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Background: Concomitant use of oral organic nitrates (nitrates)
and phosphodiesterase type 5 (PDE5) inhibitors is contraindicated.

Objective: To measure temporal trends in the coprescrip-
tion of nitrates and PDE5 inhibitors and to measure the asso-
ciation between cardiovascular outcomes and the
coprescription of nitrates with PDE5 inhibitors.

Design: Case-crossover design.

Setting: Nationwide study of Danish patients from 2000 to
2018.

Patients: Male patients with International Classification of
Diseases, 10th Revision (ICD-10) codes for ischemic heart
disease (IHD), including those who had a continuing pre-
scription for nitrates and a new, filled prescription for PDE5
inhibitors.

Measurements: Two composite outcomes were measured: 1)
cardiac arrest, shock, myocardial infarction, ischemic stroke, or
acute coronary arteriography and 2) syncope, angina pectoris,
or drug-related adverse event.

Results: From 2000 to 2018, 249541 male patients with
IHD were identified. Of these, 42 073 patients had continu-
ing prescriptions for nitrates. During this period, the

prescription rate for PDE5 inhibitors in patients with IHD
who were taking nitrates increased from an average of 0.9 pre-
scriptions (95% CI, 0.5 to 1.2 prescriptions) per 100 persons per
year in 2000 to 19.5 prescriptions (CI, 18.0 to 21.1 prescriptions)
in 2018. No statistically significant association was found
between the coprescription of nitrates with PDE5 inhibitors and
the risk for either composite outcome (odds ratio [OR], 0.58 [CI,
0.28 to 1.13] for the first outcome and OR, 0.73 [CI, 0.40 to
1.32] for the second outcome).

Limitation: An assumption was made that concurrently filled
prescriptions for nitrates and PDE5 inhibitors equaled con-
comitant use.

Conclusion: From 2000 to 2018, the use of PDE5 inhibitors
increased 20-fold among Danish patients with IHD who were
taking nitrates. A statistically significant association between
concomitant use of these medications and cardiovascular
adverse events could not be identified.
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Combining oral organic nitrates (nitrates) with phos-
phodiesterase type 5 (PDE5) inhibitors is contraindi-

cated due to a synergistic effect on blood pressure (1, 2).
Both nitrates and PDE5 inhibitors work by increasing
cyclic guanosine monophosphate activity, thus relaxing
smooth muscle cells in blood vessels, correspondingly
relieving angina pectoris and erectile dysfunction. The
effects of nitrates and PDE5 inhibitors are mediated by
2 different molecular pathways, augmenting the effect
on blood pressure while inhibiting the body's own miti-
gation response (1, 2). Accordingly, small, randomized,
pharmacologic studies have reported an amplified de-
crease in blood pressure during controlled coexposure
with nitrates and PDE5 inhibitors, both in healthy partic-
ipants and in participants with ischemic heart disease
(IHD) (1, 3, 4). Potentially, this increases the risk for vas-
cular ischemic events including myocardial infarction
(MI) and stroke. Product information for prescribers and
patients from the European Medicines Agency for the
PDE5 inhibitor specifically contraindicates concomitant
treatment with nitrates (5–8).

Although indications for nitrates have been expanded,
they are primarily used to treat heart failure and chronic an-
gina pain (9, 10), both commonly associated with erectile
dysfunction (11). Notably, the prevalence of erectile dys-
function has increased (12, 13) with varying though consis-
tently noticeable prevalence of 22% to 46%, 14%, 10% to
77%, 49%, 8% to 65%, and 54%, respectively, in Europe,
North America, South America, Asia, Africa, and Oceania
(13). This could translate to a possible growing coprescrib-
ing practice and a public health concern. Even though
knowledge of this interaction has existed since the intro-
duction of PDE5 inhibitors, the effect in a real-life setting
needs further investigation.
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We hypothesized that coprescription of nitrates and
PDE5 inhibitors was prevalent and has increased in
recent years among patients with IHD. Furthermore, we
sought to investigate whether coprescription yielded an
elevated risk for cardiovascular events.

METHODS

Data Sources
This study was based on nationwide Danish health

registers. These are well described and have been previ-
ously used by this research group (14–17) (see page 2 of
the Supplement [available at Annals.org] for details).

