13, and 2.97 years for overall cohort, statin users,
and nonstatin users, respectively. We found survival rates
for the overall cohort at 1, 3, and 5 years to be 90.3%,
64.7%, and 38.4%, respectively. The survival rates differed
between statin and nonstatin users. For statin users, 1-, 3-,
and 5-year survival rates were 90.4% (95% CI 87.9–93.0%),
59.9% (95% CI 54.6–65.7%), and 44.0% (95% CI 36.8–
52.7%), whereas corresponding rates among nonstatin users
were 90.2% (95% CI 88.3–92.2%), 49.5% (95% CI 44.8–
54.7%), and 32.6% (95% CI 26.7–39.8%), respectively. The
crude 5-year all-cause mortality was 11.2% in patients
treated with statins and 20.6% for those without statins
(P=0.065). Cardiovascular causes accounted for mortality of
157 (10.5%) of patients who received statins and 297
(19.9%) of nonstatin users during follow-up (P=0.039).
Worsening HF accounted for 5-year crude mortality of
146 (9.8%) among statin users and 286 (19.2%) in nonstatin
users (P=0.019).

Time-Dependent Cox Model
The unadjusted hazard ratios for statin treatment on
outcomes throughout follow-up were 0.77 (95% CI 0.63–
0.93, P=0.006) for all-cause mortality, 0.75 (95% CI 0.62–
0.91, P=0.004) for cardiovascular mortality, and 0.73 (95% CI
0.59–0.89, P=0.003) for worsening HF mortality. After
Journal of the American Heart Association
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The stabilized MSM weights had symmetric distribution with
mean (SD) of 0.997 (0.285), which was centered around
the ideal value of 1 at all times during follow-up. After
adjusting for the time-dependent confounders in addition to
other confounders (listed in Table 1) and applying stabilized
weights to Cox regression model, statin use was associated
with statistically signiﬁcant reduction in all-cause mortality;
0.79 (95% CI 0.65–0.96, P=0.019) cardiovascular mortality;
0.77 (95% CI 0.63–0.95, P=0.013) and worsening HF
mortality; 0.76 (95% CI 0.62–0.95, P=0.013) compared with
those who did not receive statin treatment. Figure 2
illustrates the adjusted Kaplan–Meier survival curves for
statin versus no statin treatment in all-cause mortality for the
inverse probability weighted population. These estimates were
similar to the hazard ratios obtained from the time-dependent
Cox model (Table 2).
The treatment effect of statins on mortality outcomes
persisted after adjustment for age and sex, time-dependent
and time-independent clinical and treatment factors in both
Cox multivariate and MSM with IPTW analyses of the study
cohort.

Figure 2. Kaplan–Meier survival curves for statin vs no statin
treatment in the inverse-probability-treatment-weighted population.
DOI: 10.1161/JAHA.116.004706

Subgroup and Interaction Analyses
Table 2 shows the treatment effect of statins in several
subgroup analyses carried out on the study population.
Findings from the analysis of data from patients who were
prescribed lipophilic statins compared with those who did not
receive statin treatment were essentially identical in magnitude and signiﬁcance to those of the primary analysis for both
time-dependent Cox and MSM with IPTW models. In the
analyses restricted to patients who received hydrophilic
statins, there was no signiﬁcant reduction in mortality
outcomes compared with those who did not receive statin
treatment. Figure 3 shows a forest plot illustrating the
association between statin use and all-cause mortality in
subgroups with adjustment for interactions between clinically
relevant variables and statin treatment. There were no
signiﬁcant interactions between most of the clinically relevant
variables and statin treatment except for BMI (P=0.045),
chronic kidney disease (P=0.011), and aldosterone antagonist
use (P=0.023).

Discussion
In our cohort of black Africans with newly diagnosed HF, use
of statin was associated with reductions in mortality for allcause, cardiovascular, and worsening HF mortality. The
ﬁndings were consistent across both the IPT-weighted
analysis and the overall analysis adjusting for clinically
relevant covariates. Importantly, lipophilic statin use in
patients with HF was associated with reduced mortality
outcomes (compared with no statin treatment), but this effect
was not observed in patients using hydrophilic statins in HF.
These ﬁndings are in contrast to the CORONA11 and GISSIHF12 trials, although consistent with others.6–10,17–19 Our
observational cohort was relatively younger and had a
considerable proportion of mild HF (mean age 60 years and
<30% in NYHA class III), whereas CORONA had elderly with
advanced HF (mean age 73 years and >60% in NYHA class III).
While signiﬁcant beneﬁt from statin therapy is typically seen
in patients with ischemic heart disease,3 at some point after
development of HF, their disease becomes too advanced to be
modiﬁed by statin therapy,46 and this could be the case in
CORONA. In addition, it has been suggested that statin
treatment can modify coronary events, which is an important
driver of outcomes in milder HF, but may not substantially
improve progressive loss of pump function in advanced HF,
especially when administered on top of optimal treatment for
HF.47 Indeed, post hoc analysis of the CORONA trial data did
show signiﬁcant reduction in primary end point from
rosuvastatin therapy in patients with the lowest N-terminal
pro-B-type natriuretic peptide tertile.14 In the analysis,
patients with plasma concentrations in the lowest tertile of
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adjustment for age and sex, the effects of statin treatment
persisted on all-cause mortality; 0.75 (95% CI 0.62–0.91,
P=0.003), cardiovascular mortality; 0.74 (95% CI 0.61–0.89,
P=0.002), and worsening HF mortality; 0.72 (95% CI 0.59–
0.88, P=0.001). The overall multivariable time-dependent Cox
model adjusting for age, sex, and clinical and treatment
factors further found that, compared with nonstatin users,
statin use was associated with signiﬁcant reduction in allcause mortality; 0.68 (95% CI 0.55–0.83, P=0.0002), cardiovascular mortality; 0.67 (95% CI 0.54–0.82, P=0.0001), and
worsening heart failure mortality; 0.63 (95% CI 0.51–0.79,
P<0.0001).
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Outcomes/Model

