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a b s t r a c t
Objective: To assess the effect (harms and beneﬁts) of nitrates for stable angina.
Methods: We searched the Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE and EMBASE.
Randomized controlled trials with both parallel and crossover design were included. The following outcome
measures were evaluated: number of angina attacks weekly and nitroglycerin consumption, quality of life,
total exercise duration, time to onset of angina and time to 1 mm ST depression.
Results: Fifty-one trials with 3595 patients meeting inclusion criteria were analyzed. Both intermittent and
continuous regimens of nitrates lengthened exercise duration signiﬁcantly by 31 and 53 s respectively. The
number of angina attacks was signiﬁcantly reduced by 2.89 episodes weekly for continuous administration
and 1.5 episodes weekly for intermittent administration. With intermittent administration, increased dose
provided with 21 s more length of exercise duration. With continuous administration, exercise duration was
pronged more in low-dose group. Quality of life was not improved by continuous application of GTN patches
and was similar between continuous and intermittent groups. In addition, 51.6% patients receiving nitrates
complained with headache.
Conclusion: Long-term administration of nitrates was beneﬁcial for angina prophylaxis and improved
exercise performance but might be ineffective for improving quality of life. With continuous regimen, lowdose nitrates were more effective than high-dose ones for improving exercise performance. By contrast, with
intermittent regimen, high-dose nitrates were more effective. In addition, intermittent administration could
bring zero-hour effect.
© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Background
Chronic coronary artery disease (CAD) is a condition commonly
caused by atherosclerotic obstruction of the coronary arteries and
mostly manifested with angina pectoris and acute myocardial
infarction [1]. Stable angina, as the main presentation of chronic
CAD, is deﬁned as discomfort in the chest or adjacent areas over
several minutes without progression to more sustained or severe
pain. It's typically precipitated by exertion or emotional stress,
disappears rapidly with rest or sublingual nitroglycerin. In the United
States, the number of patients with angina pectoris approximates
9.1 million, and the annual rate of new episodes of angina is 27.1 per
1000 population among Americans older than 64 years [2].
The treatment of stable angina consists of two main aspects which
reduce cardiac risk and improve quality of life (QOL). Optimal medical
therapies such as antiplatelet agents, lipid lowering agents and
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angiotensin-converting enzyme inhibition (ACEI) have documented
effect on reducing cardiac events. Beta-blockers also have documented beneﬁt for reducing death and recurrent myocardial infarction,
and in patients with heart failure, the beneﬁt is more signiﬁcant. Other
medical therapies such as nitrates and calcium antagonists are mainly
for angina prophylaxis and exercise capability. PCI and CABG, the two
main invasive strategies for stable angina, was reported to be superior
to medical treatments alone in improving QOL in patients with stable
angina [3,4].
Organic nitrates have been prescribed to patients with stable
angina for more than 100 years [5], and are still widely used in the
treatment of such patients. It is suggested that nitrates are safe and
effective in symptomatic management of patients with acute and
chronic ischemic syndromes due to coronary artery disease. In
patients with exertional stable angina, nitrates improve exercise
tolerance, time to onset of angina, and ST-segment depression during
the treadmill exercise test [6–8]. In addition, the effect of nitrates for
angina prophylaxis is also conﬁrmed in many trials [9–12]. Too few
trials compared nitrates with calcium antagonists or beta-blockers to
draw ﬁrm conclusions about relative efﬁcacy [13].
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However, some adverse effects have also been reported. The major
problem with long-term use and long-acting nitrates is development
of tolerance [14]. Although in some clinical trials, the intermittent
therapy seems to be a hopeful strategy in preventing nitrate tolerance
[15,16] and has proved superior to continuous therapy, it still has
problems such as possible association with rebound myocardial
ischemia during the nitrate-free period and adverse effects on
performance on treadmill exercise tests during the period of
withdrawal from nitrates [17]. Other adverse effects of nitrates
include headache, hypotension and presyncope or syncope, depression and minor gastrointestinal tract reactions.
Organic nitrates are important drugs for the treatment of patients
with angina, but important questions remain about their efﬁcacy. For
example, long-acting nitrate preparations are effective, but the
development of tolerance during sustained therapy continues to be
an important clinical problem [17]. So, the effects and safety of
nitrates need to be reviewed systematically.
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3.3. Data collection and analysis
3.3.1. Trial selection
Randomized controlled parallel and crossover trials evaluating the effect of nitrates
for stable angina were included. Titles and abstracts of searched studies were screened
for further review. Those that appeared eligible were determined by reviewing the full
text. The inclusion criteria were applied by two authors independently. Disagreements
were resolved by discussion and by consultation with other authors of our group, and a
judgment was made based on consensus.
3.3.2. Data extraction
Data were collected independently by two authors using a piloted data extraction
form. The form referred data on characteristics of included trials which were design,
methods, participants, interventions, and outcomes. We resolved any disagreements by
referring to the trial report and by discussion. Where possible, we extracted data to
allow an intention to treat analysis (the analysis should include all participants as
original randomization). For dichotomous outcomes, we recorded the number of
participants experiencing the event in each group. For continuous outcomes, we
extracted the means and standard deviations for each group. Data entry into RevMan
(free software downloadable from www.cc_ims.net/RevMan.download.htm) was
double-checked.

