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ABSTRACT
Background Antiplatelet therapy (APT) can 
substantially reduce the risk of further vascular events in 
individuals with established atherosclerotic cardiovascular 
disease (ASCVD). However, knowledge regarding the 
extent and determinants of APT use is limited.
Objectives Estimate the extent and identify patient 
groups at risk of suboptimal APT use at different stages 
of the treatment pathway.
Methods Retrospective cohort study using linked NHS 
Scotland administrative data of all adults hospitalised 
for an acute ASCVD event (n=150 728) from 2009 to 
2017. Proportions of patients initiating, adhering to, 
discontinuing and re- initiating APT were calculated 
overall and separately for myocardial infarction (MI), 
ischaemic stroke and peripheral arterial disease (PAD). 
Multivariable logistic regression and Cox proportional 
hazards models were used to assess the contribution of 
patient characteristics in initiating and discontinuing APT.
Results Of patients hospitalised with ASCVD, 84% 
initiated APT: 94% following an MI, 83% following 
an ischaemic stroke and 68% following a PAD event. 
Characteristics associated with lower odds of initiation 
included female sex (22% less likely than men), age 
below 50 years or above 70 years (aged <50 years 
26% less likely, and aged 70–79, 80–89 and ≥90 years 
21%, 39% and 51% less likely, respectively, than those 
aged 60–69 years) and history of mental health- related 
hospitalisation (45% less likely). Of all APT- treated 
individuals, 22% discontinued treatment. Characteristics 
associated with discontinuation were similar to those 
related to non- initiation.
Conclusions APT use remains suboptimal for the 
secondary prevention of ASCVD, particularly among 
women and older patients, and following ischaemic 
stroke and PAD hospitalisations.

Antiplatelet therapies (APT) have been 
shown to reduce cardiovascular morbidity 
and mortality in patients with established 
atherosclerotic cardiovascular disease 
(ASCVD).1–4 Given their efficacy and 
favourable safety and cost- effectiveness 

WHAT IS ALREADY KNOWN ON THIS 
TOPIC

 ⇒ Despite clinical guidelines 
recommending antiplatelet therapy 
(APT) use for the secondary prevention 
of atherosclerotic cardiovascular disease 
(ASCVD), previous studies have found 
APT use to be suboptimal.

WHAT THIS STUDY ADDS

 ⇒ This national study in Scotland provides 
new insights into the full extent of 
suboptimal mono- antiplatelet therapy 
and dual- antiplatelet therapy use across 
different populations and disease types 
in the treatment pathway following 
hospitalisation for ASCVD.

 ⇒ Only 84% of patients initiated APT 
after hospitalisation for ASCVD of 
whom 22% later discontinued therapy, 
with systematic APT undertreatment 
observed among patients with 
peripheral arterial disease and stroke, as 
well as women and patients aged <50 
years or ≥70 years.

HOW THIS STUDY MIGHT AFFECT 
RESEARCH, PRACTICE OR POLICY

 ⇒ Improvements to APT use in 
patients with ASCVD would provide 
substantial benefits to this population 
by preventing as many as 5% of 
subsequent ASCVD events.

 ⇒ Women and older patients, as well as 
patients who suffer ischaemic stroke 
and peripheral arterial disease events, 
remain particularly undertreated and 
require further focus.
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profiles, national clinical guidelines, such as those 
issued by the National Institute for Health and Care 
Excellence for England and Wales and the Scottish 
Intercollegiate Guidelines Network Consortium, 
have recommended the long- term use of APT for the 
secondary prevention of ASCVD.

Few studies have analysed the adequacy of APT use 
for secondary prevention of ASCVD. Despite guideline 
recommendations, studies found suboptimal APT utili-
sation.5–7 However, information on the extent of APT 
use at different treatment stages, and the role of partic-
ular individual characteristics, is very limited. Policy 
makers and providers would benefit from a detailed 
understanding of APT use at different treatment stages 
to inform development of quality- improvement inter-
ventions and policies. Such evidence can be generated 
from reliable population- wide individual patient data.

This study sought to estimate the extent of subop-
timal APT use for the secondary prevention of ASCVD 
in Scotland, overall and across subgroups by age, sex, 
types of ASCVD and other characteristics. We exam-
ined associations between patient characteristics at 
different stages of the treatment pathway to identify 
patient groups at increased risk of suboptimal medi-
cation use.

