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Diagnostic tests and treatment procedures
performed prior to cardiovascular death in
individuals with severe mental illness
Heiberg IH, Nesv
ag R, Balteskard L, Bramness JG, Hultman CM,
Næss Ø, Reichborn-Kjennerud T, Ystrom E, Jacobsen BK, Høye A.
Diagnostic tests and treatment procedures performed prior to
cardiovascular death in individuals with severe mental illness.
Objective: To examine whether severe mental illnesses (i.e.,
schizophrenia or bipolar disorder) aﬀected diagnostic testing and
treatment for cardiovascular diseases in primary and specialized health
care.
Methods: We performed a nationwide study of 72 385 individuals who
died from cardiovascular disease, of whom 1487 had been diagnosed
with severe mental illnesses. Log-binomial regression analysis was
applied to study the impact of severe mental illnesses on the uptake of
diagnostic tests (e.g., 24-h blood pressure, glucose/HbA1c
measurements, electrocardiography, echocardiography, coronary
angiography, and ultrasound of peripheral vessels) and invasive
cardiovascular treatments (i.e., revascularization, arrhythmia treatment,
and vascular surgery).
Results: Patients with and without severe mental illnesses had similar
prevalences of cardiovascular diagnostic tests performed in primary
care, but patients with schizophrenia had lower prevalences of
specialized cardiovascular examinations (prevalence ratio (PR) 0.78;
95% CI 0.73–0.85). Subjects with severe mental illnesses had lower
prevalences of invasive cardiovascular treatments (schizophrenia, PR
0.58; 95% CI 0.49–0.70, bipolar disorder, PR 0.78; 95% CI 0.66–0.92).
The prevalence of invasive cardiovascular treatments was similar in
patients with and without severe mental illnesses when cardiovascular
disease was diagnosed before death.
Conclusion: Better access to specialized cardiovascular examinations is
important to ensure equal cardiovascular treatments among individuals
with severe mental illnesses.
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Signiﬁcant Outcomes

• Patients
•
•

with schizophrenia had a lower prevalence of specialized cardiovascular examinations.
Patients with schizophrenia or bipolar disorder had lower prevalences of invasive cardiovascular
treatment prior to cardiovascular death, implying a need for better eﬀorts to prevent, detect, and
treat cardiovascular disease in these individuals.
The prevalence of invasive cardiovascular treatment did not diﬀer between individuals with or without severe mental illnesses when cardiovascular disease was diagnosed prior to death.
Underuse of specialized somatic health care is probably an important explanation for the increased
cardiovascular mortality observed in patients with severe mental illnesses.

Limitations

• The diagnostic quality has not been established for all causes of death and all disease categories.
• We lacked data on physicians’ assessments of risk factors along the clinical pathway and data on
referrals and patients’ possible non-consent to clinical examinations and treatment.

• The level of screening/monitoring of cardiovascular risk factors may be underestimated, as we lacked
precise information on the indication and content of some common diagnostic tests included in broad
batteries of biomarker assessments.

Introduction

Equal access to health care for equal medical needs
is a core value in countries with universal healthcare systems. Individuals with schizophrenia or
bipolar disorder (subsequently referred to as severe
mental illnesses, SMI) have a higher prevalence of
risk factors for cardiovascular disease (CVD) (1), a
higher cardiovascular morbidity (2), and an
increasing mortality because of CVD compared
with the general population (3). Nevertheless,
meta-analyses report inferior metabolic monitoring in individuals with SMI (4) and a lower likelihood of hypertension treatment (5), cardiovascular
prescriptions (6), and invasive coronary procedures
(7). A lower likelihood of cardiovascular risk factor monitoring (8), cardiovascular prescriptions
(9–13), or acute treatment of CVD (14–16) has also
been reported in comparative studies from countries with universal health care. Some recent studies, however, report similar access to treatment
following acute myocardial infarction (MI) in
patients with and without SMI (17, 18), and a
higher likelihood of statin prescriptions (19) and
revascularization (20) in younger individuals with
SMI compared to controls.
A recent meta-analysis noted that the stage
along the pathway of care at which individuals
with SMI lose access to cardiovascular examination and treatment is unclear (21). Earlier studies
have reported lower (8, 13, 22, 23), similar (13, 22–
24), and higher (13, 24, 25) use of CVD-related
diagnostic tests in primary care settings among
2

individuals with SMI. With the exception of postMI treatments, few studies have assessed the
number of examinations and treatments for CVD
performed in specialized healthcare settings for
individuals with SMI. Additionally, few studies
have reported the rates at which CVD-related
diagnostic tests and cardiovascular treatments are
administered in the more severe phase of CVD
(i.e., in the period prior to cardiovascular death).
To the best of our knowledge, no prior nationwide
studies of the prevalence of diagnostic tests and
invasive treatment of CVD in individuals with
schizophrenia or bipolar disorder have been performed across healthcare sectors.
Aims of the study

In this study, we examined whether a diagnosis of
schizophrenia or bipolar disorder was associated
with a lower prevalence of diagnostic testing and
treatment for cardiovascular disease prior to cardiovascular death. A secondary aim was to investigate whether any disparity in healthcare use
because of severe mental illnesses diﬀered between
primary and specialist healthcare settings.
Materials and methods
Study design and data sources

We conducted a national mortality follow-back
prevalence study that included all residents in Norway who died from CVD during 2011–2016. The
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dataset contained information on cardiovascular
mortality and complete data on diagnoses and
healthcare use in primary care and specialized inand out-patient settings. Mortality data were
obtained from the Norwegian Cause of Death
Registry (subsequently referred to as the Cause of
Death Registry), diagnostic and health service use
data were obtained from the Norwegian Patient
Registry (subsequently referred to as the Patient
Registry), and data for the for control and payment of health reimbursements in primary care
were obtained from the Norwegian Directorate of
Health system (the KUHR database, subsequently
referred to as the reimbursement database).
The Cause of Death Registry provides almost
complete (98%) information on causes of death
based on death certiﬁcates coded by the physician
who examined the deceased (26), supplemented by
autopsy data in approximately 8% of the cases.
The Patient Registry contains information about
all specialized healthcare settings (i.e., government-owned hospitals and out-patient clinics, and
private health clinics with governmental reimbursement) from 2008. Data from substance abuse
treatment facilities were available from 2009.
Because of technical problems when reporting
data, approximately 15% of publicly funded contacts at private somatic health clinics were missing
in the study period (27).
The
reimbursement
database
contains
information on all patient contacts with general
practitioners (GPs) who receive governmental
reimbursement, including visits at the doctor’s
oﬃce or the patient’s home, telephone contacts,
emergency room visits, and laboratory tests. The
reimbursement database is approximately 100%
complete, as GPs are mainly funded on a fee-forservice basis.
Diagnostic codes in the Cause of Death Registry
and the Patient Registry follow the International
Classiﬁcation of Diseases and Related Health
Problems, 10th Revision (ICD-10), while diagnostic
codes for primary care contacts follow the International Classiﬁcation of Primary Care, 2nd edition
(ICPC-2). Accurate linkage across registries was
obtained using an encrypted personal identiﬁcation
number included in all registries.
Subject inclusion criteria and diagnostic and procedural categories