2. Objectives
To assess the beneﬁts and harms of nitrates for stable angina.
Speciﬁc comparisons will be conducted between nitrates used alone
or combined with other antianginal drugs (including beta-blockers,
calcium antagonists) and placebo. Nitrates with different doses and
different regimens will also be compared.
3. Methods
3.1. Criteria for considering studies for this review
3.1.1. Types of studies
We were particularly interested in randomized controlled trials. Crossover trials
were included using the results from paired analyses.
3.1.2. Types of participants
Participants were diagnosed with stable angina for at least three months.
Participants were excluded if they have acute myocardial infarction, unstable angina,
hepatic failure and renal failure.
3.1.3. Types of interventions
This review included trials comparing between nitrates and placebo, different
doses or different regimens of nitrates such as continuous and intermittent GTN
patches, multiple-dose and once daily. Studies evaluating other antianginal drugs
(including beta-blockers and calcium antagonists) were excluded to avoid being too
extensive. Sublingual nitroglycerin was allowed in patients suffering attacks of angina
pectoris during trials, which was recorded as an outcome measure. However, trials only
assessing immediate effect of nitrates such as sublingual GTN were not included in this
review.
3.1.4. Types of outcome measures
(1) Frequency of angina attacks;
(2) Nitroglycerin consumption;
(3) Quality of life;
(4) Total exercise duration, time to onset of angina and time to 1 mm ST depression
during exercise tests;
(5) Cardiac events: unstable angina, acute myocardial infarction or death,
(6) Adverse events: gastrointestinal reaction, headache, hypotension and depression, anaphylaxis and results of treatment discontinuation.

3.3.3. Data analysis
Data was included in a meta-analysis if they are available, of sufﬁcient quality and
sufﬁciently similar. Dichotomous data was expressed as relative risks (RR). Continuous
data was expressed as weighted mean differences (WMD). Overall results were
calculated based on the ﬁxed effects model when no heterogeneity was found among
pooled studies. As heterogeneity existed, the random effects model would be used.
Heterogeneity was tested using the Z score and the Chi square statistic with signiﬁcance
being set at p b 0.1. Possible sources of heterogeneity were assessed by sensitivity and
subgroup analyses as described below.
3.3.4. Subgroup analyses
We performed subgroup analyses in order to explore effect size of differences on
regimens of treatment and characteristics of participants.
3.3.5. Sensitivity analyses
The robustness of the results were tested by repeating the analysis using different
measures of effects size (risk difference and odds ratio) and different statistic models
(ﬁxed and random effects models).

4. Results
4.1. Description of studies
We found 293 relevant references and included 51 studies at last
by screening the titles and by reviewing the full texts. The data of
included studies were extracted with a form including design of study,
sample size, intervention and outcome measure (Table 1).
4.2. Designs of included studies
Details of the included studies are shown in Table 1: Table of
characteristics of included studies. 33 of 51 included trials were
randomized crossover design. Five were Latin-Square design. The rest
13 trials were parallel design. None of the studies described the detail
of randomization and whether allocation concealment was conducted. Two trials were open-label design while three were singleblind, and the rest were double-blind.

3.2. Search methods for identiﬁcation of studies
We searched the Cochrane Central Register of Controlled Trials (CENTRAL) on The
Cochrane Library (issue 4, 2008), MEDLINE (1966 to December 2008), and EMBASE
(1974 to December 2008). We identiﬁed studies on the reference lists of relevant trials
and reviews. The following search strategy was used.
#1
#2
#3
#4
#5
#6
#7

Nitroglycerin
Isosorbide mononitrate
Isosorbide dinitrate
Trinitroglycerin
(#1 or #2 or #3 or #4)
Angina pectoris
(#5 and #6).

