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Objective: A relation may exist between self-reported health and adverse events in coronary
heart disease. Previous studies have been vulnerable to possible selection bias. In the study
reported here, we examined the association between self-rated health and adverse events in
terms of cardiac events, cardiac readmissions, and all-cause mortality in a complete cohort of
patients treated with percutaneous coronary intervention (PCI).

Study design and setting: A cohort of patients with coronary heart disease treated with PCI
was followed up with questionnaires 4 weeks after PCI to measure self-rated health and in
registers to identify adverse events. Of 1,752 eligible patients under 67 years, 26 died during
the first 4 weeks. A total of 224 patients were excluded from the analysis because they were
readmitted with a cardiac diagnosis before answering the first questionnaire. We received com-
plete SF-12 Health Survey component summaries from 984 of the remaining 1,502 patients. We
used multiple imputation to establish a complete cohort, including nonrespondents.

Results: During follow-up, 83 patients died, 220 patients experienced a new cardiac event, and
526 patients experienced a hospital readmission related to coronary heart disease. Poor self-rated
health was related to cardiac events, cardiac readmission, and all-cause mortality. The associa-
tions were stronger for all-cause mortality than for events and readmissions. Physical health was
more important than mental health, but both revealed an exposure—response pattern.
Conclusion: Poor self-reported health within 4 weeks of PCI was associated with adverse
outcomes during up to 5 years’ follow-up.

Keywords: coronary heart disease, patient-reported outcomes, SF-12 adverse events, mortality,
multiple imputation

Introduction

Coronary heart disease is a major cause of death and disability. In Denmark, approxi-
mately 9,000 patients are treated annually with percutaneous coronary intervention
(PCI)." Because treatment has improved over the last decades, mortality has declined,
resulting in more patients living with heart disease as a chronic condition.? However,
staying healthy and having no recurrent hospitalizations is crucial following the PCI.
A substantial proportion of patients experience readmissions in the years following the
initial procedure.>* A systematic review of the current literature on health status as a
risk factor of adverse prognosis in coronary heart disease summarized that poor self-
reported physical health was associated with adverse events (primarily readmissions)
but also mortality.” However, most studies were conducted in mixed populations of
patients with coronary heart disease, treated with various procedures including not
only PCI but also coronary artery bypass grafting.’ One study focused on PCl-treated
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patients and demonstrated that poor health-related quality of
life was related to early (<6 months) but not later events.®
Recent studies have confirmed the conclusions’!° and have
shown that mental factors, such as depression and anxiety, are
also associated with cardiac events and death.”!' Schenkeveld
et al examined the eight separate domains of the SF-36 Health
Survey, and demonstrated that mental as well as physical
domains were related to mortality and that the associations
in the physical domains dominated.”

Previous studies may lack external validity because
they were either post-hoc studies of randomized controlled
trials with extensive exclusion criteria or because major
proportions of the invited patients did not participate, hence
introducing potential selection bias.

The aim of the study reported here was to investigate the
relation between mental and physical self-rated health and
adverse events shortly after PCI in terms of cardiac events,
cardiac readmissions, and all-cause mortality in a complete
population-based cohort of working-age patients.

Patients and methods

Patients

The Central Denmark Region is one of five administrative
units in Denmark, with 1.25 million inhabitants.'? All patients
referred acutely and electively for PCI are treated at one single
unit at Aarhus University Hospital, Skejby in Aarhus. From
February 2006 to March 2008, 3,966 patients were treated
with PCIL. A total of 1,752 patients below 67 years of age were
recruited from the in-hospital patient administrative system, and
information on addresses and vital status was collected from
the Danish Central Person Register (CPR) prior to approaching
each patient. Twenty-six patients died within the first 4 weeks,
resulting in an eligible cohort of 1,726 patients.

Design

One month after the PCI, the patients were invited to participate
in a longitudinal study and mailed the first questionnaire on
self-rated health (the SF-12 Health Survey [SF-12]). Patients
who agreed to participate in the follow-up study were mailed
repetitive questionnaires over a period of at least 3 years. In this
particular study, only the first of the repetitive questionnaires
was used. The “SF-12” is a generic health survey consisting
of 12 questions that correspond to eight subscales. In addi-
tion to the eight subscales, the SF-12 also produces two major
summary scores, a physical component summary (PCS) and a
mental component summary (MCS), each graded from 0 to 100,
with higher scores indicating better health.!® In this article, we
present results using the two component scores.

