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Abstract
Background: Some studies showed bene�cial effects for exercise capacity of inorganic nitrates or nitrites
(INNs) in heart failure (HF). However, the evidence is inconsistent.

Objective: We performed a meta-analysis to evaluate effects of INNs on exercise intolerance for heart
failure with reduced ejection fraction (HFrEF) and heart failure with preserved ejection fraction (HFpEF).

Methods: Seven databases were searched from inception until September 2020 for randomized
controlled trials (RCTs) assessing effects of INNs for HFrEF or HFpEF. RCTs comparing INNs with
placebo, no treatment, or organic nitrates in patients. Primary outcomes were parameters of the exercise
test. Secondary outcomes were N-terminal fragment of the prohormone brain natriuretic peptide (NT-Pro-
BNP), cardiac function, and quality of life.

Results: Four RCTs with 43 patients in HFrEF and seven RCTs with 224 patients in HFpEF were included
with high quality. The meta-analysis showed INNs didn’t improve the muscle function of peak power in
HFrEF, or peak oxygen uptake (VO2 peak) in HFrEF; neither in HFpEF. In HFpEF group, INNs signi�cantly
decreased right atrial pressure, systolic blood pressure, pulmonary arterial pressure and pulmonary
capillary wedge pressure during rest and exercise. No effect of INNs on NT-Pro-BNP, quality of life, or
diastolic cardiac function. No serious adverse event was reported.

Conclusions: INNs don’t improve exercise capacity in HF; however, they improved hemodynamic status,
especially in HFpEF patients. More high-quality large-sample trials are needed to provide evidence for
clinical application.

PROSPERO registration number: CRD42020210266

1. Introduction
Heart failure (HF) is the �nal stage of all cardiovascular disease, and it carries a high risk of mortality. In
2016, more than 6.2 million adults had HF in the United States. There were 8.9 million people with HF in
China in 2019 [1]. HF with preserved ejection fraction (HFpEF) or reduced ejection fraction (HFrEF) is
characterized by exercise intolerance [4–5], which often leads to the decline of quality of life [3]. Patients
with HF also exhibit decreased skeletal muscle strength, decreased peak oxygen consumption (VO2) [5–
6], and unstable hemodynamic changes.

Nitric oxide (NO) and other related molecules improve muscle movement ability, increase the delivery of
oxygen and peak VO2 [7]. NO also in�uences endothelial function and hemodynamic stability, and
therefore, the recovery of cardiopulmonary function [8]. The primary pathways of NO production in vivo
include reducing inorganic nitrate to nitrite (nitrate-nitrite-NO pathway) and the aerobic pathway of L-
arginine to NO and L-citrulline through nitric oxide synthase (the L-arginine-NO-synthase pathway). When
the oxygen supply is insu�cient, the intake of inorganic nitrates or nitrites (INNs) becomes an essential
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route of NO supplementation. The anti-in�ammatory and antioxidant properties of inorganic nitrates and
the function of improving endothelial nitric oxide synthase have been demonstrated in animal
experiments [9–10]. Impaired NO bioavailability or the increase of NO destruction and the destruction of
endogenous NO pathway caused by oxidative stress in patients with HF lead to decreased exercise ability
[11–12]. Studies showed that exogenous nitrate supplements are also effective sources of NO [13–15].
Although organic nitrates such as isosorbide mononitrate are used as supplements, their use is limited by
the risk of hypotension and low oral bioavailability [13–15].

Moreover, organic nitrates failed to improve the quality of life in patients with HF [16]. INNs are abundant
in green leafy vegetables and beet root juice [17]. Although studies have shown that INNs can improve
HF's exercise ability or hemodynamic indexes [18–19], other studies showed inconsistent results [20].
These inconsistent �ndings may have resulted from different patient populations, as the bioavailability of
NO in patients with HFrEF was lower than patients with HFpEF [21]. Researchers did not appear to note
the effect of different ejection fractions. Therefore, the purpose of the present study was to determine the
safety and effectiveness of INNs on exercise ability and cardiac function in both HFrEF and HFpEF using
a meta-analysis.

2. Methods

2.1 Study registration
The study is registered in the international prospective register of systematic reviews (PROSPERO
registration number CRD42020210266) and was conducted following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement.

