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Aim: Low socioeconomic status is associated with higher risk of major adverse cardiovas-
cular events (MACE) among patients with incident acute coronary syndrome (ACS). We
examined whether non-persistence with antiplatelet and statin therapy mediated the income-
and educational-related inequality in risk of MACE.

Methods: Using national registers, all Danish patients diagnosed with incident ACS from
2010 to 2017 were identified. The primary outcome (MACE) comprised all-cause death,
cardiac death and cardiac readmission. Risk of MACE was handled by discrete time analyses
using inverse probability of treatment weights. The mediator variable comprised non-persis-
tence to a combined 2-dimensional measure of statin and antiplatelet treatment. The media-
tion analysis was evaluated by population average effects.

Results: The study population was 45,874 patients, of whom 16,958 (37.0%) were non-
persistent with medication and 16,365 (35.7%) suffered MACE during the median follow-up
of 3.5 years. Compared to patients with low income, the adjusted hazard ratio of MACE was
lowered by 33% (HR: 0.67, 95% CI: 0.61-0.72) in men and by 34% (HR: 0.66, 95% CI:
0.61-0.72) in women with high income, respectively. Similar results were observed accord-
ing to level of education. A socioeconomic difference in risk of non-persistence was found in
men but not women and only in relation to income. The lower risk of non-persistence
observed in high-income men mediated the lower risk of MACE by 12.6% (95% CI: 11.1-
14.1%) compared with low-income men.

Conclusion: Non-persistence with medication mediated some of the income-related
inequality in risk of MACE in men, but not women, with incident ACS.

Keywords: acute coronary syndrome, social inequality, major adverse cardiovascular event,
non-persistence with medication, register-based cohort study

Introduction

In recent decades risk of mortality following acute coronary syndrome (ACS) has
decreased, which is often explained by a combination of a general improvement in
cardiovascular risk factors and widespread implementation of invasive treatment
and secondary pharmacological and nonpharmacological preventive treatment.'™
Nonetheless, one year mortality is still approximately 15% and several studies have
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shown that socioeconomically deprived patients have
higher risk of major adverse cardiovascular events
(MACE) compared to the more affluent patients.*>

The existing research attributes the increased risk of
MACE to be partly explained by socioeconomic gradients
in obtained functional recovery after diagnosis,’ as well as
the use of evidence-based secondary preventive measures,
including cardiac rehabilitation.”® Also, socioeconomic
inequality in long-term survival among patients treated
with percutaneous coronary interventions or coronary
artery bypass grafting have been demonstrated.” ' The
inequality in clinical outcomes appears not to be explained
by diverse access to invasive management.'*'* Thus, it
has been speculated whether poor clinical outcomes
instead could partly be explained by lower utilisation of
secondary preventive treatment during follow-up.'® Such
low utilisation is considered problematic, as a vast body of
evidence reports statin and antiplatelet therapy to lower
risk of MACE, and these drugs have long been a corner-
stone in the secondary pharmacological treatment follow-
ing ACS and implemented in clinical guidelines.'*'
Further, any delay in secondary pharmacological treatment
will increase risk of MACE, also in females who more

suffer from non-obstructive

16

often coronary artery
disease.

Lower levels of income, and to some extent lower
levels of education, have been argued to be risk factors
for non-persistence with medication.'" Thus, studies have
tried to handle the effect of non-persistence with medica-
tion by including it as a confounder when exploring the
socioeconomic gradient in clinical outcomes.""' "' Yet, it
is more likely that non-persistence is an intermediate vari-
able that lies within the pathway from socioeconomic
factors (SEFs) to MACE; however, it has not been inves-
tigated how much the effect of SEFs on MACE is brought
about through non-persistence with medication and if this
effect differs according to sex. We examined if patients’
level of income and education was associated with risk of
MACE and the potential mediating role of non-persistence
with secondary preventive treatment. We further evaluated

if this mediating role was moderated by sex.