Population
We included all male patients aged 30 to 85 years with

history of IHD on 1 January 2000 or a first-time diagnosis of
IHD during 2000 to 2018 without prior nitrate use; both pri-
mary and secondary diagnoses linked to admissions or
outpatient visits were included. Furthermore, we identified
patients claiming 2 consecutive prescriptions of nitrates
within 180 days from each other to define nitrate use. Thus,
2 cohorts were defined: 1 cohort containing all patients

with IHD and a second cohort composed of a subgroup of
patients treated with nitrates from the first cohort. Both
cohorts contributed to the temporal trends analyses of
PDE5 inhibitor use among patients with IHD. Only the sec-
ond cohort was used to assess the potential risk for copre-
scribing nitrates and PDE5 inhibitors. The index date for
the first cohort was 1 January 2000 or the date of first-time
diagnosis of IHD if it came afterward. The index date for
the second cohort and start of follow-up were the date of
the second nitrate prescription. For the second cohort,
follow-up was halted if no nitrate prescription was filled
for 180 days; however, patients could reenter the cohort
if a new nitrate prescription was filled later during the
follow-up. In practice, this means that to become a case
patient, a filled prescription of nitrates within 180 days
from the date of event was required. Patients with a his-
tory of pulmonary hypertension—for whom PDE5 inhibi-
tors may be prescribed—were excluded if the condition
was developed before the inclusion in either cohort
(Figure 1). Patients in both cohorts were followed until
death, emigration, 31 December 2018, or a diagnosis of
pulmonary hypertension.

Figure 1. Flowchart of the study cohort.

Initial Cohort

Case and Control Patients

Case Patients Control Patients Case Patients

Patients with history of IHD included on 1 January 2000 or
   at time of diagnosis during 2000 to 2018 (n = 462 892)

First Cohort
All male patients with IHD (n = 249 541)

Second Cohort
Subgroup receiving oral organic nitrates (n = 42 073)

Case patients for 2 different composite outcomes as stated, identified for case-
crossover analyses, including control patients for case–time–control analyses

Cardiac arrest,
shock, myocardial
infarction, ischemic
stroke, or acute
coronary
arteriography
(n = 16 948)

Matched on age
and year of
inclusion
(n = 62 991)

Syncope, angina
pectoris, or
drug-related
adverse effect
(n = 18 967)

Control Patients
Matched on age
and year of
inclusion
(n = 71 054)

Exclusions (n = 213 351)
   Female sex: 196 647
   History of pulmonary
      hypertension: 673
   Patients aged <30 y
      or >85 y: 16 031

Exclusion (n = 143)
   Pulmonary
   hypertension
   diagnosis before
   oral organic nitrate
   initiation

The dashed line represents the separation of the 2 study cohorts (above) and the matched data set (below).
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Characteristics of the Cohort
The following characteristics were defined binarily as

present if any of the following diagnoses were given up
to 5 years before index date (to capture any diagnosis of
relevance to the patients' health): heart failure, acute cor-
onary syndrome, ischemic stroke, peripheral vascular
disease, chronic obstructive pulmonary disease, chronic
renal disease, and cancer. Likewise, medication was de-
fined as a filled prescription up to 6 months before the
index date of the followingmedications: diuretics, antihy-
pertensive drugs, antiplatelet agents, statins, anticoagu-
lants, and sublingual nitrates. To characterize patients
being treated for hypertension and diabetes mellitus out-
side of hospitals—for example, in general practice—we
defined both conditions as either a diagnosis or as a com-
bination of filled prescriptions with at least 2 antihyperten-
sive drugs or treatment with a glucose-lowering drug,
respectively (Supplement Table 1, available at Annals.org).
The Table shows patient characteristics at baseline for the
first cohort (all patients with IHD) and for the second cohort
(subgroup receiving nitrates).

PDE5 Inhibitor Use
We investigated temporal trends of PDE5 inhibitor

use among all patients with IHD and among the sub-
group receiving nitrates, that is, the first and second
cohort. To assess temporal trends during 2000 to 2018,
the average number of PDE5 inhibitor prescriptions filled
within a year per 100 persons was calculated. All included
patients alive on 1 January of the relevant calendar year
were followed, either from this date or when they entered
the cohort (whichever happened last), until the end of said
calendar year, death, or end of follow-up. Any PDE5 inhibi-
tor prescription filled during follow-up contributed to the
analysis.

To further describe the use of PDE5 inhibitors, the pro-
portion of patients claiming at least 1, 2, . . . or 8 prescrip-
tions within the first 3 years from the index date was also
estimated. Proportions in both cohorts were presented for
comparison according to calendar year groups.