4.3. Participants of included studies
A total of 51 trials with 3595 patients were included in this review.
Trial size ranged from 8 to 562 participants. All participants were
diagnosed with stable angina for at least three months. Patients
included in most studies had documented coronary heart disease with
one of the evidences as follows: history of myocardial infarction,
coronary angiography, ECG changes during exercise test, or thallium
scintigraphy. Patients with myocardial infarction within 3 months
prior the study and recent unstable angina were excluded. Patients
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Table 1
Characteristics of included studies.
Study ID

Design

Blind

Pts

Treatment

Duration

Aronow 1970A [18]
Bassan 1983 [19]
Bassan 1992 [20]
Berkenboom 1984 [11]
Chrysant 1993 [21]

Crossover
Crossover
Crossover
Crossover
Parallel

Double
Double
Double
Double
Double

20
10
8
46
313

4 weeks
Once
Once
2 weeks
6 weeks

Cleophas 1996 [22]
Colombo 1985 [23]
Crean 1984 [24]
Degre 1983 [25]
Demots 1989 [26]
Eteiba 1991 [27]
Ferratini 1989 [28]
Fletcher 1988 [29]
Fox 1991 [30]
Freedman 1995 [31]
Frishman 1989 [32]
George 2003 [33]
Glasser 1997 [34]
Gumbrielle 1992 [35]
Juhani 1992 [36]
Keck 1991 [37]
Kenedi 1987 [10]

Crossover
Latin-Square
Crossover
Crossover
Parallel
Parallel
Crossover
Parallel
Crossover
Crossover
Parallel
Parallel
Parallel
Latin-Square
Parallel
Crossover
Crossover

Double
Double
Double
Double
Double
Double
Double
Double
Double
Double
Double
Open
Double
Double
Open
Double
Double

99
9
11
10
215
44
10
427
85
58
20
120
151
12
85
28
15

Kishida 1989 [38]
Kohli 1986 [39]
Kohli 1988 [40]
Kosmicki 2004 [7]

Crossover
Crossover
Crossover
Crossover

Double
Double
Double
Double

22
18
19
38

Krepp 1989 [9]
Luke 1987 [41]
Markis 1979 [42]
Martsevich 1996 [43]
Milliano 1991 [44]
Nordlander 1994 [45]
Paciaroni 1991 [46]
Parker 1984 [47]
Parker 1995 [48]
Parker 1995A [49]
Rezakovic 1988 [50]
Rossetti 1993 [51]
Scardi 1985 [52]
Scardi 1988 [53]
Scardi 1991 [8]
Seabra 1990 [54]
Storstein 1981 [55]
Terland 1986 [12]
Thadani 1980 [56]

Crossover
Latin-Square
Crossover
Crossover
Parallel
Crossover
Parallel
Crossover
Crossover
Parallel
Crossover
Crossover
Latin-Square
Crossover
Latin-Square
Crossover
Crossover
Crossover
Crossover

Double
Double
Double
Single
Double
Double
Double
Double
Double
Double
Double
Double
Double
Double
Double
Double
Single
Double
Double

40
12
10
12
141
37
96
17
12
291
40
14
15
10
88
33
12
34
13

Thadani 1987 [57]
Thadani 1994 [58]
Thompson 1986 [59]
TNCS 1991 [60]

Crossover
Parallel
Crossover
Parallel

Double
Double
Double
Double

9
122
20
562

Waters 1989 [61]
Wisenberg 1989 [62]

