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Abstract

Aim Hospital discharges with a diagnosis of cardiomyopathy have more than doubled in Sweden since 1987. We validated
the cardiomyopathy diagnoses over this time period to investigate that the increase was real and not a result of improved
recognition of the diagnosis and better diagnostic methods.
Methods and results Every fifth year from 1989 to 2009, records for all patients with a cardiomyopathy diagnosis were
identified by searching the local registers in three hospitals in Västra Götaland, Sweden. The diagnoses were validated
according to criteria defined by the European Society of Cardiology from 2008. The population comprised 611 cases with
cardiomyopathy diagnoses [mean age 58.9 (SD 15.5) years, 68.2% male], divided into three major groups: dilated, hypertro-
phic, and other cardiomyopathies. Hypertrophic cardiomyopathy and hypertrophic obstructive cardiomyopathy were analysed
as a group. Cardiomyopathies for which there were few cases, such as restrictive, arrhythmogenic right ventricular, left
ventricular non-compaction, takotsubo, and peripartum cardiomyopathies, were analysed together and defined as ‘other
cardiomyopathies’. Relevant co-morbidities were registered. The use of echocardiography was 99.7%, of which 94.6% was
complete echocardiography reports. The accuracy rates of the diagnoses dilated cardiomyopathy, hypertrophic cardiomyopa-
thy, and other cardiomyopathies were 85.5%, 87.5%, and 100%, respectively, with no differences between the three hospitals
or years studied; nor did the prevalence of co-morbidities differ.
Conclusions The accuracy rate of the cardiomyopathy diagnoses from in-hospital records from >600 patients in western
Sweden during a 20 year period was 86.6%, with no significant trend over time, strengthening epidemiological findings that
this is likely due to an actual increase in cardiomyopathy diagnoses rather than changes in coding practices. The use of
echocardiography was high, and there was no significant difference in co-morbidities during the study period. The accuracy
rate of the cardiomyopathy diagnoses during the 20 year period was high. The use of diagnostic tools did not increase under
the study period, and once cardiomyopathy diagnoses were suspected, echocardiography was performed in almost all cases.
In this study, the occurrence of cardiomyopathy was increasing over time without significant increase of co-morbidity,
supporting that an actual increase of cardiomyopathy has occurred.
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Introduction

Heart failure (HF) is a serious condition, with an overall 5 year
mortality of ~50%,1 mostly affecting older people; but it may
also occur in the young.2 There is always an underlying cause
to HF.3–6 Cardiomyopathies form a comparatively minor but
important aetiological group, especially among young
patients, in whom it is seen in about 20% of a hospitalized
population with HF.7

Cardiomyopathy includes a heterogeneous group of
diseases.8 More detailed and specific definitions have
evolved over the years.8–11 In the 1980s, cardiomyopathies
were defined as heart muscle disease of unknown
cause,9,10,12 primary or secondary to other systemic
diseases.13,14 This often resulted in difficulties in differentiat-
ing between the two groups. With increasing knowledge of
pathogenesis, aetiology, and genetic defects, cardiomyopathy
was defined in 1995 as ‘heart muscle disease associated with
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cardiac dysfunction’.14 A new classification by the European
Society of Cardiology (ESC)8 was introduced in 2008: ‘A myo-
cardial disease in which the heart muscle is structurally and
functionally abnormal, in the absence of coronary artery
disease, hypertension, valvular disease and congenital heart
disease sufficient to cause the observed myocardial abnor-
mality.’ This includes hereditary forms as well as those
induced by viral infection, inflammatory disease, medication,
alcohol and/or drug abuse, tachycardia, and dilated cardio-
myopathy (DCM) in pregnancies.8 A recent update of the
ESC guidelines from 2014 of the diagnosis of hypertrophic
cardiomyopathy (HCM) is not taken into account in this study.

Data from the Swedish National Inpatient Registry (IPR)
have shown that HF associated with cardiomyopathies more
than doubled in all age groups between 1987 and 2006 with
no tendency to flatten out.7 If this is a real increase, we can
look forward to an HF epidemic, not just due to an aging
population, but also due to an increase in the young, still
working population. However, potentially, this increase may
not be a result of a real increase but, rather, of improved
recognition of the diagnosis and better diagnostic methods.
Accordingly, validation of the cardiomyopathy diagnoses over
an extended time period is important. To our knowledge, no
such validation exists. The present study aims to investigate
not only the accuracy of the diagnosis but also whether there
has been a change in validity over time, while taking into
account changes in the use of diagnostic methods and the
prevalence of co-morbidities.