Number
of Events

Number
Censored

5-Year Hazard Ratios

95% CI

P Value

Analysis of all patients on statin vs no statin treatment
All-cause mortality

472

1016
Time-dependent Cox model

Unadjusted

0.77

0.63 to 0.93

0.006

Age and sex adjusted

0.75

0.62 to 0.91

0.003

Overall

0.68

0.55 to 0.83

<0.001

0.65 to 0.96

0.019

MSM with IPTW
0.79
Cardiovascular mortality

454

1034
Time-dependent Cox model
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Unadjusted

0.75

0.62 to 0.91

0.004

Age and sex adjusted

0.74

0.61 to 0.89

0.002

Overall

0.67

0.54 to 0.82

<0.001

063 to 0.95

0.013

MSM with IPTW
0.77
Heart failure mortality

432

1056
Time-dependent Cox model

Unadjusted

0.73

0.60 to 0.90

0.003

Age and sex adjusted

0.72

0.59 to 0.88

0.001

Overall

0.63

0.51 to 0.79

<0.001

0.61 to 0.95

0.013

0.63 to 0.94

0.009

MSM with IPTW
0.77
Analysis restricted to patients who received lipophilic statins vs no statin treatment
All-cause mortality

447

938
Time-dependent Cox model

Unadjusted

0.77

Age and sex adjusted

0.75

0.61 to 0.92

0.006

Overall

0.68

0.54 to 0.84

<0.001

0.64 to 0.97

0.024

MSM with IPTW
0.79
Cardiovascular mortality

431

954
Time-dependent Cox model

Unadjusted

0.76

0.62 to 0.93

0.008

Age and sex adjusted

0.74

0.60 to 0.91

0.004

Overall

0.67

0.53 to 0.83

<0.001

0.62 to 0.96

0.018

MSM with IPTW
0.77
Heart failure mortality

410

975
Time-dependent Cox model

Unadjusted

0.74

0.59 to 0.91

0.005

Age and sex adjusted

0.72

0.58 to 0.90

0.003
Continued

DOI: 10.1161/JAHA.116.004706

Journal of the American Heart Association

9

ORIGINAL RESEARCH

Table 2. Association Between Statin Use and Outcomes With Time-Dependent Cox and Marginal Structural Cox Model With IPTW
Estimation
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Table 2. Continued

Outcomes/Model

Number
of Events

Number
Censored

Overall

5-Year Hazard Ratios

95% CI

P Value

0.62

0.49 to 0.78

<0.001

0.61 to 0.96

0.020

MSM with IPTW
0.77
Analysis restricted to patients who received hydrophilic statins vs no statin treatment
All-cause mortality

331

708
Time-dependent Cox model

Unadjusted

0.76

0.51 to 1.13

0.168

Age and sex adjusted

0.73

0.48 to 1.09

0.129

Overall

0.71

0.47 to 1.07

0.101

0.54 to 1.23

0.333

MSM with IPTW
0.82
Cardiovascular mortality

330

709
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Time-dependent Cox model
Unadjusted

0.72

0.47 to 1.09

0.125

Age and sex adjusted

0.70

0.45 to 1.07

0.098

Overall

0.69

0.44 to 1.07

0.099

0.50 to 1.19

0.256

MSM with IPTW
0.78
Heart failure mortality

308

731
Time-dependent Cox model

Unadjusted

0.72

0.47 to 1.10

0.130

Age and sex adjusted

0.7

0.45 to 1.08

0.105

Overall

0.68

0.43 to 1.08

0.098

0.49 to 1.19

0.230

0.65 to 1.47

0.915

MSM with IPTW
0.76
Comparative analysis restricted to patients who received lipophilic vs hydrophilic statins
All-cause mortality