Outcomes and Exposure
To assess associations between coprescription of

nitrates and PDE5 inhibitors, we used a case-crossover
design. Only the second cohort, the subgroup of patients
with IHD receiving nitrates, was investigated, and follow-
up began at the index date on the date of a second filled
nitrate prescription. Two composite outcomes were de-
fined with the first event of interest during follow-up
defining each case patient: 1) a composite outcome of
cardiac arrest, shock (unspecified, hypovolemic, or cardi-
ogenic), MI, ischemic stroke, and acute coronary angiog-
raphy and 2) a composite outcome of angina pectoris,
syncope, and the diagnosis “drug-related adverse event”
(Supplement Table 1). All diagnoses were primary or
secondary and were linked to an overnight hospitalization,
except coronary angiography, angina pectoris, syncope,
and drug-related adverse event for which acute outpatient
visits were also counted.

For the main analysis, patients were considered
exposed on a given day if they had a filled prescription

of a PDE5 inhibitor within 14 days before that day.
Periods of 7, 21, and 28 days were used for supplemen-
tary analyses, acknowledging that the exact time of PDE5
inhibitor use after a filled prescription could vary. Only
exposure windows dividable by 7 were chosen to make
certain that compared periods consisted of similar week-
days (18).

Ethical Considerations
Retrospective studies using administrative health data-

bases do not need ethical approval in Denmark. The study
was approved by the data protection organization of the
Capital Region of Denmark (approval number P-2019-348).

Supplementary Analyses
We conducted 4 supplementary analyses. First, to

assess associations between PDE5 inhibitor exposure and
incidence of any of the individual components in the 2
composite outcomes, we conducted secondary analyses
for each outcome separately using 14-day exposure win-
dows. Second, as shown in Supplement Table 2 (available
at Annals.org), we identified the characteristics of each
case patient at the beginning of the index period for each
outcome to compare with characteristics at the beginning

Table. Baseline Characteristics for All Patients With IHD,
Including Separate Characteristics for the Subgroup
Receiving Oral Organic Nitrates

Characteristics Patients With IHD (n = 249 541)

All Patients
(n = 249 541)

Subgroup Receiving
Oral Organic Nitrates
(n = 42 073)

Median age (IQR), y 65 (68–82) 70 (62–77)

Comorbidities, n (%)
Hypertension 204 073 (81.8) 40 074 (95.2)
Diabetes mellitus 38 440 (15.4) 9137 (21.7)
Heart failure 38 870 (15.6) 9344 (22.2)
Acute coronary syndrome 101 941 (40.9) 16 986 (40.4)
Ischemic stroke 17 704 (7.1) 4068 (9.7)
COPD 17 034 (6.8) 4662 (11.1)
Chronic kidney disease 9317 (3.7) 2605 (6.2)
Peripheral artery disease 10 884 (4.4) 3106 (7.4)
Cancer 16 531 (6.6) 3530 (8.3)

Concomitant medication, n (%)
b -blockers 141 607 (56.7) 27 839 (66.2)
RASi 105 911 (42.4) 20 716 (49.2)
Thiazides 30 456 (12.2) 6809 (16.2)
Loop diuretics 52 898 (21.2) 14 083 (33.5)
Statins 149 293 (59.8) 26 026 (61.9)
Acetylsalicylic acid 166 185 (66.6) 32 055 (76.2)
ADPi 76 447 (30.6) 9850 (23.4)
Anticoagulants 27 985 (11.2) 5077 (12.1)
Sublingual nitrates 44 628 (17.9) 17 403 (41.4)

Educational level, n (%)
Basic or high school 94 921 (38.0) 18 631 (44.3)
Vocational education 98 106 (39.3) 15 000 (35.7)
Higher education 40 255 (16.1) 4538 (10.8)
Unknown 16 259 (6.5) 3904 (9.3)

ADPi = adenosine diphosphate inhibitor; COPD = chronic obstructive
pulmonary disease; IHD = ischemic heart disease; IQR = interquartile
range; RASi = renin-angiotensin-system inhibitor.
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of follow-up. Third, to account for potential differences
in temporal prescribing patterns skewing our results, we
also performed case–time–control analyses (19, 20). Fourth,
to further test our assumptions, we performed analyses
that required just 1 filled nitrate prescription as well as anal-
yses in which maximum follow-up was restricted to 1 year
(see page 15 of the Supplement for details).