Methods

Procedures

Sweden has a publicly funded national health system provid-
ing a comprehensive set of facilities and hospital care for all
citizens. Sahlgrenska University Hospital/Östra is a university
hospital with a catchment area of 260 000 inhabitants, while
Kungälv Hospital and Lidköping Hospital are local hospitals
with catchment areas of 122 000 and 38 000 inhabitants,
respectively. Patient records with a cardiomyopathy diagnosis
from the departments of internal medicine, including the
cardiology wards from the three hospitals, were identified
from the local hospital discharge registries. Diagnostic codes
for all hospital discharges are entered into the IPR with
complete coverage from 1987 onwards. A validation of other
major diagnoses in the IPR was performed by the National
Board of Health and Welfare in 2011, confirming the high
validity (up to 85–95%) of major cardiovascular diagnoses.22

The International Classification of Diseases (ICD) is used in
all Swedish hospitals. From 1987 to 1996, the ICD-9 was in
use, and thereafter the ICD-10. ICD codes used in this study
are presented in Table S1.

We obtained all records from all patients who were hospi-
talized or visited any of the outpatient clinics at the three
hospitals and diagnosed with any form of cardiomyopathy
over five selected periods between 1989 and 2009 (see
Table S2 for details). Information was collected from the re-
cords in a structured manner and included gender, age at
time of diagnosis, co-morbidities, family history, height and
weight, alcohol and/or drug abuse, medication potentially af-
fecting the left ventricle (e.g. chemotherapy), and radiation
therapy to the chest. In addition, type of cardiomyopathy
and diagnostic criteria for the specific type of cardiomyopa-
thy according to the diagnostic criteria and definition of the
ESC from 20088 were recorded. Details from echocardiogra-
phy, coronary angiography, and cardiac magnetic resonance
imaging, when performed, were collected.

For each time period, the most recent and comprehensive
set of diagnostic criteria according to the ESC guidelines from
2008 was used.8 Specific types of cardiomyopathy such as
restrictive, arrhythmogenic right ventricular, left ventricular
non-compaction, and takotsubo cardiomyopathies were also
defined according to the ESC classification from 2008.8

Validation of the cardiomyopathy diagnoses was categorized
as definite, uncertain, or miscoded. The validation was made
independently by two physicians, and in questionable cases,
two other highly experienced cardiologists studied the
records separately, after which a final decision was made.

A diagnosis was defined as definite if the ESC diagnostic
criteria from 20088 were fulfilled. If not all criteria were
fulfilled, such as in patients with HCM and underlying
untreated or poorly controlled hypertension or DCM and a
prior myocardial infarction with secondary HF, the diagnoses
were defined as miscoded. In some cases, medical records
had insufficient documentation, for example, where an
echocardiography had been performed but the complete
report was missing. In these cases, the diagnoses were de-
fined as uncertain.

Hypertension was defined as a recorded systolic blood
pressure ≥ 140 mmHg, a diastolic blood pressure ≥ 90 mmHg,
or both, on at least three occasions, or if blood pressure-
lowering drugs had been prescribed prior to the
cardiomyopathy diagnosis. Medical records were also scruti-
nized for potential impact of insufficiently treated high blood
pressure. A concurrent or prior diagnosis of diabetes mellitus
or atrial fibrillation was documented. Valvular disease was
defined as present if recorded as a primary or contributory
diagnosis and if the echocardiography report indicated
moderate to severe valvular disease (e.g. in the case of mi-
tral or aortic valve regurgitation, a leakage of at least grade
3 or 4). Coronary artery disease was defined as present if
medical records revealed information of previous myocar-
dial infarction or revascularization and if the patient’s
symptomology, coronary angiography, echocardiography,
electrocardiogram, or laboratory reports contained
supporting data in accordance with ESC guidelines.15–17
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Data about alcohol and/or drug abuse found in the records
were recorded.