166

386
Time-dependent Cox model

Unadjusted

0.98

Age and sex adjusted

0.99

0.65 to 1.51

0.969

Overall

1.02

0.65 to 1.54

0.990

0.61 to 1.65

0.994

0.61 to 1.45

0.790

MSM with IPTW
1.02
Cardiovascular mortality

157

395
Time-dependent Cox model

Unadjusted

0.94

Age and sex adjusted

0.96

0.61 to 1.47

0.803

Overall

0.95

0.61 to 1.50

0.838

0.56 to 1.61

0.848

MSM with IPTW
0.95

Continued
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Table 2. Continued

Outcomes/Model

Heart failure mortality

Number
of Events

Number
Censored

146

406

5-Year Hazard Ratios

95% CI

P Value

Time-dependent Cox model
Unadjusted

0.96

0.62 to 1.50

0.870

Age and sex adjusted

0.96

0.62 to 1.50

0.865

Overall

1.00

064 to 1.58

0.994

0.59 to 1.70

0.993

MSM with IPTW
0.99

Overall model is age- and sex-adjusted model+time-dependent and time-independent clinical and treatment factors. IPTW indicates inverse probability treatment weight; MSM, marginal
structural (Cox) model.
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N-terminal pro-B-type natriuretic peptide were younger and
had mild symptoms of HF. Although we could not perform
similar analysis because of lack of N-terminal pro-B-type
natriuretic peptide data, the large proportion of patients with
mild HF coupled with our relatively younger cohort could
plausibly explain the observed reduction in mortality outcomes seen in the present study.
The ﬁndings of this study are consistent with recent
observational studies with mixed patient population of
ischemic and nonischemic HF.17–19,48,49 Although our cohort
is mixed, it may be considered predominantly a nonischemic
HF population, as only 10% had ischemic HF. The effects of
statin therapy in nonischemic HF patients have been investigated in previous studies.9,50 Despite the small sample sizes
(42–108 patients) and relatively shorter follow-up (6–
12 months), these trials found that statin therapy signiﬁcantly
improved various biomarkers, including left ventricular ejection fraction, endothelial function, and serum inﬂammatory
markers such as C-reactive protein, interleukin-6, and tumor
necrosis factor-a.9,50 These pleiotropic effects are suggested
to be the mechanisms underlying the beneﬁts of statins seen
in patients with nonischemic HF.5,51 Evidence from recent
meta-analyses of RCTs suggests that statin (lipophilic statins)
improves surrogate and clinical outcomes in HF. These
outcome beneﬁts are attributable to superior pleiotropic
effects exhibited by lipophilic statins in HF.20,21
Our ﬁndings support recent collaborative meta-analysis of
major prevention trials by Preiss et al, which demonstrated
signiﬁcant reduction in risk of HF events (nonfatal HF
hospitalization and composite of HF hospitalization and
death) with statin therapy in about 132 000 individuals.52
This notwithstanding, trials in this meta-analysis investigated
statin therapy in prevention of cardiovascular events including
HF, whereas the present study evaluated effects of statins in
mortality outcomes of patients with established HF. While
Preiss et al did not compare outcomes by statin type, it is
plausible that analysis would not identify any differences
DOI: 10.1161/JAHA.116.004706

because of the patient population and mechanisms by which
statins reduce events in primary and secondary prevention of
cardiovascular events. A potential explanation is that statins
may not only reduce the risk of developing HF by preventing
ischemic events but also by pleiotropic mechanisms unrelated
to LDL-C reductions. These pleiotropic effects are more
pronounced with lipophilic statins compared with hydrophilic
statins in patients with HF where the potential mechanism of
beneﬁt of statins is believed to be regulation of cardiac
inﬂammation rather than lowering systemic cholesterol levels.
Notably, recent meta-analyses of RCTs have demonstrated
that lipophilic statins improve cardiac function and reduce
inﬂammation and show signiﬁcant reductions in clinical
outcomes (mortality and HF hospitalizations) compared with
hydrophilic statin treatment in patients with HF.20,21
Lipophilic statin treatment was associated with reduced
mortality outcomes compared with no statin treatment in our
HF cohort. This ﬁnding corroborates recent observational
studies,17–19,49 which report overwhelming use of lipophilic
statins among patients who received statin treatment in HF.
In our cohort, about 80% of patients who were prescribed
statin treatment received lipophilic statins (atorvastatin,
simvastatin, and ﬂuvastatin). This was evident in the subgroup
analyses, which found lipophilic statin use to be associated
with signiﬁcant reduction in mortality outcomes compared
with no statin treatment, but this effect was not observed with
hydrophilic statin use in patients with HF. Thus, any signiﬁcant
outcome beneﬁts seen with statin use compared with no
statin prescription in this study could be attributed to
beneﬁcial effects of lipophilic statin in HF.
The observation that lipophilic statins reduce mortality
outcomes of patients with HF in our cohort supports the
postanalysis of the Treating to New Target study53 but in
contrast with the 2 large RCTs.11,12 The postanalysis of the
Treating to New Target study demonstrated that a higher dose
of lipophilic statin (atorvastatin) lowers risk of HF hospitalization overall and in particular patients with pre-existing HF,
Journal of the American Heart Association
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Age
Sex
BMI(Kg/m2)