METHODS
Data
Details of the study methods and data have been 
described previously in an analysis of statin therapy 
use for the secondary prevention of CVD in Scotland.8 
Briefly, the National Health Service (NHS) Scotland 
provides free healthcare (including free prescription 
medications since April 2011) at the point of use to 
all individuals living in Scotland. This retrospec-
tive open cohort study used population- wide indi-
vidual patient data for all individuals hospitalised 
for ASCVD comprising four linked and anonymised 
routine healthcare datasets: (1) hospital admissions, 
(2) specialty mental health admissions, (3) national 
death records and (4) the Prescribing Information 
System (PIS), which contained dispensing information 
for individuals. Individuals were followed between 1 
October 2009 and 31 December 2017 (online supple-
mental table A and online supplemental figure A).

Study population
All Scottish residents aged 18 years or older were 
included if they had a main discharge diagnosis for 
an ASCVD event between 1 October 2009 and 3 
July 2017, and therefore should have been offered 
guideline- recommended APT for the secondary 
prevention of ASCVD.9–11

ASCVD events were categorised into myocardial 
infarction (MI) and ischaemic stroke based on the 
International Classification of Diseases 10th Revi-
sion (ICD- 10) codes and minimum hospital length of 
stay (LOS) of 1 day, peripheral arterial disease (PAD) 
based on ICD- 10 codes and other ASCVD based on 
ICD- 10 codes (including diagnostic codes for MI 
and ischaemic stroke with a LOS of <1 day) (online 
supplemental table B). In accordance with clinical 
guidelines, patients with atrial fibrillation are likely to 
be prescribed anticoagulation therapy instead of APT, 
and were therefore excluded based on ICD- 10 codes at 
index admission (online supplemental table B). Addi-
tionally, patients with ASCVD who underwent a percu-
taneous coronary intervention (PCI) with and without 
stenting during hospitalisation, and thus should have 
been offered guideline- recommended dual- antiplatelet 
therapy (DAPT) to reduce risks of subsequent vascular 
events,9–11 were identified.

Following exclusion criteria (non- Scottish residents, 
emigration and death within 150 days after discharge, 
hospital LOS of >90 days, medication supply for 
>365 days and medications in non- tablet/non- capsule 
format; online supplemental figure B), the final study 
population size was 150 728 individuals. Individuals 
were followed for up to 8 years (average 4.6 years) 
from their index ASCVD event (recorded on/after 
1 October 2009) until study end (ie, 31 December 
2017), emigration or death, depending on which event 
occurred first.

Primary outcomes: antiplatelet therapy initiation, 
adherence, discontinuation and re-initiation
APT use (ie, mono- antiplatelet therapy or DAPT 
combinations of aspirin, clopidogrel, ticagrelor, prasu-
grel and dipyridamole; online supplemental table C) 
was assessed at four stages of the patient treatment 
journey: APT initiation, adherence, discontinuation 
and re- initiation (figure 1). APT initiation was defined 

Figure 1 Schematic of the outcome measures initiation, adherence, discontinuation and re- initiation. GP, general practitioner; PDC, proportion of days 
covered.
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as individuals being prescribed APT within 90 days 
from index discharge and dispensed within 60 days 
from that prescription, irrespective of their APT 
usage status prior to the hospitalisation. Adherence 
was defined as the degree to which patients follow 
the agreed prescription instructions from a healthcare 
provider.12 Patients’ prescription records were used 
to indirectly measure the proportion of days covered 
(PDC), which was calculated as the ratio of the number 
of days the patient is covered by the medication in a 
period to the total number of days in the period.13 
Adherence was defined as a PDC threshold of ≥80%, 
and was measured from the date an individual initi-
ated treatment until study end, or date of discontinu-
ation, emigration or death, depending on which event 
occurred first. Discontinuation was measured as the 
start of the first continuous medication treatment gap 
of 180 days or more since initiation to ensure that 
individuals with a medication supply of 90–180 days 
(0.5% of individuals) were not erroneously excluded. 
A binary outcome measure was created to indicate if 
a patient (1) discontinued or (2) did not discontinue 
treatment at any point in time after treatment initia-
tion. Re- initiation was defined as a record of having 
been dispensed APT at any point in time after the first 
180- day treatment gap.