Statistical Analysis
Baseline characteristics are presented with percen-

tages and continuous variables as median with interquar-
tile range.

Average numbers of prescriptions filled within a year
and proportions of patients claiming at least 1, 2, . . ., or 8
prescriptions within the first 3 years from the index date
were estimated using appropriate methods to analyze
recurrent events in the presence of censoring and compet-
ing risk for death. Specifically, the Ghosh and Lin method
(21) was used to compute the mean with 95% CI and the
Aalen–Johansen method (22) to compute proportions with
95%CI, as implemented in the “mets” package for R (23).

The main analyses investigating associations between
coprescription of nitrates and PDE5 inhibitors and the com-
posite outcomes were based on a case-crossover design
using conditional logistic regression models to obtain
odds ratios (ORs). The design compares a person's expo-
sure status in an index period preceding the event against
a reference period earlier in time. We used 14-day periods
separated by a 7-day-washout period to avoid lagged
effects. In supplementary analyses, we also investigated 7-,
21-, and 28-day periods. Taking the 14-day analysis as an
example, the index period would be 0 to 14 days before
the event and the reference period would be 21 to 35 days
before the event. By using each person as his or her con-
trol, the method adjusts for unmeasured confounders that
remain stable within the 2 periods, for example, lifestyle
factors, treatment indications, comorbidities, and other
coprescribedmedications. Thismakes this method suitable
for studying the effects of transient exposure on abrupt out-
comes (24, 25). Notably, only persons with a different expo-
sure status in the index and reference periods (discordant
exposure) are included, meaning that case patients ex-
posed only in the index period support an OR of greater
than 1 and vice versa for case patients exposed only in the
reference period. Therefore, case patients with a concord-
ant exposure history, either exposed or not exposed in
both periods, did not contribute to the analyses (24, 25).

We used R (version 3.5.0 for Windows; R Foundation
for Statistical Computing) (26) for data management, sta-
tistics, and illustrations.

Role of the Funding Source
None of the funding sources has had any influence

on the conduct or the reporting of this study.

RESULTS

Cohort Characteristics
We identified 249541 male patients with IHD (me-

dian age, 65 years [interquartile range, 56 to 73 years]).
Within this cohort, 42073 patients received nitrates

during follow-up (Figure 1). At the point at which they
received nitrates (isosorbide mononitrate, 21%; isosor-
bide dinitrate, 78%; and nicorandil, 1%), patients had a
median age of 70 years (interquartile range, 62 to 77
years) as well as a larger burden of comorbidity and con-
comitant treatment (Table).

PDE5 Inhibitor Exposure
From 2000 to 2018, the average yearly prescription

rate of PDE5 inhibitors increased 10-fold among all
patients with IHD from an average of 3.1 (95% CI, 2.8 to
3.3) to 30.9 (CI, 30.3 to 31.6) prescriptions per 100 per-
sons per year. Likewise, in the subgroup receiving
nitrates, a 20-fold increase was observed from 0.9 (CI,
0.5 to 1.2) to 19.7 (CI, 18.0 to 21.1) prescriptions (Figure
2). Figure 3 also shows the temporal trend of increasing
use of PDE5 inhibitors among both cohorts. In the most
recent years, 2014 to 2018, 15.1% of patients with IHD
filled at least 1 prescription of nitrates within 3 years of di-
agnosis, whereas 5.9% filled at least 5. Likewise, in the
subgroup receiving nitrates, 9.0% filled at least 1 PDE5
inhibitor prescription with 2.7% claiming at least 5 pre-
scriptions within the first 3 years from nitrate initiation
(Figure 3). Of every filled prescription of PDE5 inhibitors
during follow-up in the subgroup receiving nitrates (n=
91838), sildenafil accounted for 69%, tadalafil 27%, var-
denafil 4%, and avanafil less than 0.1%. Comparable pre-
scribing patterns were found for filled prescriptions in all
patients with IHD (total n= 795617; sildenafil, 69%; tada-
lafil, 28%; vardenafil, 3%; and avanafil, <0.1%). Please
see Supplement Table 3 (available at Annals.org) for dis-
tribution of formulations and strengths.