NYHA

HF etiology
LVEF (%)
Heart rate(bpm)
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LDL-C(mmol/L)

Readmission
Hypertension
DM
CAD
CKD
AF
Prior MI
DCM
β-blocker
Ald Antagonist

< 65 yrs
≥ 65yrs
Male
Female
<18.5
18.5<BMI<30
BMI≥30
I
II
III
IV
Non-ischemic
Ischemic
<50
≥50
<70
≥70
<2.59
2.59>LDLC<4.15
>4.15
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
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No statin

Statin

Died
181
125
144
162
153
35
118
22
147
85
52
282
24
140
166

Total
569
367
418
518
468
104
364
100
419
279
138
858
78
399
537

Died
90
76
76
87
80
13
73
18
79
54
15
139
27
68
98

101
205
135
66
105
142
164
191
115
86
220
37
269
106
200
102
204
14
292
71
235
113
193
71
235

381
555
360
138
438
436
500
556
380
203
733
82
854
147
789
177
759
34
902
197
739
307
629
260
676

58
108
47
41
78
69
97
114
52
48
118
37
129
63
103
61
105
9
157
31
135
56
110
54
112

PTotal value
308
244 0.374
261
291 0.201
293
63
196 0.045
65
273
165
49 0.359
475
77 0.854
212
340 0.358
271
281
99
106
347
237
315
354
198
137
413
70
482
115
437
131
421
25
527
99
453
117
375
156
396

Statin use

No statin use

0.734
0.522
0.793
0.283
0.864
0.301
0.011
0.241
0.198
0.69
0.247
0.024

0

0.5

1

1.5

2

Adjusted hazard ratios
Figure 3. Forest plot illustrating hazard ratios for all-cause mortality associated with statin use in predeﬁned subgroups in the inverseprobability-treatment-weighted population after adjustment for interaction between statin use and clinically relevant variables. Note squares
represents hazard ratio and lines represent the associated 95% CI. Continuous variables were analyzed as categorical variables at clinically
relevant cutoffs for display in this ﬁgure. AF indicates atrial ﬁbrillation; Ald, aldosterone antagonist; CAD, coronary artery disease; CKD, chronic
kidney disease; DCM, dilated cardiomyopathy; DM, diabetes mellitus; HF, heart failure; LDL-C, low-density lipoprotein cholesterol; LVEF, left
ventricular ejection fraction; MI, myocardial infarction; NYHA, New York Heart Association functional class; P-value, P-value for interaction.

suggesting a potential direct effect on HF.53 These observations lend support to the suggestion that statin treatment
affects progression and reduces adverse outcomes of HF
despite equivocal outcomes with rosuvastatin treatment in
DOI: 10.1161/JAHA.116.004706

CORONA and GISSI-HF. Rosuvastatin is hydrophilic, intrinsically hepatoselective, and employs carrier-mediated mechanisms for uptake into hepatocytes, whereas lipophilic statins
enter into cells by passive diffusion and are thus widely
Journal of the American Heart Association
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attenuated treatment effects because patients enrolled in the
large trials were already receiving optimal regimens of approved
HF treatments. On the contrary, the present study was
conducted in a population in which efﬁcacies of mainstay HF
treatments remain indistinct and thus signiﬁcant reductions in
mortality outcomes observed with statin treatment could
plausibly be attributable to the true effects of statins in HF.
While there are no reasons to suspect that statins will not
produce similar outcomes in Africans compared with whites
with HF, it was important to verify this assumption. Furthermore, the need to reduce the poor prognosis, paucity of data
from controlled trials of HF treatments, as well as the lack of
clarity surrounding the efﬁcacy of approved HF treatments are
strong indications for assessing the effects of statin therapy in
black Africans with HF. Thus, in the absence of any subgroup
analysis of CORONA and GISSI-HF data targeting racial
differences in response to statins, a well-conducted observational study such as the present study in a predominantly black
population will help provide considerable evidence and recommendations for statin use. Also, this evidence for statin
treatment added to standard therapy among black patients
with HF may provide a conundrum for clinicians and researchers
in interpreting the absence of beneﬁt in the 2 large RCTs.