Materials and Methods
Study Design and Setting

This nationwide prospective register-based cohort study
with historical data was conducted in Denmark, whose
population of 5.8 million inhabitants are all provided

with a Central Person Register (CPR) number that eases
linkage between nationwide registers. The Danish health-
care system is tax-financed and provides access for all
Danish inhabitants to hospital treatment without additional
charge. Further, vast prescribed medication bought at phar-
macies are reimbursed with modest co-payment by the
patient. The percentage of reimbursement increases with
expenditures for reimbursable medication within a period
of one year, but co-payment is yearly capped at approxi-
mately 570 €.2°

Study Population

The National Patient Registry (NPR) was used to identify
patients hospitalised with an incident primary or secondary
diagnosis of ACS (ICD-10: 1200, 121, 124) in the inclusion
period from 1/1/2010 to 31/12/2017.'® Eligible patients
were >18 years of age and registered with a CPR number.
Patients were excluded if, within the five preceding years
before the inclusion period: (1) they were diagnosed with
ischemic heart disease (ICD-10: DI20-25), (2) they had
emigrated within five years prior to study inclusion, (3)
they had not redeemed prescriptions of both antiplatelets
and statins within 180 days following incident ACS hos-
pital discharge, (4) they had a negative five-year mean
family equalised income level, or (5) their date of death
was equal to hospital discharge. Further, any missing
exposure data would cause exclusion from the study as
these would not fulfil the requirements of multiple imputa-
tion. Accordingly, two study populations were established
to minimise loss of data and the selection of study parti-
cipants is presented in Figure 1.

Socioeconomic Factors

Levels of income and education were used separately as
exposure variables to reflect different aspects of socioeco-
nomic position and were obtained from the Population
Education Register and the Income Statistics Registry,
respectively.’'** To account for yearly income variation,
the level of income was assessed using the mean equalised
family income within five years preceding diagnosis of
ACS and categorised by tertiles into low (<22,064 €),
medium (22,064-31,945 €), or high (>31,945 €). The
level of education was categorised according to the
International Standard Classification of Education into
low (<10 years), middle (10-12 years), or high (>12
years).

1072 "

Dove!

Clinical Epidemiology 2021:13


https://www.dovepress.com
https://www.dovepress.com

Dove

Boesgaard Graversen et al

72,666 Patients above 18 years of age diagnosed with acute coronary syndrome (ACS) in 2010-2017

26,792 Patients excluded
3,840 Patients with date of death equal to
hospital discharge
7,892 Patients with ischemic heart disease
diagnosis within 5 years prior to hospitalisation
305 Patients who emigrated within 5 years
prior to hospitalisation
14,755 Patients who did not redeem prescription
of antiplatelet and statin therapy within 180 days
following hospital discharge

45,874 Patients with incident ACS eligible for study inclusion

93 Patients excluded with ’
missing information on [ il
income -

'

45,781 Patients included in study population I:
Analysis using income level as exposure

Figure | Selection of study population | and II.
Abbreviations: ACS, acute coronary syndrome; IHD, ischemic heart disease.

Non-Persistence with Medication

Patients were categorised as non-persistent if they had a
break in treatment lasting at least 365 days from expected
completion of previous redemption until next redemption.
After being identified as non-persistent, the assumed time
of break was estimated with an induction period of 90 days
following the latest registered redemption. This ensured
the variable followed the ABC taxonomy and EMERGE
medication adherence guidelines.?>** Moreover, the joint
adherence measure definition was based on European
guidelines, that recommend lifelong treatment of statin
and aspirin in combination with a P2Y 12-inhibitor in the
initial 12 months following diagnosis of ACS.'*'> The
daily drug dose was assumed to be one tablet for each
drug. Patients’ use of antiplatelet and statin therapy was
identified in the National Prescription Register and the
ATC-codes are presented in Suppl. Table S1.%°

N 1,433 Patients excluded with
D — » missing information on
A education

A

44,441 Patients included in study population II:
Analysis using educational level as exposure

Clinical Outcomes

The primary outcome was MACE, which was measured as
a composite endpoint comprising all-cause death, cardiac
death and hospital readmission due to cardiovascular
causes. The secondary outcomes comprised non-persis-
tence with medication and each individual component
included in the MACE composite measure. The diagnostic
codes of cardiac death and cardiac readmission comprised
myocardial infarction, stroke, cardiac arrest, chronic heart
failure, and ventricular tachycardia/fibrillation (ICD-10
codes are presented in Suppl. Table S1). All information
on readmission was based on diagnoses from inpatient
contacts and provided by the NPR.