Risk Pertaining to Coexposure
In the subgroup receiving nitrates, we identified

16948 cases of cardiac arrest, shock, MI, ischemic stroke,
or acute coronary arteriography during follow-up.
Associating these events to PDE5 inhibitor exposure vary-
ing the length of index and reference periods in case-
crossover analyses did not show any evidence of an
increased risk after coexposure with a case-crossover OR
of 0.58 (CI, 0.28 to 1.13) for a 14-day exposure window
(Figure 4). In addition, when assessing the second com-
posite outcome of syncope, angina pectoris, and drug-
related adverse event (n= 18967), no increased risk
associated with PDE5 inhibitor exposure was found with
a case-crossover OR of 0.73 (CI, 0.40 to 1.32) for a 14-day
exposure window (Figure 4).

Supplementary Analyses
Characteristics at the time of event were comparable to

characteristics at the beginning of follow-up (Table and
Supplement Table 2). Assessing each component of the 2
outcomes separately yielded similar results with no evidence
of an increased risk after coexposure to nitrates and PDE5
inhibitors. Assessing shock, cardiac arrest, and drug-related
adverse event as individual outcomes yielded nomeaningful
results due to too few cases with discordant exposure history
(Supplement Table 4, available at Annals.org). Using a
case–time–control design (Supplement Table 5, available
at Annals.org), including patients after just 1 filled nitrate
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prescription (Supplement Table 6, available at Annals.
org), or restricting follow-up to a maximum of 1 year
(Supplement Table 7, available at Annals.org) yielded
similar results as themain analyses.

DISCUSSION

In male patients with IHD, use of PDE5 inhibitors has
risen markedly from 2000 to 2018; among patients receiv-
ing nitrates, a 20-fold increase was observed. Despite this
change of practice, no risk increase after a filled prescrip-
tion of PDE5 inhibitors among male patients with IHD
receiving nitrates was found.

Concomitant treatment with nitrates and PDE5 inhib-
itors is contraindicated (5–8, 27); however, patient
groups who benefit from both drugs are growing (9, 12,
13), possibly prompting a demand for coprescription (1).
Our data show that PDE5 inhibitor use has increased
among all patients with IHD, but especially among
patients receiving nitrates. This result is concerning.
Guidelines with a specific recommendation for concomi-
tant use have been debated, but widely accepted rec-
ommendations have not materialized due to lack of
scientific evidence (1). One exception may be a state-
ment from the American Heart Association that PDE5
inhibitors should not be given to patients receiving
nitrates, and nitrates can only be taken safely at least 24
and 48 hours after use of fast- and slow-acting PDE5
inhibitors, respectively (class III; level of evidence B) (27).
As a result, imperative unanswered questions remain: for

example, which patients receiving nitrates can be treated
safely with PED5 inhibitors? And how long should ni-
trates be withdrawn before a PDE5 inhibitor is taken?
Our results underscore the importance and relevance of
these questions.

The effect on blood pressure after coadministration of
different nitrates and PDE5 inhibitors is well documented
with pharmacologic, placebo-controlled trials both in
healthy men (28, 29), and men with angina pectoris (3, 28)
or coronary artery disease (4). Results across different
agents and administrativemethods showing that combina-
tions of nitrates and PDE5 inhibitors lead to a substantial
drop in blood pressure were consistent. In Denmark, the
recommendation is that coprescription should be avoided,
but proper guidelines do not exist. If coprescription is cho-
sen deliberately, and not through an oversight, then we
would expect patients to be adequately warned not to take
themedicationwithin 24 to 48 hours of each other (1).

A recent study based on an American database from
2012 to 2016 compared periods of copossession of
nitrates and PDE5 inhibitors with periods in which only 1
or the other medication was prescribed. This study found
no increased rates of cardiovascular outcomes associ-
ated with expected copossession (30).

We propose several explanations regarding the appa-
rent safety of coprescribing. First, the observed drop in
blood pressuremay not cause a condition for which patients
seek a hospital. A drop in blood pressure has been shown in
pharmacologic trials, but it might not translate to a real-life
risk for cardiovascular outcomes.

Figure 2. Yearly average use of PDE5i among all male patients with IHD, including a subgroup receiving oral organic nitrates.
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Second, patients could be well informed and adherent
to guidance that the prescribing physician has provided:
for example, patients are aware of the recommended
pause in nitrate treatment before PDE5 inhibitor use and
follow these recommendations. One study found that 69 of
252 patients (27%) were adequately warned of coadminis-
tration at the time of coprescription (30). This is surprisingly
few and underscores that there could be more answers as
to why no increased risk was found.

