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Aims Several reports have suggested that nitrates limit

acute ischaemic damage by a mechanism similar to

preconditioning. This study aims to evaluate the effect of

chronic oral nitrates on the clinical presentation and short-

term outcomes of patients admitted with acute coronary

syndrome (ACS).

Methods A retrospective cohort study was conducted in

patients with ACS admitted to 62 acute care units from 2010

to 2011. A propensity score-matched samples analysis was

performed.

Results We analysed 3171 consecutive patients, of whom

298 (9.4%) were chronically treated with nitrates. Patients

previously treated with nitrates had higher comorbidity and

disease severity at admission, lower prevalence of ACS with

ST elevation, lower troponin elevation, higher prevalence of

initial Killip class 2–4 and higher hospital mortality. The

propensity score-matched analysis confirmed that previous

use of nitrates is independently associated with a lower

prevalence of ST-elevation ACS [odds ratio (OR) 0.53, 95%
opyright © Italian Federation of Cardiology. Una
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confidence interval (CI) 0.36–0.78; P U 0.0014] and a lower

troponin elevation (OR 0.61, 95% CI 0.41–0.92) but not with

Killip class on admission (OR 1.18, 95% CI 0.83–1.67,

P U 0.3697) or mortality (OR 0.71, 95% CI 0.37–1.38,

P U 0.3196).

Conclusion The results support the hypothesis that

nitrates have a protective effect on acute ischaemic injury.
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Tel: +34 966 616 505; fax: +34 966 626 707; e-mail: jlatour@coma.es

Received 4 June 2012 Revised 16 January 2013
Accepted 20 January 2013
Introduction
Several studies have shown that repeated brief episodes

of ischaemia protect the heart from subsequent pro-

longed ischaemia.1,2 This phenomenon, known as ischae-

mic preconditioning, is a powerful mechanism that limits

the amount of necrosis after coronary occlusion and may

explain the limited infarct size in patients with preinfarc-

tion angina.3–6

Nitrates produce an effect akin to ischaemic precondi-

tioning through a similar mechanism of action.7–9 Recent

observational studies in humans showed that chronic

nitrate use was associated with a shift away from ST

elevation myocardial infarction in favour of non-ST

elevation acute coronary syndrome (ACS) and with lower

release of markers of cardiac necrosis.10,11

The main limitation of these studies lies in the huge

baseline differences between patients chronically treated

with nitrates and untreated patients, making it difficult to

separate, using traditional statistical methods, the effects

due to nitrate consumption from the effects due to its
covariates. Although it is not a substitute for a randomized

controlled trial, a matched analysis using a propensity

score can significantly reduce this bias.12

This study aimed to evaluate, through a propensity-

matched analysis, the effect of chronic oral nitrates on

the presentation and the short-term outcomes of patients

hospitalized for ACS.
Materials and methods
Setting and study population
The study is based on data from the ARIAM-SEMI-

CYUC Registry, a voluntary registry of patients with

suspected ACS admitted to coronary care units or ICUs

in 62 public and private hospitals in Spain and Andorra.

Each year, over a period of 3 months, the participating

centres anonymously submit patient data. The study

population analysed in this study corresponds to the

patients included in the surveys of 2010 (from 16 April

to 15 July) and 2011 (15 April to 14 July).
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All consecutive patients admitted during the two study

periods with a diagnosis of suspected ACS within 48 h of

evolution were considered for inclusion in the study. The

patients under 18 years of age and patients with a final

diagnosis other than ACS were excluded. The cases

referred to other hospitals not participating in the study

who were later lost to follow-up were excluded from the

analysis of hospital mortality but were not excluded from

the study.

Analysis of variables and clinical outcomes
The previous use of oral nitrates was examined according

to the medical record.

