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Introduction
Dyspnoea is common in patients with acute coro-
nary syndrome (ACS) and may develop during 
admission or post-discharge, due to new-onset or 
worsening of pre-existing heart failure, treatment 
with beta blockers or recurrent ischaemia.1 ACS 
patients with dyspnoea report lower quality of life 
and have a higher risk of hospital readmission or 
mortality.2

Dual antiplatelet therapy with clopidogrel and 
aspirin became the standard therapy for secondary 
prevention in ACS after a 20% reduction in the 
composite endpoint of cardiovascular death, myo-
cardial infarction or stroke was demonstrated, 
without a significant increase in life-threatening 
bleeding.3 Ticagrelor, a structurally novel P2Y12 
antagonist administered twice daily, does not need 
enzymatic activation and has a more rapid onset of 

action compared with clopidogrel.4 In the Phase-
III PLATelet inhibition and patient Outcomes 
(PLATO) trial, ticagrelor use was associated with 
lower all-cause mortality when compared with 
clopidogrel.5 Ticagrelor however, was also associ-
ated with higher rates of dyspnoea compared with 
clopidogrel (13.8% versus 7.8%).4–8

Dose-related dyspnoea associated with ticagrelor 
was first identified in the phase II DISPERSE 
trial,6,7 and subsequently in the PLATO trial.5,7 
Drug discontinuation due to dyspnoea occurred 
in 0.9% of patients prescribed ticagrelor in 
PLATO compared with 0.1% of patients pre-
scribed clopidogrel [odds ratio (OR) = 6.21, 
p = <0.001].7,9 Rates of ticagrelor discontinuation 
in the highly regulated environment of rand-
omized controlled trials may be lower than in 
clinical practice.10
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Despite the prevalence of dyspnoea in the ACS 
patient population, the burden of ticagrelor-
related dyspnoea in patients with comorbid res-
piratory disease has not been explored in depth. 
In a sub-study of pulmonary function during 
PLATO, patients with chronic obstructive pul-
monary disease (COPD) or asthma were excluded 
from analysis.11 Furthermore, the prevalence of 
patients with comorbid respiratory disease was 
considerably low in the PLATO patient popula-
tion, and may not reflect a generalized patient 
cohort.6

The present study aims to investigate the inci-
dence of ‘real-world’ ticagrelor-related dyspnoea 
in a cohort of ACS patients newly commenced on 
ticagrelor or clopidogrel.

Methods
This was a multicentre prospective observational 
cohort study conducted from March 2015 until 
October 2016. Patients were eligible for inclusion 
if they were admitted for ACS and newly pre-
scribed ticagrelor or clopidogrel on discharge. 
Exclusion criteria were being unavailable for fol-
low up or being discharged to a nursing home 
facility. Ethical approval was granted from the 
Southern Adelaide Clinical Human Research 
Ethics Committee, Australia (approval 473.14). 
Patients admitted to Flinders Medical Centre, 
The Royal Adelaide and The Queen Elizabeth 
Hospitals in South Australia were approached for 
voluntary enrolment during their hospital admis-
sion and followed up with a telephone interview 
(16 questions) at 3 weeks, 3 months, 6 months 
and 12 months post-discharge. All interviews 
were conducted by AP to ensure fidelity to ques-
tioning and documenting the patient’s experience 
of dyspnoea since the last follow up, the severity 
(mild, moderate, severe), pattern and impact on 
daily activities.

Analysis was performed using Stata version 14.2 
(StataCorp, USA). Differences in patient charac-
teristics between the two drug groups were com-
pared using independent Student’s t-tests or 
Mann–Whitney tests for normally and non-nor-
mally distributed variables and using either Chi-
square tests of association or Fisher’s exact test 
for categorical variables. The risk of obtaining a 
falsely significant p-value can increase when mul-
tiple analysis is performed. To mitigate this risk, 
we utilized and reported a p-value for linear trends 
in addition to Chi-square.

