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Abstract

Objectives: Heart failure (HF) is a common and potentially fatal condition. In 2015, HF affected
approximately 40 million people globally. Evidence showing that the use of nitrates can improve
clinical outcomes in patients with HF is limited. This study aimed to assess the effect of nitrates
on functional capacity and exercise time in patients with HF.

Methods: PubMed, Cochrane Library, and Embase databases were reviewed for articles on the
use of nitrates and other treatments for patients with HF The primary endpoints were the
6-minute walk test distance, exercise time, and quality of life. Secondary endpoints were
all-cause mortality, arrhythmia, hospitalization, and worsening HF. The weighted mean difference,
risk ratio, and 95% confidence interval were calculated.

Results: A total of 14 related studies that comprised 26,321 patients were included. No significant
differences were found in the 6-minute walk test distance, exercise time, and quality of life between
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the nitrate and control treatment groups. There were also no differences in all-cause mortality, the
incidence of arrhythmia, hospitalization, and worsening HF between these two groups.
Conclusion: Patients with HF who receive nitrate treatment do not have better quality of life or

exercise capacity compared with controls.
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Introduction

Cardiovascular disease (CVD) is the main
cause of morbidity and mortality world-
wide."* CVD is associated with a decline
in quality of life and an increase in disabil-
ity, greatly increasing the cost of medical
treatment.>* Heart failure (HF) is one of
the most common CVDs in the world. HF
continues to be a huge burden on patients,
care givers, and health care systems. In
Europe, approximately 6.5 million people
are currently living with CVD,” with a prev-
alence of > 10% among patients aged 70
years and older.® HF is the endpoint of all
CVDs.” The number of patients with HF
has increased rapidly in most industrialized
countries because of an increase in survival
after acute myocardial infarction and aging
of the population.® HF is an important
cause of death in the UK, where approxi-
mately 5% of people die from HF,’ and
only 25% of patients survive beyond
5 years after their first admission.®

Organic nitrates are often used to treat
HF.>'" Short-term studies have shown that
nitrate-induced  venodilation  significantly
reduces right and left ventricular filling pres-
sures, while arterial dilation is less obvious.
Heart rate remains stable, while cardiac
output  usually  slightly increases.'”'*
Hemodynamic effects of nitrates might
reduce pulmonary congestion and improve
exercise ability of patients with preserved ejec-
tion fraction.”” Inadequate improvement in

exercise endurance and its adverse effect on
daily activity levels may be associated with
the pathophysiology of HF with preserved
ejection fraction. Vascular stiffness and ven-
tricular contraction, chronotropic incompe-
tence, autonomic nerve dysfunction, and
changes in baroreflex sensitivity are usual
and may restrict hemodynamic improvement
of nitrates.'®'” Hydralazine and nitrate may
work together in patients with congestive
HF."® While nitrate therapy appears to be
beneficial for HF,'”* hydralazine is also an
effective vasodilator with some antioxidant
effects that help prevent non-degradation.?!
Although the exact cardiovascular properties
of hydralazine are not fully understood, it
directly reduces peripheral vascular resistance
by relaxing vascular smooth muscle cells.”
Hydralazine might also inhibit activation of
a membrane-related oxidase responsible for
increasing production of superoxide, which
causes nitrate tolerance.”

Several studies have compared nitrates
with control treatments for HF, but no con-
sistent outcomes have been reported.**>°
Therefore, this meta-analysis was conducted
to assess the efficacy and safety of nitrates
compared with control treatment for HF.

Material and methods

The present meta-analysis was conducted
according to the Preferred Reporting Items
for Systematic Reviews and Meta-analysis
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guidelines’” and by following the published
research protocol on PROSPERO (CRD:
42017069882). Ethics approval of the study
protocol was not required because the study
was a meta-analysis.

The following terms and their combina-
tions were used to search PubMed, Embase,
and Cochrane library databases for relevant
studies up to September 2019: “nitrate/
nitrates” and “heart failure.” All scanned
citations, abstracts, and studies were
reviewed. Additionally, references to
retrieved manuscripts were cross-searched
manually for further relevant publications.

The criteria for inclusion were as follows:
(1) studies that involved patients with HF
(regardless of ejection fraction or pheno-
type); (2) studies that had at least two
groups, with one group receiving treatment
with nitrates and another group receiving
treatment without nitrates; and (3) studies
that provided risk ratios (RRs) with 95%
confidence intervals (CIs) or the ability to
calculate these statistics from the data pro-
vided. The criteria for exclusion were as fol-
lows: (1) studies that used an overlapping
database or the same population; and (2)
studies that used cell or animal models.