Patient characteristics
The following characteristics were assessed: sex, age 
at index event date, socioeconomic deprivation quin-
tile, number of comorbidities, previous mental health 
hospitalisation, history of previous ASCVD event 
and/or previous APT use and discharge calendar year 
(online supplemental tables D and E).

Statistical analysis
The proportions of individuals who did not initiate 
therapy, were not adherent, discontinued treatment 
and did not re- initiate therapy were calculated. Multi-
variable logistic regression models were used to study 
the association between patient characteristics and 
discharge calendar year and the likelihood of initiating 
APT after an ASCVD event, and the likelihood of initi-
ating DAPT versus antiplatelet monotherapy among 
individuals who underwent PCI. For individuals who 
initiated APT, a Cox proportional hazards model14 
was used to assess the role of patient characteristics 
in the discontinuation of APT, censored for death and 
emigration. A Schoenfeld residuals test showed that 
the proportional hazards assumptions were met.15

RESULTS
Antiplatelet therapy initiation
Between 2009 and 2017, 196 984 individuals were 
hospitalised for ASCVD. Following exclusion criteria 
(online supplemental figure B), the final study popu-
lation included 150 728 individuals. Of these individ-
uals, 34 257 (23%) died at some point in time between 

their index discharge and the study end date (online 
supplemental table E). Demographic characteristics at 
discharge by initiation and discontinuation status are 
presented in table 1 and online supplemental table E, 
and across ASCVD types in online supplemental tables 
F and G.

Of these individuals, 126 338 (84%) initiated APT 
(figure 2). The duration of the dispensed medication 
supply ranged from 7 to 14 days (1% of initiators), to 
28 days (29%), 56 days (68%), 84 days (1.5%) and 
85–180 days (0.5%); no APT was dispensed for dura-
tion >180 days. The initiation rate increased mini-
mally from 82% in 2009–2011 to 84% in 2015–2017. 
Uptake varied by ASCVD type, from 68% of PAD, to 
83% of ischaemic stroke and 94% of patients with MI 
(online supplemental figures C- F). The types of APT 
prescribed in 2015–2017 were as follows (table 2): 
among patients with MI, 74% of initiators used 
DAPT (MI with PCI: 82%; MI without PCI: 72%), 
the remainder (26%) being prescribed monotherapy. 
This constitutes an increase of 18% in DAPT use 
since 2009–2011 (p<0.001) (MI with PCI: 14%; MI 
without PCI: 19%). Specifically, 56% of DAPT initia-
tors were prescribed aspirin+ticagrelor, the remainder 
receiving aspirin+clopidogrel (42%) and aspirin+pra-
sugrel (2%) combinations. Monotherapy initiators 
were prescribed aspirin (44%), clopidogrel (33%) 
and ticagrelor (23%). In line with clinical guideline 
recommendations,9 11 almost all patients with stroke 
(98%) used monotherapy (clopidogrel: 94%; aspirin: 
5%; ticagrelor: 1%). PAD initiators were prescribed 
aspirin (70%), followed by clopidogrel (26%) and 
DAPT aspirin+clopidogrel (4%). Among initiators 
with other ASCVD, 76% were prescribed mono-
therapy (other ASCVD with PCI: 50%; without PCI: 
86%), and 24% DAPT (with PCI: 50%; without PCI: 
14%). DAPT use increased by 7% since 2009–2011 
(p<0.001) (other ASCVD with PCI: 13%; without 
PCI: 1%). Aspirin was the most frequently prescribed 
monotherapy (65%), followed by clopidogrel (33%) 
and ticagrelor (1%). DAPT combinations included 
aspirin+clopidogrel (56%), aspirin+ticagrelor (42%), 
other (2%).