Potential Confounding Factors
All covariates were recognised a priori by literature search,
depicted using directed acyclic graphs (Suppl. Figure S1)
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and included age, sex, ethnicity, civil status, somatic and
psychiatric comorbidities. Information on age (<65, 65-74,
>75 years), sex (male, women), civil status (cohabiting/
married, single-living/widow) and ethnicity (Danish, immi-
grant/descendant) were obtained from the Central Person
Register.”® All comorbidity diagnoses were obtained from
NPR, where somatic comorbidities were assessed by the
Charlson Comorbidity Index (CCI) and divided into none (0
points), moderate (1-2 points), or high (>3 points) and
psychiatric comorbidities were defined by any hospital
diagnosis or >1 redeemed prescription of antidepressant or
anxiolytic medication within 10 years prior to hospital
admission and categorised into current (<90 days), recent
(90-364 days), past (1-10 years), or none. Information on
redeemed prescriptions was provided by the National
Prescription Register. Information about claimed prescrip-
tions of antiplatelet or statin therapy within one year prior to
hospitalisation along with percutaneous coronary interven-
tion during hospitalisation or within 60 days following
discharge was included for descriptive purposes. ATC and
procedure codes are presented in Suppl. Table S1.

Statistical Methods

Baseline patient characteristics were obtained at time of
hospital discharge and presented with absolute numbers,
percentages and in means and standard deviations where
appropriate. Patients were followed from time of hospi-
tal discharge until time of endpoint (event), a censoring
event (emigration or end of follow-up (December 31,
2018), or competing event (death) where appropriate.
Missing data of potential confounding variables were
handled by multiple imputation under the assumption
of being missing at random and imputed 10 times
using all variables presented in Table 1 and relevant
outcome variables.

Inverse probability of treatment weight was assigned
for each patient to balance risk of confounding in both
study populations and thereby obtain population average
effects.”’

The statistical analyses were performed using a three-
step structure in both study populations (income level as
exposure and educational level as exposure) and stratified
according to sex.

In step one, the association between SEFs and subse-
quent non-persistence with medication was investigated.
First, the Aalen Johansen estimator calculated the cumu-
lative incidence along with number of events and event
rates in unweighted and weighted analyses. Next, hazard

ratios (HR) were calculated from unadjusted and multiple
adjusted discrete time survival analyses using cubic
splines for every 90-day intervals tied with 4 knots to
handle the time-varying variable (non-persistence with
medication). Event rates, cumulative incidence and HR
were presented with 95% confidence intervals (CI).

In step two, the association between SEFs and risk of
adverse clinical outcomes was investigated with similar
methods used in step one. The primary outcome was risk
of MACE and secondary outcomes were risk of all-cause
death, cardiac deaths or cardiac readmission, respectively.

In step three, the mediating role of non-persistence with
medication on the association between SEFs and MACE was
investigated. Before performing mediation analysis, the cau-
sal pathway was depicted using directed acyclic graph to
assess if the mediator lied within the causal pathway between
exposure and outcome (Figure 2).%® The indirect effect esti-
mated the combined effect of how SEFs influenced risk of
non-persistence with medication and how this change in non-
persistence subsequently influenced risk of MACE. The
population average mediated proportion (indirect effect)
was calculated as the relative difference between the total
effect and the direct effect and was bootstrapped with 100
samples to provide 95% CI.*®

Several sensitivity analyses were undertaken to evaluate
the robustness of the results. First, different grace periods
were tested to examine if the chosen time measure of 90 days
introduced misclassification of non-persistence with medica-
tion (30 and 60 days, respectively). Further analyses evalu-
ated the effect of different time limits for initiation of
medication (30, 60, 90 and no time limit, respectively).
Finally, it was tested if a different categorisation of income
that followed the national definition of relative poverty
would alter the results. All analyses were performed using
STATA version 16 (StataCorp, College Station, Texas).

Ethics

The study was registered with a data processor agreement
(RN j. nr. 2019-033827). Registry-based studies in
Denmark are not required to gain further ethical approval;
moreover, personal health and social information was
gathered and analysed in an anonymised form.

Results

Baseline Characteristics
The inclusion of study participants and their baseline char-
acteristics ware presented in Figure 1 and Table 1. Study
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population I (exposure: income level) and study popula-
tion II (exposure: educational level) comprised 45,781 and
44,441 patients, respectively (Figure 1). Overall, the med-
ian length of follow-up was 1237 days (25th—75th percen-
tile: 525-2102), the mean age was 65.5 years, about one-
third of the patients had reimbursed an antiplatelet or statin
within a year prior to study inclusion and almost the entire
cohort had a minimum one somatic comorbidity diagnosis
(Table 1). Baseline characteristics altered according to
level of SEFs and sex (Table 1 and Suppl. Table S2).