Strength and Limitations
This study possesses several unique strengths that require
comment. First, to the best of our knowledge, this is the ﬁrst
study to evaluate the effect of statins in a predominantly black
African population with HF.
Second, unlike previous observational studies evaluating
statin treatment in HF, we employed a new user approach to
our study cohort of newly diagnosed HF. Speciﬁcally we
excluded patients with statin exposure 3 months before date
of index admission for HF, overcoming any potential issues
with an attenuated effect. The new user approach addresses
bias that could be introduced by inclusion of prevalent statin
users.32 Third, our cohort, with a considerable prevalence of
comorbidities and prescribed co-medications, adequately
represents the patient population in real-world clinic settings.
Next, the present study has data on some important clinical
factors such as left ventricular ejection fraction and LDL-C,
which are essential to determining treatment effects of statins
in HF throughout the 5-year follow-up. Finally, concern about
nonrandomized treatment allocation in an observational study
was addressed by creating a pseudorandomized sample by
applying IPTWs to the sample.33,35 As the time-dependent Cox
model cannot address bias estimation of treatment effect
associated with time-varying confounding by indication, we
further carried out the analysis using MSM. Thus, our results
were robust independent of the analytical strategy and the
subgroup analyses performed.
Journal of the American Heart Association
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distributed in extrahepatic tissues. Moreover, lipophilic statins
have very high uptake in myocardial tissue, whereas
hydrophilic statins have very low uptake.54,55 This is particularly important because a potential mechanism of beneﬁt of
statins may be regulation of cardiac inﬂammation rather than
systemic lipid levels in HF. Indeed, lipophilic statins improve
cardiac function and reduce inﬂammation and did show
signiﬁcant reductions in HF hospitalizations, all-cause and
cardiovascular mortality compared with hydrophilic statin
(rosuvastatin) treatment in recent meta-analyses of RCTs
involving about 11 000 patients with HF.20,21
In the subgroup analyses, hydrophilic statin did not
demonstrate any signiﬁcant reduction in mortality outcomes
compared with no statin treatment. In this cohort, the only
hydrophilic statin—rosuvastatin—was prescribed for about
18.7% (n=103) of patients who received statins during followup. The lack of outcome beneﬁt seen with rosuvastatin
treatment is consistent with the ﬁndings of earlier large RCTs
and also supports our recent meta-analysis of statin RCTs in
HF. Among the statins, rosuvastatin is the most potent
regarding lipid-lowering effects. This provides backing to
suggestions that the potential mechanism underlying the
beneﬁt of statins may be more of pleiotropic effects rather
than regulating lipid levels in HF. The recent meta-analysis
reported greater treatment effects in reducing inﬂammation
and improving cardiac function with lipophilic statin use
compared with hydrophilic statin treatment in HF. Greater
pleiotropic effects of lipophilic statins are plausibly responsible for these differences in outcomes compared with
hydrophilic statin. While rosuvastatin has shown some
pleiotropic properties,51 these effects could perhaps be
inadequate to produce signiﬁcant outcome beneﬁts in
patients with HF. Nonetheless, the lack of outcome beneﬁt
with rosuvastatin could also be attributed to the small sample
of patients who received hydrophilic statins during follow-up.
The sample size could have resulted in frail estimates because
of insufﬁcient power to test for any differences in outcomes
between treated and untreated groups.
Besides the uncertainty about generalizability of earlier
large trials because of the focus on hydrophilic statin
(rosuvastatin), an important point worth considering is the
fact that the patient groups were overwhelmingly of white
background. Earlier studies have suggested varied responses to
approved HF treatments between patients of African descent
and whites.26–29,56,57 Our cohort of black Africans may be
related to the black American population because of comparable cardiovascular risk factors23,24,58 and similar age of HF
onset. In this patient population, the efﬁcacy of mainstay
treatments for HF is unclear.27–29 Moreover, they are among
the ethnic minorities, who are underrepresented in major
RCTs.49,59 Some have suggested that rosuvastatin could have
failed to show signiﬁcant reduction in primary end points or had
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Conclusions
In the absence of adequately powered RCTs, appropriate
adjustment for time-varying confounding by indication may
provide the best evidence to estimate treatment effects in
observational studies. This exploratory study using timedependent Cox model and MSM found signiﬁcant association
between statin treatment and all-cause mortality, cardiovascular mortality, and HF mortality among Africans with newly
diagnosed HF. Furthermore, lipophilic statin treatment but not
hydrophilic statin was associated with signiﬁcantly reduced
mortality outcomes in HF. Our ﬁndings suggest that additional
sufﬁciently powered randomized trials evaluating statins other

DOI: 10.1161/JAHA.116.004706

than hydrophilic rosuvastatin with longer follow-up period will
be necessary. Also, it would be interesting to compare the
effects of lipophilic versus hydrophilic statin treatment in a
head-to-head trial in patients with HF.
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The interpretation of results of this study should be made
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Although our study suggests a relationship between statin
therapy and improved clinical outcomes, it was observational
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relationship as might be anticipated from a RCT of statin
efﬁcacy. Second, for causal associations determined by MSM
estimates to be valid, we make an assumption of no
unmeasured confounding, which cannot be tested. However,
it is possible any potential unmeasured confounders would be
somewhat correlated with the numerous sociodemographic,
clinical, and treatment factors that were measured, as a
consequence reducing residual confounding. Third, dispensed
prescriptions were considered as actually consumed. However, in general, pharmacy claims are demonstrated to be an
accurate measure of prescription drug consumption.34 To the
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Statin and Outcomes of Africans With Heart Failure