The evaluated clinical outcomes were the relative preva-

lence of ST elevation myocardial infarction and non-ST

elevation ACS; the level of plasma troponin (normal,

elevation less than or equal to five times the upper limit

of normal, elevation greater than five times the upper

limit of normal); the Killip class on admission; and the

hospital mortality. These outcomes are consistent with

those reported in two previous studies on this topic.10,11
pyright © Italian Federation of Cardiology. Unau

Table 1 Baseline characteristics and short-term evolution (raw popula

Nitrates (n¼297)

Baseline characteristics
Age (median, interquartile range) 76 (68–81)
Female sex (%) 26.9
Smoker (%) 43.1
Arterial hypertension (%) 80.5
Dyslipidaemia (%) 63.8
Diabetes (%) 52.4
Previous angina (%) 40.6
Previous infarction (%) 56.7
Known coronary lesions (%) 55.7
Test of myocardial ischaemia (%) 17.6
Previous coronary angiography (%) 55.2
Previous percutaneous coronary intervention (%) 24.8
Previous coronary surgery (%) 11.2
Peripheral arterial disease (%) 16.1
Previous stroke (%) 9.7
Chronic renal failure (%) 16.1
CHF (%) 15.1
Bleeding (%) 7.4
Previous aspirin use (%) 75.8
Aspirin within the last 7 days (%) 58.4
Previous clopidogrel use (%) 36.2
Previous beta-blockers use (%) 53.7
Previous ACE/ARB use (%) 54.4
Previous antiarrhythmics (%) 4.4

Clinical presentation and short-term prognosis
GRACE score (median, interquartile range) 146 (125–170)

Main diagnosis
STEMI (%) 22.1
NSTEMI (%) 52.9
Unstable angina (%) 25.0

Troponin
Normal (%) 18.9
<5 UL (%) 23.3
>5 UL (%) 57.8

Initial Killip class �2 (%) 39.2
Maximum Killip class �2 (%) 44.6
ICU/CCU mortality (%) 6.6
Hospital mortality (%) 10.8

Results are expressed as the percentage or median (interquartile rank), except standa
converting enzyme inhibitor/angiotensin receptor antagonist; CHF, congestive heart f
elevation acute myocardial infarction; STEMI, ST elevation acute myocardial infarction
In addition, other covariates (coronary risk factors,

medical history and previous treatments) were measured

and are presented in Table 1.

Statistical analysis
Initially, we conducted a descriptive statistical and

graphical analysis of the study population by calculating

proportions for categorical variables or medians and inter-

quartile ranks for quantitative variables. Hypothesis tests

were performed using chi-square tests for comparing

proportions or the Mann–Whitney test for quantitative

variables. The strength of the association between nitrate

consumption and clinical outcomes was estimated by

calculating the standardized differences, odds ratios

(ORs) and the corresponding 95% confidence limits.

To control the confounding effect of the covariates of

nitrate consumption, a propensity score for nitrate

therapy was developed using a logistic regression model

that included 19 variables. This score included all of the

determinants that were considered a priori that could be

related to the use of nitrates, such as history of coronary
thorized reproduction of this article is prohibited.

tion)

No nitrates (n¼2873) Standardized differences

65 (54–76) 6.0
23.2 8.5
56.2 26.4
57.7 50.9
45.7 37.0
26.7 54.5
11.3 70.9
13.0 103.2
10.3 110.3

5.5 38.6
11.3 105.3

6.7 51.3
2.0 37.7

04.1 40.6
4.2 21.8
2.8 46.7
2.1 47.7
1.2 30.9

22.0 127.7
14.7 101.8

7.0 75.9
14.3 91.5
30.5 49.8

1.5 17.2

127 (104–155) 1.2

53.0 67.3
35.8 34.9
11.2 36.4

7.3 34.9
13.1 26.7
79.6 48.4
23.7 33.9
30.9 28.5

3.8 12.6
6.7 14.6

rdized differences that are expressed as absolute values. ACE/ARA, angiotensin-
ailure; Dst, standardized differences; CCU, coronary care unit; NSTEMI, non-ST
; UL, upper limit of normality.
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artery disease, hypertension and heart failure (Table 2).

The discriminative ability of the propensity score was

analysed by calculating the area under the receiver oper-

ating characteristic (ROC) curve. Then, each one of the

exposed patients was matched with the unexposed

patient with the closest propensity score, whereas those

pairs whose propensity scores differed by more than 0.05

points were excluded. The identical distribution of cov-

ariates between the samples exposed to nitrates and the

control group was examined by calculating the standar-

dized differences. To account for the matched nature of

the data, the strength of the association between the prior

use of nitrates and clinical outcomes in paired samples

was estimated using a conditional logistic regression.