In addition, 20 medical records were randomly selected,
and two experienced cardiologists validated the cardiomyop-
athy diagnoses separately.

Finally, 20 medical records with a diagnostic code of HF
(I50) and no obvious cause (for details see Supporting
Information Procedure 1) of cardiomyopathies; ischaemic
heart disease; hypertension; aortic, mitral, and tricuspid valve
disease; myocarditis; tachycardia, congenital heart disease;
thyrotoxicosis and thyroiditis; and diabetes were identified
and reviewed for the possible presence of cardiomyopathy,
five for each year in 1997, 1999, 2004, and 2009.

Statistical analysis

Descriptive statistics are presented as percentages or mean
values with standard deviation (SD). Accuracy rates of diagno-
sis between different periods and hospitals including the
frequency of co-morbidities were examined using the
Pearson χ2 test for categorical variables and Student’s t-test
for continuous variables. All P values are two sided, and
values <0.05 were considered statistically significant. All
statistical analyses were performed using SPSS for Windows
version 18.0 (SPSS Inc., Chicago, IL, USA).

Results

A total of 640 patient records with a cardiomyopathy
diagnosis were identified for analysis. Twenty-five records
were excluded because of lack of background information,

for example, patients with a single short-term admission
living in another part of Sweden and with no further
documentation available. Besides, four cases with a working
diagnosis of ‘unspecified cardiomyopathy’ were excluded
after a diagnostic workup had revealed a different
aetiological cause of cardiac dysfunction, and cardiomyopa-
thy as a diagnosis was therefore rejected. Thus, the final
population included 611 cases with a recorded diagnosis of
cardiomyopathy.

Patient characteristics are presented in Table 1. The study
population comprised 611 patients of mean age 58.9
(SD 15.5) years, of whom 417 (68.2%) were men. In all,
72.0% of the patients were treated at Sahlgrenska University
Hospital/Östra, 17.7% at Kungälv Hospital, and 10.3% at
Lidköping Hospital. A total of 407 records with a DCM diagno-
sis, 100 records with an HCM diagnosis, and 84 records with a
diagnosis of obstructive HCM (OHCM) diagnosis were identi-
fied as well as 20 records with other cardiomyopathy
diagnoses.

Of 407 medical records diagnosed as DCM, 85.5% were
classified as definite and 13.3% as miscoded, while 1.23%
were classified as uncertain (Table 2). The accuracy rates of
the DCM diagnosis at Sahlgrenska University Hospital/Östra,
Kungälv Hospital, and Lidköping Hospital were 84.8%,
86.4%, and 87.8%, respectively. The 184 HCM and OHCM
cases were analysed together, and in 87.5%, the diagnosis
was classified as definite, in 8.69% as miscoded, and in 3.8%
as uncertain (Table 2). The accuracy rates of the HCM and
OHCM diagnoses at Sahlgrenska University Hospital/Östra,
Kungälv Hospital, and Lidköping Hospital were 88.2%,
86.4%, and 84.6%, respectively. As other cardiomyopathies
only comprised 20 cases (3.3%), they were analysed together.
All of these cases were classified as definite (100%).

Table 1 Patient characteristics by hospital discharge or outpatient visit diagnosis

DCM
n = 407

HCM and OHCM
n = 184

Other
n = 20

Total
n = 611

Age, mean (SD) 59.6 (13.7) 58.3 (18.6) 53.1 (15.2) 58.9 (15.5)
≤54 years 145 (35.6) 75 (40.8) 11 (55.0) 231 (37.8)
55 to 64 years 107 (26.3) 32 (17.4) 4 (20.0) 143 (23.4)
≥65 years 155 (38.1) 77 (41.8) 5 (25.0) 237 (38.8)
Gender
Male 309 (75.9) 103 (55.97) 5 (25.0) 417 (68.2)
Female 98 (24.1) 81 (44.0) 15 (75.0) 194 (31.8)

