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Institutet, Stockholm SE-17177, Sweden, 3Department of Clinical Sciences, Danderyd University Hospital, Karolinska Institutet, Stockholm SE-18288, Sweden, 4Department of
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Aims To investigate whether participants in clinical trials after myocardial infarction (MI) are representable for the post-
MI population concerning characteristics, secondary prevention, and prognosis.

...................................................................................................................................................................................................
Methods
and results

Cohort study on 31 792 attendants to 1-year revisits after MI throughout Sweden (n = 2941 clinical trial partici-
pants) between 2008 and 2013 identified in the Swedish Web-System for Enhancement and Development of
Evidence-Based Care in Heart Disease Evaluated According to Recommended Therapies (SWEDEHEART).
Individual-level data on socioeconomic status (SES) (disposable income, educational level, and marital status) and
outcomes (first recurrent non-fatal MI, coronary heart disease death, fatal or non-fatal stroke until study end 2018)
were linked from other national registries. Trial participants were more likely to be men [risk ratio 1.09; 95% confi-
dence interval (CI) 1.07–1.11], and married (1.07; 1.04–1.10), have a highest-quintile income (1.42; 1.36–1.48), and
post-secondary education (1.25; 1.18–1.33), while less likely to have a history of MI (0.88; 0.80–0.97), be persistent
smokers (0.83; 0.75–0.92) and have left ventricular dysfunction (0.59; 0.44–0.79) compared to non-participants.
During a mean 6.7-year follow-up, 5206 outcome events occurred. Risk was lower in trial participants (hazard ratio
0.80; 95% CI 0.72–0.89), also after adjusting for clinical characteristics and post-MI therapies (0.85; 0.77–0.94) and
additionally for SES (0.88; 0.79–0.97).

...................................................................................................................................................................................................
Conclusions Clinical trial participants post-MI are more often male, have higher SES, a more advantageous risk profile, and bet-

ter prognosis. Additional unmeasured participation bias was implied. Questionable external validity of post-MI trials
highlights the importance of complementary studies using real-world data.

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

* Corresponding author. Tel: þ46 8 517 70 000, Email: joel.ohm@ki.se
VC The Author(s) 2021. Published by Oxford University Press on behalf of the European Society of Cardiology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact
journals.permissions@oup.com

European Heart Journal Open (2021) 00, 1–9 ORIGINAL ARTICLE
doi:10.1093/ehjopen/oeab020 Epidemiology & prevention

https://orcid.org/0000-0001-6841-1904
https://orcid.org/0000-0003-1677-1566
http://creativecommons.org/licenses/by-nc/4.0/


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

Keywords Evidence-based medicine • Secondary prevention • Myocardial infarction • Socioeconomic factors

Introduction

Randomized clinical trials produce the highest level of evidence
and therefore form the basis for many guidelines. However, an
Achilles heel of clinical trials is external validity.1 If patients
included in trials are highly selected, the generalizability of trial
results to the entire patient population can be questioned. A small
number of studies have previously compared the characteristics
of patients enrolled in clinical trials after myocardial infarction
(MI) with non-participants and consistently report younger age,
predominantly male sex, lower prevalence of cardiovascular risk
factors, and lower mortality in trial participants.2–4 Bias from low
respondent-rates is a related concern for external validity in
population-based studies.5 In this type of epidemiological re-
search, study participants not only have fewer comorbidities but
also higher socioeconomic status (SES).

No previous study has investigated whether SES affects participa-
tion in cardiovascular clinical trials in a nationwide sample of all
patients with MI. Nor do we know of any study investigating the
implications of participation bias for the long-term risk of recurrent

atherosclerotic cardiovascular disease (rASCVD), outcomes fre-
quently used in cardiovascular outcomes trials.1 We hypothesized
that participants in clinical trials after MI, compared to an unselected
nationwide sample of non-participants, had a more favourable risk
factor profile including SES, received better secondary prevention
therapy, and that observed differences in characteristics were ex-
planatory for a lower risk of rASCVD.