Crossover
Crossover

Single
Double

42
20

ISDN Subl 5 mg qid; placebo
ISDN titrated dose; placebo
Patch titrated dose; ISDN titrated dose; placebo
SR GTN 6.5 mg qd; placebo
SR ISMN 60 qd; SR ISMN 120 qd;
SR ISMN 240 mg qd; placebo
SR ISMN 60 mg qd; SR ISMN 30–60 mg qd
SR ISDN 20 mg; placebo
C Patch 10 cm2; placebo
SR GTN 6.5 mg; SR GTN 2.5 mg; Placebo
I Pathes 10–20 cm2; I Pathes 30–40 cm2; placebo
SR ISMN 60 mg qd; SR ISMN 40 mg qd; placebo
C Patch 40 cm2; I Patch 40 cm2
C Patch 10 cm2; placebo
C Patch 20 cm2; I Patch 20 cm2; placebo
I Patch 20 cm2; placebo
C patch titrated dose; placebo
Nitrates continued; nitrates withdrawal
SR ISMN 60 mg; SR ISMN 120 mg; placebo
C Patch 20 cm2; I Patch 20 cm2; placebo
C Patch 20 cm2; I Patch 20 cm2
SR ISMN 50 mg qd; SR ISMN 80 mg qd
SR ISMN 25 mg qd; SR ISMN 50 mg qd;
SR ISMN 100 mg qd; placebo
GTN oinment; placebo
ISMN 40 mg bid; placebo
SR GTN 6.5 mg qd; SR GTN 2.6 mg qd
SR ISDN 120 mg qd; SR ISDN 80 mg qd;
SR ISDN 120 mg qid; SR ISDN 80 mg qid; placebo
C Patch 16 cm2; placebo
C Patch 20 cm2; I Patch 20 cm2; placebo
ISDN 20 mg; placebo
ISDN 10–30 mg qid; placebo
C Patch 20 cm2; I Patch 20 cm2; placebo
SR ISMN 60 mg qd; SR ISMN 60 mg bid
I Patch 20 cm2; placebo
C Patch 20 cm2; C Patch 30 cm2; placebo
I Patch 40 cm2; placebo
I Patch 10 cm2; I Patch 20 cm2; I Patch 40 cm2; placebo
C Patch 10 cm2; placebo
C Patch 20 cm2; I Patch 20 cm2
Patch 20 cm2; Patch 40 cm2; placebo
Patch 20 cm2; placebo
C Patch 20 Cm2; I Patch 20 Cm2; placebo
SR ISMN 60 mg qd; ISDN 20 mg tid
ISDN 5 mg; placebo
C Patch 20 cm2; placebo
ISDN 15 mg; ISDN 30 mg; ISDN 60 mg;
ISDN 120 mg; placebo
SR ISMN 50 mg qd; SR ISMN 100 mg qd; placebo
ISMN 20 mg bid; placebo
Patch 20–60 cm2; placebo
C Patch 30–60 cm2; C Patch 90–120 cm2;
C Patch 150–210 cm2; placebo
C Patch 20 cm2; I Patch 20 cm2
SR ISMN 60 mg qd; ISDN 30 mg qid; placebo

2 weeks
Once
1 weeks
Once
4 weeks
15 days
15 days
2 weeks
2 weeks
1 weeks
2 weeks
2 weeks
Once
1 weeks
12 weeks
1 weeks
1 weeks

Other drugs
BBA
BBA

BBP; CCBP

BBP
BBA
BBA; CCBP
BBP; CCBP
BBP; CCBP
BBP
BBP; CCBP

Outcome measures
AFR
TTA
ED
ED; AFR; NC
ED
AFR
ED
TTA; AFR
ED
TTMA
IED; ITTA; AFR; NC
ED; TST
AFR; NC; QOL
ED; TTA; TST
AFR
TTMA
RA
IED; ITTA; ITST
ED; TTA; TST
AFR; NC; QOL
ED; TST
AFR; NC

Once
2 weeks
2 weeks
1 weeks

ED; TST
ED; TST
ED; TST; AFR; NC
ED

1 weeks
1 weeks
Once
3 days
2 weeks
2 weeks
4 weeks
1–2 weeks
7–10 days
30 days
2 weeks
12 days
Once
Once
1 weeks
2 weeks
Once
2 weeks
Once

TST; AFR; NC
ED; TTA; TST
ED
TTA; TTMA; TST
TTA; TST
ED; TTA; TST
AFR; NC
TTMA
TTMA; TST
IED; ITST; AFR; NC
ED; TTA; TST; AFR; NC
ED; TST
ED
ED
ED; TTA; TST; AFR; NC
ED;TTA;TST
ED; TTA; TST
AFR; NC
TTA; TTMA

BBP; CCBP
BBP
BBP

1 weeks
2 weeks
Once
8 weeks

BBP

TTA; TTMA
ED; AFR; NC
ED
IED; ITST; AFR; NC

1 weeks
11–14 days

BBP

IED; ITTA; ITST; AFR; NC
TTA; TTMA; TST

BBA, beta-blockers were given in all included patients; BBP, beta-blockers were administered in a portion of patients; CCBP, calcium channel blockers were administered in a portion
of patients; SR sustained-release; C Patch, continuous regimen of nitroglycerin patch; I Patch, intermittent regimen of nitroglycerin patch; qd, once daily; bid, twice daily; tid, three
times daily; qid, four times daily; TRA, time to relief of angina after sublingual nitroglycerin; ED, exercise duration; TTA, time to onset of angina; TST, time to 1 mm ST depression;
TTMA, time to moderate angina; IED, increment of exercise duration; ITTA, increment of time to onset of angina; ITST, increment of time to 1 mm ST depression; ITTMA, increment of
time to moderate angina; AFR, angina frequency; NC, nitroglycerin consumption. RA, number of patients with recurrent angina within two weeks after nitrates withdrawal; PP,
patients' preference for angina prophylaxis and relief of angina; QOL, quality of life.

with congestive heart failure were excluded in 27 trials and the
relevant data in the rest trials were not reported.