We identiﬁed all deceased residents in Norway
who were aged 18 years or older with a cardiovascular disease (ICD-10 codes I00-I82) recorded as
underlying cause of death in 2011–2016. We then
examined the data for these subjects for at least
three years prior to death in the Patient Registry

and the reimbursement database. Individuals registered as having died abroad (N = 132) and individuals with no healthcare contact during the period
(N = 66, none of whom had a diagnosis of
schizophrenia or bipolar disorder registered on the
death certiﬁcate) were excluded.
Patients were included in the SMI group if a
diagnosis of schizophrenia (ICD-10 code F20/
ICPC-2 code P72) or bipolar disorder (ICD-10
codes F30-F31/ICPC-2 code P73) was recorded in
the Patient Registry or the reimbursement database between 2008 and 2016 or in the Cause of
Death Registry.
Patients diagnosed with both conditions
(N = 94) were included in the schizophrenia
group only. A diagnosis of CVD was considered present if ICD-10 codes I00-I82 or G45,
or corresponding ICPC-2 codes (K70-K71, K74K80, K82-K84, K86-K87, and K89-K94) were
recorded in the Patient Registry or the reimbursement database between January 1, 2008,
and the time of death.
We used three composite measures of CVDrelated procedures as the main endpoints: (i) any
CVD-related diagnostic test in a primary care setting, (ii) any CVD-related diagnostic examination
in a specialized healthcare setting, and (iii) any
invasive cardiovascular treatment procedure (see a
description of the included procedures in Table 1).
Information on pharmacological treatments was
not available.
Analysis and statistical methods

We applied a log-binomial regression analysis to
study the association between the presence of SMI
and provision of diagnostic tests or treatment for
CVD in primary or specialized somatic healthcare
settings (28). The log-binomial model for the use
of diagnostic tests in primary care settings did not
converge. We therefore used a Poisson regression
analysis with a robust error variance for estimation
in this particular study (29).
Sample characteristics were presented as crude
numbers, with signiﬁcant associations marked in
bold after adjusting for age and sex. The log-binomial models were adjusted for sex and age at death
(age groups 18–59, 60–69, 70–79, 80–89, and 90
years and above), and presented as prevalence
ratios (PRs) with 95% conﬁdence intervals (CI).
Models that also included substance abuse (see the
deﬁnitions in Table S1) and somatic comorbidities
according to the Charlson comorbidity index (30,
31) did not signiﬁcantly change the estimates or
improve the goodness of ﬁt of the model, and thus
are not shown.
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Table 1. Description of the included CVD-related procedures
Outcome measure
Diagnostic tests in
primary care settings

Diagnostic examinations in
specialized care settings

Procedure
Electrocardiography (ECG)
24-h blood pressure measurement
Total cholesterol test
Blood glucose test
Glycated hemoglobin (HbA1c) test
Ordinary or 24-h blood pressure measurement

Electrocardiography (ECG)
Echocardiography
Coronary angiography
Right-sided heart catheterization
Invasive electrophysiological examination
of the heart
Ultrasound examination of blood vessels†
Doppler pressure measurements
Invasive cardiovascular treatment
Coronary revascularization
Percutaneous coronary intervention (PCI)
Coronary artery bypass graft (CABG)
Arrhythmia treatment
Permanent transvenous cardiac pacemaker implant
Cardioverter-defibrillator implant
Electroconversion of cardiac arrhythmia
Transvenous ablation
Heart valve replacement
Vascular surgery
Carotid surgery
Aneurysm surgery
Peripheral vessels surgery
†
Includes only procedures conducted in medical departments. Information on procedures conducted in radiology departments was not available.

We conducted analyses of all subjects and analyses stratiﬁed by sex for the most common CVD-related diagnostic tests performed in primary care
settings (i.e., electrocardiography (ECG), 24-h
blood pressure measurement, blood glucose test,
and glycated hemoglobin (HbA1c) test) and the
most common CVD-related diagnostic examinations performed in specialized care settings (i.e.,
echocardiography, coronary angiography, and
ultrasound of peripheral vessels). Finally, we conducted subgroup analyses of the receipt of revascularization (in all subjects and among patients
diagnosed with ischemic heart disease), receipt of
invasive arrhythmia therapy (in all patients and
among patients diagnosed with arrhythmia), and
receipt of vascular surgery (in all patients and
among patients diagnosed with peripheral vascular
disease or carotid artery stenosis (see the diagnostic codes in Table S1)).
We conducted sensitivity analyses to examine
the eﬀects of (i) excluding patients diagnosed with
dementia, (ii) excluding patients aged ≥80 years,
(iii) excluding patients with the ambiguous aﬀective disorder diagnosis in ICPC-2 (code P75) from
the bipolar group, (iv) including patients where
CVD was listed as a contributing factor but not
4

the main cause of death, (v) adjusting for personyears of observation, (vi) restricting analyses of
invasive CVD treatments to patients who survived
their ﬁrst CVD contact in the study period, and
(vii) excluding CVD diagnoses registered only during the last month of life from the subgroup analyses of revascularization, invasive arrhythmia
therapy, and vascular surgery.
Data management and analyses were conducted
using SAS statistical software, version 9.4 (SAS
Institute Inc., Cary, NC). A P-value < 0.05 was
considered statistically signiﬁcant.
The legal basis and exemption from professional
secrecy requirements for the use of individual
health data was granted by the Regional Committee for Medical and Health Research Ethics (2014/
72/REK nord).

Results
Characteristics of the study population

We included 72 385 individuals aged 18 years and
older who died from CVD in the period 2011–2016
and had visited primary or specialized somatic
healthcare clinics at least once in the period from
January 1, 2008, until death (Table 2). Of these
individuals, 814 (1.1%) patients were diagnosed
with schizophrenia and 673 (0.9%) were diagnosed
with bipolar disorder. Approximately half (54%)
of the patients with schizophrenia and 45% of
patients with bipolar disorder had their SMI diagnosis recorded in a primary care setting only, while
13% of patients with schizophrenia and 28% of
patients with bipolar disorder had their diagnosis
recorded in a specialized healthcare clinic only.
Patients with SMI died at a mean age of 76
years, eight years younger than patients without
SMI. No diﬀerences were noted in the main cardiovascular causes of death between the three diagnostic groups, with ischemic heart disease
accounting for approximately 40% of all deaths in
all groups. Patients with SMI had a lower likelihood of being diagnosed with arrhythmia, MI,
valvular disease, and peripheral vascular disease,
and patients with schizophrenia also had a lower
likelihood of being diagnosed with hypertension.
We found a similar prevalence of the diabetes diagnosis in patients with and without SMI, but a
higher prevalence of diagnoses of substance abuse,
obesity, and chronic obstructive pulmonary disease
among patients with bipolar disorder.
Patients with schizophrenia had more GP telephone contacts but fewer GP visits, specialized
somatic admissions, and somatic out-patient visits
than patients without SMI. Patients with bipolar
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Table 2. Description of the characteristics of individuals with schizophrenia, bipolar disorder, or no severe mental illnesses (SMI) who died because of cardiovascular disease
(CVD) at ages 18 and older
Schizophrenia
Demographic characteristics
Persons, n
Men, n (%)
Age at death, mean (SD)
Aged 18–59 at death, n (%)
Aged 60–69 at death, n (%)
Aged 70–79 at death, n (%)
Aged 80–89 at death, n (%)
Aged 90 or older at death, n (%)
Causes of death, n (%)
I20-I25 Ischemic heart disease
I30-I52 Other forms of heart disease
I60-I69 Cerebrovascular disease
Other cardiovascular diseases
Time from CVD diagnosis until death
First CVD diagnosis at date of death, n (%)
First CVD diagnosis ≤30 days before death, n (%)
Years from the first CVD diagnosis to death, median (25th-75th percentiles)
Diagnoses, n (%)
Cardiovascular disease
Hypertension
Cardiac arrhythmia
Congestive heart failure
Myocardial infarction
Cerebrovascular disease†
Valvular disease
Peripheral vascular disease
Pulmonary circulation disease
Hyperlipidemia
Diabetes
Obesity
Chronic obstructive pulmonary disease
Alcohol abuse
Drug abuse
Modified CCI, mean (SD)
No CC groups, n (%)
≥2 CC groups, n (%)
Primary care usage per person-year, median (25th-75th percentiles)
Contacts in primary care
No. of contacts according to type
GP visits
Emergency room visits
GP telephone contacts
No. of contacts according to diagnosis
Psychiatric symptoms/diagnoses
General symptoms/diagnoses
CVD symptoms/diagnoses
Other somatic symptoms/diagnoses
Specialized somatic care usage per person-year, median (25th-75th percentiles)
No. of contacts according to type
Somatic admissions
Somatic emergency admissions
Days in somatic hospital
Somatic out-patient visits
No. of contacts according to diagnosis
Admissions with a CVD diagnosis
Out-patient visits with a CVD diagnosis

