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Background β-blockers are routinely administered to patients following myocardial infarction (MI), yet their potential effect on
health-related quality of life (HRQoL) is not entirely understood.We investigated the relationship between two different
doses of β-blockers with HRQoL following MI.

Methods and
results

This nationwide observational study used Swedish national registries to collate sociodemographic, clinical, medication,
and HRQoL {the latter operationalized using EuroQol [European Quality of Life Five Dimensions Questionnaire
(EQ-5D)]}. Estimates at 6–10 weeks and 12–14 months post-MI follow-up from pooled linear and logistic models
were calculated after multiple imputation. We identified 35 612 patients with first-time MI, discharged with β-blockers,
and enrolled in cardiac rehabilitation between 2006 and 2015. Upon discharge, patients were either dispensed ,50%
[24 082 (67.6%)] or ≥50% [11 530 (32.4%)] of the target dosage, as defined in previous trials. After adjusting for pre-
defined covariates, neither the EQ-5D Index nor the Emotional Distress items were statistically different between
groups. The EQ-VAS score was significantly lower in patients treated with≥50% target β-blocker dose than those trea-
ted with,50% of the target dose [−0.87 [−1.23,−0.46], P, .001]. Results were similar at the 12-month follow-up and
across sub-groups separated by sex and age.

Conclusion No difference in HRQoL was found among patients taking,50% vs.≥50% of the target β-blocker dose, except for the
EQ-VAS in which higher scores were reported in those taking a lower dose. The clinical meaningfulness of this statistical
significance is likely low.
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Association between β-blocker dose and quality of life after myocardial infarction  
A real-world SWEDEHEART-linked register study  

First time post-myocardial infarction patients taking,50% or ≥50% of the recommended β-blocker dose were followed through the Swedish
register to investigate whether differences existed between the groups in regards to self-reported health-related quality of life.

Keywords Beta-blocker • European Quality of Life Five Dimensions Questionnaire • Health-related quality of life • Myocardial
infarction • National registries

Introduction
β-blocker therapy is routine treatment for most patients after acute
myocardial infarction (MI) and has been the standard practice for
decades.

Side-effects of β-blocker medication such as hypotension, fatigue,
and bradycardia are typically acknowledged,1 while the association
between β-blocker use and the effects on patient-reported
health-related quality of life (HRQoL) is less established.
β-blockers have for example been linked to factors known to have
a negative impact on HRQoL such as symptoms of depression, an in-
creased prescription of anti-depressive medication,2 and sexual dys-
function.3 Yet, other trials have found no association between
β-blocker use and depression or sexual functioning.4,5

To date, evidence is largely inconsistent. Some studies suggest a
negative association between β-blocker medication, including differ-
ent dose effects, and HRQoL, while others have found no or even
positive associations with β-blocker medication.6,7 Since there are
many disparities in the literature, and since throughout Europe it is
current practice that the majority of patients are treated with
β-blockers following MI,8 comparing doses of β-blocker and their as-
sociation with HRQoL could be key in understanding present knowl-
edge inconsistencies in the field.

Few studies, if any, have investigated β-blocker dose relative to
HRQoL,4 but studies have begun to utilize national registries, where
vast amounts of prescription and health data availability have made it
possible to conduct large-scale observational studies investigating the
association between β-blocker dose and cardiovascular outcomes.

Such registry-based studies reported that treatment with a higher
dose of β-blockers (≥50% of the target dose) was not negatively as-
sociated with mortality and cardiovascular outcomes compared with
treatment with a lower dose of β-blocker (,50% of the target dose)
or even no β-blocker treatment.9,10 Yet, registry studies have thus far
not investigated whether a dose-dependent relationship of
β-blockers is associated with HRQoL.

The European Quality of Life Five Dimensions Questionnaire
(EQ-5D)11 was created to measure HRQoL. The EQ-5D has
been used extensively in cardiovascular (CV) disease-related re-
search and, although somewhat crude, has shown good evidence
of reliability and validity as well as ease of use, supporting its wide-
spread clinical application.12 Registry studies have utilized the
EQ-5D outcome to investigate HRQoL in patients with CV diagno-
ses including MI13–15; however, none have explored the role of
β-blocker dose on HRQoL with the EQ-5D following MI in a na-
tionwide registry study.

With the present lack of studies investigating the association be-
tween β-blocker dose and HRQoL after MI, we decided to conduct
an observational cohort study using Swedish national registers to in-
vestigate the association between β-blocker dose and HRQoL mea-
sured at two time points, in first-time MI patients.

Methods

Registries and data
The Swedish Web-system for Enhancement and Development of
Evidence-based care in Heart disease Evaluated Accorded to
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Recommended Therapies (SWEDEHEART) registry16 was utilized in the
present study. SWEDEHEART registers .100 variables related to hos-
pital admissions for acute coronary syndrome (including date, time, site
variables, MI diagnosis, medication history, comorbid conditions, demog-
raphy) at all coronary care units (CCUs) in Sweden. Diagnoses were ta-
ken from the 10th International Classification of Diseases system
(ICD-10). A diagnosis of MI (ICD-10, I21-I23) according to current guide-
lines was decided by the on-site cardiologist, independent of the present
study. SWEDEHEART has excellent nationwide coverage (.90% of MI
patients ,80 years, 100% of the CCUs).

All admissions and outpatient visits to specialists in Sweden, including
dates, treatments, and diagnoses, are registered in the National Patient
Registry (NPR).17 All dispensed drugs from pharmacies are registered
by the national Prescribed Drug Registry (PDR) which includes variables
such as medication type, dose, prescription date, and dispensing date.
The national quality health registers comprise unselected clinical popula-
tion registers and hold the aim to capture all Swedish cases of the con-
dition/disease in question. The NPR and PDR are managed by the
National Board of Health and Welfare in Sweden (NBHWS;
Socialstyrelsen).