4.4. Interventions
In 15 trials, beta-blockers were continued with a ﬁxed dose
throughout the study period. In three of them, beta-blockers were
administered in all patients. In six trials, calcium antagonists were
allowed during the study period. In twelve trials, the effects of nitrates

were evaluated with one dose. The duration of treatment ranged from
1 week to 28 weeks. Nitroglycerin patches were studied in 26 trials, in
which intermittent or continuous regimens were evaluated. Sustained-release nitroglycerin (SR GTN) was given in three trials.
Sustained-release isosorbide mononitrate (SR ISMN) was used in 10
trials while common ISMN was administered in two trials. Common
ISDN was used in 9 trials while sustained-release isosorbide dinitrate
(SR ISDN) was used in 2 trials. The doses of nitrates varied in these
studies, which was described in Table 1. In this review, intermittent
regimen was deﬁned as oral sustained-release nitrates once daily or
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Fig. 1. Acute effect: exercise duration in exercise tests. The pooled analysis showed that nitrates signiﬁcantly lengthened the exercise duration in patients with stable angina by 71 s
(Mean difference 71.25, 95%CI 49.29 to 93.20, p b 0.00001).

intermittent application of nitroglycerin patches while continuous
regimen was deﬁned as oral multiple-dose daily or continuous
application of nitroglycerin patches. The deﬁnitions of high-dose
and low-dose nitrates varied in different trials. In this review, we did
not deﬁne high dose and low dose exactly but just separated high and
low.

Quality of life was evaluated using different questionnaires in two trials
[29,36]. In a study by Fletcher in 1988, the questionnaire was mainly
based on sickness impact proﬁle (SIP) [63,64]. A study by Juhani in 1992
exployed the questionnaire of Summary Index [65].

4.5. Outcome measures

5.1. Acute effect of nitrates

Exercise tests were conducted in most trials on a treadmill or a
bicycle ergometer according to standard or modiﬁed Bruce protocol or
other protocols. Exercise duration was evaluated in 30 trials. The time to
onset of angina was evaluated in 23 trials and time to moderate angina in
8 trials. Time to 1 mm ST depression was evaluated in 23 trials. All
outcome measures referring to time were described with seconds. We
incorporated the data for time to onset of moderate angina into exercise
duration because of the similarity in deﬁnition. Angina frequency and
sublingual nitroglycerin consumption were evaluated in 15 trials.

Acute effect of nitrates on exercise duration after one dosage was
evaluated in 19 included studies. Heterogeneity was observed when
these studies were pooled and which was due to the largest trial with
215 patients included [26]. The pooled analysis within DeMots 1989
showed that nitrates signiﬁcantly lengthened the exercise duration in
patients with stable angina by 71 s (Fig. 1, Mean difference 71.25, 95%
CI 49.29 to 93.20, p b 0.00001). Nine trials assessing time to onset of
angina were pooled and no heterogeneity was observed. Seven trials
assessing time to 1 mm ST depression were pooled and no

5. Effects of interventions

Fig. 2. Effect of nitrates on angina attacks weekly. The pooled analysis showed that nitrates signiﬁcantly reduced angina attacks by 2.45 episodes weekly (Mean difference 2.45, 95%CI 0.86
to 4.04 episodes per week, p = 0.003). With subgroup analysis introduced, frequency of angina attacks was reduced by 2.89 episodes weekly with continuous administration of nitrates
(Mean difference 2.89, 95%CI 0.58 to 5.19, p = 0.01) and was reduced by 1.5 episodes weekly with intermittent administration (Mean difference 1.5, 95%CI 0.92 to 2.08, p b 0.00001).
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Fig. 3. Effect of nitrates on tablets of GTN consumption weekly. The pooled analysis showed that nitrates signiﬁcantly reduced GTN consumption by 2.67 tablets per week (Mean
difference 2.67, 95%CI 0.82 to 4.53, p = 0.005). With subgroup analysis, it was reduced by 3.38 tablets weekly with continuous administration of nitrates (Mean difference 3.38, 95%CI
0.40 to 6.36, p = 0.03) and was reduced by 1.5 episodes weekly with intermittent administration (Mean difference 1.48, 95%CI 0.66 to 2.30, p = 0.0004).