SEFs and Risk of MACE

Number of events, event rates and HRs of MACE are
presented in Figures 3 and 4. During follow-up, 16,365
patients experienced MACE, corresponding to about one-
third of the entire study population. Irrespective of sex,
higher levels of income and education, both had beneficial
associations with risk of MACE, with significantly lower
event rates and HRs in unadjusted and adjusted analyses.

In the regression analyses adjusted for age and ethni-
city, male patients with middle and high levels of income
had 22% (HR: 0.78, 95% CI: 0.75-0.81) and 33% (HR:
0.67, 95% CI: 0.64-0.70) relative lower risk of MACE,
compared to low-income male patients (Figure 3).
Additional adjustment for educational level, civil status
and somatic as well as psychiatric comorbidities only
weakened the association slightly. Similarly, male patients
with middle and high levels of education had 9% (HR:
0.91, 95% CI: 0.87-0.94) and 21% (HR: 0.79, 95% CI:
0.75-0.83) relative lower risk of MACE compared to low-
educated male patients.

Similar associations were observed among women
(Figure 4).

The weighted cumulative incidence of MACE started
an almost immediate progressively deviation that favoured
the patients with higher income and educational level
(Figure 5). The largest deviation was observed when
assessing level of income (Figure 5).

SEFs and Risk of Non-Persistence with
Medication, All-Cause Death, Cardiac

Death and Cardiac Readmission

About one-third (37%) of the patients were non-persistent
with the combined measure of drugs; however, when
assessing the drugs individually, this proportion of non-
persistence was altered to about 24% (Figure 6).

1076

https:

Dove!

Clinical Epidemiology 2021:13


https://www.dovepress.com/get_supplementary_file.php?f=335133.pdf
https://www.dovepress.com
https://www.dovepress.com

Dove Boesgaard Graversen et al

Non-persistence to medication

A V7
2,
e
Cr
¢,

Direct|effect . .
Income Major adverse cardiovascular event

Model 1: Adjusted for age-group, and ethnicity
Model 2: Additionally adjusted for educational level,
civil status, somatic and psychiatric comorbidities

Figure 2 Diagram presenting the hypothesis of the mediation analysis using income as exposure. The yellow line represents the direct effect and the red lines represent the
indirect effect. The total effect is a combination of the yellow and red lines.

In the unweighted sex-stratified estimates, non-persis-  both sexes; in fact, a higher level of education seemed to
tence with the joint measure of medication was found in  increase risk of non-persistence with medication.
10,617 (34.2%) men (Figure 3) and 5748 (38.8%) women Irrespective of sex, a higher level of income had a
(Figure 4). slightly stronger association with risk of secondary clinical

In both unadjusted and adjusted regression analyses, a  outcomes compared with educational level (Suppl. Figures
higher level of income was statistically significantly asso- S2 and S3). The weighted cumulative incidence for all
ciated with lower risk of non-persistence with medication  secondary clinical outcomes started to deviate during the
among men (Figure 3), but not among women (Figure 4).  initial years and continued to widen in the following years
Further, there was a divergent association between level of ~ when comparing patients with low vs medium and high

education and risk of non-persistence with medication in  levels of SEFs (Suppl. Figures S4 and S5).