2.2 Selection criteria
We included all randomized controlled trials (RCTs) comparing INNs with placebo, no treatment, or
organic nitrates for patients with established HFrEF or HFpEF. When including crossover trials, carry-over
effect from the �rst step was determined by whether the study described the washout period between the
two steps. We excluded studies containing unavailable or incomplete data. There were no restrictions on
language, population characteristics, or publication type. Duplicated publications reporting the same
groups of participants were excluded. The primary outcomes were exercise testing, including muscle
function of peak power, VO2 peak, respiratory exchange ratio (RER), ventilation (Ve)/ carbon dioxide
production (VCO2) slope, and exercise time. Secondary outcomes included the following: N-terminal
fragment of the prohormone brain natriuretic peptide (NT-pro-BNP); quality of life; and cardiac function
measured by echocardiography, including E/A ratio, E/e’ ratio (E: early mitral velocity; A: atrial mitral
velocity; e’: mitral annulus velocity), and right atrial pressure (RAP). Because ejection fraction was not
included in the outcome index of the included articles, our study focused on the evaluation of cardiac
diastolic function. The physiological outcomes included systolic blood pressure (SBP), diastolic blood
pressure (DBP), pulmonary artery pressure (PAP), heart rate (HR), cardiac output (CO), and pulmonary
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capillary wedge pressure (PCWP). The metabolism index after administering inorganic nitrate was the
biochemical outcome. Adverse events were safety outcomes. Included trials needed to report at least one
of the primary outcomes or at least two secondary outcomes or adverse events.

2.3 Search strategy
We conducted comprehensive literature searches of PubMed, the Cochrane Library, Embase, the China
National Knowledge Infrastructure (CNKI), the Chinese Biomedical Literature Database (SinoMed), the
Wanfang Database, and the Chongqing VIP Chinese Science and Technology Periodical Database (VIP).
The search period was from database inception until September 2020. Search terms included “inorganic
nitrates,” “inorganic nitrite,” “heart failure,” and “randomized controlled trials.” The complete search
strategy is displayed in Appendix 1.

2.4 Study selection
Two authors (He Zhang and Yixuan Fan) independently screened the retrieved records using the same
selection criteria. Non-relevant and repeated studies were removed by reviewing the titles and abstracts.
All articles with potentially relevant trials were downloaded and reviewed before �nal inclusion.
Disagreements were resolved by consultation with a third investigator (Hao Xu).

2.5 Data extraction and management
Two reviewers (He Zhang and Qiuyi Li) independently extracted the data from the selected studies. A
standardized data extraction form was used to extract data, including the author names, year of
publication, research type, age and sex of the participants, interventions, disease duration, outcomes,
course of interventions, and follow-up. The data were imported into an electronic database by the two
reviewers individually. Disagreements were resolved by consensus, including a third investigator. If the
data in these RCTs were missing or not recorded clearly, we attempted to contact the authors for further
information.

2.6 Quality assessment
Two authors (Yixuan Fan and Jie Zhang) independently evaluated the risk of bias of the included articles
using the Cochrane Handbook for Systematic Reviews of Interventions [22]. The following aspects were
assessed: random sequence generation, allocation concealment, blinding of participants and personnel,
blinding of outcome assessments, incomplete outcome data, selective outcome reporting, and other risk
of bias (whether funds or institutions supported the study). According to the Cochrane Handbook, the risk
of bias for each item was assessed as unclear, high, or low risk of bias. We also evaluated whether
crossover interventions were grouped randomly, whether the crossover trial data were complete, and
whether they showed advantages over parallel trials [22]. The method of bias evaluation of crossover
trials was the same as for parallel trials. However, crossover tests generally use themselves as the control;
therefore, it is necessary to evaluate the washout period and its rationale for data analysis.
Disagreements were resolved through discussion. The third author evaluated the results that remained
divergent.
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2.7 Data analysis
All statistical analysis was performed using Review Manager version 5. software recommended by the
Cochrane Collaboration. Data were summarized using risk ratio (RR) with 95% con�dence intervals (CIs)
for dichotomous outcomes and mean difference (MD) or standard mean difference (SMD) with 95% CI
for continuous outcomes. Continuous variables generally use MD. However, SMD eliminates the in�uence
of the absolute value of a study and eliminates the in�uence of the measurement unit on the results.
According to the Cochrane Handbook [22], the reasonable reports of crossover trials are mostly SMD.
Statistical heterogeneity was evaluated using the Cochrane chi-square and quanti�ed with I2. If I2 < = 50%,
P > = 0.1, it means that there is low heterogeneity in the results, and the �xed effect model should be used.
When I2 > 50%, P < 0.1, the results with heterogeneity were analyzed using a random-effects model [23,
24]. Sensitivity analysis or subgroup analysis to determine the stability of outcomes and heterogeneity.
To measure differences in intervention effect of INNs in HF patients of different types, subgroup analysis
was conducted according to whether the study involved patients with HFrEF or HFpEF. Publication bias
was explored by funnel plot if su�cient studies were found (n > = 10).