heterogeneity was observed. Time to onset of angina and time to
1 mm ST depression were also signiﬁcantly lengthened by 96 s (Mean
difference 96.32, 95%CI 70.95 to 121.69, p b 0.00001) and by 69 s
(Mean difference 69.34, 95%CI 46.47 to 92.22, p b 0.00001)
respectively.
Another four trials compared nitrates group with placebo group by
evaluating the changes in exercise duration before and after dosage
[27,34,49,60]. When the trials were pooled, no heterogeneity was found.
The change in exercise duration was signiﬁcantly bigger in the nitrates
group than in the placebo group (Mean difference 33, 95%CI 24 to 41 s,
p b 0.00001).

5.2. Chronic effect of nitrates compared with placebo
The chronic effect of nitrates was evaluated after administration
for weeks to months. The sustained-release nitrates could be
administered in multiple-dose and once daily. In this review, the
multiple-dose daily was assigned as continuous administration and
the once daily was assigned as intermittent administration.
5.2.1. Angina attacks and nitroglycerin consumption per week
Overall, frequency of angina attacks was signiﬁcantly reduced by
2.45 episodes per week (Fig. 2). Both continuous administration and

Fig. 4. Chronic effect: exercise duration in exercise tests at 1–6 h after dosage. Overall nitrates signiﬁcantly lengthened exercise duration in exercise tests at 1–6 h after dosage by 38 s
(Mean difference 38.34, 95%CI 18.92 to 57.77, p = 0.0001). With subgroup analysis, it was prolonged by 31 s with continuous administration of nitrates (Mean difference 31.38, 95%
CI 11.28 to 51.47, p = 0.002) and was prolonged by 53 s with intermittent administration (Mean difference 52.56, 95%CI 15.86 to 89.27, p = 0.005).
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Fig. 5. Chronic effect: exercise duration in exercise tests at 24 h after dosage. Exercise duration in exercise tests at 24 h after dosage was not prolonged with continuous administration
of nitrates (p = 0.69). By contrast, it was signiﬁcantly shorter in intermittent group than in placebo group (Mean difference −21.71, 95%CI −42.25 to −1.17, p = 0.04).

intermittent administration were found effective to reduce angina
episodes. Nitroglycerin consumption was also reduced by both
continuous administration and intermittent administration (Fig. 3).
5.2.2. Exercise duration
Thirteen trials evaluated exercise duration in exercise test at 1–6 h
after administration and were pooled. Continuous administration and
intermittent administration were assessed in 10 trials and 9 trials
respectively. Both regimens lengthened exercise duration signiﬁcantly by 31 and 53 s respectively (Fig. 4). Another four trials evaluating
exercise duration changes between before and after dosage, one for
continuous regimen and three for intermittent regimen, were also
pooled for analysis [21,27,49,60]. A similar result was showed in
intermittent regimen (Mean difference 30.84, 95%CI 16.10 to 45.58 s,
p b 0.0001). In continuous regimen, no signiﬁcant difference was
observed (p = 0.40).
At 7–12 h after administration, exercise duration was not lengthened
in either continuous or intermittent regimen according to the result of
pooled analysis including four trials. At 24 h after administration, just
before the next administration, exercise duration in the continuous
regimen group was not shorter than that in placebo group; by contrast, it
was signiﬁcantly shorter in the intermittent regimen group (Fig. 5).
5.2.3. Time to onset of angina
Seven trials comparing continuous administration of nitrates with
placebo and ﬁve trials comparing intermittent administration of
nitrates were pooled for meta-analysis. Overall, time to onset of
angina was signiﬁcantly lengthened in nitrates group by 52 s (Mean
difference 52.01, 95%CI 19.69 to 84.32 s, p = 0.002). According to the
analysis, intermittent regimen was effective for prolonging time to
onset of angina. No signiﬁcant difference was observed between