Statistics Sweden (SCB), the national agency in charge of official statis-
tics, annually registers repeated measurements on several socioeconom-
ic variables of interest (e.g. country of birth, income, and education).18

When a patient with a first-time MI is registered in SWEDEHEARTs
Register of Information and Knowledge about Swedish Heart Intensive
Care Admissions, a CR follow-up is automatically generated in the sub-
registry for Secondary Prevention after Heart Intensive Care
Admission (SEPHIA). In the SEPHIA registry, patients below 75 years
were followed the first year post-MI, capturing between 75 and 80%
of those eligible. Follow-up takes place at two time points; 6–10 weeks
and 12–14 months after MI. Exclusion criterion was age 75 years or
above. SEPHIA collects data on secondary prevention variables, including
HRQoL as measured by the EQ-5D 3-level version (EQ-5D-3L). The
EQ-5D-3L is a standardized questionnaire with five questionnaire items
covering different domains (mobility, self-care, usual activities, pain/dis-
comfort, and anxiety/depression) and offers a three-level response to
each questionnaire item i.e. 1= ‘no problems’, 2= ‘some problems’,
and 3= ‘extreme problems’ corresponding to the self-assessed degree
of problems per each domain. To obtain a dichotomized variable for
Emotional distress, the EQ-5D anxiety/depression questionnaire item
can be separated into two levels from the three possible response levels
(1= no emotional distress, 2 or 3= emotional distress). The Visual
Analogue Scale (VAS) is the second part of the EQ-5D questionnaire
in which patients mark their self-perceived current health status from
0 to 100 (where 0= the worst imaginable health state and 100= the
best). The EQ-5D index score is the converted single weighted index
score based on the entire questionnaire. This index score was based
on the British population norm (range−0.22 to 1.00) which is applicable
to the Swedish setting.19 The EQ-5D has the benefit of its versatility to be
applied across multiple settings and countries.

Data identification and ethics
SWEDEHEART data was linked to the PDR, NPR and data from SCB by
each patient’s unique personal identification number. The identifier key is
saved by the NBHWS and only pseudonymized data was provided to the
researchers. Thereafter data processing and analysis was performed.

Patients hold the right to deny that their details be added to the
SWEDEHEART registry as well as the right to withdraw their details
at any time from the registry without cause. They are informed of this
opt-out procedure (i.e. waived consent) as well as who will be able to ac-
cess the data and how the data will be used. The data underlying this art-
icle cannot be shared publicly due to legal reasons. The present study was

approved by the Regional Ethical Review Board in Uppsala, Sweden
(2013/478) and adheres to the Declaration of Helsinki.

Study population
Figure 1 details the flow of patients through the study. In total, 129 913
unique patients admitted with a first-time MI were registered in
SWEDEHEART from 1 January 2006 to 31 December 2015.

Exposures
β-blocker dose was the main exposure and was obtained from the first
dispensation post-discharge. In agreement with prior studies,20–23 target
doses of prescribed β-blockers were as follows: metoprolol 200 mg/day;
bisoprolol 10 mg/day; atenolol 100 mg/day. β-blocker dose was dichot-
omized into two groups based on the proportion of the pre-defined tar-
get dose as defined in previous trials1,20,23 : ,50% of the target dose
(reference dose) and≥50% of the target dose. All dosages assumed a pa-
tient consumption of one pill per day. Reference dosage was the same
across all analyses (,50%).

Analyses
Main analysis was conducted on the full cohort of patients with first-time
MI patients aged 18–74 years, registered in SWEDEHEARTwho survived
until the second SEPHIA follow-up, and enrolled in cardiac rehabilitation.

Figure 1 Study flowchart. CR, cardiac rehabilitation; PDR,
Prescribed Drug Registry; SEPHIA, Secondary Prevention after
Heart Intensive care Admission registry; SWEDEHEART,
Swedish Web System for Enhancement and Development of
Evidence-based Care in Heart Disease Evaluated According to
Recommended Therapies.
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Secondary sensitivity analyses were performed (i) in pre-defined subpo-
pulation strata by sex (male/female) and age (,65 years/65–74 years), (ii)
as a complete case analysis, and (iii) through selecting the second
β-blocker dispensation as alternative outcome and repeating all analyses
to ascertain dosage stability (exposure misclassification).

Outcomes
Primary outcome was EQ-5D index score (EQ5D-I). Secondary out-
comes were (i) EQ-VAS and (ii) Emotional distress based on the
EQ-5D-3L anxiety/depression questionnaire item. Outcomes were ana-
lysed at both SEPHIA time points at 6–10 weeks and 12–14 months
post-MI, respectively.

Covariates
Covariates were included based on a directed acyclic graph aimed at con-
trol for measured confounding and to increase the precision of estimated
associations. In-hospital variables included the following: hospital size
(tertiles: small/medium/large), admission year, admission-to-discharge
time (hospital stay), sex, age, smoking status (never/former/current smo-
ker), occupational status (working, sick-leave, unemployed/retired/stu-
dent or other), diabetes, body mass index (BMI), hypertension,
previous stroke, left ventricular ejection fraction (LVEF), heart rate, sys-
tolic blood pressure (SBP), infarction type ST segment elevation myocar-
dial infarction/non-ST segment elevation myocardial infarction (STEMI/
NSTEMI), reperfusion and revascularization. Discharge medications
were angiotensin-converting enzyme (ACE) inhibitors, angiotensin II re-
ceptor blockers (ARBs), oral anticoagulation, other antiplatelets, aspirin,
calcium channel blockers (CCBs), digitalis, diuretics, statins, other lipid
lowering agents, nitrates. Prior diagnosis of asthma, bronchitis, emphyse-
ma, other chronic respiratory disease, peripheral artery disease, depres-
sion, and anxiety were also included as covariates in the model.
Socioeconomic status (SES) variables were country of birth (foreign/
Sweden), prior year household income adjusted for family composition
(quintiles), and highest attained education (primary/secondary/higher).