All analyses were two-tailed with alpha significance level

of 5% and were performed using StatsDirect version 2.7.8

statistical software.13

Ethical and legal aspects
The ARIAM-SEMICYUC registry complies with Span-

ish legislation on postauthorization observational studies

for drugs for human use (SAS/3470/2009 Order of 16

December), and has been recognized by the Spanish

Ministry of Health as a Registry of interest for the

National Health System.

Results
Study population
For inclusion, we considered 3259 patients with sus-

pected ACS, of which we excluded 59 patients who

received a final diagnosis other than ACS [myocarditis/

pericarditis (n¼ 32), transient apical dysfunction syn-

drome (n¼ 13) or other causes of nonischaemic pain

(n¼ 14)]. Twenty-nine additional patients were excluded

due to the lack of information about the prior use of
opyright © Italian Federation of Cardiology. Una

Table 2 Propensity score for nitrate therapy (logistic regression
model)

Variable Coefficient P

Beta0 �7.917487 <0.0001
Age (years) 0.052074 <0.0001
Female sex �0.024959 0.8965
Smoker �0.04786 0.7833
Diabetes 0.516546 0.0008
Hypertension �0.028902 0.8804
Dyslipidaemia 0.141665 0.3665
Previous angina 1.358229 <0.0001
Previous infarction 0.962965 <0.0001
Peripheral arterial ischaemia 0.247915 0.302
History of stroke 0.137843 0.6034
Chronic renal failure 0.498179 0.0462
Congestive heart failure 0.623999 0.0214
Known coronary lesions 0.733101 <0.0001
History of bleeding 0.985229 0.0066
Use of aspirin 1.009001 <0.0001
Use of clopidogrel 0.541271 0.0029
Use of beta-blockers 0.569919 0.0006
Use of ACE/ARA 0.238453 0.1335
Previous antiarrhythmics use 0.364499 0.344

ACE/ARA, angiotensin-converting enzyme inhibitor/angiotensin receptor
antagonist.
nitrates. Of the 3171 eligible patients, 298 (9.4%) were

treated chronically with nitrates.

Univariate analysis
Compared with the controls, patients pretreated with

nitrates (exposed group) showed a higher prevalence of

risk factors and coronary antecedents (myocardial infarc-

tion or angina, previous coronary angiography or exist-

ence of known coronary lesions), higher comorbidity

(diabetes, hypertension, congestive heart failure, chronic

renal failure) and more frequent treatment with aspirin,

clopidogrel and beta blockers (Table 1, Fig. 1).

Regarding the clinical presentation, patients pretreated

with nitrates showed a low prevalence of ST segment

elevation acute myocardial infarction and a lower preva-

lence of troponin peak values greater than five times the

upper limit of normal. A lower prevalence of troponin

elevation was detected both in patients with ACS with

ST elevation [OR 0.37, 95% confidence interval (CI)

0.20–0.71] and non-ST elevation ACS (OR 0.48, 95%

CI 0.35–0.65).

With respect to the initial severity, patients pretreated

with nitrates had a higher GRACE score14 at admission, a

higher prevalence of Killip class 2–4 and an increased

mortality in the acute care unit and hospital.

The delay between symptom onset and arrival at the

emergency room was similar in patients pretreated and

not treated with nitrates [160 min (88, 221) vs. 151 min

(81.5, 303.5), P¼ 0.7882]. No difference in delay between

those pretreated and not treated with nitrates was found

after stratifying by the type of ACS [ACS with ST

elevation: 121.5 min (60, 260) vs. 141 min (77, 271),

P¼ 0.3911; ACS without ST elevation: 164 min (90,

325) vs. 163 min (90, 346), P¼ 0.6415].

Propensity score matched cohort study
The propensity score showed a high degree of discrimi-

nation with an area under the ROC curve of 0.912 (0.899–

0.925). Finally, 278 matched pairs of exposed/unexposed

patients could be obtained. The two samples showed a

homogeneous distribution of the covariates (Table 3).

The matched analysis corroborated the finding of a

lower prevalence of ST elevation myocardial infarction

in the group pretreated with nitrates, with a similar

prevalence of patients with unstable angina in the two

groups (Table 4, Fig. 2). Parallel to this unequal distri-

bution of the various forms of ACS, patients pretreated

with nitrates showed a lower prevalence of substantial

(more than five times normal) elevations of troponin [OR

0.61, 95% CI 0.41–0.92, P¼ 0.0175) with no significant

statistical differences in the prevalence of normal

levels. The trend towards a lower troponin elevation in

patients treated with nitrates was slightly modified after

controlling the effect of the type of ACS using conditional
uthorized reproduction of this article is prohibited.
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Fig. 1
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logistic regression [OR 0.68, 95% CI 0.44–1.03,

P¼ 0.0746).