We assessed between-group differences in the 
occurrence of dyspnoea over time using multi-
level binary logistic regression with drug, week 
(categorical) and a drug X week interaction term 
as fixed effects and the subject identity number as 
a random effect. Overall differences were assessed 
globally and where p < 0.05, were then assessed at 
the individual time points using a Wald test for 
the separate drug X week interaction terms with 
Bonferroni adjustment for multiple comparisons 
(p < 0.0125 considered as significant). Patient 
characteristics were assessed as predictors of 
dyspnoea, using both univariate and multivariate 
mixed effects regression with variables entered 
into the multivariate model when p < 0.20. The 
final multivariate model contained only those 
predictors significant at p < 0.05. The impact of 
dyspnoea on readmission to hospital was assessed 
using multivariate binary logistic regression with 
adjustment for age and gender. The log rank test, 
univariate Cox regression and Kaplan–Meier sur-
vival curves were used to assess the impact of 
dyspnoea on readmission to hospital. Variables 
significant at p < 0.05 in two-tailed hypothesis 
tests were considered statistically significant.

Results
After 32 recruited patients were excluded, base-
line patient demographics for participants 
(n = 200) were analysed (Figure 1). Sex, level of 
health cover, marital status and household income 
did not differ between groups (Table 1). Patients 
prescribed clopidogrel were older, had more 
comorbidities and scored higher for their medica-
tion regimen complexity index preadmission. 
Those taking ticagrelor were more likely to be 
admitted with a diagnosis of ST-elevation myo-
cardial infarction (p = 0.002), managed with a 
drug-eluting stent (p = 0.022) and employed full 
time (p = 0.042).

Overall, patients prescribed ticagrelor were more 
likely to report dyspnoea as an adverse effect 
across all follow-up time points [OR = 2.54, 95% 
confidence interval (CI) 1.19–5.45, p = 0.016]. 
The prevalence of patient-reported dyspnoea 
with ticagrelor was higher than reported in 
patients prescribed clopidogrel at 3 weeks 
(p = 0.04) (Table 2). This trend, albeit not signifi-
cant, persisted at 3, 6 and 12 months. There was 
a nonsignificant trend towards increased severity 
at each time point. In 4.3% of patients receiving 
ticagrelor, the persistence of dyspnoea necessi-
tated a change to clopidogrel. The incidence of 
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Figure 1.  Study flow diagram of patients.

Table 1.  Baseline patient characteristics.

Ticagrelor 
(n = 133)

Clopidogrel 
(n = 67)

p-value

Age (years), mean SD 62.9 ±  11.6 70.4 ±  11.6 <0.001

Female sex (%) 27.0 31.3 0.616

Health care card holder (%) 54.4 64.2 0.221

Annual household income (AUD) (%) 0.229

<40,000 56.8 71.2  

40,001–60,000 16.8 12.1  

60,001–80,000 6.4 4.5  

80,001–100,000 4.0 6.1  

>100,000 12.0 6.1  

Marital status (%) 0.082

Single 14.5 3.0  

Married/defacto 54.8 67.2  

 (Continued)
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Ticagrelor 
(n = 133)

Clopidogrel 
(n = 67)

p-value

Divorced/widowed 30.6 29.9  

Employed full time (%) 28.6 16.4 0.042

Body mass index (kg/m2), mean ±  SD 29.5 ±  6.1 28.7 ±  4.8 0.560

Smoker (%) 35.4 22.4 0.073

Pre-existing ischaemic heart disease 
(%)

27.6 40.3 0.077

Atrial fibrillation (%) 5.5 20.9 0.003

Heart failure (%) 11.0 14.9 0.493

Asthma (%) 11.0 16.4 0.367

Chronic obstructive pulmonary 
disease (%)

6.8 7.4 1.00

Anaemia (%) 1.6 9.0 0.021

Number of preadmission medications, 
mean ±  SD

4.0 ±  3.9 5.5 ±  4.0 0.012

Charlson comorbidity index 3.5 ±  2.7 4.9 ±  3.0 0.001

Diagnosis at admission (%) 0.022

STEMI 45.7 34.3  

NSTEMI 40.9 34.3  

Other 13.4 31.4  

Mean length of stay ±  SD (days) 4.3 ±  3.7 4.9 ±  3.4 0.290

Medications prescribed at discharge 
(%)

 

ACE inhibitor 68.5 65.7 0.748

AT 2 receptor inhibitor 20.5 16.4 0.567

Beta blocker 87.4 83.6 0.515

Statin 100 92.5 0.004

Aspirin 95.8 84.9 0.042

Glyceryl trinitrate buccal spray/tablet 78.7 68.2 0.117

Diuretics 15.6 9.0 0.280

Mean MRCI preadmission ±  SD 12.7 ±  13.3 16.7 ±  13.1 0.049

Mean MRCI post-admission ±  SD 25.2 ±  12.0 25.5 ±  10.3 0.860

Mean change in MRCI ±  SD 12.6 ±  5.3 8.8 ±  7.2 <0.001

ACE, angiotensin converting enzyme; AT, angiotensin; MRCI, medication regimen complexity index; NSTEMI, non-ST-
elevation myocardial infarction; SD, standard deviation; STEMI, ST-elevation myocardial infarction.
*observations missing for some patients.