The questionnaires were combined with register data. In
Denmark, every resident is provided with a unique personal
identification number that enables individual-level linkage
between registries. For those who died during follow-up, the
exact day of death was obtained from Danish CPR. Data on
diagnoses (International Classification of Diseases, tenth
edition [ICD-10]) and dates for readmissions before the PCI
and during follow-up were obtained from the Danish National
Patient Registry.!* At the time of the final data merge, the
register was complete until January 1, 2011.

Sex and age information was obtained from each patient’s
personal identification number. Clinical baseline data (body
mass index [BMI]), smoking status, indication for elective
or acute PCI, and left-ventricular ejection fraction (LVEF)
were obtained from the West Denmark Heart Registry."
Data on public transfer incomes and trade union member-
ship were sourced from the Danish Register for Evaluation
of Marginalization.'®

Methods

We defined four different adverse events: cardiac readmis-
sion, cardiac event, cardiac event including death, and
all-cause mortality. We identified all admissions for our
cohort in the Danish National Patient Registry. The exact
timing of answering the first questionnaire for each patient
was obtained to determine if an event had occurred before
they had answered the questionnaire. Patients with cardiac
hospitalizations in the period from PCI to the answering of
the first questionnaire (or, for the nonrespondents, during
the first 4 weeks) were excluded (n=224), resulting in a
final study population of 1,502 patients (Figure 1). The first
7 days preceding PCI were considered related to the initial
PCI hospitalization, and thus admissions during the first
7 days were ignored.

Follow-up time was calculated from the date of PCI, with
delayed entry at the answering of the first questionnaire.
Cardiac admissions were registered by the primary diagnosis
in all hospital admissions, and the time to each admission
obtained. Cardiac events were defined as ICD-10 codes
DI120.0, DI21, DI23, and DI24, while cardiac readmissions
also included ICD-10 codes DI20.1, DI20.8, DI20.9, and
DI25 along with the cardiac event codes.

For the outcome cardiac event, we used two different
scenarios of including information on all-cause mortality:
1) by censoring at the date of death and 2) by including
all-cause mortality in the outcome of adverse cardiac
event. Only the first occurring event was considered for
analysis.

62 submit your manuscript

Dove

Clinical Epidemiology 2014:6


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Patient-reported health as a prognostic factor for AEs after PCI

1,752 with PCI

26 patients died

1,726 alive

before questionnaire

224 experienced new

1,502 in the study

Figure | Flowchart of the study population.
Abbreviation: PCI, percutaneous coronary intervention.

For the adverse outcome all-cause mortality, we obtained
the exact day of death until follow-up ended in the Danish
National Patient Registry on January 1, 2011.

Self-rated health

The two component summaries from the SF-12, the MCS
and PCS, were used in their continuous form and categorized
according to the 25, 50, and 75 percentiles (rounded to nearest
integer), resulting in four categories. MCS was categorized
into <42.0,42.0-49.9, 50.0-56.9, and 57.0+, while PCS was
categorized into <38.0, 38.0-45.9, 46.0-52.9, and 53.0+.
The MCS and PCS were also dichotomized at the median:
50 in MCS and 46 in PCS.

Covariates

Data on prevalent comorbidity preceding the PCI were
recoded to the Charlson Comorbidity Index' and cat-
egorized into zero, one, or two or more points. Incident
comorbidity was derived from admissions following the
first questionnaire and coded as an indicator of any read-
missions not related to cardiac events. Noncardiac events
occurring before the answering of the first questionnaire
were identified and used to create an indicator for an early
other event. Educational level was derived from self-report
or (if missing) from membership of a trade union, recoded
according to the International Standard Classification
of Education,'” and dichotomized into low (<10 years’
education) versus intermediate/high education. Data on
physical activity were dichotomized into low activity
(=4 hours/week) versus high activity (>4 hours/week).
Age was dichotomized at 55 years and LVEF was catego-
rized into <30.0, 30.0-44.9, 45.0-59.9, and =60. BMI was
categorized according to the World Health Organization

cardiac hospitalization
before questionnaire

classifications and dichotomized as normal BMI (<25)
versus overweight and obese (=25). Smoking was grouped
into current smokers, previous smokers, and never smokers.
Transfer payments at the week preceding the answering of
the questionnaire were categorized into the following five
groups: 1) working or on work-related benefits, 2) health-
related benefits, 3) early retirement, 4) normal retirement,
and 5) dead or emigrated.