Bipolar disorder

No SMI

814
384 (47.2)
76.0 (14.6)
122 (15.0)
145 (17.8)
153 (18.8)
237 (29.1)
157 (19.3)

673
291 (43.2)
75.6 (13.4)
83 (12.3)
129 (19.2)
157 (23.3)
201 (29.9)
103 (15.3)

70,898
32,962 (46.5)
83.5 (11.3)
3,065 (4.3)
5,423 (7.6)
10,844 (15.3)
27,481 (38.8)
24,085 (34.0)

327 (40.2)
223 (27.4)
184 (22.6)
80 (9.8)

252 (37.4)
169 (25.1)
167 (24.8)
85 (12.6)

25,806 (36.4)
20,420 (28.8)
16,514 (23.3)
8,158 (11.5)

139 (17.1)
186 (22.9)
4.3 (2.4–6.0)

76 (11.3)
114 (16.9)
4.2 (2.7–6.2)

5,562 (7.8)
7957 (11.2)
4.8 (3.2–6.5)

698 (85.7)
390 (47.9)
298 (36.6)
333 (40.9)
238 (29.2)
295 (36.2)
114 (14.0)
95 (11.7)
58 (7.1)
73 (9.0)
186 (22.9)
36 (4.4)
151 (18.6)
46 (5.7)
37 (4.5)
1.60 (2.0)
341 (41.9)
219 (26.9)

610 (90.6)
384 (57.1)
262 (38.9)
257 (38.2)
183 (27.2)
275 (40.9)
116 (17.2)
101 (15.0)
62 (9.2)
84 (12.5)
156 (23.2)
51 (7.6)
147 (21.8)
90 (13.4)
64 (9.5)
1.65 (2.1)
250 (37.1)
165 (24.5)

66,351 (93.6)
43,341 (61.1)
35,492 (50.1)
34,186 (48.2)
24,278 (34.2)
29,986 (42.3)
16,367 (23.1)
14,242 (20.1)
5,043 (7.1)
7,525 (10.6)
14,726 (20.8)
1489 (2.1)
11,147 (15.7)
2,283 (3.2)
728 (1.0)
1.67 (2.2)
28,232 (39.8)
18,010 (25.4)

12.94 (6.46–22.87)

15.79 (9.25–26.18)

11.44 (11.44–5.92)

5.94 (2.60–11.95)
0.40 (0.17–0.91)
4.57 (2.00–9.20)

9.25 (5.08–15.42)
0.50 (0.22–1.09)
4.87 (2.18–9.47)

7.00 (3.38–12.40)
0.35 (0.15–0.74)
2.78 (1.09–6.03)

3.26 (1.20–7.31)
1.29 (0.44–3.36)
1.13 (0.14–3.79)
1.60 (0.49–4.03)

4.72 (1.71–9.84)
1.45 (0.54–3.54)
1.49 (0.23–4.28)
2.31 (0.95–4.96)

0.15 (0.00–1.16)
1.01 (0.34–1.16)
2.78 (0.68–7.45)
2.05 (0.74–4.40)

0.47 (0.19–0.89)
0.41 (0.17–0.79)
2.09 (0.85–4.80)
1.02 (0.28–2.21)

0.64 (0.29–1.18)
0.52 (0.24–0.97)
3.02 (1.04–6.42)
1.67 (0.71–3.27)

0.52 (0.24–0.96)
0.45 (0.21–0.82)
2.57 (0.91–5.37)
1.56 (0.60–3.19)

0.25 (0.00–0.56)
0.00 (0.00–0.25)

0.32 (0.11–0.71)
0.00 (0.00–0.42)

0.35 (0.14–0.73)
0.12 (0.00–0.49)

Abbreviations: CCI, Charlson comorbidity Index; CVD, cardiovascular disease; GP, general practitioner; SMI, severe mental illnesses; SD, standard deviation.
Bold figures: Significantly different from patients without SMI at a P-value <0.05 when adjusting for sex and/or age group at death.
Data sources: The Norwegian Patient Registry (2008–2016), the Norwegian Directorate of Health system for the control and payment of health reimbursements in primary care
(2008–2016), and the Norwegian Cause of Death Registry (2011–2016).
†ICD-10 codes I60-I69, G45-G46 or H340, or ICPC-2 codes K89-K91.
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disorder had a higher use of any form of GP contact and specialized somatic admissions than
patients without SMI. Patients with SMI had a
shorter time span from the ﬁrst CVD examination
in the observation period until cardiovascular
death. Seventeen per cent of patients with
schizophrenia, 11% of patients with bipolar disorder, and 8% of patients without SMI had their ﬁrst
CVD diagnosis recorded on the death certiﬁcate.
Receipt of CVD-related diagnostic tests

A diagnosis of SMI had no impact on the prevalence of receipt of any CVD-related diagnostic test
in primary care settings (Fig. 1). Compared to people without SMI, patients with bipolar disorder
had a similar prevalence and patients with
schizophrenia had a 22% lower prevalence of diagnostic cardiovascular examinations in specialized
healthcare clinics.
According to the subgroup analyses, patients
with schizophrenia had similar prevalence of ECG
and diabetes testing in primary care settings, but a
61% lower prevalence of 24-h blood pressure measurements, while patients with bipolar disorder
had a 12–13% higher prevalence of blood glucose
and HbA1c testing, but similar prevalence of ECG
and 24-h blood pressure measurements in primary
care to patients without SMI (Table 3). A lower
percentage of patients with schizophrenia underwent echocardiography (PR 0.77), coronary
angiography (PR 0.66), or ultrasound of peripheral
vessels (PR 0.44) tests compared to patients without SMI. Patients with bipolar disorder also exhibited reduced percentages of echocardiography (PR

0.90) and coronary angiography (PR 0.81), but a
similar percentage of ultrasound of peripheral vessels compared to patients without SMI. Sex-stratiﬁed analyses showed the same overall pattern.
Receipt of invasive cardiovascular procedures