3. Results

3.1 Search results
We identi�ed 190 potentially relevant articles: 11 from PubMed, 39 from the Cochrane Library, 50 from
Embase, 70 from CNKI, �ve from SinoMed, and 15 from Wanfang Database. We excluded 94 duplicate
records, and 59 articles were excluded after reading titles and abstracts. 26 trials were excluded in the
process of full-text screening: eight trials lacked complete articles, six trials lacked data, six were only
study protocols that did not report outcomes, two were subgroup analyses of the included studies, and
four were repeated articles. Finally, 11 RCTs were included in the quantitative and qualitative analyses.
The �ow chart of the search is displayed in Fig. 1.

3.2 Characteristics of included trials
A total of 11 studies involving 267 participants were included in this analysis. All articles were published
in English. Four [20–21, 25–26] of the 11 trials enrolled patients with HFrEF, and the remaining seven
[27–33] included HFpEF patients. Eight [20, 25–29, 32–33] were registered and were provided with
registration numbers. All RCTs were double-blind, and nine [20–21, 25–26, 29–33] of 11 included a
crossover design. The mean ages of patients in all studies were over 47 years. The characteristics of
other details of all trials are summarized in Table 1.

3.3 Risk of bias
All included articles [20–21, 25–33] used random sequence generation (n = 11, 100%) (Appendix 2). Eight
studies [20–21, 25–26, 30–33] not reporting allocation concealment were labeled as having an unclear
risk of selection bias. All studies blinded their participants or personnel. Five studies [20–21, 26, 29, 32]
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(45%) masked outcome assessments to the treatment allocation. All 11 trials were assessed as having a
low risk of selective reporting bias and other risks of bias. The summary of the risk of bias assessment is
presented in Fig. 2.

(a)Graph of bias risk

(b)Summary of bias risk

3.4 Effect of inorganic nitrate or nitrite on HFrEF

3.4.1 Primary outcomes: effectiveness of the intervention
on the exercise test

3.4.1.1 The muscle function of peak power
Two crossover trials [21, 25] involving 17 participants treated with inorganic nitrate and placebo reported
muscle function of peak power. Pooled results showed no signi�cant difference in peak power (W/kg)
[SMD, 0.43; 95% CI, -0.26 to 1.11, P = 0.22; I2 = 0%, P = 0.46] (Fig. 3).

3.4.1.2 VO2 Peak
Two crossover trials [21, 26] involving 24 participants compared VO2 peak (L/min, ml/kg/min). Pooled
results showed INNs did not signi�cantly improve VO2 peak ove placebo [SMD, 0.03; 95% CI, -0.54 to 0.60,

P = 0.91; I2 = 17%, P = 0.27] (Fig. 3).

3.4.1.3 RER
One crossover trial [21] involving eight participants compared RER between inorganic nitrate and placebo.
Pooled results showed INNs did not signi�cantly improve RER [SMD, -0.00; 95% CI, -0.98 to 0.98, P = 1.00]
(Fig. 3).

3.4.1.4 Ve/VCO2 slope
One crossover trial [21] involving eight participants compared INNs and placebo in terms of Ve/VCO2.
Pooled results showed INNs did not signi�cantly improve the reduction of Ve/VCO2 [SMD, -0.07; 95% CI,
-1.05 to 0.91, P = 0.89] (Fig. 3).