Non-persistence to medication

Unadjusted Model I Model IT
No. of Event rate per HR No.of _ Event rate per HR No.of _ Event rate per HR
events 100,000 pr. yrs. events 100,000 pr. yrs. events 100,000 pr. yrs.
Study population I (income as exposure)
Low 3437  32.8(31.7-33.9) 1 (reference) 3,664  32.3(31.1-33.5) 1 (reference) 3,558 31.4(29.9-33.0) 1 (reference)
Middle 3,542 26.5(25.7-27.4) - 0.81(0.78-0.85) 3,636 26.5(25.6-27.4) - 0.82(0.78-0.86) 3,653 26.5(25.6-27.5) - 0.85 (0.80-0.90)
High 3,638 24.4(23.625.2) - 0.74 (0.70-0.77) 3,938 26.9(25.9-27.9) - 0.81(0.77-0.86) 4,175 27.8(26.3-29.4) HH 0.85(0.79-0.91)
Study population I (education as exposure)
Low 3,547 27.9(30.0-28.8) 1 (reference) 3512 27.0(26.1-28.0) 1 (reference) 3395 26.3(25.3-27.2) 1 (reference)
Middle 4,973 26.6(25.9-27.4) | 0.96 (0.92-1.00) 5,028 27.2(26.4-27.9) L 1.00 (0.96-1.05) 5,051 27.4(26.6-28.1) - 1.04 (1.00-1.09)
High 2,097 28.6(27.4-29.8) L 1.02(0.97-1.07) 2,102 28.7(27.5-30.0) - 1.06 (1.00-1.11) 2,286 29.4(27.7-31.2) HH 1.13 (1.06-1.21)
05 075 1 125 05 075 1 125 05 075 1 125
Major adverse cardiovascular event
Unadjusted Model 1 Model IT
No. of Event rate per HR No. of Event rate per HR No. of Event rate per HR
events 100,000 pr. yrs. events 100,000 pr. yrs. events 100,000 pr. yrs.
Study population I (income as exposure)
Low 4,366  44.5(43.2-45.9) 1 (reference) 4,253 38.9(37.4-40.4) 1 (reference) 3,815 34.1(32.4-35.8) 1 (reference)
Middle 3,849 30.0(29.1-31.0) - 0.71 (0.68-0.73) 3,935 29,8(28.7-30.9) - 0.78 (0.75-0.81) 3914 29.5(28.4-30.6) HH 0.86 (0.82-0.90)
High 3,330 22.8(22.1-23.6) L] 0.54(0.52-0.56) 3,802 26.6(25.4-27.8) L 0.67 (0.64-0.70) 4,544 31.3(27.8-35.4) HH 0.79 (0.74-0.83)

Study population II (education as exposure)
Low 4,371 36.9(35.8-38.0) 1 (reference) 4,190 34.4(33.2-35.6) 1 (reference) 3,939 32.4(31.2-33.7) 1 (reference)
0.96 (0.93-1.00)

Middle 5267 29.3(28.5-30.1) - 0.83 (0.80-0.86) 5,431 30.5(29.6-31.5) Hu 0.91(0.87-0.94) 5,468  30.8(29.9-31.8)
0.90 (0.85-0.96)

High 1,907 25.8(24.7-27.0) H 0.74(0.70-0.77) 1,931 26.2(24.9-27.6) H 0.79 (0.75-0.83) 2,137 27.3(25.5-29.2) -

05 075 1 05 075 1 05 075 1

Figure 3 Number of events, event rates (95% confidence intervals), and hazard ratios (95% confidence intervals) on the association between SEFs and risk of non-

persistence and MACE among men in study populations | and II.
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Non-persistence to medication