continuous administration and placebo. However, the trend in favor of
continuous administration of nitrates was observed.
5.2.4. Time to 1 mm ST depression
Eight trials compared continuous use of nitrates to placebo in time
to 1 mm ST depression. In ﬁve of them, intermittent regimen was
compared with placebo. Overall, time to 1 mm ST depression was
prolonged signiﬁcantly in nitrates group by 66 s (Mean difference
65.54, 95%CI 36.59 to 94.49 s, p b 0.00001). It was also signiﬁcantly
prolonged in both continuous and intermittent regimens when
subgroup analysis of two regimens was introduced.
5.2.5. Quality of life
One trial compared continuous administration of GTN patches with
placebo in quality of life [29]. SIP scores were evaluated and no signiﬁcant
difference was found between nitrates and placebo groups [63].
5.3. Chronic effect of continuous and intermittent administration
5.3.1. Outcome measures in exercise tests
Seven trials evaluated exercise duration and were pooled for metaanalysis. No heterogeneity was observed among these studies. The
pooled analysis showed signiﬁcant difference in favor of intermittent
regimen (Fig. 6, Mean difference 42.96, 95%CI 17.09 to 68.83 s,
p = 0.001). Time to 1 mm ST depression was also evaluated in the
seven trials above and was prolonged in intermittent regimen by 55 s
(Mean difference 55.47, 95%CI 29.17 to 81.78 s, p b 0.0001). Time to
onset of angina was evaluated in four trials and also showed
signiﬁcant difference in favor of intermittent regimen (Mean
difference 40.71, 95%CI 7.48 to 73.95 s, p = 0.02).

Fig. 6. Exercise duration in exercise tests at 1–6 h after dosage in continuous and intermittent regimens. Exercise duration in exercise tests at 1–6 h after dosage was prolonged more
with intermittent administration of nitrates than with continuous administration (Mean difference 42.96, 95%CI 17.09 to 68.83 s, p = 0.001).
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Fig. 7. Dose–effect relationship with one dose. Overall, exercise duration in exercise tests at 1–6 h after dosage was prolonged more in high-dose group than in low-dose group
(p = 0.04). However, no signiﬁcant difference between the two groups was observed when evaluating changes of exercise duration which was calculated with baseline data
subtracted (p = 0.45).

5.3.2. Quality of life
A study by Juhani in 1992 compared continuous application of GTN
patches with intermittent application for improving quality of life
which was assessed with questionnaires of Summary Index, and no
signiﬁcant difference was observed [36,65].

contrast, continuous high dose of nitrates had an adverse effect on
exercise performance. The similar phenomenon was showed in the
other three trials which evaluated changes of exercise duration,
however, no signiﬁcant difference was observed but a similar trend.
5.4. Adverse effect

5.3.3. Dose–effect relationship
Nine trials evaluated the effect of nitrates with different doses on
exercise duration. In six trials evaluating acute effect with one dose,
high-dose nitrates signiﬁcantly prolonged exercise duration by 18 s
(Fig. 7). However, this signiﬁcant difference was not observed in the
other three trials evaluating changes of exercise duration. Intermittent and high dose of nitrates signiﬁcantly improved exercise
performance compared with a lower-dose regimen (Fig. 8). In

Headache was the most common adverse reaction of nitrates. In most
trials included, headache was reported during nitrates treatment and it
was the main cause of withdrawal. According the data from 9 parallel
trials, 698 of 1352 (51.6%) patients receiving nitrates complained about
headache [8,19,21,26,27,29,34,46,60]. Incidence and severity of headache varied with the dose levels, which was observed in trials with
different doses compared. Dizziness and postural hypotension were