3.4.1.5 Exercise duration
Two crossover studies [21, 26] involving 24 patients compared INNs and placebo. Results of the meta-
analysis showed no signi�cant difference between the two interventions [SMD, -0.17; 95% CI, -0.75 to
0.40, P = 0.55; I2 = 37%, P = 0.21] (Fig. 3).

3.4.2 Other secondary outcomes
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3.4.2.1 Blood pressure (BP)
Two trials [25–26] involving 25 patients compared INNs and placebo in SBP during rest and DBP during
rest (mmHg). There was no signi�cant reduction of the SBP during rest in the INN groups [SMD, -0.07;
95% CI, -0.62 to 0.49, P = 0.82; I2 = 0%, P = 0.40]; neither in the DBP during rest [SMD, -0.41; 95% CI, -0.97 to
0.16, P = 0.16; I2 = 16%, P = 0.28]. Two trials [21, 25] involving 17 participants compared INNs and placebo
in terms of SBP during exercise and DBP during exercise (mmHg). Pooled results showed INNs did not
signi�cantly lower SBP during exercise compared with placebo [SMD, -0.15; 95% CI, -0.82 to 0.53, P = 0.67;
I2 = 0%, P = 0.65]; neither in DBP during exercise (mmHg) [SMD, -0.38; 95% CI, -1.07 to 0.31, P = 0.28; I2 = 
31%, P = 0.23] (Fig. 4).

3.4.2.2 HR during rest and exercise
One trials [25] involving 9 patients compared INNs and placebo in terms of HR (bts/min) during rest.
Pooled results showed no signi�cant difference between the two interventions [SMD, 0.54; 95% CI, -0.41
to 1.48, P = 0.26] (Fig. 4). Two trials [21, 25] involving 17 participants compared INNs and placebo in HR
(bts/min) during exercise. The meta-analysis showed signi�cant reduction in the placebo group [SMD,
0.89; 95% CI, 0.18 to 1.61, P = 0.01; I2 = 0%, P = 0.65] (Fig. 4).

3.5 Effect of inorganic nitrate or nitrite on HFpEF

3.5.1 Primary outcomes: effectiveness of the intervention
on the exercise test

3.5.1.1 VO2 Peak
Four crossover trials [29, 31–33] and one normal RCT trial [30] involving 168 participants with HFpEF
compared effects of INNs and placebo on peak VO2 (ml/kg/min, ml/min/kg). Pooled results showed

INNs did not signi�cantly improve VO2 peak ove placebo [SMD, 0.04; 95% CI, -0.18 to 0.26, P = 0.73; I2 = 
0%, P = 0.63] (Fig. 5).

3.5.1.2 RER
One parallel-group trial [30], and three crossover trials [31–33] involving 63 participants with HFpEF
compared RER between inorganic nitrate and placebo. Pooled results showed INNs did not signi�cantly
improve RER [SMD, 0.31; 95% CI, -0.07 to 0.70, P = 0.11; I2 = 42%, P = 0.16] (Fig. 5).

3.5.1.3 Ve/VCO2 slope
Two crossover trials [32–33] involving 26 participants with HFpEF compared INNs and placebo in terms
of Ve/VCO2. Pooled results showed INNs did not signi�cantly improve the reduction of Ve/VCO2 [SMD,

0.27; 95% CI, -0.28 to 0.82, P = 0.33; I2 = 0%, P = 0.35]) (Fig. 5).
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3.5.1.4 Exercise duration
Four crossover studies [29, 31–33] and one parallel study [30] involving 168 participants with HFpEF
compared INNs and placebo. Results of the meta-analysis showed no signi�cant difference between the
two interventions [SMD, 0.05; 95% CI, -0.27 to 0.17, P = 0.66; I2 = 43%, P = 0.14] (Fig. 5).

3.5.2 Main secondary outcomes

3.5.2.1 Effect of intervention on NT-pro-BNP
Two crossover trials [29, 33] involving 25 HFpEF patients compared INNs and placebo in terms of NT-pro-
BNP (pg/ml) based on a �xed-effects model. Pooled results showed INNs did not signi�cantly decrease
NT-pro-BNP compared with placebo [SMD, 0.00; 95% CI, -0.26 to 0.26, P = 0.99; I2 = 0%, P = 0.59] (Fig. 6).