Women were 22% less likely to initiate APT than 
men overall (OR 0.78 (95% CI 0.76 to 0.80)), with a 
gap of 9% for MI, 11% for ischaemic stroke and 31% 
for other ASCVD. No statistically significant differ-
ence by sex was observed for PAD. Compared with 
individuals aged 60–69 years, those below the age of 
50 years and those older than 69 years were signifi-
cantly less likely to initiate APT, with the likelihood of 
initiation decreasing as age increased beyond 70 years 
(<50 years: OR (95% CI) 0.74 (0.70 to 0.78); 70–79 
years: 0.79 (0.76 to 0.83); 80–89 years: 0.61 (0.59 to 
0.64); 90 years or older: 0.49 (0.45 to 0.54)). Patients 
living in the most deprived areas were 5% less likely to 
initiate APT compared with those in the least deprived 
areas (OR 0.95 (95% CI 0.90 to 0.99). Patients with 
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Table 1 Participant characteristics of patients who did and did not (a) initiate and (b) discontinue antiplatelet therapy at index 
admission discharge

Total ASCVD

Initiation Discontinuation

Yes No Yes No

Total number (%) 126 338 (83.8) 24 390 (16.2) 28 343 (22.4) 97 995 (77.6)
Age on discharge, years (mean, SD) 66.3 (12.4) 67.5 (14.2) 67.7 (12.9) 65.8 (12.2)
SIMD quintile (2009)*
  5 (least deprived) 15.4 15.4 15.4 15.3
  4 18.3 17.8 18.5 18.3
  3 20.5 20.3 21.2 20.3
  2 22.3 22.2 22.2 22.3
  1 (most deprived) 23.6 24.3 22.7 23.8
ASCVD- related hospitalisation prior to 1 October 2009 37.8 43.4 56.0 55.3
Charlson Comorbidity Index 9.7 8.8 20.4 18.2
  0 (no comorbidities)† 18.7 22.1 44.2 48.1
  1 47.2 43.5 19.5 20.2
  2 20.0 16.9 8.8 8.0
  3 8.2 9.3 7.2 5.7
  4 or more comorbidities 6.0 8.2 20.4 18.2
Mental health inpatient/day case 12 months prior to index 
admission

1.6 3.0 2.7 1.2

At least one antiplatelet prescription in last 12 months prior to 
index admission‡

53.9 38.0 31.6 33.4

ASCVD type
  MI 93.7 6.3 18.7 81.3
  Stroke 83.0 17.0 24.0 76.0
  PAD 68.0 32.0 27.7 72.3
  Other ASCVD 80.6 19.4 23.9 76.1
*SIMD is a relative measure of deprivation across Scottish data zones.
†Absence of comorbidities as defined by CCI: in the case of the total ASCVD and other ASCVD populations, this means that individuals were not 
hospitalised for any of the 17 specified conditions. In the case of the MI, stroke and PAD populations, every individual has at least one CCI comorbidity, 
their index condition (ie, MI, stroke or PAD), thus absence of comorbidity is not applicable.
‡For individuals with index hospitalisations in 2009, information on prior medication use is available from 1 April 2009 and onwards, thereby 
contributing a minimum of 6 months and up to 12 months of medication history. For all discharges recorded after 1 April 2010, medication history is 
available for 12 months prior to index admission.
ASCVD, atherosclerotic cardiovascular disease; CCI, Charlson Comorbidity Index; MI, myocardial infarction; PAD, peripheral arterial disease; SIMD, Scottish 
Index of Multiple Deprivation.

Figure 2 Antiplatelet initiation and discontinuation rates following atherosclerotic cardiovascular disease event. APT, antiplatelet therapy; ASCVD, 
atherosclerotic cardiovascular disease.
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previous hospitalisations at a mental health specialty 
were 45% less likely to initiate APT (OR 0.55 (95% 
CI 0.50 to 0.60)) (figure 3). In addition, a larger 
number of comorbidities was associated with a lower 
likelihood of individuals initiating APT. For example, 
patients with MI and stroke with two or more comor-
bidities had, respectively, 42% and 15% lower odds 
of initiating APT compared with individuals without 
comorbidities (MI: OR 0.58 (95% CI 0.51 to 0.65); 
stroke: OR 0.85 (95% CI 0.76 to 0.94)). Please see 
online supplemental table H for the associations 
between comorbidities and APT initiation by ASCVD 
type.