Bonsu et al

11. Kjekshus J, Apetrei E, Barrios V, Bohm M, Cleland JG, Cornel JH, Dunselman P,
Fonseca C, Goudev A, Grande P, Gullestad L, Hjalmarson A, Hradec J, Janosi A,
Kamensky G, Komajda M, Korewicki J, Kuusi T, Mach F, Mareev V, McMurray JJ,
Ranjith N, Schaufelberger M, Vanhaecke J, van Veldhuisen DJ, Waagstein F,
Wedel H, Wikstrand J. Rosuvastatin in older patients with systolic heart failure.
N Engl J Med. 2007;357:2248–2261.
12. Tavazzi L, Maggioni AP, Marchioli R, Barlera S, Franzosi MG, Latini R, Lucci D,
Nicolosi GL, Porcu M, Tognoni G. Effect of rosuvastatin in patients with chronic
heart failure (the GISSI-HF Trial): a randomised, double-blind, placebocontrolled trial. Lancet. 2008;372:1231–1239.

30. McKee PA, Castelli WP, McNamara PM, Kannel WB. The natural history of
congestive heart failure: the Framingham Study. N Engl J Med.
1971;285:1441–1446.
31. Owusu IK, Adu-Boakye Y. Prevalence and Aetiology of Heart Failure in Patients
Seen at a Teaching Hospital in Ghana. J Cardiovasc Dis Diagn. 2013;1:131.
32. Ray WA. Evaluating medication effects outside of clinical trials: new-user
designs. Am J Epidemiol. 2003;158:915–920.
33. Chitnis AS, Aparasu RR, Chen H, Kunik ME, Schulz PE, Johnson ML. Use of
angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, and
risk of dementia in heart failure. Am J Alzheimers Dis Other Demen.
2016;31:395–404.
34. Lau HS, de Boer A, Beuning KS, Porsius A. Validation of pharmacy records in
drug exposure assessment. J Clin Epidemiol. 1997;50:619–625.

13. Gullestad L, Ueland T, Kjekshus J, Nymo SH, Hulthe J, Muntendam P, Adourian
A, Bohm M, van Veldhuisen DJ, Komajda M, Cleland JG, Wikstrand J, McMurray
JJ, Aukrust P. Galectin-3 predicts response to statin therapy in the controlled
rosuvastatin multinational trial in heart failure (CORONA). Eur Heart J.
2012;33:2290–2296.

35. Hernan MA, Hernandez-Diaz S, Robins JM. A structural approach to selection
bias. Epidemiology. 2004;15:615–625.

14. Cleland JG, McMurray JJ, Kjekshus J, Cornel JH, Dunselman P, Fonseca C,
Hjalmarson A, Korewicki J, Lindberg M, Ranjith N, van Veldhuisen DJ,
Waagstein F, Wedel H, Wikstrand J. Plasma concentration of amino-terminal
pro-brain natriuretic peptide in chronic heart failure: prediction of cardiovascular events and interaction with the effects of rosuvastatin: a report from
CORONA (Controlled Rosuvastatin Multinational Trial in Heart Failure). J Am
Coll Cardiol. 2009;54:1850–1859.

37. Linden A, Adams JL. Evaluating health management programmes over time:
application of propensity score-based weighting to longitudinal data. J Eval Clin
Pract. 2010;16:180–185.

Downloaded from http://jaha.ahajournals.org/ by guest on July 24, 2017

15. Lipinski MJ, Cauthen CA, Biondi-Zoccai GG, Abbate A, Vrtovec B, Khan BV,
Vetrovec GW. Meta-analysis of randomized controlled trials of statins versus
placebo in patients with heart failure. Am J Cardiol. 2009;104:1708–1716.

36. Hernan MA, Brumback B, Robins JM. Marginal structural models to estimate
the causal effect of zidovudine on the survival of HIV-positive men.
Epidemiology. 2000;11:561–570.

38. Rubin DB. Estimating causal effects from large data sets using propensity
scores. Ann Intern Med. 1997;127:757–763.
39. Hernan MA, Brumback BA, Robins JM. Estimating the causal effect of
zidovudine on CD4 count with a marginal structural model for repeated
measures. Stat Med. 2002;21:1689–1709.

16. Zhang S, Zhang L, Sun A, Jiang H, Qian J, Ge J. Efﬁcacy of statin therapy in
chronic systolic cardiac insufﬁciency: a meta-analysis. Eur J Intern Med.
2011;22:478–484.

40. Austin PC, Stuart EA. The performance of inverse probability of treatment
weighting and full matching on the propensity score in the presence of model
misspeciﬁcation when estimating the effect of treatment on survival
outcomes. Stat Methods Med Res. 2015;0:1–21.

17. Gastelurrutia P, Lup
on J, de Antonio M, Urrutia A, Dıez C, Coll R, Altimir S,
Bayes-Genis A. Statins in heart failure: the paradox between large randomized
clinical trials and real life. Mayo Clin Proc. 2012;87:555–560.

41. Austin PC. An introduction to propensity score methods for reducing the
effects of confounding in observational studies. Multivariate Behav Res.
2011;46:399–424.