Hypertension 94 (23.1) 11 (5.97) 8 (40.0) 113 (18.5)
Coronary artery disease 70 (17.2) 2 (1.09) 3 (15.0) 75 (12.3)
Valve disease 64 (15.7) 2 (1.09) 5 (25.0) 71 (11.6)
Diabetes mellitus 71 (17.4) 3 (1.63) 3 (15.0) 77 (12.6)
Atrial fibrillation 134 (32.9) 6 (3.26) 12 (60.0) 152 (24.9)
Alcohol or drug abuse 98 (24.1) 1 (0.54) 4 (20.0) 103 (16.9)
Hospital
SU/Östra 277 (68.1) 149 (80.97) 14 (70.0) 440 (72.0)
Kungälv 81 (19.9) 22 (11.95) 5 (25.0) 108 (17.7)
Lidköping 49 (12.0) 13 (7.07) 1 (5.00) 63 (10.3)

All values are presented as n (%) if not otherwise stated.
DCM, dilated cardiomyopathy; HCM, hypertrophic cardiomyopathy; OHCM, obstructive hypertrophic cardiomyopathy; Other, peripartum,
restrictive, takotsubo, arrhythmogenic right ventricular or left ventricular non-compaction cardiomyopathy.
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In cases of DCM that were miscoded, underlying coronary
artery disease was present in 44/54 (81.5%), with only very
few cases of primary valvular disease (5/54, 9.26%) or hyper-
tension (3/54, 5.56%). The most common reason for miscoded
HCM and OHCM diagnoses was hypertension (12/16, 75.0%).

A complete echocardiography report was found in 77.3%
in 1989–90, thereafter varying between 91.2% and 98.2%
(Table 3). Of 22 cases of possible cardiomyopathy in 1989
and 1990, a complete echocardiography report was missing
in four cases, and one case lacked information on whether
echocardiography had been performed. In two cases from
1994–96 and 1997–99, the echocardiography report was
incomplete. In 2004, no echocardiography report was found
in one case, or the echocardiography report was incomplete
(n = 11), as was the situation in 12 cases in 2009. The use
of coronary angiography increased from 68.2% in 1989–90
to 84.9% in 2009 (Figure 1).

Co-morbidities including hypertension, coronary artery
disease, valvular disease, diabetes, and atrial fibrillation as well
as risk factors such as alcohol and drug abuse in all patients

with a recorded diagnosis of cardiomyopathy are presented
in Table 4. A total of 326 patients (53.4%) had up to five co-
morbidities whereas 285 patients had none, with no
systematic variation over time for any specific co-morbidity. In
the group where the cardiomyopathy diagnoses were correct,
there were 230 patients with DCM (66.1%) and 15 patients with
HCM or OHCM (9.3%) who had co-morbidities and/or risk
factors (Table 5), again with no systematic changes over time.

Two experienced cardiologists analysed separately 20 of
the medical records and were in complete agreement. Finally,
among 20 medical records with an HF code in the absence of
any complementary diagnostic code for ischaemic heart
disease, hypertension, tachycardia, atrial fibrillation, valvular
disease, myocarditis, congenital heart disease, diabetes, and
hyperthyreosis, three cases with an underlying cardiomyopa-
thy were identified (one in 1997 and one in 1999 with DCM,
and one in 2009 with peripartum cardiomyopathy). In all
three records, the cardiomyopathy diagnosis was recorded
in the text, but first on a later occasion registered as
discharge diagnosis.

Table 2 Accuracy of the specific cardiomyopathy diagnoses identified from the hospital registries by year

Validity of diagnosis 1989–90 1994–96 1997–99 2004 2009 Total

n = 20 n = 56 n = 76 n = 105 n = 150 n = 407
DCM Definite 17 (85.0) 47 (83.9) 60 (78.9) 92 (87.6) 132 (88.0) 348 (85.5)

Miscoded 3 (15.0) 8 (14.3) 15 (19.7) 12 (11.4) 16 (10.7) 54 (13.3)
Uncertain 0 1 (1.78) 1 (1.32) 1 (0.95) 2 (1.33) 5 (1.23)

n = 2 n = 8 n = 34 n = 32 n = 108 n = 184
HCM and OHCM Definite 2 (100) 6 (75.0) 29 (85.3) 28 (88.5) 96 (88.9) 161 (87.5)

Miscoded 0 1 (12.5) 3 (8.82) 2 (6.25) 10 (9.26) 16 (8.69)
Uncertain 0 1 (12.5) 2 (5.88) 2 (6.25) 2 (1.85) 7 (3.80)