Statistics
In summary, numerical variables are descriptively presented as either
their arithmetic mean (SD), or median [interquartile range], and categor-
ical variables as count (%) unless otherwise specified. Multiple imputation
via chained equations and predictive mean matching was performed to
handle missing data. Pooled analyses across the five imputed datasets fol-
lowed Rubin’s rules.24,25 Variables with most missing data were STEMI/
NSTEMI infarct type (19.1%), LVEF (14.2%), EQ5D-I at second follow-up
(14.1%), physical activity at second follow up (13.9%), EQ5D-VAS at se-
cond follow-up (13.9%), and emotional distress at second follow-up
(13.8%).

Crude and adjusted linear (for outcomes EQ5D-I, EQ5D-VAS) and lo-
gistic (for outcome emotional distress) regression was applied to esti-
mate pooled point estimates with cluster robust 95% confidence
intervals (CIs). Models included linear main effects with age also modelled
as a quadratic term. For stratified analyses, the variable stratified on was
not adjusted for with the exception of numerical age which still had to be
adjusted for within each age strata.

Data pre-processing and analysis was performed in R version 4.0.1.26

Results
The total study population included 35 612 unique patients with first-
time MI aged between 18 and 75 years, discharged with β-blocker
whom survived until the second SEPHIA follow-up and were en-
rolled in cardiac rehabilitation. At discharge, 24 082 (67.6%) patients

were dispensed with , 50% of the target dosage of β-blocker, and
11 530 (32.4%) with≥ 50% of target dosage.

At the first follow-up 6–10 weeks post MI, patients reported a me-
dian EQ5D-I of 0.84 [0.72, 1.00], EQ5D-VAS of 75 [60, 85], and 13
563 (38.1%) reported emotional distress. At second follow-up 12–
14 months post MI, patients reported a similar EQ5D-I median of
0.84 [0.72, 1.00], yet a slightly higher EQ5D-VAS of 80 [65, 90]
and slightly fewer patients and also a smaller percentage [10 090
(32.9%)] reported emotional distress.

Background characteristics
Descriptive summary statistics in Table 1 (exposure, in-hospital, and
medical history) and Table 2 (cardiac rehabilitation, SES, and out-
comes) show that patients prescribed ≥50% of the target
β-blocker dose were more likely to receive metoprolol, have a long-
er hospital stay, diabetes, hypertension, previous stroke, higher SBP
on admission, and be discharged with other medications than those
taking,50% of the target β-dose. Patients taking,50% of the target
β-blocker dose were more likely to have a higher level of education,
be working and have a higher income.

Before imputation and covariate adjustments, observed data in
Figure 2 shows that there were no clear raw associations for any
of the three outcomes with the β-blocker dosage exposure across
both follow-up time points during cardiac rehabilitation. Left skew
and ceiling effects were present for both numeric outcomes
(EQ5D-I; EQ5D-VAS) and also bi-/tri-modality (EQ5D-I). There
was also a pattern of clustering of individual patient responses at a
less granular response level than provided by the EQ5D-VAS, i.e. lo-
cal response spikes proximal to VAS values 10, 20, 30, et cetera.

Main analysis
After multiple imputation, effect estimates from pooled linear and lo-
gistic models were calculated and are presented in Figure 3. All esti-
mates apart from female sub-group analysis were statistically
significant in the EQ5D-VAS, but there were no differences in the
EQ5D-I or Emotional Distress outcomes by level of β-blocker
dose when adjusting for pre-defined covariates. This result did not
change across both follow-up time points, in men, women, ,65
years, and 65–74 year population strata.

Sensitivity analysis
Complete case analysis for the total population is available in the
Supplementary material online, Table A1.

Results from the analysis of the second patient dispensation are
described and reported in the Supplementary material online,
Table A2, Figure A1.

Discussion
The present study investigated the association between HRQoL and
β-blocker dose in first time MI patients by studying different aspects
of the EQ-5D questionnaire from the SEPHIA registry measured at
6–10 weeks and 12–14 months post MI. We found that neither the
EQ-5D Index nor the EQ-5D emotional distress dimension were
statistically different between the two β-blocker dose groups. This
result remained unchanged at the second follow-up. Only a slight
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Table 1 Descriptives for the total patient population and stratified by β-blocker dose with missing values
and bivariate significance tests (exposure, in-hospital, and medical history)

Total , 50% of the target
β-blocker dose

≥ 50% of the target
β-blocker dose

P a NA b

N 35 612 24 082 11 530 0

β-blocker

Metoprolol 29 995 (84.2) 21 528 (89.4) 8467 (73.4) ,0.001 0

Bisoprolol 4683 (13.2) 2305 (9.6) 2378 (20.6) ,0.001 0

Atenolol 934 (2.6) 249 (1.0) 685 (5.9) ,0.001 0

Socio-demographics

Male 26 128 (73.4) 17 612 (73.1) 8516 (73.9) 0.151 0

Age 61.54 (8.65) 61.51 (8.64) 61.60 (8.65) 0.342 0

Smoking status 0.021 832

Never 11 977 (34.4) 8133 (34.5) 3844 (34.3)

Previous (quit . 1 month) 11 473 (33.0) 7674 (32.5) 3799 (33.9)

Current 11 330 (32.6) 7772 (33.0) 3558 (31.8)

Medical history

BMI 27.60 (4.39) 27.24 (4.24) 28.35 (4.62) ,0.001 3256

Diabetes 4935 (13.9) 2852 (11.9) 2083 (18.1) ,0.001 44

Hypertension 14 182 (40.0) 8310 (34.7) 5872 (51.2) ,0.001 170

Previous stroke 1226 (3.5) 725 (3.0) 501 (4.4) ,0.001 176

Psychiatric history (diagnosis)