All available data were extracted inde-
pendently by two researchers on the basis
of above-mentioned inclusion criteria.
Subsequently, any differences were resolved
through discussions with a third author.
The following data were extracted from
each study: first author’s name, year of pub-
lication, research design, country, sex, mean
age, sample size, follow-up time, and out-
comes assessed. The primary endpoints
were the 6-minute walk test distance, exer-
cise time, and quality of life. The secondary
endpoints were all-cause mortality, arrhyth-
mia, hospitalization, and worsening HF.
The Cochrane Collaboration’s risk-of-bias
tool was used to evaluate the quality of ran-
domized, controlled trials (RCTs) for
assessment of bias risk.™® The Newcastle—
Ottawa 9-star system was used to assess

the quality of cohort studies. A high-
quality study was defined as a study with
more than seven stars.”

The weighted mean difference (WMD)
and 95% CI were calculated for continuous
data, and the RR and 95% CI were calcu-
lated for binary data. Data were combined
according to the random-effects
(DerSimonian and Laird’s method) or
fixed-effects model depending on the chi-
square-based Q test and I statistic. A
P value <0.05 was considered statistically
significant. If heterogeneity was significant,
the random-effects model was adopted.
Otherwise, a fixed-effects model was
adopted. By removing one study for sensi-
tivity analysis, the relative effect of each
study on comprehensive assessment was
evaluated. Publication bias was assessed
by visual inspection of Begg’s funnel plot
symmetry and evaluation of Egger’s test
(P<0.05). Statistical analysis was per-
formed using Stata software version 12.0
(Stata Corp, College Station, TX, USA)
and all tests were double sided.

Results

Studies and outcomes

A total of 138 studies were related to the
search terms and 92 unrelated studies were
subsequently excluded. The remaining stud-
ies were systematically evaluated and 29
studies were full text. After reading the
full text, 15 studies were considered inap-
propriate and excluded, and the remaining
14 studies were qualitatively analyzed.
Finally, this meta-analysis included 14
articles, which involved 26,321 patients.
The study selection process is shown in
Figure 1. All studies were clinical studies,
including nine RCTs and four cohort stud-
ies. The 14 studies represented 7647 and
18,674 patients with HF in the nitrate
group and the control treatment group,
respectively. The follow-up interval of
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Figure |. Flow diagram of identification of studies.

these studies ranged from 1 to 57 months. A
summary of biases determined in each RCT
is shown in Figure 2. All of the included
studies were of medium or high quality.
The main features of the qualified studies
are shown in Table 1. Table 2 lists the meth-
odological quality of cohort studies based
on the Newcastle—Ottawa Scale. The quali-
ty of the cohort studies was generally high;
two studies had eight stars and two studies
had seven stars.

Two studies provided outcomes
regarding the 6-minute walk test distance
in patients who received nitrates and control
treatments. No heterogeneity was found
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among the two studies. Therefore, a fixed-
effects model was used. The 6-minute walk
test distance was not significantly different
between patients who received nitrates and
those who received control treatment
(WMD=2.04, 95% CI. —16.90-20.99,
Preterogencity = 0.795, I’ =0%) (Figure 3a).
Two studies’?® provided outcomes
regarding the exercise time in patients who
received nitrates and control treatments, and
were included in the meta-analysis.
Significant heterogeneity was found among
the two studies. Therefore, a random-effects
model was used. No significant difference was
observed in the exercise time between patients
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Figure 2. Risk of bias assessments for randomized trials included in the meta-analysis. (a) Risk of bias
summary; and (b) risk of bias graph. (+): Low risk of bias; (?): unclear risk of bias; and (-): high risk of bias.

who received nitrates and those who received Two studies®®** provided outcomes
control treatment (WMD =59.17, 95% CI: regarding quality of life in patients who
—27.34-145.68,  Pheterogencity = 0.013, F= received nitrates and control treatments.

83.9%) (Figure 3b). No significant heterogeneity was found
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Figure 3. Forest plots showing the effect of nitrates on primary outcomes in patients with heart failure.
(a) Six-minute walk test distance; (b) exercise time; and (c) quality of life. WMD, weighted mean difference;

Cl, confidence interval.

among the two studies. Therefore, a fixed-
effects model was used. Quality of life was
not significantly different between patients
who received nitrates and those who
received control treatment (WMD =1.22,
95% CI: —1.98-4.42, Peerogencity = 0.859,
F =0%) (Figure 3c).