All values are presented as n (%). Owing to few cases, all cases from 1990 were included in 1989; all cases from 1996 were included in
1994; and all cases from 1997 were included in 1999. Records older than 1997 from Kungälv Hospital and 1999 from Lidköping Hospital
were not identified. A diagnosis was defined as definite if the ESC diagnostic criteria from 20088 were fulfilled. Besides, in cases with pres-
ent coronary artery disease and DCM with underlying causes such as tachycardia, alcohol and drug abuse, and myocarditis, or where cor-
onary angiography revealed minimal signs of coronary artery disease not sufficient to cause a global reduction of systolic cardiac function
and, finally, in cases with present hypertension but well treated and insufficient to cause global impact on the cardiac function, the diag-
nosis was defined as definite. If the ESC diagnostic criteria from 2008 were not fulfilled, the diagnosis was defined as miscoded. The di-
agnosis was defined as uncertain in cases with insufficient documentation.
DCM, dilated cardiomyopathy; ESC, European Society of Cardiology; HCM, hypertrophic cardiomyopathy; OHCM, obstructive hypertro-
phic cardiomyopathy.

Table 3 Use of ultrasonic cardiography and coronary angiography by year in absolute numbers (percentages) in the whole population

1989–90 1994–96 1997–99 2004 2009 Total

UCG n = 22 n = 64 n = 110 n = 137 n = 278 n = 611
Yes 17 (77.3) 62 (96.9) 108 (98.2) 125 (91.2) 266 (95.7) 578 (94.6)
No 1 (4.55) 0 0 1 (0.72) 0 2 (0.33)
Incomplete reports 4 (18.2) 2 (3.12) 2 (1.81) 11 (8.03) 12 (4.31) 31 (5.07)

Coronary angiography n = 22 n = 64 n = 110 n = 137 n = 278 n = 611
Yes 5 (22.7) 14 (21.9) 35 (31.9) 51 (37.2) 88 (31.7) 193 (31.6)
No 7 (31.8) 30 (46.9) 27 (24.5) 25 (18.2) 42 (15.1) 131 (21.4)
Incomplete reports 10 (45.5) 20 (31.2) 48 (43.6) 61 (44.5) 148 (53.2) 287 (46.9)

Owing to few cases, all cases from 1990 were included in 1989; all cases from 1996 were included in 1994; and all cases from 1997 were
included in 1999. Records older than 1997 from Kungälv Hospital and 1999 from Lidköping Hospital were not identified.
UCG, ultrasonic cardiography.
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Discussion

The cardiomyopathy diagnoses were validated during the pe-
riod 1989–2009 in three hospitals in western Sweden. The ac-
curacy of the cardiomyopathy diagnoses during this 20 year

period was >85%, with no significant differences between
hospitals or time periods. To our knowledge, this is the first
study to evaluate the validity of cardiomyopathy diagnoses.

In previous work, we found an unexpected rise in patients
discharged with a diagnosis of cardiomyopathy.7 If this is the

Table 4 Co-morbidities by year among patients with any cardiomyopathy diagnosis

1989–90
n = 22

1994–96
n = 64

1997–99
n = 110

2004
n = 137

2009
n = 278

Total
n = 611

Hypertension 3 (13.6) 14 (21.9) 18 (16.4) 33 (24.1) 45 (16.2) 113 (18.5)
Coronary artery disease 2 (9.1) 14 (21.9) 23 (20.9) 21 (15.3) 15 (5.39) 75 (12.3)
Valve disease 4 (18.2) 9 (14.1) 28 (25.5) 13 (9.49) 17 (6.12) 71 (11.6)
Diabetes mellitus 5 (22.7) 9 (14.1) 16 (14.5) 22 (16.1) 25 (8.99) 77 (12.6)
Atrial fibrillation 12 (54.5) 18 (28.1) 28 (25.5) 37 (27.0) 57 (20.5) 152 (24.9)
Alcohol or drug abuse 6 (27.3) 13 (20.3) 16 (14.5) 29 (21.2) 39 (14.0) 103 (16.9)
Any co-morbidity 15 (68.2) 41 (64.1) 63 (57.3) 86 (62.8) 121 (43.5) 326 (53.4)

All values are presented as n (%). Owing to few cases, all cases from 1990 were included in 1989; cases from 1996 were included in 1994;
and cases from 1997 were included in 1999. Records older than 1997 from Kungälv Hospital and 1999 from Lidköping Hospital were not
identified.