Dual-antiplatelet therapy following percutaneous 
coronary intervention
Among the 19 711 individuals with ASCVD who 
underwent PCI, 97% initiated APT, however, only 
68% of patients who underwent PCI between 2015 
and 2017 received guideline- recommended DAPT, 
the remainder being prescribed monotherapy. Specif-
ically, 65% of APT initiators with PCI and a drug- 
eluting stent (DES), 70% of APT initiators with PCI 
and non- DES stent and 70% of initiators with PCI 
without stent initiated DAPT between 2015 and 2017, 
the remainder using APT monotherapy. DAPT initia-
tion rates in these three groups increased significantly 

Figure 3 Associations of patient characteristics with antiplatelet therapy initiation and discontinuation. Please note that the CCI results presented in 
this figure are not easily interpretable due to index MI, stroke and PAD included among the CCI- eligible comorbidities, leaving the remaining index ASCVD 
conditions in the comparator ‘no comorbidity’ category. APT, antiplatelet therapy; ASCVD, atherosclerotic cardiovascular disease; CCI, Charlson Comorbidity 
Index; CVD, cardiovascular disease; MI, myocardial infarction; PAD, peripheral arterial disease.

Table 2 Proportion of individuals initiating antiplatelet therapy, by atherosclerotic cardiovascular disease type and antiplatelet therapy 
type

Proportion of individuals (in %) initiating APT in 
2015–17 MI Ischaemic stroke PAD Other ASCVD

DAPT 74
MI with PCI: 82
MI without PCI: 72

2 4 24
ASCVD with PCI: 50
ASCVD without PCI: 14

Breakdown by DAPT type (total=100%)
  Aspirin+ticagrelor 56 0 0 42
  Aspirin+clopidogrel 42 100 100 56
  Aspirin+prasugrel/other 2 0 0 2
Monotherapy 26 98 96 76

ASCVD with PCI: 50
ASCVD without PCI: 86

Breakdown by monotherapy type (total=100%)
  Aspirin 44 5 72 65
  Clopidogrel 33 94 28 33
  Ticagrelor 23 1 0 1
  Prasugrel/Other 0 0 0 1
APT, antiplatelet therapy; ASCVD, atherosclerotic cardiovascular disease; DAPT, dual- antiplatelet therapy; MI, myocardial infarction; PAD, peripheral 
arterial disease; PCI, percutaneous coronary intervention.
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compared with the rates recorded between 2009 
and 2011: by 9% in PCI+DES (p<0.001), by 21% 
in PCI+non- DES (p<0.001) and by 24% in PCI 
without stent (p<0.001). Overall, the most frequently 
prescribed DAPT combination in the years 2015–2017 
was aspirin+clopidogrel (51%), followed by aspir-
in+ticagrelor (47%) and aspirin+prasugrel (2%).

In addition, an analysis into the association between 
patient characteristics and initiation of DAPT versus 
antiplatelet monotherapy among individuals who 
underwent PCI showed that age, socioeconomic status, 
presence of comorbidities, history of ASCVD and APT 
use and calendar year played an important role in this 
relationship. For example, compared with patients 
aged 60–69 years, patients below the age of 50 years 
were 22% more likely to initiate DAPT (OR 1.22 (95% 
CI 1.07 to 1.38)), while patients aged 70–79 years 
were 17% less likely (OR 0.83 (95% CI 0.75 to 0.91)). 
Individuals living in the most deprived areas had 18% 
lower odds of initiating DAPT compared with those 
residing in the least deprived areas (OR 0.82 (95% CI 
0.73 to 0.92)) (online supplemental table I).

Antiplatelet therapy adherence, discontinuation and 
re-initiation
While on treatment, 92% of APT users were adherent. 
However, 22% of APT users discontinued treatment 
at some point in time and, of those who discontinued, 
half (51%) did so within 1.5 years since initiation, and 
79% within 3.5 years (figure 2). Discontinuation rates 
varied by ASCVD type, ranging from 19% for patients 
with MI, to 24% for patients with stroke and 28% 
for patients with PAD. Of the individuals who discon-
tinued therapy, only 10 517 individuals (37%) re- ini-
tiated therapy at some point in time after their initial 
treatment gap of 180 days. On average, individuals 
re- initiated APT about 1.1 years after APT discontin-
uation.