Depression 1507 (4.2) 1036 (4.3) 471 (4.1) 0.357 3

Anxiety 1583 (4.4) 1060 (4.4) 523 (4.5) 0.582 3

Cardiac status

LVEF ,0.001 5044

≥50% 20 116 (65.8) 14 000 (67.8) 6116 (61.6)

40–49% 6319 (20.7) 4082 (19.8) 2237 (22.5)

30–39% 3296 (10.8) 2059 (10.0) 1237 (12.5)

,30% 837 (2.7) 493 (2.4) 344 (3.5)

Heart rate 78.2 (19.6) 76.7 (18.7) 81.4 (21.1) ,0.001 1142

SBP 150.55 (28.0) 149.3 (27.4) 153.2 (29.1) ,0.001 1142

Infarct type 0.136 6807

STEMI 12 710 (44.1) 8720 (43.8) 3990 (44.8)

NSTEMI= (%) 16095 (55.9) 11175 (56.2) 4920 (55.2)

Hospital and cardiac care

Hospital stay in days c 4.00 [3.0, 5.0] 4.0 [3.0, 5.0] 4.0 [3.0, 6.0] ,0.001 0

Reperfusion 15 106 (42.4) 10 165 (42.2) 4941 (42.9) 0.256 1

Revascularization 14 225 (39.9) 9596 (39.8) 4629 (40.1) 0.598 1

Other discharge medications

ACE inhibitors 24 196 (68.0) 16 251 (67.5) 7945 (69.0) 0.006 25

ARB 4654 (13.1) 2755 (11.4) 1899 (16.5) ,0.001 17

Other antiplatelet medication 33 016 (92.7) 22 473 (93.4) 10 543 (91.4) ,0.001 12

Statins 34 635 (97.3) 23 454 (97.4) 11 181 (97.0) 0.026 3

Comorbid conditions

Asthma 1355 (3.8) 852 (3.5) 503 (4.4) ,0.001 3

PAD 500 (1.4) 302 (1.3) 198 (1.7) 0.001 3

Data are mean (SD), median [interquartile range], or count (%). Dose is defined by the first β-blocker dispensation.

ACE, angiotensin-converting enzyme; ARB, angiotensin-II receptor blockers; BMI, body mass index; LVEF, left ventricular ejection fraction; NSTEMI, non-ST-elevation

myocardial infarction; PAD, peripheral artery disease; SBP, systolic blood pressure; STEMI, ST-elevation myocardial infarction.
aBivariate comparisons are t-test, Kruskal–Wallis test, and chi-square test for Gaussian numeric, non-Gaussian numeric, and categorical variables, respectively.
bImputed before main analysis.
cTime in days from hospital admission to discharge.
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statistically significant difference in the EQ-VAS scale scores was
found between the two groups, yet clinical meaningfulness of this dif-
ference is questionable.

Our findings in this registry-based study suggest there is no differ-
ence in outcomes of HRQoL between patients taking ,50% or
≥50% of the target β-blocker dose. The EQ-5D-Index takes several
aspects into account (such as mobility, pain, and hygiene). However,
when taking depression and anxiety into account, as measured by the
emotional distress item, our results suggest no major impact of

β-blocker dose on this outcome. This finding, although comparing
doses, is predominantly in line with previous findings which have
failed to detect an association between β-blockers and HRQoL.5,7

However, a similar finding to that of the present study was reported
by a recent study in patients with atrial fibrillation whereby the
EQ-VAS was associated with the β-blocker bisoprolol.27

In the present clinical population sample, over 3000 patients were
discharged from hospital without β-blocker medication (see
Figure 1). Since the vast majority (.90%) of MI patients in Sweden
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Table 2 Descriptives for the total patient population and stratified by β-blocker dose with missing values
and bivariate significance tests (cardiac rehabilitation, socioeconomic background, and outcomes)

Overall , 50% of the target
β-blocker dose

≥ 50% of the target
β-blocker dose

Pa NAb

N 35 612 24 082 11 530 0

Socio-economic status

Education ,0.001 314

Higher 12 029 (34.1) 8287 (34.7) 3742 (32.7)

Primary 7181 (20.3) 4732 (19.8) 2449 (21.4)

Secondary 16 088 (45.6) 10 848 (45.5) 5240 (45.8)

Income quintile c 0.008 227

First 4510 (12.7) 3031 (12.7) 1479 (12.9)

Second 4159 (11.8) 2775 (11.6) 1384 (12.1)

Third 6433 (18.2) 4278 (17.9) 2155 (18.8)

Fourth 9492 (26.8) 6409 (26.8) 3083 (26.9)

Fifth 10 791 (30.5) 7435 (31.1) 3356 (29.3)

Occupational status 0.006 206

Working 15 805 (46.6) 10 829 (47.2) 4976 (45.5)

Sick-leave 988 (2.9) 661 (2.9) 327 (3.0)

Unemployed 820 (2.4) 555 (2.4) 265 (2.4)

Retired 16 128 (47.6) 10 791 (47.0) 5337 (48.8)

Student/other 153 (0.5) 116 (0.5) 37 (0.3)