All-cause mortality

A total of 14 studies were included in
the meta-analysis of adverse events. All-
cause mortality was reported in 10 stud-
jes,!8°20:2225.27.29.30 hich all compared
nitrate with control treatments. A low het-
erogeneity between studies was found.

Therefore, the fixed-effects model was
used. The incidence of all-cause mortality
was not significantly different between
patients who received nitrates and those
who received control treatment (RR =1.03,
95% CI: 0.98-1.07, Pheterogencity =0.186,
FF =28.1%) (Figure 4a).

Arrhythmia

Arrhythmia was reported in three stud-
ies.*?%32 No significant heterogeneity
between studies was found. Therefore, the
fixed-effects model was used. The incidence
of arrhythmia was not significantly differ-
ent between patients who received nitrates
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Figure 4. Pooled risk ratio of adverse events with nitrates in patients with heart failure. (a) All-cause
mortality; (b) arrhythmia; (c) hospitalization; and (d) worsening heart failure. RR, risk ratio; Cl, confidence

interval.

and those who received control treatment
(RR=0.81, 95% CI: 0.21-3.18,
Pheterogencity = 0.802, I =0%) (Figure 4b).

Hospitalization

Hospitalization was reported in six stud-
jes 2428:30.33.3640 A high  heterogeneity
between studies was found. Therefore, the
random-effects model was used. The inci-
dence of hospitalization was not significantly
different between patients who received
nitrates and those who received control
treatment (RR=1.15, 95% CI: 0.99-1.34,

Pheterogencity < 0.001, I =81.5%) (Figure 4c).

Worsening HF

Worsening HF was reported in four stud-
jes.?42%-30:32 A low heterogeneity between
studies was found. Therefore, the fixed-

effects model was used. However, the inci-
dence of worsening HF was not significant-
ly different between patients who received
nitrates and those who received control
treatment (RR =1.04, 95% CI: 0.63-1.71,
Pheterogencity = 0.117, P =49%) (Figure 4d).

Sensitivity analysis was used to evaluate
the effect of a single data set on the sum-
mary results by deleting each eligible study
in turn. As shown in Figure 5a, 5b, and Sc,
when any single study was removed, the
overall statistical significance remained the
same, which indicated that the results were
statistically robust.

Finally, some degree of asymmetry in
funnel plots was observed. However,
Begg’s and Egger’s tests showed no signifi-
cant publication bias in all-cause mortality
(Begg’s test: P=0.721; Egger’s test:
P =0.158) (Figure 6).
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Figure 5. Sensitivity analysis examining the effect of individual studies on pooled results. (a) All-cause
mortality; (b) hospitalization; and (c) worsening heart failure. Cl, confidence interval.

Discussion

HF is a common and potentially fatal con-
dition. Signs and symptoms of HF com-
monly include shortness of breath,
excessive tiredness, and leg swelling.”®
Patients suffer from exercise intolerance,
which diminishes their ability to perform
normal activities of daily living, and thus
compromises their quality of life. Evidence

showing that use of nitrates in HF can
improve clinical outcomes is limited.>3
Some studies compared treatments with
nitrate and without nitrate in patients with
HF to examine the benefits of nitrates.*>-*
This systematic review and meta-analysis
compared the efficacy and safety of nitrates
for patients with HF. We found no signifi-
cant difference in the 6-minute walk test
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Figure 6. Funnel plot for a publication bias test of all-cause mortality. Each point represents a separate
study for the indicated association. s.e., standard error; logrr, logarithmic risk ratio.

distance, exercise time, and quality of life
between the nitrate and control treatment
groups. Moreover, no significant differences
were found in all-cause mortality, the inci-
dence of arrhythmia, hospitalization, and
worsening HF between these two groups.
A meta-analysis is a method used to
obtain quantitative information-related evi-
dence based on a complete set of studies.*!
A typical systematic review uses a meta-
analysis method to combine the effects of
a specific interest estimate and obtain a
summary estimation effect.*” The present
meta-analysis, which comprised 26,321
patients with HF from 14 studies, is the
most extensive study to investigate the
safety and efficacy of nitrates to date.
Recently, Farag et al.** conducted a system-
atic review of the efficacy and safety of
nitrates in patients with HF. In the present
meta-analysis, more eligible studies were
identified and a detailed analysis was per-
formed, whereas Farag et al.** only ana-
lyzed a single study by systematic review.
In our analysis, the quality of random-
ized and nonrandomized studies was
assessed using the Cochrane Collaboration’s
risk-of-bias tool and the Newcastle-Ottawa
scale, respectively. Using the Cochrane
Collaboration’s risk-of-bias tool, we found
only a moderate degree of confidence in the
results. This finding is attributed to an