Patient characteristics associated with APT discon-
tinuation were similar to those related to not initiating 
APT. Specifically, women had a 11% higher hazard 
of APT discontinuation than men (HR 1.11, 95% CI 
1.08 to 1.13). A U- shaped association with age was 
observed: compared with individuals aged 60–69 
years, those aged <50 years and those aged 70–79 
years had, respectively, 13% (1.13 (95% CI 1.08 to 
1.18)) and 32% (HR 1.32 (95% CI 1.27 to 1.36)) 
higher hazard of discontinuation, with the hazard 
increasing further in individuals aged 80 years or 
older. Patients with a history of mental health- related 
hospitalisation had a 69% higher hazard of discontin-
uing APT (HR 1.69 (95% CI 1.57 to 1.82)) (figure 3). 
An increase in the number of physical comorbidities 
was also associated with an increased hazard of APT 
discontinuation. For example, patients with MI with 
comorbidities in addition to MI had a greater hazard 
of discontinuing APT compared with patients with MI 
only, with the relative hazard increasing as the number 

of comorbidities increases (eg, one extra comorbidity: 
HR 1.11 (95% CI 1.05 to 1.17); ≥3 comorbidities: 
HR 1.66 (95% CI 1.54 to 2.04)) (online supplemental 
table J). No statistically significant association between 
socioeconomic status and the hazard of discontinuing 
APT was observed.

DISCUSSION
This population- wide study following individuals 
hospitalised for ASCVD in Scotland found suboptimal 
APT use at multiple treatment stages. Suboptimal 
APT use was more prevalent in patients discharged 
for non- MI ASCVD events, particularly ischaemic 
stroke and PAD. While only 6% of patients with MI 
did not initiate treatment, 17% of patients with stroke 
and 32% of patients with PAD did not initiate APT. 
Furthermore, 32% of patients who underwent PCI in 
2015–2017 did not receive guideline- recommended 
DAPT. The majority of APT initiators were adherent 
while on treatment (92%), however, almost a quarter 
(22%) discontinued treatment. Of patients who 
stopped treatment, only 37% re- initiated. Patient 
groups at high risk of suboptimal APT treatment 
included women, patients aged <50 years or >70 
years, patients with multiple comorbidities and those 
with previous mental health- related hospitalisation.

Management of peripheral arterial disease, ischaemic 
stroke and other high-risk patients
Considerable variability in therapy use was observed 
by ASCVD type. Despite evidence from the Antithrom-
botic Treatment Trialists’ (ATT) Collaboration meta- 
analyses showing that APT reduces serious vascular 
events in patients with stroke and PAD, the treatment 
rates for stroke and PAD were markedly lower than 
for MI.

Previous studies in secondary prevention of isch-
aemic stroke showed that APT like aspirin effec-
tively decreased risks of subsequent ischaemic stroke, 
while potentially increasing risks of haemorrhagic 
stroke, intracranial and extracranial bleeds and major 
gastrointestinal diseases.1 16 However, evidence from 
the ATT Collaboration meta- analyses show that the 
benefits of aspirin for secondary prevention heavily 
outweigh the potential risks of haemorrhagic stroke 
and the excess risk of major extracranial bleeding.1 17 
A detailed analysis of the International Stroke Trial 
suggested that much of this excess bleeding occurred 
when APT was used in conjunction with heparin.1 18 
Therefore, PAD- focused and stroke- focused provider 
training and targeted patient education may improve 
APT use.

The roles of sex and age
Sex played a significant role, with women being 22% 
less likely to initiate and 11% more likely to discon-
tinue APT than men. Few studies examined this rela-
tionship and made similar observations, with women 
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being less likely to be prescribed treatment (eg, at 
hospital discharge19–21), while also being more likely to 
decline and/or discontinue treatment.22 23 Large meta- 
analyses by the ATT Collaboration did not find sex 
differences in the effect of aspirin for the secondary 
prevention of CVD, reporting a 19% relative reduc-
tion in serious vascular events for both sexes, while 
similarly increasing the risk of bleeding in women 
and men.1 17 Poorer adherence to ASCVD therapies 
among women has been, however, reported both in 
active and placebo treatment arms of clinical trials,24 
indicating that broader factors play a role. Differences 
in CVD symptoms at presentation and diagnosis and 
in risk perception may have influenced physicians’ 
APT prescribing. Further qualitative and quantitative 
studies are required to investigate physician- related 
and patient- related factors contributing to suboptimal 
APT treatment in women. In the meantime, closer 
attention should be paid to the management of women 
with ASCVD.