Methods

Study design
This observational cohort study was based on prospectively collected
individual-level data linked from several national Swedish registries.
The study was approved by the Regional Ethical Review Board in
Stockholm (DNR 2015/124-31/4 with amendments 2015/1577-32
and 2018/2394-32) and complies with the Declaration of Helsinki.
Data linkage was performed by the National Board of Health and
Welfare, a government agency, by using the unique personal identifi-
cation number of all Swedish citizens.6 Obtaining informed consent in
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writing from study participants was not feasible as data received by
the researchers was pseudonymized. By Swedish law, active consent
for inclusion in national quality health registries has been collectively
waived. All patients are however informed and have the right to opt-
out upon request at any time and have their personal data erased.

Study cohort
Swedish Web-System for Enhancement and Development of Evidence-
Based Care in Heart Disease Evaluated According to Recommended
Therapies (SWEDEHEART) is a national quality registry for cardiac care
and is described elsewhere.7,8 All coronary care units in the country report
to the registry, with approximately 95% of all MI patients being included,
when comparing to the official statistics of national inpatient diagnoses.
The cohort for this study was identified from SWEDEHEART’s cardiac re-
habilitation sub-registry which gathers information on MI survivors, primar-
ily below the age of 75, at routine cardiac rehabilitation visits after 2
months (6–10 weeks) and 1 year (12–14 months). Data collected include

risk factor outcomes, lifestyle factors, drug therapies, patient-reported out-
come measures, and other relevant information. By 2014, 70/72 (97%) of
all cardiac care hospitals throughout Sweden were reporting to
SWEDEHEART’s cardiac rehabilitation sub-registry with 81% of eligible
patients younger than 75 years attending the 1-year visit. Agreement be-
tween the registry and health record data is regularly monitored, with a
consistency of around 95%.8,9 All post-MI patients attending the 1-year car-
diac rehabilitation visit from 1 January 2008 to 31 December 2013 were
eligible for inclusion in the study (n = 32 413) Supplementary material on-
line, Figure S1 details exclusion criteria rendering the final study sample
(n = 31 792).

Exposure and clinical data
The exposure, participation in a clinical trial (no vs. yes—in a lipid treat-
ment trial, or yes—in other clinical trial), was reported to
SWEDEHEART at the 2-month and 1-year visits post-MI. All with an af-
firmative response at either or both visits were defined as trial

....................................................................................................................................................................................................................

Table 1 Sociodemographic characteristics of participants and non-participants in clinical trials after myocardial in-
farction Referent

Participants Non-participants P-valuea Risk ratio (95% CI)b

No. (%) with data 2941 (9.3) 28 851 (90.7)

Age, years 64.2 (7.8) 63.9 (8.6) 0.091

Age, categories <0.001

<50 156 (5.3) 2169 (7.5)

50–64 1292 (43.9) 11 926 (41.3)

65–74 1363 (46.3) 13 172 (45.7)

>_75 years 130 (4.4) 1584 (5.5)

Male 2340 (79.6) 21 123 (73.2) <0.001 1.09 (1.07–1.11)

Follow-up year <0.001

2008 432 (14.7) 4408 (15.3)

2009 497 (16.9) 4242 (14.7)

2010 494 (16.8) 4118 (14.3)

2011 501 (17.0) 4833 (16.8)

2012 553 (18.8) 5295 (18.4)

2013 464 (15.8) 5955 (20.6)

Disposable income, quintiles <0.001

Lowest 373 (12.7) 5981 (20.8) referent

Low 470 (16.0) 5881 (20.4) 1.12 (1.06–1.20)

Median 621 (21.1) 5730 (19.9) 1.28 (1.21–1.34)

High 672 (22.9) 5679 (19.7) 1.32 (1–26-1.39)

Highest 802 (27.3) 5545 (19.2) 1.42 (1.36–1.48)

Level of education <0.001

<_9 years 856 (29.3) 9826 (34.5) referent

10–12 years 1352 (46.3) 13 048 (45.9) 1.07 (1.04–1.11)

>12 years 709 (24.3) 5579 (19.6) 1.25 (1.18–1.33)

Marital status <0.001

Married 1809 (61.8) 16 553 (57.8) 1.07 (1.04–1.10)

Unmarried 420 (14.3) 4464(15.6)

Divorced 518 (17.7) 5804 (20.3)

Widowed 180 (6.1) 1830 (6.4)

Summary statistics are presented mean (SD) or n (%).
aProbability by Student’s t-test for continuous variables and v2-test for categorical variables.
bEstimated using univariate Poisson regression models with robust standard errors.