3.5.2.2 Effect of intervention on quality of life
Two crossover trials [29, 33] involving 114 participants with HFpEF compared INNs and placebo in terms
of KCCQ score based on a random-effects model. There was no signi�cant difference between the
interventions [SMD, 0.40; 95% CI, -0.50 to 1.29, P = 0.38; I2 = 69%, P = 0.07] (Fig. 6).

3.5.2.3 Effect of intervention on cardiac function

3.5.2.3.1 E/A ratio and E/e’ ratio
Two RCTs, concluding one typical RCT [30] and one crossover trial [33] involving 26 participants
compared inorganic nitrate and placebo in terms of E/A ratio. The meta-analysis showed that INNs did
not signi�cantly improve the E/A ratio compared with placebo [SMD, 0.45; 95% CI, -0.23 to 1.14, P = 0.19;
I2 = 17%, P = 0.27] (Fig. 6).

Three RCTs, including two typical RCTs [29, 30] and one crossover trial [33] involving 131 participants
compared INNs and placebo in terms of E/e’ ratio based on a �xed-effects model. The pooled results
showed no signi�cant difference in the two interventions [SMD, 0.02; 95% CI, -0.23 to 0.27, P = 0.87; I2 = 
0%, P = 0.58] (Fig. 6).

3.5.2.3.2 RAP during rest and exercise
Two parallel controlled trials [27–28] involving 54 participants compared INNs and placebo in RAP
(mmHg) during rest. High quality results showed INNs signi�cantly reduced RAP compared with placebo
[MD, -1.52; 95% CI, -2.36 to -0.68, P = 0.0004; I2 = 26%, P = 0.25]. Two articles [27–28] involving 54
participants compared INNs and placebo in RAP (mmHg) during exercise and showed a signi�cant
reduction in RAP [MD, -3.71; 95% CI, -4.95 to -2.46, P < 0.00001; I2 = 0%, P = 0.47] (Fig. 6). We could not
conduct the Egger’s test for these positive outcomes because of a lack of su�cient articles [34].

3.5.3 Other secondary outcomes
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3.5.3.1 Blood pressure (BP)
Four trials [27–30] involving 178 patients compared INNs and placebo in SBP during rest (mmHg). There
was a signi�cant reduction of the SBP during rest in the INN groups [SMD, -0.27; 95% CI, -0.51 to -0.04, P 
= 0.02; I2 = 0%, P = 0.43]. Two trials [29–30] involving 124 patients compared INNs and placebo in DBP
during rest (mmHg). Pooled results showed INNs did not signi�cantly lower DBP during rest compared
with placebo [SMD, -0.18; 95% CI, -0.44 to 0.08, P = 0.17; I2 = 0%, P = 0.68]. Five trials [27–28, 30–31, 33]
involving 100 participants compared INNs and placebo in terms of SBP during exercise (mmHg). INNs
signi�cantly lowered SBP during exercise compared with placebo [SMD, -0.52; 95% CI, -0.88 to -0.16, P = 
0.005; I2 = 31%, P = 0.22]. Four trials [27, 30–31, 33] involving 74 participants compared INNs and placebo
in DBP during exercise (mmHg). There was a signi�cant reduction in DBP during exercise [SMD, -0.81;
95% CI, -1.56 to -0.07, P = 0.03; I2 = 67%, P = 0.03] (Fig. 7). We conducted Egger’s test to determine
publication bias. For SBP during rest, there was no publication bias (P = 0.180 > 0.05). The same was
found for SBP during exercise (P = 0.05 = 0.05) and DBP during exercise (P = 0.073 > 0.05).

3.5.3.2 PAP during rest and exercise
Two trials [27–28] involving 54 participants compared inorganic nitrite and placebo in terms of PAP
(mmHg) during rest and exercise. There was a signi�cant reduction in the two interventions (for PAP
during rest [MD, -4.66; 95% CI, -6.46 to -2.86, P < 0.00001; I2 = 0%, P = 0.61] and for PAP during exercise
[MD, -6.96; 95% CI, -9.68 to -4.25, P < 0.00001; I2 = 6%, P = 0.30]) (Fig. 7). We could not perform Egger’s
because there were only two articles in analysis.