Born outside Sweden 5560 (15.6) 3741 (15.5) 1819 (15.8) 0.562 2

First follow-up 6–10 weeks post MI

EQ5De

EQ5D-If 0.84 [0.72, 1.00] 0.84 [0.72, 1.00] 0.84 [0.72, 1.00] ,0.001 72

EQ5D-VASg 75.0 [60.0, 85.0] 75.0 [60.0, 85.0] 75.0 [60.0, 82.0] ,0.001 1

Emotional distressh 13 563 (38.1) 9060 (37.6) 4503 (39.1) 0.009 0

2nd follow-up 12–14 months after MI

EQ5De

EQ-5D Indexf 0.84 [0.72, 1.00] 0.84 [0.72, 1.00] 0.84 [0.72, 1.00] ,0.001 5014

EQ-5D VASg 80.0 [65.0, 90.0] 80.0 [68.0, 90.0] 75.0 [62.0, 85.0] ,0.001 4950

Emotional distressh 10 090 (32.9) 6741 (32.3) 3349 (34.2) 0.001 4943

Data are mean (SD), median [interquartile range], or count (%). Dose is defined by the first post-discharge β-blocker dispensation.
EuroQoL, European Quality of Life association; LDL-C, low-density lipoprotein C; SBP, systolic blood pressure; SEPHIA, Secondary Prevention after Heart Intensive Care Admission.
aBivariate comparisons are t-test, Kruskal–Wallis test, and chi-square test for Gaussian numeric, non-Gaussian numeric, and categorical variables, respectively.
bImputed before main analysis.
cIncome in quintiles for the year preceding the MI and adjusted for family composition (1= lowest income).
dNumber of at least moderately intense .30 min sessions of physical activity per week.
eEuroQoL Five Dimension scale (1= ‘Indicating no problem [trait 1–5]’, 2= ‘Indicating some problems [trait 1–5]’, 3= ‘Indicating extreme problems [trait 1–5]’).
fEuroQoL Index.
gEuroQol Visual Analogue Scale.
hEmotional Distress, equal to response levels 2 or 3 on the EQ5D Anxiety/Depression item.
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are discharged with β-blockers by default, it was not possible to com-
pare to patients discharged without β-blockers. For many with clear
contraindications such as coronary vasospasm, low blood pressure,
bradycardia, or acute heart failure, treatment with β-blockers
upon discharge is not recommended,28 and we would therefore
risk confounding the results if we included this third group in the ana-
lysis. Similarly, reasons for a low β-blocker dose may be one of sev-
eral, including: low BMI, sex, asthma, COPD, bradycardia, local
treatment traditions, poor patient compliance (etc.). Many of the
aforementioned reasons for a lower dose could increase the possi-
bility of confounding if they are also associated with HRQoL; how-
ever, we controlled for most of these variables in order to address
this potential problem. Contrary to reasons for a lower prescribed
dose, our data suggest that those receiving ≥50% of the target
dose were more likely to have diabetes, previous stroke, and hyper-
tension, yet controlling for these factors failed to detect any counter-
effects of the higher dose on the outcomes measuring HRQoL.

In the present study, the EQ-VAS, a measure of self-reported
health and quality of life, although statistically significant, did not indi-
cate any meaningful difference that can be attributed to β-blocker
dose that remained after controlling for existing health. The differ-
ence in EQ-5D VAS between groups was numerically less than one
scale-point (0.87) on a 0–100° scale, intuitively giving little indication
of being clinically meaningful. Studies exploring the minimum clinically
important difference for the EQ-VAS scale in patients with chronic

medical conditions other than cardiovascular disease generally report
larger observed differences than we reported here.29,30

HRQoL was measured in the present study by using the EQ-5D
instrument. Whilst the ease and simplicity of the EQ-5D is praised
in some clinical contexts, the EQ-5D has also been criticized for
over-simplification of the outcome and generic classification of
health state. Understandably, in comparison with the EQ-5D alone,
data-rich standardized questionnaires that delve further into
psychological-related health symptoms would be advantageous
[such as those used in the QoL sub-study to the ongoing
REDUCE-SWEDEHEART trial (NCT03278509)]. However, easy
availability of the EQ-5D as a routine measure in the SEPHIA registry
allowed for the population size data that was used in the present ana-
lysis and thus provides important real-world estimates with high ex-
ternal validity. This thereby complements findings from RCT-designs
often suffer from a selection procedure compromising generalizabil-
ity of findings to the clinical population at large.

Limitations
With registry-based observational data, the risk for unmeasured con-
founding is always present. We were not able to control for all vari-
ables, which may have affected the group allocation and potentially
confounded the outcome. This could induce confounding of our es-
timates if such variables were also associated with HRQoL. On the
other hand, we controlled for a wide range of confounders and

Figure 2 Plots of the three outcomes at each of the two follow-up time-points stratified by level of β-blocker dose. Data are unadjusted con-
ditional distributions with observed values from 35 612 patients with first-time myocardial infarction registered in Swedish Web System for
Enhancement and Development of Evidence-based Care in Heart Disease Evaluated According to Recommended Therapies, discharged with
β-blocker and with a first post discharge dispensation of β-blocker registered in the Prescribed Drug Registry and enrolled in cardiac rehabilitation.
European Quality of Life Five Dimensions Questionnaire Index, index calculated using the European Quality of Life Five Dimensions Questionnaire
item responses (UK norms); European Quality of Life Five Dimensions Questionnaire-, 0–100 numeric self-rating of a patient’s present, general
health (0=worst imaginable health state); Emotional distress, equal to response levels 2 or 3 on the European Quality of Life Five Dimensions
Questionnaire Discomfort/Sadness item indicating presence of general psychological distress of no specific magnitude; EuroQoL, European
Quality of Life association; Secondary Prevention after Heart Intensive Care Admission 1, cardiac rehabilitation follow-up at 6–10 weeks post myo-
cardial infarction; Secondary Prevention after Heart Intensive Care Admission 2, cardiac rehabilitation follow-up at 12–14 months post myocardial
infarction.
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Figure 3 Main adjusted analysis of≥50% of the target β-blocker dose vs.,50% of the target dose (reference) for outcomes separated by follow-
up time. Data are point estimates and 95% confidence intervals with p-values from pooled linear (European Quality of Life Five Dimensions
Questionnaire Index, European Quality of Life Five Dimensions Questionnaire-Visual Analogue Scale) or logistic (Emotional distress) regression
model estimates after multiple imputation and multivariable adjustment. Three outliers were excluded. Dose is defined by the first post-discharge
β-blocker dispensation per each patient. Reference group was patients receiving,50% of the reference β-blocker dose. EQ5D-I, index calculated
using the European Quality of Life Five Dimensions Questionnaire item responses (UK norms); European Quality of Life Five Dimensions
Questionnaire-Visual Analogue Scale, 0–100 numeric self-rating of a patient’s present, general health (0=worst imaginable health state);
Emotional distress, equal to response levels 2 or 3 on the European Quality of Life Five Dimensions Questionnaire Discomfort/Sadness item indi-
cating presence of general psychological distress of no specific magnitude; EuroQoL, European Quality of Life association.
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estimates did not change across crude and adjusted analyses. In add-
ition, unlike smaller observational studies with limited data on pos-
sible confounders,31–33 we linked multiple registries in our study
which enabled us to control for possible factors that may influence
the relationship between β-blocker dose and HRQoL, a method
complimented by a similar registry-based study.9