Statistical analysis

The four different outcome measures are presented sepa-
rately in Kaplan—Meier plots (Figure 2). We used multiple
imputation (MI) to handle missing data in the study.'®'* For
MI of the two component summaries from the SF-12 at the
time of the first questionnaire, we used the following of the
repetitive questionnaires (answered at 3 months), the transfer
payment group at the week preceding the questionnaire,
demographics (age and sex), baseline information from
the clinical database (LVEF and indication of the PCI),
comorbidity in terms of the Charlson Comorbidity Index
and noncardiac events (both early and during follow-up),
along with the adverse-event outcomes and mortality includ-
ing times to event. A number of explanatory variables were
missing as well (Table 1), and these were imputed along
with the SF-12 component summaries before analysis
(Supplementary material).

Among nonrespondents, we defined the time of the first
questionnaire to 1 month after the PCI. The models for MI
including models for other covariates with missing data are
shown in detail in the Supplementary material. All analyses
were performed in Stata/IC (v 12.1; StataCorp LP, College
Station, TX, USA). The imputations (m=100) and the analy-
ses, using Rubin’s rule,? were performed using the MI suite

Clinical Epidemiology 2014:6

submit your manuscript 63

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Biering et al Dove
Cardiac events Cardiac events/all cause mortality
1.00 1.00
0.75 0.75
0.50 0.50
0.25 0.25
0.00 1 0.00
0 1 2 3 4 5 0 1 2 3 4 5
Years since PCI Years since PCI
All cause mortality All cardiac admissions
1.00 1.00 \
0.75 0.75
0.50 0.50
0.25 0.25
0.00 | 0.00 1
0 1 2 3 4 5 0 1 2 3 4 5

Years since PCI

Figure 2 Kaplan—Meier plots.
Abbreviation: PCl, percutaneous coronary intervention.

in Stata. We analyzed the data using the Cox proportional
hazards model. To test for proportionality, we examined how
log hazard ratios could change over time by allowing them
to depend linearly on time. All estimates are given with 95%
confidence intervals in parentheses. For the analyses on time
to cardiac events, we adjusted for age, sex, comorbidity,
indication for PCI, LVEF, educational level, and lifestyle
(smoking, physical activity, and BMI). For the analyses on
mortality, we adjusted for age, sex, comorbidity, indication
for PCI, LVEE, and noncardiac hospital admissions during
follow-up.

To challenge the assumption of missing-at-random in
the MI, we conducted sensitivity analyses with two different
scenarios. First, we subtracted five points from each of the
imputed SF-12 scores, equivalent to 2 standard deviation.
Second, we subtracted an additional five points in patients
who had a Charlson Comorbidity Index score =2, assuming
that these patients would have rated their health worse than
the respondents because of health-related problems due to
comorbidity. Half a standard deviation is considered close
to the minimal important difference in most quality-of-life
measures, and consequently a choice of possible relevant
impact on the results.?!

Results
Baseline characteristics are shown in Table 1. Almost 80%
of the patients were men, and 31% were treated acutely.

Years since PCI

Women were slightly older and less often overweight or
obese. Patients treated acutely were younger, had higher
LVEFs, were more frequently smokers, and suffered less
often from comorbidity. Women experienced more cardiac
events and readmissions than men, while mortality was
similar. Patients with an acute indication for PCI had a
lower mortality than patients with an elective indication,
while their frequencies of events and readmissions were
comparable.

During follow-up, 83 patients died, 148 experienced a
new cardiac event, and 220 had either a new cardiac event
or died (in eleven patients, both events occurred on the same
day). A total of 526 patients experienced a readmission to
hospital related to coronary heart disease, including the
cardiac events.

The Kaplan—Meier plots of each of the four different
outcomes are presented in Figure 2, which shows that most
cardiac readmissions occurred during the first year following
PCI, while cardiac events and death occurred with a more
evenly distributed frequency during follow-up.