Third, nitrates are often taken in the morning, and we
think it is a reasonable assumption that most PDE5 inhibitors
are taken in the evening (31). Therefore, for patients who
meet these assumptions, the nitrates could be metabolized
to a degree such that the synergistic interaction is negligible.
Isosorbide dinitrate and isosorbide mononitrate accounted
for 78% and 21% of the nitrates in our study and have
plasma half-lives of 4.5 and 5 hours, respectively (32), con-
ceivably allowing for a sufficient reduction in plasma levels.

Figure 3. Number of filled PDE5i prescriptions within 3 years of inclusion among all patients with IHD and a subgroup receiving oral
organic nitrates, according to calendar year groups.
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Last, coprescription may not be accurately captured
due to our assumptions regarding nitrate treatment and
our assumption regarding when PDE5 inhibitors are
used. We assumed that patients claiming 2 consecutive
prescriptions of nitrates within 180 days from each other
would remain on the treatment throughout follow-up. To
rely less on this assumption, we also halted follow-up if
no prescription of nitrates was filled for 180 days during
follow-up. However, we cannot be certain that patients
were receiving nitrates at the time of event. Likewise, we
assumed that patients planned to take the PDE5 inhibitor
relatively close to the date of the filled prescription. These
are both important limitations to consider when interpret-
ing these observational data. It is, however, reassuring that
we found similar results using varying exposure windows.
Both assumptions skewing our results cannot be ruled out
with certainty and unmet assumptions would draw our
results toward “no association.”

A combination of these explanations may explain the
seemingly safe coprescription of nitrates and PDE5 inhib-
itors. A qualitative study involving both prescribers and
patients would be needed to elaborate on motivations
for coprescribing and possible safety measures under-
taken. Our findings and interpretations are only applicable
in an outpatient setting where patients fill the prescriptions
for use at home. Thus, our data cannot answer the equally
important clinical question of nitrate administration for a
patient with angina pectoris who recently took PDE5 inhibi-
tor, especially a long-acting agent.

Furthermore, it is likely that our findings could apply
primarily to a highly selective group of patients with IHD.
Patients receiving nitrates who are coprescribed PDE5
inhibitors by their physician plausibly consist of the
healthier and more resourceful proportion of the cohort.
Finally, in Denmark, PDE5 inhibitors are only available
legally by prescription, but PDE5 inhibitors are readily
available on the counterfeit medication market (33). In
this study, only data on prescribed PDE5 inhibitors were

available. The possibility of patients obtaining PDE5 inhibi-
tors without prior consultation with a physician could still
pose a health concern.

The primary strength of this study was the nationwide
inclusion of all patients with IHD, some receiving nitrates,
in a 19-year period using validated registers, thus limiting
selection and inclusion bias. The case-crossover design
allows investigators to assess acute events after tempo-
rary effects while mitigating time-invariant unmeasured
confounding, which seems applicable for this study (24).
However, the case-crossover analysis does not account for
time-dependent confounding changing between the refer-
ence and index period, thus limiting the ability to adjust for
patients possibly being healthier when wanting to use
PDE5 inhibitors.

The PDE5 inhibitors are primarily administered as
performance-enhancing drugs for erectile dysfunction
and nitrates have never been shown to improve cardio-
vascular prognosis (34). Furthermore, as co-use is clearly
contraindicated (5–8, 27), refraining from use of the com-
bination would be expected. However, improvement of
quality of life may change both physician and patient
perspectives of potential benefits and perceived harm.
Indeed, our data show that these drugs were copre-
scribed with a large and growing frequency. Yet, despite
noticeable coprescribing, we could not find a statistically
significant association with increased risk. This finding
raises the possibility that in carefully selected patients,
coprescription might be safe. A qualitative study involv-
ing both patients and prescribers could be needed to
better understand this finding.

Use of PDE5 inhibitors has increased 20-fold among
male patients with IHD receiving nitrates from 2000 to
2018, despite an established contraindication. In this
carefully conducted study of concomitant use in a nation-
wide population, we could not find a statistically signifi-
cant association with an increased cardiovascular risk

Figure 4. PDE5i exposure and cardiovascular risk according to case-crossover analyses in a subgroup of male patients with ischemic
heart disease receiving oral organic nitrates.
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myocardial infarction, ischemic stroke, and acute coronary angiography. Composite outcome (2): angina pectoris, syncope, and the diagnosis drug-
related adverse event.
* Case patients contributing to the analyses were those having a discordant drug exposure history in the index and reference periods.
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after a filled prescription of PDE5 inhibitors among patients
receiving nitrates.
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