Characteristics of trial participants post-MI 3
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participants and those a negative response were defined as non-
participants. The definitions and management of SWEDEHEART varia-
bles presented in Tables 1–3 are reported in the Supplementary material
online, Methods.

Outcomes
The composite endpoint, rASCVD, was defined as the first recurrent
event of non-fatal MI, coronary heart disease death, or fatal or non-fatal
ischaemic stroke. Data for corresponding ICD-10 codes (I21.0 to 4, I21.9,
I22.0 to 1, I22.8 to 9, I46.1, I46.9, and I63.0 to 9) and dates were acquired

from the National Inpatient and Cause of Death registries managed by
the Swedish National Board of Health and Welfare.10,11

Socioeconomic status
Statistics Sweden, a government agency for official Swedish statistics gath-
ers annual labour market, educational, and social sector data.12 Three
indicators were chosen and considered simultaneously to capture the
multidimensional construct SES.13 Mean disposable income per household
consumption unit was measured in the year preceding the index MI to
avoid misclassification from sick leave and categorized into calendar year-

Figure 1 Forest plot depicting univariate associations for traditional cardiovascular risk factors, secondary prevention therapies, and socioeco-
nomic status by trial participation status. Squares and bars represent risk ratios and 95% confidence intervals, respectively. BMI, body mass index;
CABG, coronary artery by-pass graft; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention; RAASi, renin–
angiotensin–aldosterone system inhibitor.
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specific quintiles to compensate for inflation. Educational level was defined
as the highest educational attainment during the year of the 1-year visit
and categorized as <_9 years, 10–12 years, and >12 years. Marital status
was categorized as not married vs. married.

Statistical methods
Patient characteristics were reported as frequencies and percentages for
categorical variables, and as means and standard deviations for continu-
ous variables. For the analysis of risk factor profile, secondary prevention
therapies, and SES, two-sided Students t-test was used for continuous
data, chi-square was used for categorical data, and univariate Poisson re-
gression models with robust standard errors were used to estimate risk
ratios and 95% confidence intervals (CIs). Thresholds with clinical rele-
vance were chosen for Poisson regression of non-binary outcomes
including left ventricular ejection fraction <30%, estimated glomerular fil-
tration rate <60 mL/min/1.73, systolic blood pressure >_140 mmHg,

diastolic blood pressure >_90 mmHg, body mass index >_30 kg/m2, non-
high-density lipoprotein cholesterol (non-HDL-C) >_2.6 mmol/L, low-
density lipoprotein cholesterol (LDL-C) >_1.8 mmol/L, HDL-C
<_1.0 mmol/L among men and <_1.2 mmol/L among women, triglycerides
>_1.7 mmol/L, highest disposable income quintile (vs. lowest), highest edu-
cational level (vs. lowest), and married status (vs. not married). For the
analysis of rASCVD, subjects were followed-up from the date of the 1-
year visit until first occurrent rASCVD event, censoring, or study end
which extended until 31 December 2018. The crude cumulative occur-
rence of rASCVD by trial participation status was illustrated using
Kaplan–Meier curves. Cox proportional-hazards models were used to es-
timate hazard ratios (HRs) and 95% CIs in order to assess the association
between trial participation and rASCVD. Four models were developed
to account for measurable confounding and presumed causal relation-
ships according to clinical experience and literature review. Relationships
are illustrated in Supplementary material online, Figure S2 as a directed

....................................................................................................................................................................................................................