Unadjusted Model I Model IT
No. of Event rate per HR No.of _ Event rate per HR No.of _ Event rate per HR
events 100,000 pr. yrs. events 100,000 pr. yrs. events 100,000 pr. yrs.
Study population I (income as exposure)
Low 2,608  37.0(35.6-38.5) 1 (reference) 2,697  34.4(32.9-35.9) 1 (reference) 2,798  35.6(33.6-37.8) 1 (reference)
Middle 1,820 32.1(30.7-33.6) - 0.86(0.81-0.91) 1,899 33.6(32.1-35.2) - 0.98 (0.92-1.04) 1,880 33.6(32.0-35.3) HE 0.94(0.88-1.02)
High 1,320 31.3(29.7-33.1) HH 0.84(0.78-0.89) 1,463 35.9(33.5-38.5) - 1.00 (0.93-1.08) 1,595 35.0(30.4-40.2) - 0.94(0.83-1.06)
Study ion IT ion as expt
Low 2,835 34.3(33.1-35.6) 1 (reference) 2,753 31.9(30.6-33.2) 1 (reference) 2,749 32.0(30.7-33.4) 1 (reference)
Middle 1,922 32.1(30.7-33.6) i 0.94 (0.89-1.00) 1,957 33.6(32.0-35.1) i 1.04(0.98-1.10) 1,961 33.6(32.1-35.2) - 1.04(0.98-1.10)
High 991 37.0(34.8-39.4) Ha- 1.07 (1.00-1.15) 1,017 39.4(36.9-42.1) —— 1.20(1.12-1.30) 1,036 39.8(36.5-43.4) —E— 1.25(1.14-1.38)
0,5 0,75 I_LZS 0,75 1 1,25 0,75_1 125 1,5
Major adverse cardiovascular event
Unadjusted Model 1 Model IT
No. of Event rate per HR No. of Event rate per HR No. of Event rate per HR
events 100,000 pr. yrs. events 100.000 pr. yrs. events 100.000 pr. yrs.
Study population I (income as exposure)
Low 3,285  47.1(45.6-48.8) 1 (reference) 3211 40.9(39.2-42.9) 1 (reference) 3,035 37.6(35.3-40.0) 1 (reference)
Middle 1,803 31.7(30.3-33.2) L 0.69 (0.65-0.72) 1,936 34.1(32.3-35.9) HH 0.82(0.78-0.86) 1,945 34.5(32.7-36.5) HH 0.89 (0.84-0.94)
High 911 20.0(18.8-21.4) 0.45(0.42-0.48) 1,199 27.6(25.3-30.2) - 0.66 (0.61-0.72) 1,612 33.7(28.7-39.8) - 0.79(0.71-0.88)
Study ion IT as exp
Low 3,552 44.2(42.8-45.7) 1 (reference) 3,327 39.6(38.0-41.3) 1 (reference) 3,170 37.5(35.9-39.2) 1 (reference)
Middle 1,751 28.3(27.0-29.6) - 0.69 (0.65-0.72) 1,883 31.4(29.8-33.1) HH 0.81(0.77-0.86) 1,918 32.0(30.3-33.7) HH 0.87(0.82-0.92)
High 696 23.4(21.7-25.2) - 0.57(0.53-0.62) 787 27.7(25.5-30.1) - 0.72(0.67-0.78) 862 30.6(27.5-34.2) Lol 0.87(0.79-0.95)
0,25 0,5 0,75 I_ O,STI_ 05 075 u

Figure 4 Number of events, event rates (95% confidence intervals), and hazard ratios (95% confidence intervals) on the association between SEFs and risk of non-

persistence and MACE among women in study populations | and II.

Study population I (income as exposure)

Major adverse cardiovascular events, men
(All-cause death, cardiac death, cardiac readmission)

Major adverse cardiovascular event, women
(All-cause death, cardiac death, cardiac readmission)
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0 1000 2000 3000 4000 0 1000 2000 3000 4000
Days since initiation of medication Days since initiation of medication
No. at risk No. at risk
Low 8822 4641 2404 540 0 Low 6401 3339 1702 326 0
Middle 10450 5632 2851 581 0 Middle 4820 2475 1072 205 0
High 11901 6239 2642 465 0 High 3633 1926 785 15 0
Low income Lowincome ~ —---- 95% CI
Middle income Middle income = ——-—-—- 95% CI
High income High income = —----- 95% CI
Study population IT (education as exposure)
Major adverse cardiovascular event, men Major adverse cardiovascular event, women
(All-cause death, cardiac death, cardiac readmission) (All-cause death, cardiac death, cardiac readmission)
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0 1000 2000 3000 4000 0 1000 2000 3000 4000
Days since initiation of medication Days since initiation of medication
No. at risk No. at risk
Low 10055 5211 2522 511 0 Low 7086 3628 1718 308 0
Middle 14328 7636 3651 742 0 Middle 4869 2591 1191 219 0
High 5815 3190 1517 27 0 High 2290 1273 539 91 0
Low education =~ —----- 95% CI Low education —===-95%Cl
Middle education —---—- 95% CI Middle education - -- 95%ClI
High education ~ ——-—-—- 95% ClI High education ~ ——-—-- 95% ClI

Figure 5 Cumulative incidence of primary clinical outcome in weighted study populations | and Il according to sex.
Abbreviations: MACE, major adverse cardiovascular event; Cl, confidence interval.
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Figure 6 Proportion of non-persistence with medication.

Mediating Effect of Non-Persistence with
Medication on MACE

Socioeconomic difference in risk of non-persistence was
observed in men, but not women, and only in relation to
income. Thus, the mediation analysis was restricted to
investigating how the income-related gradient in risk of
MACE was meditated by non-persistence with medication
in men.

Changing a low to a high level of income among men
lowered risk of MACE by a factor of 0.67 after adjustment
for age and ethnicity. This total effect arose from a direct
effect with an HR of 0.71 (95% CI: 0.68-0.74) and an
indirect effect with an HR of 0.95 (95% CI: 0.95-0.95)
through non-persistence with medication (Table 2). The
mediated proportion was 12.6% (95% CIL: 11.1-14.1%)
among high-income men.