Patients with schizophrenia or bipolar disorder
who died from CVD had 42% and 21% lower
prevalence, respectively, of any invasive cardiovascular treatment (Fig. 1).
Subgroup analyses adjusted for the type of invasive treatment procedure showed a 35% lower
prevalence of revascularization in patients with
schizophrenia, but a similar prevalence of revascularization in patients with schizophrenia who were
diagnosed with ischemic heart disease prior to
death compared to patients without SMI (Table 4).
We observed a 31% lower prevalence of any invasive arrhythmia treatment in patients with
schizophrenia, but a similar prevalence in patients
with schizophrenia who were diagnosed with
arrhythmia prior to death compared to patients
without SMI. Patients with bipolar disorder had a
similar prevalence of revascularization and
arrhythmia therapy to patients without SMI,
regardless of a diagnosis of ischemic heart disease
or arrhythmia. Patients with schizophrenia or
bipolar disorder had 57% and 63% lower prevalence, respectively, of vascular surgery than
patients without SMI. Patients with bipolar disorder who were diagnosed with peripheral vascular
disease or carotid artery stenosis prior to death
had a 50% lower prevalence of vascular surgery
than patients without SMI. Sensitivity analyses

Fig. 1. Prevalence ratios (PRs) adjusted for sex and age group with 95% lower (LCL) and upper (UCL) conﬁdence limits for the
receipt of diagnostic CVD tests or invasive cardiovascular treatment prior to cardiovascular death in individuals with schizophrenia
(SCZ) or bipolar disorder (BD) compared to patients without severe mental illnesses after stratiﬁcation according to the patient
group and type of procedure. Data sources: The Norwegian Patient Registry (2008–2016), the Norwegian Directorate of Health system for the control and payment of health reimbursements in primary care settings (2008–2016), and the Norwegian Cause of Death
Registry (2011–2016).
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Table 3. Adjusted prevalence ratios (PRs) with 95% confidence intervals (CI) for the receipt of diagnostic cardiovascular tests prior to cardiovascular death in individuals with
schizophrenia or bipolar disorder compared to patients without severe mental illnesses after stratification by sex, patient group, and type of procedure
All patients
PR†
Diagnostic tests in primary care
Electrocardiography (ECG)
Schizophrenia
0.95
Bipolar disorder
1.06
24-h blood pressure measurement
Schizophrenia
0.39
Bipolar disorder
0.83
Glucose test
Schizophrenia
1.00
Bipolar disorder
1.13
Glycated hemoglobin (HbA1c) test
Schizophrenia
0.99
Bipolar disorder
1.12
Diagnostic tests in specialized health care
Echocardiography
Schizophrenia
0.77
Bipolar disorder
0.90
Coronary angiography
Schizophrenia
0.66
Bipolar disorder
0.81
Ultrasound of peripheral vessels
Schizophrenia
0.44
Bipolar disorder
1.09

Men

Women

95% CI

n

PR†

95% CI

n

PR†

95% CI

(0.89–1.02)
(0.99–1.13)

194
173

0.93
1.05

(0.84–1.03)
(0.96–1.16)

216
212

0.97
1.06

(0.88–1.06)
(0.97–1.16)

(0.28–0.55)
(0.65–1.07)

14
30

0.34
0.89

(0.20–0.56)
(0.63–1.26)

17
28

0.45
0.77

(0.28–0.72)
(0.54–1.10)

(0.95–1.06)
(1.07–1.19)

228
210

1.00
1.17

(0.92–1.08)
(1.09–1.26)

264
257

1.00
1.09

(0.93–1.08)
(1.02–1.17)

(0.91–1.07)
(1.03–1.21)

163
149

1.00
1.16

(0.89–1.12)
(1.04–1.30)

162
162

0.97
1.07

(0.86–1.10)
(0.95–1.20)

(0.70–0.84)
(0.82–0.98)

138
136

0.74
0.93

(0.65–0.85)
(0.82–1.05)

139
137

0.79
0.84

(0.69–0.91)
(0.74–0.96)

(0.55–0.79)
(0.67–0.96)

58
66

0.61
0.93

(0.48–0.77)
(0.75–1.15)

39
32

0.72
0.64

(0.54–0.97)
(0.46–0.89)

(0.32–0.61)
(0.88–1.36)

19
35

0.46
1.04

(0.30–0.72)
(0.76–1.42)

15
39

0.41
1.12

(0.25–0.67)
(0.83–1.51)

Abbreviations: PR, prevalence ratio; CI, confidence interval; n, no. of patients who underwent the procedure.
Reference group: Individuals without schizophrenia or bipolar disorder who died from cardiovascular disease.
Bold figures: Significant association at a P-value <0.05.
Data sources: The Norwegian Patient Registry (2008–2016), the Norwegian Directorate of Health system for the control and payment of health reimbursements in primary care
(2008–2016), and the Norwegian Cause of Death Registry (2011–2016).
†Adjusted for sex, age at death, alcohol and drug use disorder, and somatic comorbidities.

essentially provided the same estimates for PR as
the primary analyses (Figure S1).
Discussion

In this nationwide registry-based study of all cardiovascular deaths among adult Norwegian residents from 2011 to 2016, we observed a
comparable use of CVD-related diagnostic tests in
primary care settings, but a lower use of diagnostic
cardiovascular examinations in specialized somatic
healthcare settings among patients with
schizophrenia, and a lower use of invasive cardiovascular treatments among patients with
schizophrenia or bipolar disorder compared to
patients without SMI. However, patients with
schizophrenia or bipolar disorder who had a recognized and diagnosed CVD had similar prevalence
for invasive cardiovascular therapy as patients
without SMI.
Our ﬁndings show similarities with other studies
on related topics. Patients with schizophrenia have
a similar likelihood of ECG and higher likelihood
of HbA1c testing compared to controls with a similar somatic comorbidity (25). The ﬁndings for 24-

h blood pressure measurements in primary care
settings are consistent with previous studies of people with schizophrenia (8, 13, 32) or bipolar disorder (22, 24, 33). A similar result was reported for
diabetes testing in primary care settings (23, 24, 34,
35), indicating that GPs are well aware of the
increased cardiometabolic risk in individuals with
SMI.
A decreased prevalence of coronary angiography in patients with schizophrenia or bipolar disorder is consistent with earlier studies (7, 15, 16,
36–39). Little is known about the extent to which
these patients receive echocardiography and ultrasound of peripheral vessels, but patients with SMI
are less likely to undergo a left ventricular ejection
fraction assessment, for which echocardiography is
often used (40).
The lower prevalence of invasive cardiovascular
procedures in patients with schizophrenia or bipolar disorder is consistent with previous studies (39,
41). Overall, a lower (schizophrenia) or similar
(bipolar disorder) prevalence of revascularization
was observed in patients with SMI, but similar
prevalence of revascularization was observed in
patients with and without SMI with acknowledged
7
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Table 4. Adjusted prevalence ratios (PRs) with 95% confidence intervals (CI) for the receipt of invasive cardiovascular treatment prior to cardiovascular death in individuals with
schizophrenia or bipolar disorder compared to patients without severe mental illnesses after stratification according to the patient group, inclusion criteria, and type of procedure.
Patients