Table 5 Co-morbidities by year among patients with definite dilated cardiomyopathy (DCM), hypertrophic cardiomyopathy, and obstruc-
tive hypertrophic cardiomyopathy diagnoses

DCM
1989–90
n = 17

1994–96
n = 47

1997–99
n = 60

2004
n = 92

2009
n = 132

Total
n = 348

Hypertension 3 (17.6) 13 (27.7) 7 (11.7) 23 (25.0) 28 (21.2) 74 (21.3)
Coronary artery disease 0 9 (19.1) 4 (6.67) 11 (11.95) 2 (1.51) 26 (7.47)
Valve disease 4 (23.5) 7 (14.9) 17 (28.3) 12 (13.0) 14 (10.6) 54 (15.5)
Diabetes mellitus 4 (23.5) 8 (17.0) 7 (11.7) 18 (19.6) 19 (14.4) 56 (16.1)
Atrial fibrillation 9 (52.9) 14 (29.8) 19 (31.7) 27 (29.3) 42 (31.8) 111 (31.9)
Alcohol or drug abuse 5 (29.4) 11 (23.4) 11 (18.3) 23 (25.0) 24 (18.2) 74 (21.3)
Any co-morbidity 12 (70.6) 33 (70.2) 37 (61.7) 64 (69.6) 84 (63.6) 230 (66.1)

All values are presented as n (%). Owing to few cases, all cases from 1990 were included in 1989; all cases from 1996 were included in
1994; and all cases from 1997 were included in 1999. Records older than 1997 from Kungälv Hospital and 1999 from Lidköping Hospital
were not identified. The same patients could have one to five co-morbidities.

Figure 1 Complete echocardiography report and use of coronary angiography by year in the whole population studied.
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case, we can expect an increasing, heavy burden to the
society of young patients with HF due to cardiomyopathy.
Accordingly, we wished to investigate the accuracy of the
diagnostic codes over time. To limit the impact of the change
in definition over time, we used the 2008 classification8

because this was the most comprehensive, with an
echocardiogram with a written report containing all relevant
details as mandatory, and where a definite diagnosis of
cardiomyopathy was not recorded if the echocardiography
report was incomplete or missing.

Most of the miscoded DCM cases had underlying coronary
artery disease of such magnitude that an appropriate diagno-
sis would have been coronary artery disease together with
HF. According to the diagnostic criteria we used, diagnoses
such as coronary artery disease or hypertension do not
exclude the diagnosis of DCM. However, it is important to
emphasize that these conditions are not allowed to be of
sufficient magnitude as to cause global impairment of the
systolic cardiac function.

The most common reason for miscoded HCM and OHCM
diagnoses was hypertension. There were four cases whereby
patients had definite HCM/OHCM and concomitant hyper-
tension, but the condition was well treated and was not
considered to have affected cardiac function. Other cardiomy-
opathies such as restrictive, takotsubo, and arrhythmogenic
right and left ventricular non-compaction cardiomyopathy, as
well as peripartum cardiomyopathy, have very specific
diagnostic criteria, which may explain the 100% validity
for this mixed category.

A minor proportion of the cardiomyopathy diagnoses were
classified as uncertain in this study, mostly because of a lack
of relevant or divergent information. For example, cases with
hypertension and possible HCM were defined as uncertain if
the echocardiography report was incomplete.18 In addition,
terms such as ‘unspecified cardiomyopathy’ were often used
as a working diagnosis before all investigations had been
performed. Once the diagnosis was upgraded from unspeci-
fied cardiomyopathy to cardiomyopathy, all details relevant
for the diagnosis were assessed, and if missing or incomplete,
the diagnosis was defined as miscoded or uncertain,
respectively.