Selection bias was possible since we were not able to include pa-
tients above 75 years in the analysis at the dates we used for inclu-
sion. Although the SEPHIA register now includes patients ,80
years, our analysis covered dates outside of this period. Many women
experience MI at a later stage in life than men, it might thus be a dis-
advantage that the age group 75–80 years is not included in our ana-
lysis, especially since the stratification analysis for female sex was the
only sub-group that showed no association between β-blocker dose
and EQ-VAS outcomes at first follow-up.

On the contrary, our findings in patients,75 years might have im-
portant implications in men. β-blocker consumption has been nega-
tively associated with erectile dysfunction (ED) in younger men,
when compared with those not taking the medication,34 and to those
in an older age category.35 This seems to be a common finding36 that is
specific to β-blockers than to other antihypertensive medication,
such as ACE inhibitors.37 This relationship is important to consider
seeing that HRQoL is reportedly lower in people with ED38,39 and
could therefore be important for the present study’s findings in pa-
tients aged,75 years.

Lastly, comparing high to low dose classifications can only tell us so
much about the effect of β-blocker on HRQoL, and there is no way to
monitor the exact dose consumed to the dose implied by the prescrip-
tion dispensation, although we can assume accuracy is rather good.
β-blocker adherence has been found to significantly decline over
time after discharge.40,41 Reasons for this decline could be due to un-
wanted side effects, but since the present study did not find the
results to differ to any large extent when conducting sensitivity
analyses on the second outtake of β-blocker, actual vs. presumed
consumption is unlikely to have impacted our findings to a substantial
degree. Randomized trials [such as the ongoing trials: Swedish
Randomized Evaluation of Decreased Usage of β-blockers after
MI in the SWEDEHEART registry (REDUCE-SWEDEHEART,
NCT03278509) and the Treatment with Beta-blockers after
Myocardial Infarction without Reduced Ejection Fraction (REBOOT,
NCT0359638542)] remain the best method of directly comparing ac-
tual effects of treatment vs. no treatment at all (or even placebo) in this
context. Whilst it is difficult to infer causation from non-randomized
studies, this observational study has the benefit of using nationwide,
real-world data from over 35000 first-timeMI patients and can there-
fore compliment smaller, more narrowly selected RCTs in this area.

Conclusion
This large national real-world cohort study on first-time MI patients
did not detect a difference in the EQ-5D index between those re-
ceiving low vs. high β-blocker dose either at short- or long-term fol-
lowing discharge. Only a small significant difference was found in the
EQ-5D VAS. Thus, it seems likely that there is no clinically meaningful
relationship between level of β-blocker post-MI discharge and self-
assessed HRQoL.

Supplementary material
Supplementary material is available at European Heart Journal: Acute
Cardiovascular Care online.

Acknowledgements
The authors would like to express their gratitude to the
SWEDEHEART patients their clinicians and hospital staff.

Funding
This work was supported by the U-CARE Uppsala University
Psychosocial Care Programme: U-CARE (grant number DNR
2009-1093), the Swedish Heart and Lung Association (grant number
DNR 2018:32 & 2019:7), the Söderström König Foundation (grant
number SLS-941192], the Center for Innovative Medicine (CIMED
96328), the Region Stockholm and the Swedish Heart-Lung
Foundation (grant number DNR 2018-0187).

Conflict of interest: None declared.

Data availability
Due to legal reasons, the data in the article cannot be shared publicly.

Authors’ contributions
All authors were responsible for the concept and design, critical re-
vising of the manuscript, and result interpretation. J.W., C.H. and
E.M.G.O. were responsible for data acquisition. S.H. and J.W. drafted
the manuscript. J.W. did the statistical analyses. All authors had full
access to all of the data in the study and take responsibility for the
integrity of the data and the accuracy of the data analysis.

References
1. Chen Z, Xie J. Early intravenous then oral metoprolol in 45 852 patients with acute
myocardial infarction: randomised placebo-controlled trial. Lancet 2005;366:
1622–1632.

2. Cojocariu SA, Maștaleru A, Sascău RA, Stătescu C, Mitu F, Leon-Constantin MM.
Neuropsychiatric consequences of lipophilic beta-blockers. Medicina 2021;57:155.

3. Thiessen BQ,Wallace SM, Blackburn JL,Wilson TW, Bergman U. Increased prescrib-
ing of antidepressants subsequent to beta-blocker therapy. Arch Int Med 1990;150:
2286–2290.

4. Pérez-Stable EJ, Halliday R, Gardiner PS, Baron RB, HauckWW, Acree M, Coates TJ.
The effects of propranolol on cognitive function and quality of life: a randomized trial
among patients with diastolic hypertension. Am J Med 2000;108:359–365.

5. Ranchord AM, Spertus JA, Buchanan DM, Gosch KL, Chan PS. Initiation of β-blocker
therapy and depression after acute myocardial infarction. Am Heart J 2016;174:
37–42.