Patients who underwent the procedure

Percutaneous coronary intervention (PCI) or coronary artery bypass surgery (CABG)
Patients with CVD as the underlying cause of death
Schizophrenia
814
54
Bipolar disorder
673
54
Patients diagnosed with IHD prior to death
Schizophrenia
327
54
Bipolar disorder
272
54
Arrhythmia therapy
Patients with CVD as the underlying cause of death
Schizophrenia
814
42
Bipolar disorder
673
44
Patients diagnosed with arrhythmia prior to death
Schizophrenia
298
42
Bipolar disorder
262
44
Peripheral vascular surgery
Patients with CVD as the underlying cause of death
Schizophrenia
814
19
Bipolar disorder
673
14
Patients diagnosed with peripheral vascular disease prior to death
Schizophrenia
101
19
Bipolar disorder
103
14

PR†

95% CI

0.65
0.79

(0.50–0.84)
(0.61–1.01)

0.82
0.94

(0.65–1.03)
(0.75–1.18)

0.69
0.87

(0.51–0.92)
(0.65–1.15)

0.86
0.97

(0.65–1.14)
(0.74–1.27)

0.43
0.37

(0.28–0.68)
(0.22–0.62)

0.73
0.50

(0.49–1.09)
(0.31–0.82)

Abbreviations: PR, prevalence ratio; CI, confidence interval; CVD, cardiovascular disease; IHD, ischemic heart disease.
Reference group: Individuals without schizophrenia or bipolar disorder who died from cardiovascular disease.
Bold figures: Significant association at a P-value <0.05.
Data sources: The Norwegian Patient Registry (2008–2016), the Norwegian Directorate of Health system for the control and payment of health reimbursements in primary care
(2008–2016), and the Norwegian Cause of Death Registry (2011–2016).
†Adjusted for sex, age at death, alcohol and drug use disorder, and somatic comorbidities.

ischemic heart disease. The latter ﬁnding is consistent with a nationwide Swedish study (17), and a
recent Danish study that did not observe a diﬀerence in post-MI treatment in patients with and
without schizophrenia who have undergone coronary angiography (42), as well as studies showing a
similar likelihood of revascularization in patients
with ischemic heart disease and bipolar (43) or
mood disorders (20). The ﬁnding of a similar
prevalence of revascularization in patients with
SMI diagnosed with ischemic heart disease is also
compatible with a study of the general Norwegian
population, showing that lower revascularization
rates among patients with a low education level are
explained by diﬀerences in the receipt of coronary
angiography (44).
With the exception of revascularization, the
receipt of invasive cardiovascular treatment by
individuals with SMI has been rarely described in
the literature (45). However, an Israeli study
reported a 50% reduced likelihood of cardiac pacemaker implantation in patients with schizophrenia
(39) and a US study described a reduced likelihood
of receiving major surgery, including vascular surgery, among individuals with SMI, particularly
patients with schizophrenia (41). These ﬁndings
8

are consistent with the data from our study and
support the hypothesis that patients with SMI
receive fewer cardiovascular procedures in specialist healthcare settings than people without SMI.
Disease-related factors, such as a limited and
disorganized self-care capacity, poor communication skills, self-stigma, depression, and social isolation, particularly in patients with schizophrenia,
may lead to delayed presentation or diagnosis, a
failure to attend visits and missed referrals.
According to previous studies, older patients with
SMI may be particularly less likely to seek health
care for CVD (46). Increased pain tolerance (47)
and an increased risk of silent CVD (48) have been
reported in individuals with schizophrenia, which
might prevent them from seeking health care in a
timely manner. Because of the increase in early cardiovascular mortality (49, 50), individuals with
SMI may die at ages when healthcare providers do
not usually suspect CVD. Prevailing risk prediction algorithms for CVD have been shown to
underestimate the risk in individuals with
schizophrenia (51). Furthermore, shared genetic
risk factors for both schizophrenia and CVD (52)
may imply a more malignant course of CVD, with
less time to recognize symptoms, in patients with
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SMI. Users of antipsychotic medication are at
higher risks of adverse cardiac eﬀects such as
arrhythmias, deviations in blood pressure, heart
failure, myocarditis, and cardiomyopathy, which
might lead to sudden cardiac death (53).
Provider-level explanations include time constraints, complexity in the organization of health
care, and misattribution of physical symptoms to
the mental illness (54). Discomfort with or stigmatizing attitudes toward patients with SMI among
healthcare providers have also been reported (55),
particularly regarding schizophrenia (56), and
these attitudes may aﬀect the propensity of diagnostic testing and treatment. The lower prevalence
of cardiovascular examinations was particularly
pronounced for procedures that are time-consuming or require physical contact with the patient
(such as 24-h blood pressure measurements,
echocardiograms, coronary angiography, and
ultrasound of peripheral vessels) in the present
study. This decrease in the prevalence of these procedures might be due to patient-related factors and
stigmatizing attitudes among providers.
Despite their younger age, people with SMI have
more comorbidities (57) and higher risks of postoperative complications (58) and mortality (17)
following cardiac events. Disparities in invasive
cardiovascular treatment may therefore also reﬂect
clinicians’ uncertainty about treatment risks or
compliance with postoperative care. Lack of consent or a lack of capacity to provide informed consent may also be an issue, as noted in a recent
study investigating decisions about cardiac examinations and treatment among patients with
schizophrenia (42).
Finally, a mismatch between patients’ healthcare
needs and the fragmented organization of health
care may be an important barrier to somatic health
care (59). The current healthcare system relies on
the individual’s ability to initiate contact with
healthcare providers. The ability to navigate
between psychiatric, primary, and specialized
somatic healthcare systems may be a challenge,
particularly for patients with SMI, and is potentially aggravated by a lack of clarity as to which
health provider is responsible for monitoring the
physical health of this patient group (60). Both
patients and mental health staﬀ suggested the need
for a less fragmented healthcare system when
asked about potential improvements to the prevention and treatment of physical diseases among
individuals with SMI (59, 61).
Paradoxically, people with bipolar disorder who
died from CVD died at the same age as patients
with schizophrenia and at a much younger age
than subjects without SMI, despite having a

higher overall healthcare usage and generally a
higher education level and lower level of functional impairment than people with schizophrenia
(1). We can only speculate on the causes for this
ﬁnding. Comorbid alcohol use disorder, which is
more prevalent in individuals with bipolar disorder and is associated with a lower prevalence of
specialized somatic examination and treatment,
may be part of the explanation. A higher rate of
somatic comorbidities in patients with bipolar
disorder, including conditions that complicate
invasive cardiovascular treatment, may be another
explanation (62).
Strengths and limitations