Missing data

Of the total cohort of 1,726 patients, we received question-
naires from 1,323. Among the 1,502 patients in this study, 984
patients completed the SF-12. The nonrespondents differed
from the respondents with regard to several aspects; the most
important are illustrated in Table 2.
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Table | Characteristics of 1,502 patients treated with percutaneous coronary intervention, total and stratified by sex and indication

Characteristic

Total, n (%)

Sex, n (%)

Indication of PCI, n (%)

Males Females Acute Elective

Total 1,502 (100) 1,181 (100) 321 (100) 470 (100) 1,032 (100)
Cardiac events

None 1,354 (90) 1,073 (91) 281 (88) 421 (90) 933 (90)

One or more 148 (10) 108 (9) 40 (12) 49 (10) 99 (10)
Cardiac readmissions

None 976 (65) 790 (67) 186 (58) 304 (65) 672 (65)

One or more 526 (35) 391 (33) 135 (42) 166 (35) 360 (35)
Mortality

Death during follow-up 83 (6) 65 (6) 18 (6) 22 (5) 61 (6)
Sex

Males 1,181 (79) 1,181 (100) - 371 (79) 810 (78)

Females 231 (15) - 321 (100) 99 (21) 222 (22)
Age, years

=44 147 (10) 103 (9) 44 (14) 71 (15) 76 (7)

45-54 415 (28) 340 (29) 75 (23) 138 (29) 277 (27)

55-59 333 (22) 266 (23) 67 (21) 99 (21) 234 (23)

60-67 607 (40) 472 (40) 135 (42) 162 (34) 445 (43)
Indication

Acute 470 (31) 371 31) 99 (31) 470 (100) -

Elective 1,032 (69) 810 (69) 222 (69) - 1,032 (100)
Comorbidity, Charlson Index

0 863 (57) 684 (58) 179 (56) 341 (73) 522 (51)

| 351 (23) 281 (24) 70 (22) 70 (15) 281 (27)

2+ 288 (19) 216 (18) 72 (22) 59 (13) 229 (22)
LVEF, %

=29 35(2) 26 (2) 6(2) 8(2) 27 (3)

3044 162 (11) 127 (11) 35(1) 94 (20) 68 (7)

45-59 562 (37) 463 (39) 99 (31) 233 (50) 329 (32)

60+ 634 (42) 483 (41) 151 (47) 95 (20) 539 (52)

Missing 109 (7) 79 (7) 30 (9) 40 (9) 69 (7)
Smoking

Never 290 (19) 227 (19) 63 (20) 70 (15) 220 (21)

Current 670 (45) 512 (43) 158 (49) 290 (62) 380 (37)

Previous 510 (34) 421 (36) 89 (28) 99 (21) 411 (40)

Missing 32(2) 21 (2) 11 (3) 11 (2) 21 (2)
BMI, kg/m?

=249 414 (28) 277 (23) 137 (43) 135 (29) 279 (27)

25.0-29.9 677 (45) 584 (49) 93 (29) 220 (47) 457 (44)

30.0+ 374 (25) 291 (25) 83 (26) 97 (21) 277 (27)

Missing 37 (2) 29 (2) 8(2) 18 (4) 19 (2)
Physical activity, hours/week

0-2 80 (5) 59 (5) 21 (7) 14 (3) 66 (6)

2-4 351 (23) 259 (22) 92 (29) 110 (23) 241 (23)

>4 410 (27) 347 (29) 63 (20) 129 (27) 281 (27)

>4, heavy 69 (5) 65 (6) 4(1) 16 (3) 53 (5)

Missing 592 (39) 451 (38) 141 (44) 201 (43) 391 (38)
Educational level, years

Low (<11) 222 (15) 166 (14) 56 (17) 67 (14) 155 (15)

Intermediate (I 1-14) 646 (43) 525 (44) 121 (38) 205 (44) 441 (43)

High (15+) 484 (32) 399 (34) 85 (26) 161 (34) 323 (31)

Missing 150 (10) 91 (8) 59 (18) 37 (8) 113 (1)
Transfer payment group

Working/unemployed 407 (27) 358 (30) 49 (15) 80 (17) 327 (32)

Health-related benefits 534 (36) 422 (36) 112 (35) 233 (50) 301 (29)

Early retirement 382 (25) 268 (23) 114 (36) 106 (23) 276 (27)