3.5.3.3 HR during rest and exercise
Three trials [27–28, 32] involving 71 patients compared INNs and placebo in terms of HR (bts/min)
during rest. Pooled results showed no signi�cant difference between the two interventions [SMD, 0.21;
95% CI, -0.21 to 0.64, P = 0.32; I2 = 0%, P = 0.44] (Fig. 7). Six trials [27–28, 30–33] involving 117
participants compared INNs and placebo in HR (bts/min) during exercise. The meta-analysis showed no
signi�cant difference [SMD, 0.06; 95% CI, -0.25 to 0.37, P = 0.69; I2 = 0%, P = 0.89] (Fig. 7).

3.5.3.4 CO during rest and exercise
Three trials [27, 32–33] involving 40 HFpEF patients compared INNs and placebo in terms of CO (L/min)
during rest and exercise. Pooled results showed INNs did not signi�cantly improve CO during rest and
exercise compared with placebo (for CO during rest [SMD, -0.18; 95% CI, -0.62 to 0.26, P = 0.43; I2 = 0%, P = 
0.89] and for CO during exercise [SMD, 0.52; 95% CI, -0.21 to 1.24, P = 0.16; I2 = 59%, P = 0.09]) (Fig. 7).

3.5.3.5 PCWP during rest and exercise
Two trials [27–28] involving 54 participants compared inorganic nitrite and placebo in terms of PCWP
(mmHg) during rest and exercise. INNs did not signi�cantly lower PCWP during rest and exercise (for
PCWP during rest [MD, -3.00; 95% CI, -4.27 to -1.73, P < 0.00001; I2 = 0%, P = 1.00], and for PCWP during



Page 11/27

exercise [MD, -7.7; 95% CI, -10.49 to -4.91, P < 0.00001; I2 = 8%, P = 0.30]) (Fig. 7). PCWP during rest and
exercise just included only two trials and Egger’s test was not performed.

3.6 Sensitivity analysis
When studies were removed one by one, the following results remained stable in HFrEF and HFpEF
groups: peak power, peak VO2, VO2 during rest, Ve/VCO2 slope, exercise duration, NT-pro-BNP, E/A ratio,
E/e’ ratio and RAP during exercise, SBP during exercise, DBP during rest, PAP during rest and exercise, HR
during rest, CO during rest and exercise, and PCWP during rest and exercise. The RER, SBP during rest and
DBP during exercise in HFrEF group, and the HR during exercise in HFpEF were also stable. However,
when one study [25] was removed, the signi�cance of HR during exercise changed in HFrEF group. In
HFpEF group, it changed in RER when one study [31] was removed. Another study [29] offered inadequate
evidence for the unstable outcome of KCCQ score change. When one study [30] was removed, the
signi�cance of SBP during rest changed. When anyone study [27 or 30 or 33] was removed, the
signi�cance of DBP during exercise also changed. Sensitivity analysis affected the heterogeneity of the
results of RER, exercise duration, DBP during exercise, and CO during exercise in HFpEF group..

3.7 Heterogeneity and subgroup analysis of outcomes
Heterogeneity of all outcomes was not signi�cant except CO during exercise and KCCQ score in HFpEF
group. We did not conduct subgroup analysis for CO during exercise and KCCQ score because few
studies reported.

3.8 Adverse events and assessment of publication bias
Three crossover trials [25, 29, 33] reported adverse events, including headache, palpitations, and other
symptoms. Pooled data analysis showed that there was no signi�cant difference in safety between INNs
and placebo [RR, 0.74; 95% CI, 0.37 to 1.48, P = 0.40; I2 = 0%, P = 0.47] (Fig. 8). No outcome indicators
contained more than ten relevant studies; therefore, it was unnecessary to analyze publication bias.