Table 2 Cardiovascular risk factor characteristics of participants and non-participants in clinical trials after
myocardial infarction

Participants Non-participants P-valuea Risk ratio (95% CI)b

No. (%) with data 2941 (9.3) 28 851 (90.7)

Traditional risk factors

Previous MI 374 (12.8) 4159 (14.5) 0.01 0.88 (0.80–0.97)

Prior PCI 297 (10.1) 2962 (10.3) 0.75 0.98 (0.88–1.10)

Prior CABG 171 (5.8) 1648 (5.7) 0.83 1.02 (0.87–1.18)

Previous stroke 101 (3.5) 1274 (4.5) 0.01 0.78 (0.64–0.95)

LVEF, % <0.001

>_50 1607 (64.7) 15 560 (65.0)

30–50 827 (33.3) 7564 (31.6)

<30 49 (2.0) 798 (3.3) 0.59 (0.44–0.79)

Non-sinus rhythm 57 (3.2) 732 (4.2) 0.04 0.76 (0.58–0.99)

eGFR, mL/min/1.73 82.8 (18.2) 83.1 (16.6) 0.38

<60 244 (8.8) 3061 (11.0) 0.80 (0.71–0.90)

Persistent smoking 352 (12.1) 4103 (14.5) <0.001 0.83 (0.75–0.92)

Systolic blood pressure, mmHg 131.4 (16.2) 131.9 (17.2) 0.10

>_140 520 (20.3) 5174 (21.5) 0.94 (0.87–1.02)

Diastolic blood pressure, mmHg 77.1 (9.3) 77.0 (10.1) 0.55

>_90 125 (4.9) 1319 (5.5) 0.89 (0.74–1.06)

Diabetes 483 (16.5) 4877 (16.9) 0.50 0.97 (0.89–1.06)

BMI, kg/m2 27.7 (4.1) 27.8 (4.5) 0.41

>_30 560 (25.0) 5424 (26.2) 0.95 (0.88–1.03)

Anxiety or depression 851 (29.2) 9751 (34.4) <0.001 0.85 (0.80–0-90)

Cholesterol, mmol/L 4.13 (0.90) 4.24 (0.98) <0.001

Non-HDL-C, >_2.6 mmol/L 1284 (59.8) 13 984 (63.2) 0.95 (0.91–0.98)

LDL-C, mmol/L 2.22 (0.76) 2.30 (0.82) <0.001

>_1.8 1477 (69.9) 15 387 (71.1) 0.98 (0.95–1.01)

HDL-C, mmol/L 1.27 (0.39) 1.25 (0.37) 0.02

<_1.0 in men, <_1.2 in women 746 (34.7) 8263 (37.3) 0.93 (0.87–0.99)

Triglycerides, mmol/L 1.46 (0.89) 1.55 (0.98) <0.001

>_1.7 542 (25.4) 6280 (28.5) 0.89 (0.83–0.96)

Summary statistics are presented mean (SD) or n (%).
BMI, body mass index; CABG, coronary artery bypass graft; eGFR, estimated glomerular filtration rate; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipopro-
tein cholesterol; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention.
aProbability by Student’s t-test for continuous variables and v2-test for categorical variables.
bEstimated using univariate Poisson regression models with robust standard errors. For non-dichotomous variables, the risk ratio of a selected category was calculated using
participants of remaining categories as reference.
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..acyclic graph.14 Model I was adjusted for age, sex, and calendar year.
Model II was further adjusted for traditional risk factors including previous
MI, previous stroke, prior coronary artery bypass grafting, left ventricular
ejection fraction, heart rhythm, smoking status, diabetes (with oral and in-
sulin treatment), systolic blood pressure, estimated glomerular filtration
rate, body mass index, symptoms of anxiety or depression, total choles-
terol, LDL-C, HDL-C, and triglycerides. Model III was further adjusted for
use of secondary prevention therapies including evidence-based drugs
(acetylsalicylic acid, statins, beta blockers, and renin–angiotensin–aldos-
terone system inhibitors) and participation in cardiac rehabilitation pro-
grammes (physical training, patient education, dietary advice, smoking
cessation, and stress management group sessions). Model IV was further
adjusted for SES (disposable income, educational level, and marital status).
Restricted cubic splines with four knots were used to adjust for age in the
models. Missing values are reported in Supplementary material online,
Table S1 and were included in the models as a separate category. The
proportional hazards assumption was assessed by means of scaled
Schoenfeld’s residuals. No evidence of departure from this assumption
was observed. Data management and statistical analyses were performed
using Stata version 15 (StataCorp, College Station, TX, USA).