Normal retirement 179 (12) 133 (1) 46 (14) 48 (10) 131 (13)
Abbreviations: BMI, body mass index; LVEF, left-ventricular ejection fraction; PCl, percutaneous coronary intervention.
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In the time-to-event analysis (Table 3), poor self-rated
health was separately associated with cardiac readmissions,
cardiac events (with and without all-cause mortality), and
all-cause mortality. The estimates for the association with
all of the four outcomes were larger for the PCS than for
the MCS. Except for the association between the MCS and
cardiac events, all measures showed significant exposure—
response relationships, again stronger for the PCS than for
the MCS. The association between self-rated health and all-
cause mortality was stronger than the cardiac readmission
and cardiac event outcomes. Log hazard ratios did not change
over time, and consequently the assumption of proportional
hazards was not rejected.

In 22 patients, the initial PCI was not successful. These
patients may have been treated with either a second PCI or
coronary artery bypass grafting during the following weeks.
This would be registered as a cardiac readmission or event
shortly after the initial PCI and could have taken place after
the questionnaire date. To ensure that none of these revas-
cularizations would be counted as an event, we excluded
these patients in an additional analysis. This exclusion did
not change the estimates (data not shown). We adjusted our
analyses for a range of covariates that might potentially
cause confounding. The adjustment changed the estimates
only slightly. In the analysis of mortality, we limited the
number of covariates because the numbers of events were
few. To adjust for incident comorbidity, we adjusted for
hospital admissions not related to coronary heart disease.

Table 2 Characteristics of respondents and nonrespondents in
patients treated with percutaneous coronary intervention (PCI)

Characteristic Respondents,® Nonrespondents, Chi-square
n (%) (n=984) n (%) (n=518) test, P

Early other 78 (7.9) 81 (15.6) <0.001

admission®

Cardiac event 85 (8.6) 63 (12.2) <0.001

during follow-up

Cardiac 319 (32.4) 207 (40.0) <0.001

admission during

follow-up

Other admission 332 (33.7) 197 (38.0) <0.001

during follow-up

Death during 37 (3.8) 46 (8.9) <0.001

follow-up

Comorbidity 165 (16.8) 123 (23.8) 0.003

(Charlson

Index >1)

LVEF <55%¢ 107 (10.9) 90 (17.4) 0.001

Notes: °In this case we defined respondents as patients with complete SF-12,
others may have answered the questionnaire, but one or more items were missing;
®noncardiac hospital admission between PCl and the answering of questionnaire;
€109 had missing LVEF in the West Denmark Heart Registry.

Abbreviation: LVEF, left-ventricular ejection fraction.

We also analyzed whether sex or indication for PCI could
modify the association between patient-reported health and
the adverse events, but these stratifications did not change
the results (data not shown).

In the analyses of sensitivity, estimates changed only
slightly. As a general trend, associations attenuated slightly
(data not shown).

Discussion

The results of the present study demonstrate that poor self-
reported health shortly after PCI was associated with adverse
outcomes during a 5-year follow-up in younger patients. The
strongest association was found between self-rated health and
death, but associations between self-rated health and cardiac
readmissions and cardiac events during follow-up were
also present, even with an exposure—response relationship.
Physical health revealed the strongest associations, but mental
health was also associated with adverse events.

This study was based on a large cohort of PCI patients with
information from a variety of registers that included complete
information on the outcome measure. The response rate for
the patient-reported health measure was relatively high.

However, important differences in the frequency of
hospital admissions related to cardiac as well as noncardiac
diagnoses, comorbidity, LVEF, and mortality were observed
between respondents and nonrespondents. Complete case
analysis using data from only the respondents could easily
cause selection bias and decrease the number of events during
the time-to-event analysis. Because these challenges were
unavoidable, we used MI to approach unbiased estimates. To
our knowledge, this is the first study to have included a com-
plete population-based cohort with the use of MI and thus be
less prone to selection bias. We supplemented with sensitivity
analysis to challenge the assumptions behind MI. Inherent to
the method, estimates were attenuated, but sensitivity analyses
did not change the estimates to any important extent.

LVEF was measured in immediate relation to the PCI
procedure, and changes after the PCI were not recorded in the
database. Patients who experience an increase in LVEF prob-
ably tend to report their health better, but only the baseline
LVEF was available in the study. The study was based only
on younger PCI patients because the cohort was designed in
the setting of occupational medicine with a primary focus on
the rehabilitation of the working-age population.