Table 1.  (Continued)
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dyspnoea was also associated with hospital read-
mission (OR = 1.65, 95% CI 0.99–2.75, p = 0.051; 
Supplementary Figure) and was significant after 
adjusting for patients age and sex (OR = 1.68, 
95% CI 1.01–2.80, p = 0.046).

In univariate analysis, significant baseline patient 
characteristics predictive of patient-reported 
dyspnoea at the p < 0.2 level included female sex 
(OR = 2.44, 95% CI 1.20–4.98, p = 0.014), 
COPD (OR = 4.21, 95% CI 1.19–14.8, p = 0.025), 
Charlson comorbidity index (OR = 2.22, 95% CI 
0.90–5.47, p = 0.082), and anaemia (OR = 0.23, 
95% CI 0.31–1.74, p = 0.156). In multivariate 
analysis, significant predictors were age, female 
sex (OR = 2.46, 95% CI 1.15–5.25, p = 0.19) and 
COPD (OR = 3.84, 95% CI 1.03–14.41, 
p = 0.046; Table 3). Other factors included for 
analysis that were not predictive of patient-
reported dyspnoea included level of education, 
smoking status, asthma, heart failure, chronic 
kidney disease and treatment with diuretics or 
beta blockers. Ticagrelor was a significant predic-
tor of dyspnoea in multivariate analysis 
(OR = 2.43, 95% CI 1.12–5.23, p = 0.024) as was 
follow-up time post-discharge (p < 0.0001).

Discussion
In the current study, we found ACS patients that 
were prescribed ticagrelor for secondary preven-
tion were more likely to report dyspnoea post-
discharge compared with patients prescribed 
clopidogrel. Our findings show rates of patient-
reported dyspnoea with ticagrelor were much 

higher than those previously reported in the liter-
ature6 and this was consistently observed at all 
follow-up time points. Furthermore, patients 
reporting dyspnoea were more likely to discon-
tinue drug therapy or be readmitted to hospital.

A number of comorbidities and drug treatments 
which are known to cause dyspnoea were analysed 
to assess their contribution to the reported dysp-
noea. Baseline factors that significantly associated 
with dyspnoea were comorbid COPD, female sex 
and age. Recent guidelines for the management of 
ACS heed practitioners’ warnings regarding pre-
scribing ticagrelor in patients with COPD due to 
the higher incidence of dyspnoea in trials.12 Such 
recommendations seem prudent given a sub-anal-
ysis of PLATO found that the mortality benefit of 
ticagrelor persisted for patients who reported dysp-
noea on treatment, compared with those who 
reported dyspnoea on clopidogrel.13

Our study is the first to prospectively assess tica-
grelor-induced dyspnoea at multiple follow-up 
times post-discharge in a real-world patient popu-
lation. With our cohort size and recruitment from 
multiple sites, the results can be more easily 
applied to a general patient population to assess 
the severity and pattern of dyspnoea with ticagre-
lor after hospital discharge. Using this real-world 
patient population, we can also observe prescrib-
ing patterns of antiplatelet agents for patients 
with ACS. As our study did not exclude patients 
with comorbid respiratory disease, we were able 
to assess the incidence and severity of ticagrelor-
induced dyspnoea in this patient group.

Table 2.  Dyspnoea: patient-reported incidence and severity.