18. Maison P, Desamericq G, Hemery F, Elie N, Del’volgo A, Dubois-Rande JL,
Hittinger L, Macquin-Mavier I. Relationship between recommended chronic
heart failure treatments and mortality over 8 years in real-world conditions: a
pharmacoepidemiological study. Eur J Clin Pharmacol. 2012;69:901–908.

42. de Keyser CE, Leening MJ, Romio SA, Jukema JW, Hofman A, Ikram MA, Franco
OH, Stijnen T, Stricker BH. Comparing a marginal structural model with a Cox
proportional hazard model to estimate the effect of time-dependent drug use
in observational studies: statin use for primary prevention of cardiovascular
disease as an example from the Rotterdam Study. Eur J Epidemiol.
2014;29:841–850.

19. Thambidorai SK, Deshmukh AR, Walters RW, Turner PD, Monaghan MS, Mooss
AN, Hunter CB, Esterbrooks DJ, Mohiuddin SM. Impact of statin use on heart
failure mortality. Int J Cardiol. 2011;147:438–443.
20. Bonsu KO, Reidpath DD, Kadirvelu A. Effects of statin treatment on
inﬂammation and cardiac function in heart failure: an adjusted indirect
comparison meta-analysis of randomized trials. Cardiovasc Ther.
2015;33:338–346.
21. Bonsu KO, Reidpath DD, Kadirvelu A. Lipophilic statin versus rosuvastatin
(hydrophilic) treatment for heart failure: a meta-analysis and adjusted indirect
comparison of randomised trials. Cardiovasc Drugs Ther. 2016;30:177–188.
22. Dries DL, Exner DV, Gersh BJ, Cooper HA, Carson PE, Domanski MJ. Racial
differences in the outcome of left ventricular dysfunction. N Engl J Med.
1999;340:609–616.
23. Bibbins-Domingo K, Pletcher MJ, Lin F, Vittinghoff E, Gardin JM, Arynchyn A,
Lewis CE, Williams OD, Hulley SB. Racial differences in incident heart failure
among young adults. N Engl J Med. 2009;360:1179–1190.
24. Bahrami H, Kronmal R, Bluemke DA, Olson J, Shea S, Liu K, Burke GL, Lima JA.
Differences in the incidence of congestive heart failure by ethnicity: the MultiEthnic Study of Atherosclerosis. Arch Intern Med. 2008;168:2138–2145.
25. Loehr LR, Rosamond WD, Chang PP, Folsom AR, Chambless LE. Heart failure
incidence and survival (from the Atherosclerosis Risk in Communities Study).
Am J Cardiol. 2008;101:1016–1022.

43. van der Wal WM, Geskus RB. Ipw: an R package for inverse probability
weighting. J Stat Softw. 2011;43:23.
44. Robins JM, Hernan MA, Brumback B. Marginal structural models and causal
inference in epidemiology. Epidemiology. 2000;11:550–560.
45. Howe CJ, Cole SR, Chmiel JS, Munoz A. Limitation of inverse probability-ofcensoring weights in estimating survival in the presence of strong selection
bias. Am J Epidemiol. 2011;173:569–577.
46. Daniels LB, Barrett-Connor E. Can natriuretic peptides help identify heart
failure patients for whom statins are beneﬁcial? J Am Coll Cardiol.
2009;54:1860–1861.
47. Athyros VG, Karagiannis A, Mikhailidis DP. Statins and heart failure. J Am Coll
Cardiol. 2010;55:1644–1645.
48. Ouzounian M, Tu JV, Austin PC, Chong A, Liu PP, Lee DS. Statin therapy and
clinical outcomes in heart failure: a propensity-matched analysis. J Card Fail.
2009;15:241–248.
49. Alehagen U, Benson L, Edner M, Dahlstrom U, Lund LH. Association between
use of statins and outcomes in heart failure with reduced ejection fraction:
prospective propensity score matched cohort study of 21 864 patients in the
Swedish Heart Failure Registry. Circ Heart Fail. 2015;8:252–260.

26. Lanfear DE, Hrobowski T, Peterson EL, Wells K, Swadia T, Spertus JA, Williams
LK. Association of beta blocker exposure with outcomes in heart failure
patients differs between African American and white patients. Circ Heart Fail.
2012;5:202–208.

50. Wojnicz R, Wilczek K, Nowalany-Kozielska E, Szygula-Jurkiewicz B, Nowak J,
Polonski L, Dyrbus K, Badzinski A, Mercik G, Zembala M, Wodniecki J, Rozek
MM. Usefulness of atorvastatin in patients with heart failure due to
inﬂammatory dilated cardiomyopathy and elevated cholesterol levels. Am J
Cardiol. 2006;97:899–904.

27. Carson P, Ziesche S, Johnson G, Cohn JN. Racial differences in response to
therapy for heart failure: analysis of the vasodilator-heart failure trials.
Vasodilator-Heart Failure Trial Study Group. J Card Fail. 1999;5:178–187.