We found that all outcome measures were associated
with patient-reported health, but the mechanism behind these
associations may be related to disease symptoms, severity, and
progression,? or related to the patient’s health in general. > If
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patient-reported health is related to coronary heart disease,
larger risk estimates in relation to cardiac events than to
cardiac readmissions would be expected, but this was not
the case. If patient-reported health is related to the patient’s
health in general, we would expect that the results would be
confounded by lifestyle and comorbidity, but adjustment for
these factors did not change the associations found. However,
comorbidity measured with the Charlson Comorbidity Index
does not take into account comorbidity treated in general
practice or not included in the range of diagnoses in the index,
and this comorbidity may have influenced each patient’s rating
of their health. In addition, the mechanisms behind early and
late events may differ, and we were not able to identify differ-
ences between early and late events such as those found in the
study by Pedersen et al.® The results were adjusted for a range
of possible confounders, and other unmeasured factors may
have influenced the results, such as participation in cardiac
rehabilitation, support from relatives and use of medication.
Complications following PCI leading to hospital admissions
probably occurred during the first weeks and were thus most
likely in the group of patients with early cardiac readmission
that was excluded.

The broad outcome including all cardiac readmissions
may reflect not only severe adverse events but also a high
degree of patient self-care. Patients may be especially
aware of symptoms related to the heart, lowering the iatro-
tropic threshold in general. This may lead to readmissions
due to suspected angina pectoris and hence to a greater
possibility that a diagnosis of restenosis would be made.
This behavior may be closely related to patient-reported
physical and mental health. When patients are anxious
about experiencing a new cardiac event, they may also
tend to rate their health worse than less anxious patients,
and this may reduce the importance of other well-known
risk factors. However, a more narrow definition of cardiac
events may exclude episodes of angina, which may lead
to repeat vascularization but which, if untreated, may
result in a myocardial infarction. We were not able to dis-
tinguish between admissions related to the treated vessel
and admissions related to other vessels, which would be
of great interest if treatment effect were being evaluated.
When studying prognosis, we were interested in all new
events, as the goal was to prevent these. Events immediately
related to the PCI were not included due to the exclusions
of patients with events occurring before the answering of
the first questionnaire.

We initially aimed to distinguish between cardiac death
and noncardiac death. Unfortunately only half of the patients

who died had their cause of death registered in the Danish
Register of Cause of Death,?* so the quality of the available
data was insufficient for this purpose.

Previous studies have found poor self-rated health asso-
ciated with adverse outcomes in terms of readmissions and
death.>1® As recent studies suggest, not only physical but
also mental health play an important role in recovery.5*!!
We also identified mental health associated with the adverse
outcomes except in the analysis related to cardiac events
without death.

The use of the SF-12 and the timing of the questionnaire
are an important issue because we excluded patients with
early events. An earlier reporting of self-rated health may
solve the problem of events occurring before the question-
naire, but then the rating of health may be related to the
acute experience during the hospital admission. The use
of the SF-12 at 1 month is related to the wording of the
questionnaire, looking backward at the preceding 4 weeks.
De Smedt et al found the SF-12v2 Health Survey valid and
reliable in a large population of European coronary heart
disease patients,”® and Dempster and Donnelly found the
SF-12 to be preferable to the SF-36 in ischemic heart dis-
ease patients.”® Since the SF-12 is shorter than the SF-36,
it minimizes the respondent burden but may not distinguish
between quality-of-life domains in patients following myo-
cardial infarction.”” In Mommersteeg et al’s review, no differ-
ences were identified in the results between studies that used
generic health measures and those that used disease-specific
health measures.’

The cohort in this study covered all incident PCI patients,
originating from a well-defined working-age population
in Denmark for whom there was complete information on
follow-up for the adverse events. The findings have high
external validity in relation to countries with similar patient
groups referred to PCIL.

Conclusion

Physical as well as mental health measured shortly after
PCI are associated with subsequent cardiac events, cardiac
readmissions, and mortality during up to 5 years’ follow-up
in younger PCI patients. Even adjustment for several potential
confounding factors including age, comorbidity, and LVEF
did not attenuate the associations listed in Table 3 substan-
tially, which is an indication of an independent explanatory
value of self-reported physical health. The associations
between physical health and the adverse outcomes revealed
larger risk estimates than those related to mental health,
and estimates related to mortality were higher than those
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related to cardiac events and readmissions. The use of
patient-reported health measures as an important supplement
to the data normally available in the clinical setting provides
valuable information related to patient prognosis, and may be
useful in risk stratification in rehabilitation to target vulner-
able patient groups.