Time
interval

Antiplatelet
agent

All 
dyspnoea
n (%)

Mild
n (%)

Moderate
n (%)

Severe
n (%)

p-value
for
χ2

p-value for 
linear trend

3 weeks Ticagrelor n = 116 65 (56.0) 40 (34.5) 19 (16.4) 6 (5.2) 0.040 0.11

Clopidogrel n = 63 25 (39.7) 15 (23.8) 5 (7.9) 5 (7.9)

3 months Ticagrelor n = 98 45 (45.9) 25 (25.5) 17 (17.3) 3 (3.1) 0.355 0.07

Clopidogrel n = 58 20 (34.5) 13 (22.4) 6 (10.3) 1 (1.6)

6 months Ticagrelor n = 87 36 (41.4) 21 (24.1) 11 (12.6) 4 (4.6) 0.306 0.17

Clopidogrel n = 54 16 (29.6) 8 (14.8) 7 (13.0) 1 (1.9)

12 months Ticagrelor n = 83 27 (32.5) 14 (16.9) 11 (13.3) 2 (2.4) 0.846 0.39

Clopidogrel n = 55 15 (27.3) 9 (16.4) 5 (9.1) 1 (1.8)
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There are some limitations with our study, as the 
design was observational, differences in baseline 
patient characteristics were observed. Older 

patients were more likely to be prescribed clopi-
dogrel which is consistent with other observa-
tional studies,14 and we cannot exclude that 

Table 3.  Dyspnoea: baseline predictors.

Univariate logistic regression Global 
p-value

  Odds ratio 95% confidence 
interval

p-value

Age (years) 0.99 (0.96–1.02) 0.510  

Female sex 2.44 (1.20–4.98) 0.014  

Body mass index (kg/m2) 1.02 (0.91–1.31) 0.736  

Smoker 0.94 (0.45–1.94) 0.858  

Charlson comorbidity index 0.167

  0 1.00  

  <2 1.03 (0.17–6.24) 0.978  

  >2 2.22 (0.90–5.47) 0.082  

Diabetes 1.68 (0.80–3.55) 0.174  

Depression 1.92 (0.69–5.31) 0.210  

Chronic obstructive pulmonary disease 4.21 (1.19–14.8) 0.025  

Asthma 1.57 (0.58–4.23) 0.373  

Heart failure 1.33 (0.46–3.86) 0.597  

Atrial fibrillation 0.78 (0.27–2.29) 0.658  

Anaemia 0.23 (0.31–1.74) 0.156  

Chronic kidney disease 1.44 (0.35–5.95) 0.616  

Multivariate logistic regression  

  Odds 
ratio

95% confidence 
interval

p-value  

Age (years) 0.99 (0.96–1.03) 0.746  

Female sex 2.46 (1.15–5.25) 0.019  

Ticagrelor 2.43 (1.12–5.23) 0.024  

Chronic obstructive pulmonary disease 3.84 (1.02–14.4) 0.046  

Time post-discharge <0.0001  

  3 weeks 3.90 (2.07–7.33) <0.001  

  12 weeks 1.97 (1.05–3.68) 0.033  

  26 weeks 1.41 (0.75–2.67) 1.06  

  52 weeks 1.00  
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lower reported rates of dyspnoea were not influ-
enced by their daily level of activity. A number of 
patients were lost to follow up which limited our 
sample size as the study progressed. Patients 
were asked to self-report whether they experi-
enced dyspnoea and how they rated the severity. 
The current study sought principally to investi-
gate the incidence of dyspnoea. At the time of 
study design, the severity of dyspnoea was under-
estimated and whilst the investigators developed 
probing questions to distinguish the nature and 
severity of patient self-reported dyspnoea, a vali-
dated tool was not employed. Furthermore, there 
was no assessment of dyspnoea at baseline to dis-
tinguish whether it was new onset. Although 
patients with comorbid asthma and COPD were 
included in the study, no respiratory function 
testing was performed to confirm diagnosis or 
assess disease severity.

As rates of dyspnoea were higher than expected at 
the onset of this study, further work is warranted 
to investigate validated dyspnoea assessment 
tools and to determine the nature of subsequent 
hospital readmissions.

Conclusion
Dyspnoea was more frequently reported in 
patients with ACS prescribed ticagrelor com-
pared with clopidogrel. However, the observed 
rates in a naturalistic setting were significantly 
higher than those reported in clinical trials, and 
predicted the rate of subsequent hospital read-
mission. Further studies in larger cohorts are war-
ranted to confirm these findings, to identify other 
predisposing factors, and to test the hypothesis 
that ticagrelor-associated dyspnoea predicts short 
and long-term adverse outcomes.
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