4. Discussion
To our knowledge, the present analysis is the �rst evaluation of the effectiveness and safety of INNs in
patients with all types of HF using the most recent RCTs. Because HF is a chronic disease, the
intervention time was relatively short, and the intervention measures were stable, clinical trials with
crossover design were included. The data of all eight crossover trials were complete. Our meta-analysis
demonstrated that, compared with placebo, there is insu�cient evidence to prove that INNs improve
exercise ability in patients with HFrEF and HFpEF. While in patients with HFpEF, INNs reduced RAP, SBP,
PAP, PCWP during rest and exercise and DBP during exercise effectively.

Our �nding that there is no clear evidence for improving exercise ability in patients with HF using INNs is
consistent with the results of a previous meta-analysis [35]. However, there are some limitations in that
study: the included studies rarely evaluated the effectiveness and safety of INNs for HF; some trials were
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supported by pharmaceutical manufacturers or written by the same author teams; this may have resulted
in bias. There were different routes of nitrate administration, and the included patients all had HFpEF,
both of which limit the generalizability of the �ndings. There were no studies assessing INNs on the
impact of hospitalization or mortality in patients with HF.

Because of the lack of large and longitudinal studies, the present meta-analysis has similar limitations;
therefore, more studies are needed to validate our �ndings. We found that INNs were less effective in
patients with HFrEF than in those with HFpEF. These two kinds of HF are different in terms of the
mechanism during the absorption of NO and reaction of the INNs [26, 36]. In�ammatory reactions caused
by various metabolic diseases promote oxidative stress of vascular endothelium in patients with HF [36–
38]. The response of HFpEF patients to INNs is more pronounced due to the opposing mechanisms of
myocardial remodeling in HFpEF patients [26, 39]. The effect of INN supplementation on BP may also
lead to our positive outcomes of BP in HFpEF patients [26]. There was no signi�cant heterogeneity in
these outcomes, probably due to the small number of studies.

Some studies [25, 35, 40] showed that inorganic nitrates supplementation improved skeletal muscle
strength; however, the present meta-analysis did not show similar results. This discrepancy may be due to
the insu�cient number of existing RCT, small sample sizes, and large amounts of bias.

VO2 peak is related to the risk of HF and the cardiac function classi�cation [41–43]. The current
guidelines [44] recommend using VO2 peak to evaluate the improvement of exercise capacity, which is the
overall re�ection of heart and lung function [45] and is bene�cial to HF outcomes. Although few clinical
trials [21, 30, 32–33] reported the increase of VO2 peak after inorganic nitrate intake, the present meta-
analysis results did not show the bene�cial effect of inorganic nitrate on VO2 peak. According to the
current meta-analysis, there is insu�cient evidence to support the use of INNs to improve exercise ability.

Cohort studies showed that, in patients with HF, adverse events such as bleeding and stroke are caused
by higher baseline SBP and DBP [46]. Therefore, BP control is an essential part of HF management.
Hemodynamic parameters of PAP are associated with adverse clinical events, and PCWP determines the
volume reserve in patients with HF [47]. The atrial and ventricular pressure measured by
echocardiography indicates cardiac function. RAP re�ects the preload of the right ventricle and venous
blood volume, which is related to right HF. Although inorganic nitrates did not signi�cantly improve
exercise capacity, they did improve SBP, DBP, PAP, RAP, and PCWP during rest and exercise, factors that
affect the outcome in patients with HF.

Consistent with our �nding, another meta-analysis [48] showed that dietary supplementation of inorganic
nitrates in adults reduced SBP, which may be related to nitrates' vasodilator effect; there is no clear
evidence of its long-term effectiveness and safety. This is consistent with our results, suggesting that
inorganic nitrates reduce BP. Hypertension is associated with an increased risk of HF. Although organic
nitrates (as opposed to inorganic nitrates) dilate blood vessels and reduce BP, the side effects of
hypotension, headache, and cerebral vascular dilation restrict the use of organic nitrates in patients with
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HF [16, 49], and long-term use may further reduce the utilization of NO [50]. There were no signi�cant
differences between inorganic nitrate and placebo in adverse events in the present meta-analysis. The
evidence to support the clinical use of INNs is insu�cient, although it may have potential applications
owing to their safety pro�les.