Acknowledgments

The Danish Heart Association, The Danish Working
Environment Research Fund and Western Denmark Research
Forum for Health Research, funded this study. The Danish
Data Protection Agency approved the study (reference
number 2007-41-0991).

According to Danish law, ethics committee approval and
written informed consent from study participants are not
required in questionnaire-based and register-based projects.
Additional information is available on the webpage of the
National Committee on Health Research Ethics in sec-
tion 14.2 of the Act on Research Ethics Review of Health
Research Projects (available from: http://www.cvk.sum.dk/

English/actonabiomedicalresearch.aspx).

Disclosure
The authors declare no conflicts of interest in this work.

References

1. The Danish Heart Foundation, National Institute of Public Health.
Hjertekarsygdomme i Danmark - forekomst og udvikling 2000-2009.
[Cardiovascular Disease in Denmark: Occurrence and Development
2000-2009]. Report, University of Southern Denmark, Copenhagen,
Denmark 2011. Danish.

2. Mackay J, Mensah GA. The Atlas of Heart Disease and Stroke. Geneva:
World Health Organization; 2004.

3. Leander K, Wiman B, Hallqvist J, Andersson T, Ahlbom A, de Faire U.
Primary risk factors influence risk of recurrent myocardial infarction/
death from coronary heart disease: results from the Stockholm Heart
Epidemiology Program (SHEEP). Eur J Cardiovasc Prev Rehabil.
2007;14(4):532-537.

4. Weintraub WS. The pathophysiology and burden of restenosis. Am J
Cardiol. 2007;100(5A):3K-9K.

5. Mommersteeg PM, Denollet J, Spertus JA, Pedersen SS. Health status
as arisk factor in cardiovascular disease: a systematic review of current
evidence. Am Heart J. 2009;157(2):208-218.

6. Pedersen SS, Martens EJ, Denollet J, Appels A. Poor health-related quality
of life is a predictor of early, but not late, cardiac events after percutaneous
coronary intervention. Psychosomatics. 2007;48(4): 331-337.

7. Schenkeveld L, Pedersen SS, van Nierop JW, et al. Health-related quality
of life and long-term mortality in patients treated with percutaneous
coronary intervention. Am Heart J. 2010;159(3):471-476.

8. Thombs BD, Ziegelstein RC, Stewart DE, Abbey SE, Parakh K,
Grace SL. Physical health status assessed during hospitalization
for acute coronary syndrome predicts mortality 12 months later.
J Psychosom Res. 2008;65(6):587-593.

13.

20.

21.

22.

23.

24.

25.

26.

217.

. Denollet J, Pedersen SS, Daemen J, de Jaegere P, Serruys PW,

van Domburg RT. Reduced positive affect (anhedonia) predicts major
clinical events following implantation of coronary-artery stents. J Intern
Med. 2008;263(2):203-211.

. Pedersen SS, Versteeg H, Denollet J, Cheng JM, Serruys PW,

van Domburg RT. Patient-rated health status predicts prognosis
following percutaneous coronary intervention with drug-eluting
stenting. Qual Life Res. 2011;20(4):559-567.

. Nielsen FE, Sorensen HT, Skagen K. A prospective study found

impaired left ventricular function predicted job retirement after acute
myocardial infarction. J Clin Epidemiol. 2004;57(8):837-842.

. Danish Health and Medicines Authority. [Treatment in hospitals.]

http://www.ssi.dk/Sundhedsdataogit/Dataformidling/Sundhedsdata/
Behandling%20ved%20sygehuse/Sygehusaktivitet%20pa%20
diagnoseniveau.aspx.

Ware JE. SF-36 Health Survey: Manual and Interpretation Guide.
Boston, MA: The Health Institute, New England Medical Center; 1997.
Available from: http://books.google.dk/books?id=Z8hGPgAACAAJ&d
q=editions:ZTw92dIgXNEC&hl=da&sa=X&ei=6ducUvulOcuAywON
24LY Bw&ved=0CDKQ6AEWAQ.

. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of

classifying prognostic comorbidity in longitudinal studies: development
and validation. J Chronic Dis. 1987;40(5):373-383.

. Schmidt M, Maeng M, Jakobsen CJ, et al. Existing data sources for

clinical epidemiology: The Western Denmark Heart Registry. Clin
Epidemiol. 2010;2:137-144.

. Hjollund NH, Larsen FB, Andersen JH. Register-based follow-up of

social benefits and other transfer payments: accuracy and degree of
completeness in a Danish interdepartmental administrative database
compared with a population-based survey. Scand J Public Health.
2007;35(5):497-502.

. United Nations Educational, Scientific and Cultural Organization

(UNESCO). International Standard Classification of Education: ISCED
1997. Paris: UNESCO; 1997. Available from: http://www.unesco.
org/education/information/nfsunesco/doc/isced_1997.htm. Accessed
November 15, 2013.

. Sterne JA, White IR, Carlin JB, et al. Multiple imputation for missing

data in epidemiological and clinical research: potential and pitfalls.
BMJ. 2009;338:b2393.

. White IR, Royston P, Wood AM. Multiple imputation using chained

equations: issues and guidance for practice. Stat Med. 2011;30(4):
377-399.

Rubin DB. Multiple Imputation for Nonresponse in Surveys. New York,
NY: Wiley; 1987.

Norman GR, Sloan JA, Wyrwich KW. Interpretation of changes in
health-related quality of life: the remarkable universality of half a
standard deviation. Med Care. 2003;41(5):582-592.

Doward LC, McKenna SP. Defining patient-reported outcomes. Value
Health. 2004;7 Suppl 1:S4-S8.

Idler EL, Benyamini Y. Self-rated health and mortality: a review of
twenty-seven community studies. J Health Soc Behav. 1997;38(1):
21-37.

Juel K, Helweg-Larsen K. The Danish registers of causes of death. Dan
Med Bull. 1999;46(4):354-357.

De Smedt D, Clays E, Doyle F, et al; EUROASPIRE Study Group.
Validity and reliability of three commonly used quality of life measures
in a large European population of coronary heart disease patients. /nt J
Cardiol. 2013;167(5):2294-2299.

Dempster M, Donnelly M. A Comparative Analysis of the SF-12 and
the SF-36 among Ischaemic Heart Disease Patients. J Health Psychol.
2001;6(6):707-711.

Rubenach S, Shadbolt B, McCallum J, Nakamura T. Assessing health-
related quality of life following myocardial infarction: is the SF-12
useful? J Clin Epidemiol. 2002;55(3):306-309.

Clinical Epidemiology 2014:6

submit your manuscript

69

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.cvk.sum.dk/English/actonabiomedicalresearch.aspx
http://www.cvk.sum.dk/English/actonabiomedicalresearch.aspx
http://www.unesco.org/education/information/nfsunesco/doc/isced_1997.htm
http://www.unesco.org/education/information/nfsunesco/doc/isced_1997.htm

Biering et al Dove

Supplementary material
Appendix |: Multiple imputation, Stata [2.1

mi impute chained ///

(regress, include (pcsl age sex i.smoking bmi i.indication)) lvef ///

(regress, include (mcsl1 pesl age sex i.smoking i.charlson3)) bmi ///

(mlogit, include (mcs1 pcsl age sex bmi i.education)) smoking ///

(mlogit, include (mcs1 pcsl age sex i.dreaml i.smoking i.indication)) education ///

(mlogit, include (mcs1 pcsl age sexi.smoking bmii.education i.charlson3i.indication)) phys_act ///

/1

(regress, include (mcs3 i.dream! lvef age sex i.charlson3 i..indication early_other_event card_event ///
card_adm mors eventtime admintime morstime)) mcsl ///

(regress, include (pcs3 i.dreaml lvef age sex i.charlson3 i.indication early_other_event card_event
card_adm /// mors eventtime admistime morstime)) pcsl ///

I

(regress, include (mcsl i.dreaml lvef age sex i.charlson3 i. indication early_other_event card_event ///
card_adm mors eventtime admistime morstime)) mcs3 ///

(regress, include (pcsl i.dreaml lvef age sex i.charlson3 i. indication early_other_event card_event ///
card_adm mors eventtime admistime morstime )) pcs3 ///

/1

,add(100) noimputed force rseed(20121213) burnin(60) dots
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