The strengths of this study include the use of a
nationwide sample with complete diagnostic data
from both primary and specialized healthcare settings, the inclusion of patients with an assumed
similar severity of CVD, available data on somatic
comorbidities and substance use disorders, and the
use of extensive sensitivity analyses to strengthen
our conclusions. However, some limitations should
be mentioned.
First, we did not have access to data on physicians’ assessments of risk factors or data on referrals or patients’ possible lack of consent to
undergoing clinical examinations and treatment.
We were thus unable to precisely determine where
and why inequalities occur along the clinical pathway. We also lacked information on pharmacological approaches used to prevent and treat CVD,
radiological procedures (such as computed tomographic angiography and ultrasound of peripheral
vessels), and prehospital procedures during transportation to the hospital (such as ECG or thrombolysis). We did not know the speciﬁc indication
for blood tests performed as part of broad batteries covering several biomarkers. Thus, we may
have underestimated the level of screening/monitoring of CVD risk factors in all patients, but the
underestimation was probably greater in patients
without SMI, as patients with SMI are monitored
for adverse eﬀects of psychopharmacological medications. Additionally, very common procedures,
such as ordinary blood pressure measurements or
ECG, may be underreported in administrative
data, but this underreporting would not likely differ systematically between patients with and without SMI.
Second, we lacked information on the severity of
CVD (such as ST-segment elevation MI and extent
of coronary disease). An equal severity of CVD
might be approximated by the observation that all
patients died from CVD. Previous studies have
9
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reported a similar severity of MI among patients
with schizophrenia (17), and a similar (17) or
higher (43) severity of MI among patients with
bipolar disorder, which implies a possible underestimation of the diﬀerences in access to invasive cardiovascular treatments for patients with bipolar
disorder. We also lacked information on the time
from symptom onset and travel time to hospital,
which may have diﬀerentially aﬀected treatment
options in patients with and without SMI.
Third, we lacked information on the socioeconomic status of the patients before their prodromal phase (e.g., their parents’ educational
attainment). Our results might therefore be confounded by social stratiﬁcation in terms of treatment usage.
Fourth, the validity of registry diagnoses is
unknown for some disease categories. Previous
studies have reported a high level of agreement
between clinical and research-based diagnoses of
SMI (63) and valid information regarding stroke
(64) and intracranial hemorrhage (65) in the
Patient Registry. Studies from other Nordic
countries have observed a high level of diagnostic accuracy of cardiovascular diagnoses in general (66, 67), atrial ﬁbrillation and ﬂutter (68),
and intracerebral hemorrhage (69), but questionable validity of heart failure (70) and peripheral
arterial disease diagnoses (71). Diagnoses in the
reimbursement database have not been validated,
but diagnoses have been found to be valid in
general practice registries in other countries, particularly for chronic diseases (72). The registered
cause of death was not validated by autopsy for
the large majority of patients in our study.
However, the Cause of Death Registry has been
shown to provide high-quality information on
causes of death (73). A Norwegian study from
2011 reported very good agreement between
mortality statistics and autopsy ﬁndings for both
coronary heart disease and stroke in the registry
(74). The most common error in mortality statistics is that immediate or intermediate causes of
death are registered as the underlying cause of
death (75). However, we obtained similar results
when we included all deaths with CVD as the
underlying or contributing cause of death in the
sensitivity analysis. We lacked data on sudden
death (ICD-10 code R98), which may imply
unreported cardiovascular deaths. However, only
2% of underlying causes of death in Norway
from 2011 to 2016 were assigned to unknown or
unspeciﬁed causes (R96–R99) (76). Studies have
reported a longer postmortem time before discovery in individuals with schizophrenia compared to patients with other disorders (77),
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which possibly aﬀects the reliability of cause of
death codes in these individuals.
Fifth, a longer time series would have been
preferable, but was not possible with the available
registries in Norway.
Finally, external validity may be limited to individuals with severe CVD in countries with publicly
funded and readily available health services for
both somatic and mental disorders.
Clinical implications

In this nationwide study, we observed a lower
prevalence of specialized cardiovascular examinations prior to cardiovascular death in patients with
schizophrenia and patients with bipolar disorder,
despite high levels of primary and somatic healthcare use. Vulnerable individuals may therefore be
deprived of medically indicated cardiovascular
treatments. In patients diagnosed with CVD, however, we observed a similar prevalence of invasive
cardiovascular treatment among patients with and
without SMI.
Based on these results, the underdiagnosis and
underuse of specialized cardiovascular examinations, rather than poor access to primary care or
restraints because of contraindications or perceived non-compliance with postoperative care,
are the main obstacles to more equal access to cardiovascular health care for patients with SMI. The
window of opportunity for improvement appears
to be the interface between GPs and somatic hospital departments. The healthcare disparities identiﬁed in our study call for a proactive, ﬂexible, and
tailored approach for the timely and speciﬁc diagnosis and treatment of CVD in patients with SMI.
Possible remedies for these disparities may be economic incentives for performing cardiovascular
examinations on patients with SMI in primary and
specialized healthcare settings, and incentives for
specialized cooperation arenas between psychiatric
and somatic caregivers. Speciﬁc, standardized
algorithms for diagnosis and treatment should also
be implemented, because cardiovascular disease
may have a more malignant disease course in these
patients, with less time from the ﬁrst occurrence of
symptoms to development of severe sequelae or
death.
Acknowledgements
This study was supported by a research grant from the Northern Norway Regional Health Authority (PFP1236-15).

Declaration of Interest
The authors have not conﬂicts of interest to declare.

CVD prevention and treatment in patients with SMI
Data availability statement
The data that support the ﬁndings of this study are available
from the Norwegian Patient Registry, the Norwegian Directorate of Health (the KUHR database), and the Norwegian
Cause of Death Registry. Restrictions apply to the availability
of these data, which were used under license for this study. For
information on how to access the data, see https://www.helsed
irektoratet.no/tema/statistikk-registre-og-rapporter/helsedataog-helseregistre/norsk-pasientregister-npr/sok-om-data-franpr.

References
1. Rødevand L, Steen NE, Elvs
ashagen T et al. Cardiovascular risk remain high in schizophrenia with modest improvements in bipolar disorder during past decade. Acta
Psychiatr Scand 2019;139:348–360.
2. Correll CU,Solmi M, Veronese N et al. Prevalence, incidence and mortality from cardiovascular disease in
patients with pooled and speciﬁc severe mental illness: a
large-scale meta-analysis of 3,211,768 patients and
113,383,368 controls. World Psychiatry 2017;16:163–180.
3. Laursen TM, Plana-Ripoll O, Andersen PK et al. Causespeciﬁc life years lost among persons diagnosed with
schizophrenia: Is it getting better or worse? Schizophr Res
2019;206:284–290.
4. Mitchell AJ, Delaffon V, Vancampfort D et al. Guideline
concordant monitoring of metabolic risk in people treated
with antipsychotic medication: systematic review and
meta-analysis of screening practices. Psychol Med
2012;42:125–147.
5. Ayerbe L, Forgnone I, Addo J, Siguero A, Gelati S, Ayis S
et al. Hypertension risk and clinical care in patients with
bipolar disorder or schizophrenia; a systematic review and
meta-analysis. J Aﬀect Disord 2018;225:665–670.
6. Mitchell AJ, Lord O, Malone D. Diﬀerences in the prescribing of medication for physical disorders in individuals
with v. without mental illness: meta-analysis. Br J Psychiatry 2012;201:435–443.
7. Mitchell AJ, Lawrence D. Revascularisation and mortality
rates following acute coronary syndromes in people with
severe mental illness: comparative meta-analysis. Br J Psychiatry 2011;198:434–441.
8. Roberts L, Roalfe A, Wilson S, Lester H. Physical health
care of patients with schizophrenia in primary care: a comparative study. Fam Pract 2007;24:34–40.
9. Lahti M, Tiihonen J, Wildgust H et al. Cardiovascular morbidity, mortality and pharmacotherapy in patients with
schizophrenia. Psychol Med 2012;42:2275–2285.
10. Smith DJ, Martin D, McLean G, Langan J, Guthrie B, Mercer SW. Multimorbidity in bipolar disorder and
undertreatment of cardiovascular disease: a cross sectional
study. BMC Med 2013;11:263.
11. Laursen TM, Mortensen PB, MacCabe JH, Cohen D, Gasse
C. Cardiovascular drug use and mortality in patients with
schizophrenia or bipolar disorder: a Danish populationbased study. Psychol Med 2014;44:1625–1637.
12. Skrede S, Tvete IF, Tanum L, Steen VM, Bramness JG.
Incident users of antipsychotic agents and future use of
cholesterol-lowering drugs: an observational, pharmacoepidemiologic study. J Clin Psychiatry 2015;76:e111–
e116.
13. Woodhead C, Ashworth M, Broadbent M et al. Cardiovascular disease treatment among patients with severe mental
illness: a data linkage study between primary and secondary care. Br J Gen Pract 2016;66:e374–e381.