Results

Out of the final study sample, 2941 subjects had participated in a clinical
trial while 28 851 were classified as non-participants. The proportion

of men participating in a trial was greater than in non-participants
whereas mean age was similar in the two groups (Table 1).
Approximately 5% were older than the registry’s optional upper age
limit of 75 years in both groups. Regarding SES, trial participants were
more likely to be married, have higher disposable income and higher
level of education. Associations were strong between all three indica-
tors of high SES and clinical trial participation (Figure 1).

Regarding risk factor profile (Table 2), left ventricular dysfunction, kid-
ney disease, persistent smoking, symptoms of anxiety and depression,
history of stroke, prior MI, and non-sinus rhythm at the 1-year visit
were all less common in trial participants, whereas no difference was
observed for diabetes or mean values of blood pressure or body mass
index. There was no difference between groups regarding LDL-C, while
trial participants were more likely of having levels of triglycerides, HDL-
C, and non-HDL-C at target. Overall, a more advantageous risk factor
profile was associated with participation in clinical trials (Figure 1).

Regarding secondary prevention therapies (Table 3), trial partici-
pants were more likely to use acetylsalicylic acid and renin–angioten-
sin–aldosterone system inhibitors and were more likely to have
participated in the physical training and patient education pro-
grammes during the first year post-MI, whereas non-participants
were more likely to take diuretics, nitrates, and oral anticoagulants.
Use of most evidence-based therapies were associated with trial par-
ticipation (Figure 1).

....................................................................................................................................................................................................................

Table 3 Secondary prevention therapies of participants and non-participants in clinical trials at 1-year revisit after
myocardial infarction

Participants Non-participants P-valuea Risk ratio (95% CI)b

No. (%) with data 2941 (9.3) 28 851 (90.7)

Pharmacological treatment

Acetylsalicylic acid 2749 (94.5) 26 162 (92.5) <0.001 1.02 (1.01–1.03)

Statins 2658 (92.2) 25 926 (91.7) 0.34 1.01 (0.99–1.02)

Beta blockers 2551 (87.8) 24 489 (86.6) 0.09 1.01 (1.00–1.03)

RAAS inhibitors 2362 (81.1) 22 228 (78.5) 0.001 1.03 (1.01–1.05)

Calcium antagonists 593 (20.4) 5404 (19.1) 0.09

Diuretics 474 (16.3) 5707 (20.2) <0.001

Nitrates 202 (7.0) 2566 (9.1) <0.001

Oral anticoagulants 140 (4.8) 1809 (6.4) 0.003

Non-statin LLT 163 (5.9) 1438 (5.1) 0.08

Comprehensive cardiac

rehabilitation

participation

Physical training

programme

1372 (47.0) 11 481 (40.5) <0.001 1.16 (1.11–1.21)

Patient education session 1643 (56.4) 13 498 (47.6) <0.001 1.18 (1.14–1.23)

Diet course 443 (15.2) 4528 (16.0) 0.27 0.95 (0.87–1.04)

Stress management

group session

153 (5.3) 1756 (6.2) 0.04 0.85 (0.72–0.99)

Smoking cessation

programme

111 1126 0.35 0.91 (0.75–1.10)

Summary statistics are presented mean (SD) or n (%).
LLT, lipid lowering therapy; RAAS, renin–angiotensin–aldosterone system.
aProbability by v2-test.
bEstimated using univariate Poisson regression models with robust standard errors.