In contrast, after controlling for the effect of covariates,

the differences in the Killip class disappeared, and

mortality in the group pretreated with nitrates was lower

than in the control group (OR 0.71, no significant differ-

ences) (Table 4, Fig. 2).

Discussion
In summary, the raw results of the study showed that ACS

patients pretreated with nitrates had a high comorbidity

and initial severity, high short-term mortality, a strikingly

low prevalence of myocardial infarction with ST

elevation and a low elevation of troponin. A more refined

analysis, using samples matched by propensity score,

suggests that the Killip class and increased mortality in

patients pretreated with nitrates was attributable to con-

founding. In contrast, the latter analysis reaffirmed the

lower prevalence of ST elevation myocardial infarction in

patients pretreated with nitrates. Similarly, the adjusted

analysis showed a negative association between con-

sumption of nitrate and prevalence of a significant

elevation of troponin (greater than five times the upper

limit of normal), with no significant differences in the

prevalence of patients with normal troponin (i.e. with

unstable angina). The nonsignificant trend towards lower

troponin elevation in patients treated with nitrates per-

sisted after adjusting for the effect of the type of ACS,
pyright © Italian Federation of Cardiology. Unau
suggesting that lower troponin elevation is not entirely

due to the higher prevalence of non-ST elevation ACS in

these patients. Altogether, these findings suggested that

nitrates protect the myocardium during severe acute

ischaemia.

The validity of these results must be examined in detail.

First, the possibility of type I error seems unlikely

because the variables examined were prespecified, and

the results are consistent with previous studies.10,11

Because our study is not powered to detect a mortality

reduction of about 30%, as observed in the matched

cohort analysis, the effect of the use of nitrates on

mortality cannot be determined.

One could argue that patients pretreated with nitrates

have had more previous episodes of myocardial infarction

and are therefore less susceptible to necrosis and have a

more developed collateral circulation, which would

explain the lower prevalence of myocardial infarctions

with ST elevation and the lower troponin elevation in this

group. However, differences were observed both in

patients with ST elevation ACS and patients without

ST elevation and persisted in the matched analysis

(Table 3), in which the history of coronary heart disease

was balanced in the two groups.

It would be reasonable to assume that patients treated

with nitrates have a closer contact with healthcare

resources and a better understanding of their disease
thorized reproduction of this article is prohibited.
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Table 3 Baseline characteristics and short-term evolution (matched samples)

Nitrates (n¼278) No nitrates (n¼278) Standardized differences

Baseline characteristics
Age (median, interquartile range) 75 (67–81) 75 (67–80) 0.4
Female sex (%) 26.4 25.3 2.5
Smoker (%) 44.5 46.3 3.6
Arterial hypertension (%) 79.9 79.5 1.0
Dyslipidemia (%) 63.7 65.2 3.1
Diabetes (%) 50.2 49.1 2.2
Previous angina (%) 37.4 39.9 5.1
Previous infarction (%) 54.2 55.3 2.2
Known coronary lesions (%) 52.4 51.7 1.4
Test of myocardial ischaemia (%) 17.7 16.8 2.4
Previous coronary angiography (%) 50.4 45.6 9.6
Previous percutaneous coronary intervention (%) 25.7 32.0 13.9
Previous coronary surgery (%) 11.5 7.2 14.8
Peripheral arterial disease (%) 15.0 12.5 7.3
Previous stroke (%) 9.9 10.3 1.3
Chronic renal failure (%) 13.6 11.0 7.9
CHF (%) 13.6 10.3 10.2
Bleeding (%) 7.0 6.2 3.2
Previous aspirin use (%) 74.4 72.8 3.6
Aspirin within the last 7 days (%) 56.4 57.9 3.0
Previous clopidogrel use (%) 34.4 33.3 2.3
Previous beta-blockers use (%) 51.3 52.8 3.0
Previous ACE/ARB use (%) 53.5 56.4 5.8
Previous antiarrhythmics (%) 4.4 4.4 0.0