Accordingly, the lower risk of non-persistence
observed among high-income men mediated the lower
risk of MACE, compared with low-income men. This
implied that non-persistence with medication contributed
to the income-related inequality in risk of MACE, but only
in men.

Supplementary Analyses

To evaluate the robustness of the mediating variable “non-
persistence with medication”, different grace periods (data
not shown) were analysed along with different times of

initiation (Suppl. Table S3 and S4). Further, a different
categorisation of income using the national definition of
relative poverty was tested (data not shown). Finally, ana-
lyses evaluated if non-persistence with statin and antipla-
telet therapy, measured as disjointed variables, differed
compared to the main results. The mediating proportions
ranged from 16-18% for non-adherence to statin therapy
and from 6—12% for non-persistence with antiplatelet ther-
apy in men (Suppl. Figures S6 and S7). Overall, these

analyses did not cause major attenuations on the associa-
tions observed in the main analyses, apart from the med-
iating proportions regarding non-persistence with statin
and antiplatelet therapy.

Discussion

In the present study, higher levels of income and education
were associated with lower risk of MACE, irrespective of
sex among patients with incident ACS. Further, non-per-
sistence with medication mediated the income-related gra-
dient in risk of MACE, but only in men.

Non-persistence with medication was evaluated as a
joint measure of both antiplatelets and statins and this
rather conservative and demanding approach was preferred
as clinical guidelines call for lifelong antiplatelet and statin
therapy following ACS diagnosis.'*"?

studies from the

17

Corresponding to our results,
Netherlands,* Denmark®® and Sweden

income-related inequality in risk of death after incident

all reported

AMI hospitalisation. Regarding non-persistence with med-
ication, lower levels of income, but not education, have
also been associated with lower adherence to medication
but more inconclusive findings have been reported when
using area-based aggregated data to measure socioeco-
nomic status.**>? Such inconsistent results may be caused
by differences in socioeconomic markers, which can
reflect the individual’s resources or the society structure.*?

In the present study, approximately 35% of the patients
were categorised as non-persistent with the joint therapy
measure, which illustrates an overall acceptable level of

Table 2 The Mediating Effect of Non-Persistence to Medication on the Association Between Income and Risk of MACE Among Men,

Adjusted for Age and Ethnicity

Total Effect (HR, 95% CI)

Direct Effect (HR, 95% CI)

Indirect Effect (HR, 95% CI) Mediated Proportion (%)

Low | (reference) | (reference)
Middle | 0.78 (0.75-0.81) 0.82 (0.79-0.85)
High 0.67 (0.64-0.70) 0.71 (0.68-0.74)

| (reference) | (reference)
0.96 (0.96-0.96) 17.5 (15.0-20.1)
0.95 (0.95-0.95) 12.6 (11.1-14.1)

Abbreviations: HR, hazard ratios; Cl, confidence interval.
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persistence despite the rather strict requirements.
Moreover, about 24% of the patients were non-persistent
with either statin or antiplatelet therapy, which resembles
findings in studies from Denmark,>* Sweden'’ and
Canada.”> However, studies comprising more diverse
study populations from different healthcare settings have
reported overall non-persistence with statins and antiplate-
lets to be about 40% and this level increased according to
the lowering of a country’s economic position.>®’

The event rate of non-persistence to medication was
higher in women compared to men in our study, which
corresponds to earlier studies reporting female sex to be a
determinant of non-adherence to medication.*®*° This
level of non-persistence is problematic as pharmacological
treatment reduces risk of MACE, also in females who
more often suffer from a non-obstructive coronary artery
disease that causes a different ischemic endothelial
damage profile compared to men.'¢

Interestingly, there was no social gradient in women
regarding risk of non-persistence with medication and this
implied that women’s non-persistence instead was deter-
mined by other factors than level of education and income.

In the present study, non-persistence with medication
had a mediating role on the income-related inequality in
risk of MACE among men. This was largely caused by the
mediating role of non-persistence with statin therapy;
nevertheless, optimal treatment with both drugs is advo-
cated. A similar mediating role of optimal pharmacologi-
cal treatment was recently reported in heart failure
patients.*® The requirements for mediation analysis was
not fulfilled among women in our study; however, we
observed a social gradient in risk of MACE irrespective
of sex, and future studies should explore possible mediat-
ing causes for such a tendency.