6 J. Ohm et al.
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Association between participation and
rASCVD
During a mean follow-up of 6.7 years (total 211 951 person-years),
rASCVD occurred in 16.4% (n = 5206) of the study population. The
event rate was lower in trial participants, 20.0 (95% CI 18.2–22.1) vs.
25.1 (95% CI 24.4–25.8) per 1000 person-years in non-participants.
Figure 2 illustrates crude risk for rASCVD in relation to participation
in a clinical trial. The 5- and 10-year absolute differences in rASCVD-
free proportion between groups were 2.4% and 4.2%, respectively.
The unadjusted HR for rASCVD in trial participants compared to
non-participants was 0.80, 95% CI 0.72–0.89 and was independent of
age, gender, and calendar year. Risk reduction associated with trial
participation in sequential models was attenuated by adjusting for
traditional cardiovascular risk factors (HR 0.85, 95% CI 0.76–0.94)
but not from adding secondary prevention therapies (HR 0.85, 95%
CI 0.77–0.94). In a final model however, adding SES attenuated the as-
sociation further (HR 0.88, 95% CI 0.79–0.97).

Discussion

A novel finding in this large nationwide real-world sample was that clin-
ical trial participants after MI constitute a highly selected group.
Compared to non-participants, they were more often male and mar-
ried, had a higher income and level of education, a more favourable
cardiovascular risk profile, and received secondary prevention therapy
more consistent with guideline recommendations. We also report
better long-term prognosis for outcomes relevant in cardiovascular
trial participants. Although the better prognosis was partially explained
by cardiovascular risk profile and SES, the association was independent
of the observed dissimilarities which indicates additional unmeasured
participation bias. Overall, our data questions to what extent findings
from clinical trials post-MI can be applied to the overall post-MI popu-
lation. Regardless hierarchical evidence by study design, well-designed
observational studies on real-world registry data are vital for evidence-
based medicine, in particular for improving evidence-based medicine in
groups that are under-represented in clinical trials.

We observed no age difference associated with trial participation
in contrast to previous related studies. This may be because of similar
age restrictions of the registry and trial samples. We did however ob-
serve a strong sex difference with a lower proportion of women
among participants. Although female representation has improved in
clinical trials on some types of cardiovascular disease, women remain
underrepresented in trials on lipid lowering therapies,4 and trials on
coronary disease in general.15,16 Here, we confirm these findings
which is concerning.17 A further underrepresentation of women in
trials, compared to registry data, will hamper the study of possible
heterogeneity of treatment effects by sex due to low power in the fe-
male subgroup.18 In the current study, gender misrepresentation did
not affect risk of rASCVD but other important aspects of trials such
as sex specific drug safety issues were not evaluated.

In the current study, SES was higher in trial participants than in
non-participants which partially explained their lower risk of
rASCVD. SES has repeatedly been associated with abundance of car-
diovascular risk factors, a lower quality of care19 and patient adher-
ence20, incident21 and recurrent cardiovascular disease.22 Our
observation, that clinical trial participants have higher SES, is a novel
addition to the many roles of SES in cardiovascular disease and re-
search. Similar to the findings of our study, income level was a strong
indicator of SES associated with participation in cancer treatment tri-
als in a nationwide US survey.23 Major reasons for non-participation
in these trials were that the question of taking part had not been
brought up for discussion in patient–physician interaction or that it
was discussed but the patient was ultimately not offered to take part.
Low SES was associated with both explanations. We further report
that educational level was an important indicator of SES in the con-
text of trial participation. Post-MI patients with lower education may
incline towards non-participation in trials because of required health
literacy and cognitive abilities to assimilate comprehensive fine
printed documentation related to trial enrolment and conduct.24 In a
recent meta-analysis, patient adherence to therapies was strongly
associated with health literacy. Interventions for improving health lit-
eracy were reported to be efficient and also to improve adherence,
particularly in samples with low SES.25 It is unclear how findings of
treatment effects in higher SES groups translate to effects in lower
SES groups that may have lower adherence to therapies in addition
to other possible differences. In addition, our findings should be put
in the context of data from genetic epidemiology that supports a
causal link between education and incident coronary heart disease.21

In this study, the cardiovascular risk profile of trial participants was
healthier than in non-participants which conforms with previous re-
search on participation in cardiovascular trials.2 This finding may be
somewhat surprising, considering that a risk augmentation is often
intended by the selection criteria for outcomes trials post-MI.26 We
also report that adjustment for cardiovascular risk profile attenuated,
but only to a small extent, the lower risk associated with participation
for rASCVD during long-term follow-up.