14. Laursen TM, Nordentoft M. Heart disease treatment and
mortality in schizophrenia and bipolar disorder – changes
in the Danish population between 1994 and 2006. J Psychiatr Res 2011;45:29–35.
15. Wu SI et al. Diagnostic procedures, revascularization, and
inpatient mortality after acute myocardial infarction in
patients with schizophrenia and bipolar disorder. Psychosom Med 2013;75:52–59.
16. Kisely S, Campbell LA, Wang Y. Treatment of ischaemic
heart disease and stroke in individuals with psychosis under
universal healthcare. Br J Psychiatry 2009;195:545–550.
17. Boden R, Molin E, Jernberg T, Kieler H, Lindahl B, Sundstr€om J. Higher mortality after myocardial infarction in
patients with severe mental illness: a nationwide cohort
study. J Intern Med 2015;277:727–736.
18. Jakobsen L, Terkelsen CJ, Christiansen EH et al. Severe
mental illness and clinical outcome after primary percutaneous coronary intervention. Am J Cardiol 2017;120:550–
555.
19. Blackburn R, Osborn D, Walters K, Nazareth I, Petersen
I. Statin prescribing for prevention of cardiovascular disease amongst people with severe mental illness: Cohort
study in UK primary care. Schizophr Res 2018;192:219–
225.
20. Manderbacka K, Arffman M, Sund R, Haukka J, Keskim€aki
I, Wahlbeck K. How does a history of psychiatric hospital
care inﬂuence access to coronary care: a cohort study.
BMJ Open 2012;2:e000831.
21. Ayerbe L, Forgnone I, Foguet-Boreu Q, Gonzalez E, Addo
J, Ayis S. Disparities in the management of cardiovascular
risk factors in patients with psychiatric disorders: a systematic review and meta-analysis. Psychol Med
2018;48:2693–2701.
22. Hippisley-Cox J, Parker C, Coupland C, Vinogradova Y.
Inequalities in the primary care of patients with coronary
heart disease and serious mental health problems: a crosssectional study. Heart 2007;93:1256–1262.
23. Osborn DPJ, Baio G, Walters K et al. Inequalities in the
provision of cardiovascular screening to people with severe
mental illnesses in primary care: cohort study in the United Kingdom THIN Primary Care Database 2000–2007.
Schizophr Res 2011;129:104–110.
24. Whyte S, Penny C, Phelan M, Hippisley-Cox J, Majeed A.
Quality of diabetes care in patients with schizophrenia and
bipolar disorder: cross-sectional study. Diabet Med
2007;24:1442–1448.
25. Hetlevik O, Solheim M, Gjesdal S. Use of GP services by
patients with schizophrenia: a national cross-sectional register-based study. BMC Health Serv Res 2015;15:66.
26. Pedersen AG, Ellingsen CL. Data quality in the Causes of
Death Registry. Tidsskr Nor Laegeforen 2015;135:768–
770.
27. L€utzen J, Fuglset AS, Dahlstrøm I. Aktivitetsdata for
avtalespesialister 2015 [Data on activities by specialists in
private practice 2015]. Helsedirektoratet [The Norwegian
Directorate of Health]: Oslo, 2015.
28. Barros AJ, Hirakata VN. Alternatives for logistic regression in cross-sectional studies: an empirical comparison of
models that directly estimate the prevalence ratio. BMC
Med Res Methodol 2003;3:21.
29. Zou G. A modiﬁed poisson regression approach to
prospective studies with binary data. Am J Epidemiol
2004;159:702–706.
30. 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;40:373–383.

11

Heiberg et al.
31. Quan H, Li B, Couris CM et al. Updating and validating
the Charlson comorbidity index and score for risk adjustment in hospital discharge abstracts using data from 6
countries. Am J Epidemiol 2011;173:676–682.
32. Jørgensen M, Mainz J, Carinci F et al. Quality and predictors of diabetes care among patients with schizophrenia: a
Danish nationwide study. Psychiatr Serv 2018;69:179–185.
33. Ritchie S, Muldoon L. Cardiovascular preventive care for
patients with serious mental illness. Can Fam Physician
2017;63:e483–e487.
34. Woodhead C et al. Patterns of physical co-/multi-morbidity
among patients with serious mental illness: a London borough-based cross-sectional study. BMC Fam Pract
2014;15:117.
35. Gal G, Munitz H, Levav I. Health care and mortality
among persons with severe mental illness. Can J Psychiatry 2017;62:259–267.
36. Young JK, Foster DA. Cardiovascular procedures in
patients with mental disorders. JAMA 2000; 283: 3198;
author reply 3198–9.
37. Bresee LC, Majumdar SR, Patten SB, Johnson JA. Utilization of general and specialized cardiac care by people with
schizophrenia. Psychiatr Serv 2012;63:237–242.
38. Kurdyak P, Vigod S, Calzavara A, Wodchis WP. High mortality and low access to care following incident acute
myocardial infarction in individuals with schizophrenia.
Schizophr Res 2012;142:52–57.
39. Gal G, Munitz H, Levav I. Health care disparities among
persons with comorbid schizophrenia and cardiovascular
disease: a case-control epidemiological study. Epidemiol
Psychiatr Sci 2016;25:541–547.
40. Rathore SS et al. Mental disorders, quality of care, and
outcomes among older patients hospitalized with heart
failure: an analysis of the national heart failure project.
Arch Gen Psychiatry 2008;65:1402–1408.
41. Copeland LA et al. Serious mental illnesses associated with
receipt of surgery in retrospective analysis of patients in
the Veterans Health Administration. BMC Surg
2015;15:74.
42. Attar R, Berg Johansen M, Valentin JB, Aagaard J, Jensen
SE. Treatment following myocardial infarction in patients
with schizophrenia. PLoS ONE 2017;12:e0189289.
43. Schulman-Marcus J, Goyal P, Swaminathan RV et al. Comparison of trends in incidence, revascularization, and inhospital mortality in ST-elevation myocardial infarction in
patients with versus without severe mental illness. Am J
Cardiol 2016;117:1405–1410.
44. Sulo E, Nyg
ard O, Vollset SE et al. Coronary angiography and myocardial revascularization following the ﬁrst
acute myocardial infarction in Norway during 2001–2009:
Analyzing time trends and educational inequalities using
data from the CVDNOR project. Int J Cardiol
2016;212:122–128.
45. Copeland LA, Zeber JE, Pugh MJ et al. Postoperative complications in the seriously mentally ill: a systematic review
of the literature. Ann Surg 2008;248:31–38.
46. Swildens W, Termorshuizen F, de Ridder A, Smeets H,
Engelhard IM. Somatic care with a psychotic disorder.
Lower somatic health care utilization of patients with a
psychotic disorder compared to other patient groups and
to controls without a psychiatric diagnosis. Adm Policy
Ment Health 2016;43:650–662.
47. Stubbs B, Thompson T, Acaster S, Vancampfort D, Gaughran F, Correll CU. Decreased pain sensitivity among people with schizophrenia: a meta-analysis of experimental
pain induction studies. Pain 2015;156:2121–2131.