unclear risk of selection bias observed
among most of the included studies because
of an unclear description of the exact ran-
domization procedure and/or allocation con-
cealment and also because of stratification
during randomization. Begg’s funnel plot
and Egger’s test were used to assess the pub-
lication bias of published studies in our
study, and no publication bias was found.
According to the European Society of
Cardiology Heart Failure Long-Term
Registry,** 25% of patients with acute HF
took nitrate orally before admission, and
the use of prescription drugs increased to
32%. In patients with HF with reduced
ejection fraction, the utilization rate of
nitrate was 18%, while hydrazine was not
used in combination with nitrate. Because
54% of patients with acute HF and 43% of
patients with chronic HF have ischemic eti-
ology, the relatively high use of nitrate may
be attributed to related ischemic heart dis-
ease. However, limited data are available to
support oral nitrate use in these patients.
The efficacy of nitrate alone in treatment
of ischemic HF was retrospectively investi-
gated in a single-center study.** During the
S-year follow-up period, the use of chronic
nitrates (N=83) was associated with a
higher incidence of fatal or nonfatal myo-
cardial infarction or stroke. Despite some
limitations, such as few patients, a lack of
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tendency to match, and relatively few
adverse events, this previous study showed
that use of nitrate increased mortality.
Farag et al.*® conducted a systematic
review of RCTs to assess whether use of
hydrazine and nitrate alone or in combina-
tion could improve survival rates. Although
combined use of these two drugs reduced
the total mortality and mortality rates of
cardiovascular disease compared with pla-
cebo, both types of mortality rates were sig-
nificantly higher compared with those with
angiotensin-converting enzyme inhibition.
The effects of nitrate alone on mortality
were tested in seven studies, and a two-
fold increase in total mortality compared
with placebo was found. However, the inci-
dence of events was small (N=13), espe-
cially in the nitrate group, which was a
reliable comparison. A strength of the pre-
sent meta-analysis was that the number of
patients was relatively high. However, our
analysis showed that nitrate did not
improve the daily activity level, submaximal
exercise ability, and quality of life scores.

The effects of nitrate alone on the long-
term prognosis of patients with HF with
preserved ejection fraction wusing life-
saving and disease-improved therapies are
unclear. At present, the only trial on the
use of nitrate was performed in patients
with HF with preserved ejection fraction,
and no beneficial effect on motor ability
was shown in 6 weeks after nitrate treat-
ment.*> Nevertheless, nitrates may have
additional hemodynamic benefits for
patients with HF with reduced ejection frac-
tion who have ongoing symptoms, despite
optimal management. Nitrate is used in
combination with other vasodilators, such
as enalapril, to help influence clinical out-
comes by improving the nitrate—nitrite—
nitric oxide pathway and reducing preload
caused by venous vasodilation.

Our meta-analysis has some limitations
follows. First, the analysis might have
been compromised by extracting raw data

from the included studies. Second, the
follow-up time of 14 studies (from 1-57
months) greatly varied, limiting the assess-
ment of long-term clinical efficacy of
nitrates in patients with HF. Third, the lan-
guage might also have introduced prejudice.
Specifically, only English was selected to
exclude other qualified researchers.
Fourth, only two studies for each of the
different outcomes met the inclusion crite-
ria. Therefore, controlling for any signifi-
cant heterogeneity was difficult if it
existed. Finally, this study included HF
with preserved and reduced ejection frac-
tions. Therefore, clinical and pathophysio-
logical differences might have been a source
of clinical heterogeneity.

Conclusions

Despite the limitations, this meta-analysis
shows no improvement in the quality of
life or submaximal exercise capacity in
patients with HF who have nitrate treat-
ment compared with patients with HF
receiving control treatment. Additionally,
nitrate does not affect all-cause mortality
and the hospitalization risk in patients
with HF. Further research is required on
larger data sets and well-designed models
to validate our results.
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