We report a better utilization of secondary prevention therapies
in clinical trial participants vs. non-participants. For instance, trial par-
ticipants were more likely to use acetylsalicylic acid and to participate
in physical training programme within cardiac rehabilitation, both
evidence-based therapies for morbidity and mortality benefits post-
MI.27,28 Potential underlying reasons include the relatively closer
monitoring and interaction with health care providers of trial

Figure 2 Kaplan–Meier estimate depicting the rASCVD-free pro-
portion by participation in a clinical trial after MI. rASCVD, first re-
current event of atherosclerotic cardiovascular disease.
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participants and that better patient involvement and education may
exert a positive effect on patient compliance. Second, the hospitals
engaged in post-MI trials have been associated with providing care
more adherent to guidelines and better long-term patient outcomes
in the USA.29 With this in mind, the declining trend of hospital partici-
pation in post-MI trials observed over the past few years is alarming.29

A third reason for poorer secondary prevention therapy in non-
participants may be related to SES.19

Finally, the fully adjusted multivariable model provided a bias-
minimized estimate of the direct effect of trial participation on
rASCVD that remained significant.14 This indicates additional un-
measured and unexplained parts of the selection process to clinical
trials post-MI that may be related to investigators preference for spe-
cial characteristics or mechanisms related to more frequent inter-
action with healthcare providers, such as better coping strategies and
self-efficacy. Besides the implications for external validity of clinical
trials post-MI, the better prognosis observed in participants may pro-
vide an explanation for overestimated event rates in the design of
many clinical trials and this finding may be used to improve power-
calculations in future studies.

Main strengths of this study were the large cohort size and access
to registries with nationwide coverage providing individual-level data
on multiple cardiovascular risk factors, therapies, indicators of SES,
and outcomes often used in cardiovascular trials during extensive
follow-up time.8,10,12 By inclusion criteria all study participants had
similar access to emergent healthcare, therapies, and follow-up. The
study population was highly representative of the Swedish post-MI
population based on size and the nationwide inclusion.
Generalization to other countries must however be made cautiously.
Main weaknesses were that, unlike well-designed randomized trials,
residual confounding exist in all observational studies. Furthermore,
we did not have data stratified by reporting centre, on whether a
non-participant had been considered for a trial, nor on the propor-
tion that had been offered but declined participation in a trial. This
may have implications for how to improve the situation and minimize
participation bias in the future. Also, there is participation bias in
registry-based observational studies too. It is likely the upper age limit
of revisit registrations in SWEDEHEART underestimated possible
age differences between our study groups. Analogous, the observed
difference in cardiovascular risk profile may have been underesti-
mated as post-MI patients not taking part in cardiac rehabilitation
(approximately 20% of Swedish post-MI patients) more often had a
history of hypertension, diabetes, heart failure, and multiple cardio-
vascular events compared with registry-participants.9

In conclusion, patients taking part in clinical trials after MI are
poor representatives of the overall post-MI population. The
participation bias of post-MI trials extends beyond differences in
cardiovascular risk profile, guideline-directed therapies, and SES.
External validity should be carefully considered in the interpret-
ation of post-MI trials, with particular concern regarding risk
profile and SES. Novel registry-based randomized clinical trials are
more cost-efficient than their conventional counterpart and may
allow for minimally selective inclusion of more representable
post-MI participants,30 as well as increase the proportion of rec-
ommendations that are supported by trial evidence in major
guidelines.31 Unmeasured constituents of trial participation bias
remain to be identified in future research.
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