HF is a chronic disease, and the long-term outcome depends on long-term follow-up. This follow-up
should include measurement of outcome-related indicators of HF in large-sample RCT trials. There are
several clinical trials in progress (ClinicalTrials. gov: NCT02713126, NCT02840799, and NCT02918552).
Results of these trials are expected to determine the safety and effectiveness of INNs. Although the
present meta-analysis results did not show that supplementation with inorganic nitrate improved muscle
strength or peak VO2, studies found that supplementation with inorganic nitrate improves muscle
strength and endurance in healthy people [39, 51]. In the included articles in the HFrEF group [19, 25],
motor ability improvement was signi�cant. The improvement of hemodynamic results suggests that INNs
are helpful to patients with HF. Large-sample clinical trials are needed further to study the effect of INNs
on patients with HF.

The establishment of the safety of INNs is critical. Because about three-quarters of inorganic nitrates are
�rst metabolized through the kidney, patients with renal insu�ciency require surveillance [52, 53].
Because these products are oral preparations, the effect on the gastrointestinal tract also requires
attention. Inhaled forms may also be considered. However, the safety of the inhaled forms [27, 29] has
not been demonstrated.

The strength of the current study is that we comprehensively searched all relevant literature in Chinese
and English databases based on pooled results of all eligible RCTs assessing the effects of INNs on
patients with HF (including HFrEF and HFpEF). We developed a comprehensive search strategy, strictly
included the standard RCT, and strictly evaluated the trials' quality. Second, we divided patients into
subgroups to determine the various effects of interventions on HF with reduced and preserved ejection
fractions. In terms of outcome evaluation, the choice of different calculation models for parallel RCTs
and crossover trials was helpful to reduce the errors of the trial outcome. These patients were compared
before and after taking inorganic nitrate in crossover trials [33] without randomization and washout
phase. We extracted the �rst phase data for analysis, which had no signi�cant impact on the overall
results. The other seven crossover trials [20–21, 25–26, 29, 31–32] explained the washout period, which
eliminated the effect of the �rst stage intervention. Results of sensitivity analysis indicated the
robustness of our �ndings. There was no evidence that INNs improve exercise ability, although our
analysis provides the basis for future research.

Although we strictly followed the provisions of PRISMA and Cochrane manuals, there remain some
limitations. First, there are always problems in comparisons among RCT because of differences in
included patients, the blinding methods used, differences of randomization content, differences of
outcome evaluation index, and varying sample sizes. Because of the large number of crossover trials, we
used standardized mean difference, which may compromise the inherent heterogeneity. Second, the
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number of included studies was limited, and the sample sizes were small. Most studies suffered from the
risk of bias, especially performance and detection bias. Therefore, our results should be interpreted with
caution. Third, the present meta-analysis only included patients with HFrEF and HFpEF, and patients with
heart failure with median ejection fraction were not included. This omission may have affected the
generalizability of our �ndings. Finally, because of the short follow-up periods of the included trials, we
could not assess the long-term effects of inorganic nitrate on patients with HF. Further studies assessing
the long-term effects of inorganic nitrate on HF are needed.

5. Conclusion
INNs do not improve exercise capacity in patients with HF; however, they improve hemodynamic status,
especially in HFpEF patients. Further large and long-term studies are needed to con�rm our �ndings and
assess the long-term effects of INNs on HF.
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Figures

Figure 1

PRISMA 2020 Flow Diagram
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Figure 2

Graph of bias risk (a) and summary of bias risk (b).
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Figure 3

Forest plot showing effect of INNs and placebo on peak power, VO2 peak, RER, Ve/VCO2 slope and
exercise duration in HFrEF.
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Figure 4

Forest plot showing effect of INNs and placebo on BP, HR during rest and exercise in HFrEF.
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Figure 5

Forest plot showing effect of INNs and placebo on VO2 peak, RER, Ve/VCO2 slope and exercise duration
in HFpEF.
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Figure 6

Forest plot showing effect of INNs and placebo on NT-pro-BNP, KCCQ score, E/A ratio, E/e’ ratio, RAP
during rest and exercise in HFpEF.
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Figure 7

Forest plot showing effect of inorganic nitrate or nitrite and placebo on BP, PAP, HR, CO and PCWP during
rest and exercise in HFpEF.  
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Figure 8

Forest plot showing the incidence of adverse events in the INNs and placebo group.  
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