The use of echocardiography with complete reports in the
medical records was high (on average 94.6%) for all periods
of this study except the first time period, 1989–90. In a
previous study that validated the diagnosis of HF, the validity
declined over the years, although the use of echocardiogra-
phy increased, and the authors argued that the validity did
not depend on the availability of echocardiography.19

However, in that study, echocardiography was not required
for a diagnosis of HF. In the present study, echocardiography
was used in nearly all cases (in 99.6% of cases, of which
94.5% had complete reports). Thus, the availability of
echocardiography was likely adequate throughout the study
period. In addition, data from electrocardiograms, cardiac

markers, and coronary angiography that could reveal the
presence of ischaemic cardiovascular disease, for example,
in questionable cases of DCM, were also taken into consider-
ation. Importantly, coronary angiography was not a standard
examination method for cardiomyopathy in Sweden during
the time period studied, according to the recommendations
of the National Board of Health (https://lakemedelsverket.
se/upload/om-lakemedelsverket/publikationer/information-
fran-lakemedelsverket/Info_fr_LV_2006-1.pdf).

When designing the study, we took into account that the
cardiomyopathy diagnoses might have increased over time as
a result of the widened definitions of cardiomyopathies during
the study period. Accordingly, the frequency of co-morbidities
would be expected to increase as well. In an attempt to take
this into consideration, we used the most recent as well as
the most inclusive diagnostic criteria from 2008 in the whole
population. We found no systematic increasing trends of
co-morbidities in the group as a whole or in the group with a
definite diagnosis of cardiomyopathy. In addition, when
analysing the 20 medical records with an HF diagnosis and
without complementary diagnoses as described in Methods
section, none represented a missed cardiomyopathy diagnosis
at any time. However, in three cases, the ICD codes for
cardiomyopathy were recorded in subsequent years, indicating
that causation is necessary when interpreting results from the
hospital discharge registry.20–22

Strengths and limitations

A strength of this study is the large number of medical
records studied, at >600. Validation of the HF diagnosis has
been provided in a few studies, including at most ~400
medical records. In addition, the present study included three
hospitals in different settings, in three cities, in an unselected
population covering a large part of western Sweden, without
significant differences in diagnosis settings over an extended
period of 20 years.

Once the cardiomyopathy diagnosis was suspected, echo-
cardiography was performed in 99.6% of the cases; we thus
presume that there has not been a change in access to diag-
nostic tools over the period studied. However, in a few cases,
we were unable to obtain a complete echocardiography re-
port. Another limitation is that there were very few records
available to us from the first time period, that is, 1989–90,
which might have influenced the results. The reason for this
is unclear but could potentially reflect a real increase in
cardiomyopathy diagnoses.7 A third limitation is that the
diagnosis setting is dependent on the individual physician.
Therefore, all records were examined and analysed by an
experienced investigator, and upon having even the slightest
doubt about the correct diagnosis, two cardiologists indepen-
dently examined the medical records. In addition, 20
randomly selected medical records were examined twice by
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two cardiologists who arrived at the same results. Hence, we
believe that the results are accurate. A fourth limitation is
that the diagnostic criteria changed over time. When using
the latest and most inclusive criteria for the whole time pe-
riod studied, we accordingly tried to take this into account
as much as possible. However, although this can only adjust
for a correct diagnosis in the cases found, in the earlier time
period studied with more limited diagnostic criteria, patients
with cardiomyopathy according to the 2008 guidelines could
have been excluded. We did not study potential diagnoses
such as HF in conjunction with all potential co-morbidities, al-
though we did review 20 medical records with an HF diagno-
sis without any contributory ICD codes from 1997 to 2009 as
described in Supporting Information Procedure 1. In the
three cases where a cardiomyopathy was found, an ICD code
for cardiomyopathy was recorded in the subsequent years.
Hence, hospital discharge registers may underestimate the
total burden of cardiomyopathy in the population23,24 and
false-negative diagnoses in patients may be hidden in the
population.23,25,26

Conclusions

During a period of 20 years, in hospital records from >600
patients in western Sweden, the overall accuracy of cardio-
myopathy diagnoses was high, strengthening epidemiologi-
cal findings that an actual increase in cardiomyopathy
diagnoses has taken place. This indicates a need for targeted

investigation of patients, but also structured monitoring, at
both the individual level and group levels, to discover the
common causes, if any, of the increase in this heteroge-
neous condition.
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