51. Lipinski MJ, Abbate A, Fuster V, Vetrovec GW. Drug insight: statins for
nonischemic heart failure–evidence and potential mechanisms. Nat Clin Pract
Cardiovasc Med. 2007;4:196–205.

28. Exner DV, Dries DL, Domanski MJ, Cohn JN. Lesser response to angiotensinconverting-enzyme inhibitor therapy in black as compared with white patients
with left ventricular dysfunction. N Engl J Med. 2001;344:1351–1357.

52. Preiss D, Campbell RT, Murray HM, Ford I, Packard CJ, Sattar N, Rahimi K,
Colhoun HM, Waters DD, LaRosa JC, Amarenco P, Pedersen TR, Tikkanen MJ,
Koren MJ, Poulter NR, Sever PS, Ridker PM, MacFadyen JG, Solomon SD, Davis
BR, Simpson LM, Nakamura H, Mizuno K, Marﬁsi RM, Marchioli R, Tognoni G,
Athyros VG, Ray KK, Gotto AM, Clearﬁeld MB, Downs JR, McMurray JJ. The
effect of statin therapy on heart failure events: a collaborative meta-analysis of
unpublished data from major randomized trials. Eur Heart J. 2015;36:1536–
1546.

29. Yancy CW, Fowler MB, Colucci WS, Gilbert EM, Bristow MR, Cohn JN, Lukas
MA, Young ST, Packer M. Race and the response to adrenergic blockade with
carvedilol in patients with chronic heart failure. N Engl J Med. 2001;344:1358–
1365.

DOI: 10.1161/JAHA.116.004706

Journal of the American Heart Association

15

ORIGINAL RESEARCH

10. Vrtovec B, Okrajsek R, Golicnik A, Ferjan M, Starc V, Schlegel TT,
Radovancevic B. Atorvastatin therapy may reduce the incidence of sudden
cardiac death in patients with advanced chronic heart failure. J Card Fail.
2008;14:140–144.

Statin and Outcomes of Africans With Heart Failure

Bonsu et al

54. Mason RP, Walter MF, Day CA, Jacob RF. Intermolecular differences of 3hydroxy-3-methylglutaryl coenzyme a reductase inhibitors contribute to distinct
pharmacologic and pleiotropic actions. Am J Cardiol. 2005;96:11F–23F.
55. Ford JS, Tayek JA. Lipophilicity and cardiovascular outcome in patients with
CHF. Am Heart J. 2008;156:e7; author reply e9.
56. Franciosa JA, Taylor AL, Cohn JN, Yancy CW, Ziesche S, Olukotun A, Oﬁli
E, Ferdinand K, Loscalzo J, Worcel M. African-American Heart Failure

Trial (A-HEFT): rationale, design, and methodology. J Card Fail. 2002;8:128–
135.
57. Taylor AL, Ziesche S, Yancy C, Carson P, D’Agostino RJ, Ferdinand K, Taylor M,
Adams K, Sabolinski M, Worcel M, Cohn JN. Combination of isosorbide
dinitrate and hydralazine in blacks with heart failure. N Engl J Med.
2004;351:2049–2057.
58. Ntusi NB, Mayosi BM. Epidemiology of heart failure in sub-Saharan Africa.
Expert Rev Cardiovasc Ther. 2009;7:169–180.
59. Shavers-Hornaday VL, Lynch CF, Burmeister LF, Torner JC. Why are African
Americans under-represented in medical research studies? Impediments to
participation Ethn Health. 1997;2:31–45.

Downloaded from http://jaha.ahajournals.org/ by guest on July 24, 2017
DOI: 10.1161/JAHA.116.004706

Journal of the American Heart Association

16

ORIGINAL RESEARCH

53. Khush KK, Waters DD, Bittner V, Deedwania PC, Kastelein JJ, Lewis SJ, Wenger
NK. Effect of high-dose atorvastatin on hospitalizations for heart failure:
subgroup analysis of the treating to new targets (TNT) study. Circulation.
2007;115:576–583.

Statin Treatment and Clinical Outcomes of Heart Failure Among Africans: An Inverse
Probability Treatment Weighted Analysis
Kwadwo Osei Bonsu, Isaac Kofi Owusu, Kwame Ohene Buabeng, Daniel D. Reidpath and Amudha
Kadirvelu
Downloaded from http://jaha.ahajournals.org/ by guest on July 24, 2017

J Am Heart Assoc. 2017;6:e004706; originally published April 1, 2017;
doi: 10.1161/JAHA.116.004706
The Journal of the American Heart Association is published by the American Heart Association, 7272 Greenville Avenue,
Dallas, TX 75231
Online ISSN: 2047-9980

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://jaha.ahajournals.org/content/6/4/e004706

Subscriptions, Permissions, and Reprints: The Journal of the American Heart Association is an online only Open
Access publication. Visit the Journal at http://jaha.ahajournals.org for more information.