12

48. Nielsen J, Juel J, Al Zuhairi KS et al. Unrecognised
myocardial infarction in patients with schizophrenia. Acta
Neuropsychiatr 2015;27:106–112.
49. Chung K-H, Chen P-H, Kuo C-J et al. Risk factors for early
circulatory mortality in patients with schizophrenia. Psychiatry Res 2018;267:7–11.
50. Goldstein BI, Schaffer A, Wang S, Blanco C. Excessive
and premature new-onset cardiovascular disease among
adults with bipolar disorder in the US NESARC cohort. J
Clin Psychiatry 2015;76:163–169.
51. McLean G, Martin JL, Martin DJ, Guthrie B, Mercer SW,
Smith DJ. Standard cardiovascular disease risk algorithms
underestimate the risk of cardiovascular disease in
schizophrenia: evidence from a national primary care
database. Schizophr Res 2014;159:176–181.
52. Andreassen OA, Djurovic S, Thompson WK et al. Improved
detection of common variants associated with schizophrenia by leveraging pleiotropy with cardiovascular-disease
risk factors. Am J Hum Genet 2013;92:197–209.
53. Ray WA, Chung CP, Murray KT, Hall K, Stein CM.
Atypical antipsychotic drugs and the risk of sudden cardiac death. N Engl J Med 2009;360:225–235.
54. Shefer G, Henderson C, Howard LM, Murray J, Thornicroft G. Diagnostic overshadowing and other challenges
involved in the diagnostic process of patients with mental
illness who present in emergency departments with physical symptoms–a qualitative study. PLoS ONE 2014;9:
e111682.
55. Vistorte AOR, Ribeiro WS, Jaen D, Jorge MR, EvansLacko S, Mari JJ. Stigmatizing attitudes of primary
care professionals towards people with mental disorders:
A systematic review. Int J Psychiatry Med 2018;53:317–
338.
56. Mittal D, Corrigan P, Sherman MD et al. Healthcare providers’ attitudes toward persons with schizophrenia. Psychiatr Rehabil J 2014;37:297–303.
57. Garcia-Portilla MP, Saiz PA, Benabarre A et al. Impact
of substance use on the physical health of patients
with bipolar disorder. Acta Psychiatr Scand 2010;121:437–
445.
58. Brunner S, Diez C, Fl€orchinger B, Kolat P, Schmid C, Camboni D et al. Patients under psychiatric medication undergoing cardiac surgery have a higher risk for adverse
events. Thorac Cardiovasc Surg 2016;64:575–580.
om A, Welin P,
59. Bj€orkEB, Torgerson J, Norman Kjellstr€
Rusner M. Access to primary and specialized somatic
health care for persons with severe mental illness: a qualitative study of perceived barriers and facilitators in Swedish health care. BMC Fam Pract 2018;19:12.
60. De Hert M, Cohen D, Bobes J et al. Physical illness in
patients with severe mental disorders. II. Barriers to care,
monitoring and treatment guidelines, plus recommendations at the system and individual level. World Psychiatry
2011;10:138–151.
61. Blanner Kristiansen C, Juel A, Vinther Hansen M, Hansen
AM, Kilian R, Hjorth P. Promoting physical health in severe mental illness: patient and staﬀ perspective. Acta Psychiatr Scand 2015;132:470–478.
62. Castro VM, Roberson AM, McCoy TH. Stratifying risk for
renal insuﬃciency among lithium-treated patients: an electronic health record study. Neuropsychopharmacology
2016;41:1138–1143.
63. Nesv
ag R, J€onsson EG, Bakken IJ et al. The quality of severe mental disorder diagnoses in a national health registry
as compared to research diagnoses based on structured
interview. BMC Psychiatry 2017;17:93.

CVD prevention and treatment in patients with SMI
64. Varmdal T, Bakken IJ, Janszky I et al. Comparison of the
validity of stroke diagnoses in a medical quality register
and an administrative health register. Scand J Public
Health 2016;44:143–149.
65. Øie LR, Madsbu MA, Giannadakis C et al. Validation of
intracranial hemorrhage in the Norwegian Patient Registry. Brain Behav 2018;8:e00900.
66. Sundbøll J, Adelborg K, Munch T et al. Positive predictive
value of cardiovascular diagnoses in the Danish National
Patient Registry: a validation study. BMJ Open 2016;6:
e012832.
67. Pajunen P, Koukkunen H, Ketonen M et al. The validity of
the Finnish Hospital Discharge Register and Causes of
Death Register data on coronary heart disease. Eur J Cardiovasc Prev Rehabil 2005;12:132–137.
68. Rix TA, Riahi S, Overvad K et al. Validity of the diagnoses
atrial ﬁbrillation and atrial ﬂutter in a Danish patient registry. Scand Cardiovasc J 2012;46:149–153.
69. Hald SM, Kring Sloth C, Hey SM et al. Intracerebral hemorrhage: positive predictive value of diagnosis codes in
two nationwide Danish registries. Clin Epidemiol
2018;10:941–948.
70. Delekta J, Hansen SM, AlZuhairi KS, Bork CS, Joensen
AM. The validity of the diagnosis of heart failure (I50.0I50.9) in the Danish National Patient Register. Dan Med J
2018;65.
71. Lasota AN, Overvad K, Eriksen HH, Tjønneland A, Schmidt EB, Grønholdt M. Validity of peripheral arterial disease diagnoses in the Danish National Patient Registry.
Eur J Vasc Endovasc Surg 2017;53:679–685.
72. Khan NF, Harrison SE, Rose PW. Validity of diagnostic coding within the General Practice Research

73.

74.

75.

76.

77.

Database: a systematic review. Br J Gen Pract 2010;60:
e128–e136.
Phillips DE, Lozano R, Naghavi M et al. A composite metric for assessing data on mortality and causes of death: the
vital statistics performance index. Popul Health Metr
2014;12:14.
Gulsvik AK, Gulsvik A, Svendsen E, Mæhle BO, Thelle
DS, Wyller TB. Diagnostic validity of fatal cerebral
strokes and coronary deaths in mortality statistics: an
autopsy study. Eur J Epidemiol 2011;26:221–228.
Eriksson A, Stenlund H, Ahlm K et al. Accuracy of death
certiﬁcates of cardiovascular disease in a community intervention in Sweden. Scand J Public Health 2013;41:883–
889.
Folkehelseinstituttet [Norwegian Institute of Public
Health]. Døds
arsaker, nøkkeltall (LHF)
per 100 000,
standardisert [Causes of death, key ﬁgures (LHF) – per
100,000, standardized], 2018 [January 15, 2019]. Available
from: http://www.norgeshelsa.no/norgeshelsa/.
Nilsson LL, Logdberg B. Dead and forgotten–postmortem
time before discovery as indicator of social isolation and
inadequate mental healthcare in schizophrenia. Schizophr
Res 2008;102:337–339.

Supporting Information
Additional Supporting Information may be found in the online
version of this article:
Figure S1. Results of sensitivity analyses.
Table S1. Deﬁnitions of patient groups.

13