This study also found a U- shaped relationship 
between age and APT use, with younger individ-
uals below 50 years and individuals aged 70 years or 
older being less likely to initiate treatment, while also 
having a higher hazard of treatment discontinuation 
than those aged 60–69 years. As is the case for sex, 
further research is required to understand the under-
lying drivers of this association. Previous studies have 
demonstrated a positive association between older age 
and haemorrhagic stroke risk, which increased expo-
nentially from the seventh decade and was associated 
with increased mortality.25 26 Similarly, suboptimal use 
among individuals below age 50 years may be due 
to a consideration of the trade- off between bleeding 
risks with long- term APT use and the risks of subse-
quent events. Therefore, it is possible that a trade- off 
between efficacy and safety has been considered by 
prescribing physicians. However, meta- analyses by 
the ATT Collaboration showed that APT significantly 
reduced risks of vascular events, irrespective of age.27 
Therefore, further efforts are required to train both 
providers and patients on the safety and efficacy of 
APT.

The role of other patient characteristics
The presence of comorbidities in patients with ASCVD 
was associated with suboptimal APT use, even though 
these patients are likely to be at even higher risk of 
future cardiovascular events. Similar findings were 
observed in previous nationwide cohort studies.28 
Some comorbidities may elevate bleeding risks, which 
could explain the lower utilisation rates in patients with 
physical comorbidities. For example, a meta- analysis 
of randomised controlled trials investigated potential 
risk factors of major bleeding events and found that 
chronic obstructive pulmonary disease and diabetes 
may constitute probable risk factors.29 However, 
current risk factors assessed in validated bleeding risk 

assessments such as the Predicting Bleeding Compli-
cation in Patients Undergoing Stent Implantation and 
Subsequent Dual Antiplatelet Therapy do not include 
comorbidities.30 Furthermore, this study showed that, 
independently of physical comorbidities, individuals 
with a history of hospital admission for specialist 
mental care had 45% lower odds of initiating and 
70% higher hazard of discontinuing APT compared 
with individuals without such history. Considering 
the large APT treatment gap in individuals with more 
severe mental health cases in our study, it is reason-
able to propose that patients with milder mental health 
conditions treated in primary care, such as anxiety and 
moderate depression, may also be suboptimally treated 
with APT. Further research is required to examine the 
association between gradients of mental health condi-
tions and APT use.

Use of dual-antiplatelet therapy in patients 
undergoing PCI
Despite clinical guidelines recommending DAPT for 
the first 12 months in patients treated with PCI since 
2013, only about 65%–70% of initiators treated with 
PCI used DAPT in 2015–2017, the remainder still 
being prescribed monotherapy. DAPT reduces major 
adverse cardiovascular events (MACE) in patients 
undergoing PCI with DES, although at the expense of 
an increased risk of major bleeding.31 Shorter dura-
tions of DAPT (3–6 months) were previously reported 
to reduce bleeding rates,32 while longer durations 
(18–48 months) yielded higher reduction in MACE 
but at a higher risk of major bleeding, highlighting 
the trade- off between efficacy and safety.31 While 
further research is required to identify which patients 
based on individual ischaemic and bleeding risk could 
benefit from shorter DAPT use, overall, the incidence 
of major bleeding is relatively low17 33 and DAPT is still 
recommended in patients treated with PCI,34 thereby 
highlighting significant treatment gaps in the current 
study population which have also been observed 
in other health systems.5 35 36 In addition, this study 
showed that the odds of DAPT initiation were lower 
for patients of older age, higher socioeconomic depri-
vation and with prior history of ASCVD and APT use, 
that is, factors that besides older age are not related to 
safety of DAPT use.