6. Westlake C, Dracup K, Fonarow G, Hamilton M. Depression in patients with heart
failure. J Card Fail 2005;11:30–35.

7. Barron AJ, Zaman N, Cole GD, Wensel R, Okonko DO, Francis DP. Systematic re-
view of genuine versus spurious side-effects of beta-blockers in heart failure using
placebo control: recommendations for patient information. Int J Cardiol 2013;168:
3572–3579.

8. Kotseva K, Wood D, De Bacquer D, De Backer G, Rydén L, Jennings C, Gyberg V,
Amouyel P, Bruthans J, Castro Conde A, Cífková R, Deckers JW, De Sutter J, Dilic
M, Dolzhenko M, Erglis A, Fras Z, Gaita D, Gotcheva N, Goudevenos J,
Heuschmann P, Laucevicius A, Lehto S, Lovic D, Miličić D, Moore D, Nicolaides E,
Oganov R, Pajak A, Pogosova N, Reiner Z, Stagmo M, Störk S, Tokgözoğlu L, Vulic
D. EUROASPIRE IV: a European Society of Cardiology survey on the lifestyle, risk
factor and therapeutic management of coronary patients from 24 European coun-
tries. Eur J Prev Cardiol 2016;23:636–648.

9. Mars K,Wallert J, Held C, Humphries S, Pingel R, Jernberg T, Olsson EM, Hofmann R.
Association between b -blocker dose and cardiovascular outcomes after myocardial
infarction : insights from the SWEDEHEART registry 2020.

Association between β-blocker dose and quality of life 499

http://academic.oup.com/ehjacc/article-lookup/doi/10.1093/ehjacc/zuac050#supplementary-data


10. Shavadia JS, Holmes DJN, Thomas L, Peterson ED, Granger CB, Roe MT, Wang TY.
Comparative effectiveness of β-blocker use beyond 3 years after myocardial infarc-
tion and long-term outcomes among elderly patients. Circ Cardiovasc Qual Outcomes
2019;12:e005103.

11. Rabin R, De Charro F. EQ-5D: a measure of health status from the EuroQol group.
Ann Med 2001;33:337–343.

12. Dyer MTD, Goldsmith KA, Sharples LS, Buxton MJ. A review of health utilities using
the EQ-5D in studies of cardiovascular disease. Health Qual Life Outcomes 2010;8:
1–12.

13. Lawson CA, Solis-Trapala I, Dahlstrom U, Mamas M, Jaarsma T, Kadam UT,
Stromberg A, Lam CS. Comorbidity health pathways in heart failure patients: a
sequences-of-regressions analysis using cross-sectional data from 10,575 patients
in the Swedish Heart Failure Registry. PLoS Med 2018;15:1–18.

14. Lissåker CT, Norlund F,Wallert J, Held C, Olsson EMG. Persistent emotional distress
after a first-time myocardial infarction and its association to late cardiovascular and
non-cardiovascular mortality. Eur J Prev Cardiol 2019;26:1510–1518.

15. Hofmann R, Befekadu Abebe T, Herlitz J, James SK, Erlinge D, Yndigegn T, Alfredsson
J, Kellerth T, Ravn-Fischer A, Völz S, Lauermann J. Routine oxygen therapy does not
improve health-related quality of life in patients with acute myocardial infarction—
insights from the randomized DETO2X-AMI trial. Front Cardiovasc Med 2021;8.

16. Bäck M, Leosdottir M, Hagström E, Norhammar A, Hag E, Jernberg T, Wallentin L,
Lindahl B, Hambraeus K, SWEDEHEART study group. The SWEDEHEART second-
ary prevention and cardiac rehabilitation registry (SWEDEHEART CR registry). Eur
Hear J Qual Care Clin Outcomes 2021;7:431–437.

17. Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim J-L, Reuterwall C, Heurgren
M, Olausson PO. External review and validation of the Swedish national inpatient
register. BMC Public Health 2011;11:450.

18. Statistikmyndigheten SCB. Statistics Sweden. Statistika centralbyrån. 2016.
19. Janssen B, Szende A. Population norms for the EQ-5D. In: Szende A Janssen B and

Cabases J (eds.), Self-Reported Population Health: An International Perspective Based
on EQ-5D. Dordrecht: Springer Netherlands; 2014. p19–30.

20. Hjalmarson Å, Herlitz J, Málek I, Rydén L, Vedin A, Waldenström A, Wedel H,
Elmfeldt D, Holmberg S, Nyberg G, Swedberg K, Waagstein F, Waldenström J,
Wilhelmsen L,Wilhelmsson C. Effect on mortality of metoprolol in acute myocardial
infarction. A double-blind randomised trial. Lancet 1981;318:823–827.

21. Norwegian Multicenter Study Group. Timolol-induced reduction in mortality and re-
infarction in patients surviving acute myocardial infarction. N Engl J Med 1981;304:
801–807.

22. National Heart, Lung, and Blood Institute. A randomized trial of propranolol in pa-
tients with acute myocardial infarction: I. Mortality results. J Am Med Assoc 1982;
247:1707–1714.

23. The MIAMI Trial Research Group. Metoprolol in acute myocardial infarction
(MIAMI). A randomised placebo-controlled international trial. Eur Heart J 1985;6:
199–226.

24. van Buuren S. Groothuis-Oudshoorn K. mice: multivariate imputation by chained
equations in R. J Stat Softw 2011;45:1–67.

25. Rubin DB.Multiple Imputation for Nonresponse in Surveys. In: Rubin DB. Hoboken, NJ:
John Wiley & Sons, Inc.; 1987.

26. R Core Team. R: A Language and Environment for Statistical Computing. Vienna: R
Foundation for Statistical Computing; 2021. https://www.R-project.org/.