Clinical presentation and short-term prognosis
GRACE score (median, interquartile range) 145 (123–169) 145 (122–170) 0.0

Main diagnosis
STEMI (%) 22.5 36.5 31.1
NSTEMI (%) 53.8 38.0 32.1
Unstable angina (%) 23.8 25.6 4.2

Troponin
Normal (%) 18.7 14.5 11.3
<5 UL (%) 21.9 17.1 12.1
>5 UL (%) 59.4 68.4 18.8

Initial Killip class �2% 39.3 35.2 8.5
Maximum Killip class �2% 45.5 42.8 5.4
ICU/CCU mortality (%) 6.0 7.6 6.3
Hospital mortality (%) 9.0 12.4 11.2

Results are expressed as the percentage or median (interquartile rank), except standardized differences that are expressed as absolute values. ACE/ARA, angiotensin-
converting enzyme inhibitor/angiotensin receptor antagonist; CHF, congestive heart failure; Dst, standardized differences; CCU, coronary care unit; NSTEMI, non-ST
elevation acute myocardial infarction; STEMI, ST elevation acute myocardial infarction; UL, upper limit of normality.
than patients without prior treatment, so that they could

go to the hospital with relatively mild symptoms (minor

myocardial injury) or at an earlier time, allowing for

earlier therapeutic intervention and a limitation of infarct

size. However, this hypothesis fits poorly with the disease

severity and the initial Killip class observed in patients

pretreated with nitrates. Moreover, no differences were

found between the onset of symptoms and arrival at the

emergency department in patients in whom this infor-

mation was available.
opyright © Italian Federation of Cardiology. Una

Table 4 Association between prior use of nitrates and clinical outcom

Crude analysis

Observed OR (95% CI)

Non-ST elevated ACS 3.78 (2.85–5.07)
High vs. normal troponin 0.33 (0.24–0.48)
Troponin >5 � UL vs. �5 0.35 (0.27–0.46)
Initial Killip class >1 2.07 (1.62–2.66)
Hospital mortality 1.74 (1.08–2.70)

ACS, acute coronary syndrome; CI, confidence interval; OR, odds ratio; UL, upper no
The main limitation of the study is its observational

nature and the large differences in case mix between

the exposed and control groups. This study has tried to

minimize these differences by matching the propensity

score for treatment, which is one of the better statistical

tools for controlling case mix.12 This score included all of

the determinants that were considered a priori that could

be related to the use of nitrates, the match was almost

complete and the covariates were properly balanced in

the two matched samples. However, we cannot ensure
uthorized reproduction of this article is prohibited.

es

Matched analysis

P Adjusted OR (95% CI) P

<0.0001 1.89 (1.28–2.81) 0.0014
<0.0001 0.84 (0.51–1.40) 0.5225
<0.0001 0.61 (0.41–0.92) 0.0175
<0.0001 1.18 (0.83–1.67) 0.3697

0.0119 0.71 (0.37–1.39) 0.3196

rmal limit.
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Fig. 2
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that the analysis has controlled all important prognostic

variables or the existence of residual confounding;15

therefore, this study does not replace a randomized trial.

In conclusion, our results are consistent with the pre-

viously described findings10,11 that suggest a possible

protective effect of nitrates on acute ischaemic damage.
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Ancillo Garcı́a, Pablo; Tallet Alfonso, Alec; Gómez
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guez, Antonio José; Montero Baladı́a, Miguel; Gero

Escapa, Marı́a. HOSPITAL SANTA BÁRBARA (Soria);
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JOAN DE DÉU (Manresa); Alcoverro Pedrola, Josep

Maria. HOSPITAL DE SANT PAU I SANTA TECLA

(Tarragona); del Castillo, Yolanda. HOSPITAL DE

TERRASSA (Terrassa); Amador Amerigo, Joaquı́n.

HOSPITAL GENERAL DE CATALUNYA (Sant

Cugat del Vallès); Manero Caballero, Elisabet. HOSPI-

TAL GENERAL DE L‘HOSPITALET (L’ Hospitalet

de Llobregat); Berrade Zubiri, José Julián. CONSORCIO
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Llorente Ruı́z, Beatriz. HOSPITAL SEVERO OCHOA
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(Lorca); Albacete Moreno, Carlos Luı́s; Nicolás Franco,

Silvestre; Rodrı́guez González, Francisco Javier; Ruiz
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