Long-term associations between suboptimal APT use 
and health outcomes
Meta- analyses of randomised controlled trials showed 
that aspirin yields relative risk reductions for future 
ASCVD events of 30% for MI, 20% for ischaemic 
stroke, 30% for other vascular events and 18% for 
all- cause mortality among individuals with established 
ASCVD treated with prolonged aspirin therapy.1 With 
16% of patients with ASCVD not initiating treatment, 
in addition to 22% discontinuing treatment over time, 
about 20% of patient- years were not covered by APT 
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after an event. About 25% of events in those patient 
years (ie, 5% of all major ASCVD events in the entire 
ASCVD population) might have been prevented if APT 
had been used. The impact of poor adherence is likely 
to be even greater if suboptimal therapy in the same 
patients extends to other proven secondary prevention 
treatments such as statins, beta- blockers and renin- 
angiotensin system blockers. As previously shown, the 
use of statin therapy for the secondary prevention of 
ASCVD in Scotland is suboptimal and an additional 
6%–10% of all subsequent ASCVD events might have 
been prevented if, respectively, moderate- intensity 
or high- intensity statins had been used.8 Therefore, 
approximately 10%–15% of all ASCVD events might 
have been prevented if both APT and statin therapy 
had been used.

Strengths and limitations
The dataset has major strengths in that it captures the 
entire national population of Scotland, including every 
individual ever hospitalised for an ASCVD event and 
is, therefore, highly representative. It allowed for a 
detailed analysis into the extent of APT use at different 
pathway stages. Several limitations should be acknowl-
edged. The PIS dataset used for this study only included 
information for individuals who were dispensed 
treatment and, therefore, we could not differentiate 
between treatment not being prescribed and treatment 
being prescribed but not dispensed. Additionally, PIS 
does not contain information on the medication indi-
cation. Furthermore, we had data only on medication 
being collected but not whether patients actually used 
it, although patients who continue to regularly collect 
but not use treatment are likely rare. The data only 
include prescriptions issued in primary care. However, 
as APT issued during hospitalisation would typically 
only last a few weeks, requiring patients to continue 
treatment in primary care, this is unlikely to represent 
a major deficiency. Due to the limitations of the data 
and the need to define initiation of APT, it was not 
possible to assess if individuals who died within 150 
days of index discharge were more, equally or less 
likely to initiate APT than those who survived this 
time period. Patient characteristics were derived from 
hospital records only, which do not capture patient’s 
full medical history and diagnoses. Hence, the actual 
proportion of individuals with physical and mental 
comorbidities will be underestimated. Similarly, it 
was not possible to fully account for individuals who 
were not prescribed or who were asked to discontinue 
treatment on clinically acceptable grounds, such as 
terminal illness, non- serious bleeding or any contrain-
dications to APT. To partly mitigate this limitation, the 
analyses excluded all individuals who died within 150 
days of hospital discharge. Besides patients hospital-
ised for atrial fibrillation, other patient groups likely 
requiring long- term oral anticoagulation (eg, patients 
with cancer with venous thromboembolism, and those 

with mechanical valve prostheses) were not excluded 
as study data only included records for APT dispenses, 
however, the total number of these patients is expected 
to be small. The relevance of further patient character-
istics that may be relevant to the likelihood of using 
APT, such as patients’ ethnicity and marital status, 
could not be studied due to large numbers of missing 
observations. The data also do not provide insights 
into clinicians’ characteristics and management of a 
patient, clinicians’ and patients’ beliefs, preferences or 
risk perceptions of APT. Lastly, the clinical guideline 
recommendations and thresholds for APT use may 
differ across countries, which needs to be considered 
in assessments of care quality and the implementation 
of advanced patient technologies to support patient 
care.

CONCLUSIONS
Although the majority of individuals hospitalised for an 
ASCVD are adherent to APT while on treatment, the 
proportions of individuals who initiate APT following 
an ASCVD event, in addition to persisting in its use, 
remain suboptimal. While treatment of MI is good, 
with high levels of DAPT, the use of APT following 
ischaemic stroke and PAD is poor. Women, individuals 
aged 50 years or younger and those aged 70 years and 
older, those with multiple comorbidities and previous 
mental health- related hospital admission and those 
living in the most deprived areas are at increased risk 
of suboptimal APT use for the secondary prevention 
of ASCVD. Suboptimal antiplatelet use leads to higher 
risks of recurrent ASCVD events and mortality, which 
needs to be addressed by clinicians and policy- makers.
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