27. Kotecha D, Bunting K V, Gill SK, Mehta S, Stanbury M, Jones JC, Haynes S, Calvert MJ,
Deeks JJ, Steeds RP, Strauss VY, Rahimi K, Camm AJ, Griffith M, Lip GYH, Townend
JN, Kirchhof P. Effect of digoxin vs bisoprolol for heart rate control in atrial fibrillation
on patient-reported quality of life: the RATE-AF randomized clinical trial. J Am Med
Assoc 2020;324:2497–2508.

28. Collet J-P, Thiele H, Barbato E, Barthélémy O, Bauersachs J, Bhatt DL, Dendale P,
Dorobantu M, Edvardsen T, Folliguet T, Gale CP, Gilard M, Jobs A, Jüni P,
Lambrinou E, Lewis BS, Mehilli J, Meliga E, Merkely B, Mueller C, Roffi M, Rutten
FH, Sibbing D, Siontis GCM. ESC guidelines for the management of acute coronary
syndromes in patients presenting without persistent ST-segment elevation. Eur Heart
J 2020;2020:1–79.

29. Zanini A, Aiello M, Adamo D, Casale S, Cherubino F, Della Patrona S, Raimondi E,
Zampogna E, Chetta A, Spanevello A. Estimation of minimal clinically important dif-
ference in EQ-5D visual analog scale score after pulmonary rehabilitation in subjects
with COPD. Respir Care 2015;60:88–95.

30. Tsai APY, Hur SA, Wong A, Safavi M, Assayag D, Johannson KA, Morisset J, Fell C,
Fisher JH, Manganas H, Shapera S, Cox G, Gershon AS, Hambly N, Khalil N, To T,
Wilcox PG, Halayko A, Kolb MRJ, Ryerson CJ. Minimum important difference of
the EQ-5D-5L and EQ-VAS in fibrotic interstitial lung disease. Thorax 2021;76:
37–43.

31. Allen JE, Knight S, McCubrey RO, Bair T, Muhlestein JB, Goldberger JJ, Anderson JL.
β-blocker dosage and outcomes after acute coronary syndrome. Am Heart J 2017;
184:26–36.

32. Goldberger JJ, Bonow RO, Cuffe M, Liu L, Rosenberg Y, Shah PK, Smith SC, Subačius
H. Effect of beta-blocker dose on survival after acute myocardial infarction. J Am Coll
Cardiol 2015;66:1431–1441.

33. Hwang D, Lee JM, Kim HK, Choi KH, Rhee T-M, Park J, Park TK, Yang JH, Song YB,
Choi J-H, Hahn J-Y, Choi S-H, Koo B-K, Kim YJ, Chae S-C, Cho MC, Kim CJ, Gwon
H-C, Jeong MH, Kim H-S. Prognostic impact of β-blocker dose after acute myocar-
dial infarction. Circ J 2019;83:410–417.

34. Dai Y, Mei Z, Zhang S, Shali S, Ren D, Xu L, GaoW, Chang S, Zheng Y, Qian J, Yao K,
Ge J. Sexual dysfunction and the impact of beta-blockers in young males with coron-
ary artery disease. Front Cardiovasc Med 2021;8:708200.

35. Cordero A, Bertomeu-Martínez V, Mazón P, Fácila L, González-Juanatey JR. Erectile
dysfunction may improve by blood pressure control in patients with high-risk hyper-
tension. Postgrad Med 2010;122:51–56.

36. Manolis A, Doumas M, Ferri C, Mancia G. Erectile dysfunction and adherence to anti-
hypertensive therapy: focus on β-blockers. European Journal of Internal Medicine 2020;
81:1–6.

37. Fogari R, Zoppi A, Corradi L, Mugellini A, Poletti L, Lusardi P. Sexual function in
hypertensive males treated with lisinopril or atenolol a cross-over study. Am J
Hypertens 1998;11:1244–1247.

38. Litwin MS, Nied RJ, Dhanani N. Health-related quality of life in men with erectile dys-
function. J Gen Intern Med 1998;13:159–166.

39. Manolis A, Doumas M. Sexual dysfunction: the ‘prima ballerina’ of hypertension-
related quality-of-life complications. J Hypertens 2008;26:2074–2084.

40. Butler J, Arbogast PG, BeLue R, Daugherty J, Jain MK, Ray WA, Griffin MR.
Outpatient adherence to beta-blocker therapy after acute myocardial infarction. J
Am Coll Cardiol 2002;40:1589–1595.

41. Kramer JM, Hammill B, Anstrom KJ, Fetterolf D, Snyder R, Charde JP, Hoffman BS,
LaPointe NA, Peterson E. National evaluation of adherence to β-blocker therapy for
1 year after acute myocardial infarction in patients with commercial health insurance.
Am Heart J 2006;152:454.e1–454.e8.

42. Rossello X, Raposeiras-Roubin S, Latini R, Rodriguez AD, Barrabés J, Sánchez P,
Anguita M, Vázquez FF, Figal DP, De La Torre Hernandez J, Ferraro S, Vetrano A,
Rivera JP, Delgado OP, Escalera N, Staszewsky L, Pizarro G, Agüero J, Pocock S,
Ottani F, Fuster V, Ibáñez B. Rationale and design of the pragmatic clinical trial
tREatment with Beta-blockers after myOcardial infarction withOut reduced ejection
fracTion (REBOOT). Eur Hear J Cardiovasc Pharmacother 2021:pvab060.

500 S. Humphries et al.


	Association between β-blocker dose and quality of life after myocardial infarction: �a real-world Swedish register-linked study 
	Introduction
	Methods
	Registries and data
	Data identification and ethics
	Study population
	Exposures
	Analyses
	Outcomes
	Covariates
	Statistics

	Results
	Background characteristics
	Main analysis
	Sensitivity analysis

	Discussion
	Limitations

	Conclusion
	Supplementary material
	Acknowledgements
	Funding
	Data availability
	Authors’ contributions
	References