Fig. 8. Dose–effect relationship with long-term treatment. High-dose nitrates with intermittent regimen signiﬁcantly prolonged exercise duration more than lower-dose nitrates
(p = 0.04). In contrast, with continuous regimen, high-dose nitrates had an inferior effect on exercise duration (p = 0.02). The similar phenomenon was observed when evaluating
changes of exercise duration though no signiﬁcant difference was observed but a similar trend.
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other common side-effects and some patients even experienced
syncope. Skin rashes or other skin reactions were reported in a few
patients receiving nitroglycerin patches. Other drug reactions such as
nausea, vomiting and fatigue were also reported in a small portion of
patients. Acute myocardial infarction, unstable angina and all-cause
death were reported with sporadic cases in eight trials.
One trial [33] evaluated recurrent episodes of angina during two
weeks after withdrawal from nitrates. Patients who abruptly withdrew
from nitrates were compared with patients who continued nitrates as
usual and no signiﬁcant difference was observed (p= 0.14). Another
trial [48] evaluated the effect of nitroglycerin cessation on exercise
performance and the result showed that cessation of GTN patches
decreased exercise duration compared with cessation of placebo.
Adverse effect on exercise performance was observed in one study
[26], which was deﬁned as Zero-effect. It was also observed in the
pooled analysis including four trials comparing intermittent regimen
with placebo (Fig. 5, p = 0.04). However, this adverse effect was not
observed in continuous regimen group (Fig. 5, p = 0.69).
6. Discussion
Since the effectiveness of amyl nitrite ﬁrst described by Brunton,
organic nitrates have been commonly used in the treatment of angina
pectoris for more than 100 years [5]. The vasodilator effect of nitrates,
predominant in veins, reduces the preload and afterload, which in
turn decreased heart's activity, and then makes them available in
treatment of angina pectoris.
Nitrates with one dose was administered to evaluate acute effect on
exercise performance which was evaluated with total exercise duration,
time to onset of angina and time to 1 mm ST depression. Nearly all kinds
of nitrates were compared with placebo, and it was suggested that
nitrates were effective in improving exercise performance.
With a period of treatment lasting for one to several weeks,
the chronic effect of nitrates was assessed with angina frequency,
quality of life and exercise performance. Both continuous and intermittent regimens were beneﬁcial for improving exercise performance and for reducing angina attacks and sublingual nitroglycerin
consumption. In addition, intermittent regimen was more effective than
continuous regimen for improving exercise performance. However, this
beneﬁt effect on exercise performance could be just referring to the ﬁrst
several hours after dosage. Along with the extension of time after
dosage, the effect disappeared gradually though with continuous
administration of nitrates. In contrast, intermittent regimen even had
an adverse effect on exercise performance which was termed “zerohour effect”. As zero-hour effect is existing, intermittent regimen could
be harmful though tolerance was prevented to some extent.
High-dose nitrates were less effective than low-dose when
administered continuously. In contrast, intermittent regimen made
high-dose nitrates more effective than low-dose regimen. This
phenomenon of tolerance could support the neurohormonal hypothesis that counter-regulatory response was initialed with increased
dose of nitrates. When tolerance was prevented with intermittent
regimen, increased dose of nitrates was associated with more
improvement of exercise performance.
Quality of life was not improved in patients receiving continuous
GTN patches compared with placebo [29]. In the trial with 427
patients, angina attacks and nitroglycerin consumption were
reduced in both active and placebo groups. However, the difference
between two groups was not observed, which was signiﬁcant in
meta-analysis including continuous and intermittent regimens
(Fig. 2). In addition, headaches induced by nitrates might have an
adverse effect on quality of life. In another trial with 85 patients,
intermittent regimen was compared with continuous regimen and
the two had similar effect on quality of life [36]. Indeed, exercise
duration was signiﬁcantly pronged with nitrate administration by 31
to 53 s. It was likely that the patients suffering angina attacks could
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not be aware of this limited improvement of exercise performance.
In other words, nitrates had beneﬁcial effect on exercise performance and angina prophylaxis, but might have no beneﬁt on improvement for quality of life.
The main limitation of this review was lack of data to conduct
quality assessment in most trials. No information on allocation
concealment and randomization procedure was described even in
most large multi-center trials. As a result, the quality of trials cannot
be evaluated accurately. Usually in clinical practice, nitrates were not
prescribed as monotherapy but almost combined with other antianginal agents such as beta-blockers and calcium antagonists. However, all of these trials including patients receiving other antianginal
drugs had balanced the baseline and had kept the doses unchanged;
besides, most trials were of crossover design, which also reduced the
risk of bias to some extent. We were also interested in comparison
between nitrates and invasive therapy such as PCI and CABG, but no
relevant trials was searched out.
7. Conclusion
7.1. Implications for practice
Both intermittent and continuous regimens of nitrates were proved
to be with beneﬁcial effect on improving exercise performance and
reducing angina attacks. However, quality of life was not improved
with these beneﬁt effects. Intermittent administration could prevent
tolerance of nitrates to some extent but with zero-hour effect.
Continuous administration with low-dose nitrates could provide
sustaining effect and increased dose could not bring more beneﬁt.
Headache was the main and common adverse effect. Severe postural
hypotension even syncope was also reported in sporadic cases.
7.2. Implications for research
Methodological description for later researches should be emphasized that the quality of trials could be assessed accurately. Then the
evidence of trials could be weighed to an appropriate level. The longterm effect of nitrates should not be evaluated only by angina
prophylaxis and exercise performance but also by quality of life,
especially when the conclusion was still controversial though large
size of trials conducted.
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