We consider it less likely that the higher risk of non-
persistence with medication among men with low income
is caused by cost-related issues as the prices of antiplatelet
and statin therapy are low in Denmark combined with
Danish rules of general reimbursement. Instead, we
assume that income serves as a proxy measure of wealth
and life-resources in this setting and that inequality in
adverse clinical outcomes most likely is a result of cumu-
lated poor health.

In summary, findings from present study imply that
promotion of good persistence with medication may be a
way to lower income-related inequality in risk of MACE,

especially among men. Further, women have an overall

higher level of non-persistence with medication, but this is
not associated with socioeconomic differences.

It could be assumed that the mediating effect of non-
persistence with medication may be more prominent if the
same study design is implemented in a study population
with a higher level of non-persistence with medication.

Strengths and Limitations

Major strengths of the present cohort study include the use
of register-based exposure, covariates and outcome mea-
sures as well as the large sample size due to linkage to
nationwide registers, which also limited the risk of loss to
follow-up and selection bias. The evaluation of social
inequality using both level of income and education
increased the understanding of latent socioeconomic asso-
ciation. All confounding variables were further selected a
priori by literature search and depictured by directed acyc-
lic graphs, which limited risk of over- and under-adjust-
ment. The thorough statistical approach using mediation
analysis robustly displayed the impact of non-persistence
with medication and the abundant numbers of supplemen-
tary analyses all confirmed the findings of the main results.
The findings are assumed to have high external validity as
they most likely are more pronounced in other countries
with different settings of healthcare structures and higher
proportions of patients being non-persistent with
medication.

Nonetheless, some limitations must be considered
when interpreting the findings of the present study. First,
restricting the study population to patients initiating both
antiplatelet and statin therapy could introduce selection
bias due to opening an otherwise blocked path in the
relation between exposure and outcome (please see direc-
ted acyclic graph in Suppl. Figure S1). However, results
from sensitivity analyses using different time limits for
initiation of pharmacological treatment other than the ori-
ginal 180 days all supported the main findings.

Second, estimation of socioeconomic status is a chal-
lenge and each socioeconomic variable is an indicator of
different social stratification; however, these are only
pseudo-markers of a greater picture.*! It should be con-
sidered that salary for the same job role is often unequal
between sexes, which may bias the role of income.
Moreover, there is a risk of introducing gender bias as
the social role within a family often differs among males
and females. Consequently, research finds females to be
less prone to follow the advised lifestyle, eg due to their
income level and social role.*? In the present study, this
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gender bias, along with the pathophysiological sex-differ-
ence in coronary artery disease that could act as a back-
ground bias, was handled by stratification but the biases
should be considered when interpreting the importance of
socioeconomic disparity in clinical outcomes.

Third, the most approachable way to measure persis-
tence with medication in large-scale cohort studies is by
using register-based prescription data. It was estimated
that, due to the medium to long follow-up time, non-
persistence would be best addressed using risk of discon-
tinuation in the present study.

Fourth, there may always be a risk of residual or
unmeasured confounding despite gathering of covariate
information through linkage to national registers.*
Further, the definition of non-persistence with medication
in register-based cohort studies relies on assumptions and
it may therefore be reasonable to assume that the mediat-
ing variable used involved some form of residual con-
founding caused by misclassification. Consequently, the
potential role of non-persistence with medication may be
even larger than observed in the present study as any
presence of random misclassification in covariates leads
the adjusted results towards results obtained in unadjusted
analyses.

Therefore, understanding reasons for barriers that facil-
itate social inequality in risk of MACE ought to be a
priority in secondary cardiovascular prevention. Findings
from the present study call for further research that inves-
tigates the potential mediating mechanisms that influence
the socioeconomic gradient in clinical outcomes. These
may comprise risk factors including smoking, hyperten-
sion, BMI and physical inactivity, which all have been
argued as mediators of the association between educational

level and risk of primary coronary event.****

Conclusion

In this nationwide large-scale cohort study, patients’
level of income and education were significantly asso-
ciated with risk of MACE during follow-up. We found
evidence that non-persistence with medication contribu-
ted to the income-related gradient in MACE, but only in
men. Further research that investigates the mediating
role of non-persistence with medication in different
study populations, including those with higher levels
of non-persistence, is warranted to understand its poten-
tial to reduce the socioeconomic gradient in clinical
outcomes.
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