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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 with-
out 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 health-
care 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 monitor-
ing in individuals with SMI (4) and a lower likeli-
hood of hypertension treatment (5), cardiovascular
prescriptions (6), and invasive coronary procedures
(7). A lower likelihood of cardiovascular risk fac-
tor monitoring (8), cardiovascular prescriptions
(9–13), or acute treatment of CVD (14–16) has also
been reported in comparative studies from coun-
tries with universal health care. Some recent stud-
ies, 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 examina-
tion 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

individuals with SMI. With the exception of post-
MI 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 per-
formed 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 car-
diovascular death. A secondary aim was to investi-
gate 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 Nor-
way 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 in-
and 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 pay-
ment 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., govern-
ment-owned hospitals and out-patient clinics, and
private health clinics with governmental reim-
bursement) from 2008. Data from substance abuse
treatment facilities were available from 2009.
Because of technical problems when reporting
data, approximately 15% of publicly funded con-
tacts 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-for-
service 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 Interna-
tional 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 cardiovas-
cular 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 regis-
tered as having died abroad (N = 132) and individ-
uals 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 data-
base 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 consid-
ered present if ICD-10 codes I00-I82 or G45,
or corresponding ICPC-2 codes (K70-K71, K74-
K80, K82-K84, K86-K87, and K89-K94) were
recorded in the Patient Registry or the reim-
bursement database between January 1, 2008,
and the time of death.

We used three composite measures of CVD-
related procedures as the main endpoints: (i) any
CVD-related diagnostic test in a primary care set-
ting, (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-bino-
mial 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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We conducted analyses of all subjects and analy-
ses stratified by sex for the most common CVD-re-
lated 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 examina-
tions performed in specialized care settings (i.e.,
echocardiography, coronary angiography, and
ultrasound of peripheral vessels). Finally, we con-
ducted subgroup analyses of the receipt of revascu-
larization (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 diagnos-
tic 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 affec-
tive disorder diagnosis in ICPC-2 (code P75) from
the bipolar group, (iv) including patients where
CVD was listed as a contributing factor but not

the main cause of death, (v) adjusting for person-
years 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 dur-
ing the last month of life from the subgroup analy-
ses 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 Commit-
tee 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 diag-
nosis 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 car-
diovascular causes of death between the three diag-
nostic groups, with ischemic heart disease
accounting for approximately 40% of all deaths in
all groups. Patients with SMI had a lower likeli-
hood 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 diag-
nosis 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 tele-
phone contacts but fewer GP visits, specialized
somatic admissions, and somatic out-patient visits
than patients without SMI. Patients with bipolar

Table 1. Description of the included CVD-related procedures

Outcome measure Procedure

Diagnostic tests in
primary care settings

Electrocardiography (ECG)

24-h blood pressure measurement
Total cholesterol test
Blood glucose test
Glycated hemoglobin (HbA1c) test

Diagnostic examinations in
specialized care settings

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 proce-
dures conducted in radiology departments was not available.
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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 Bipolar disorder No SMI

Demographic characteristics
Persons, n 814 673 70,898

Men, n (%) 384 (47.2) 291 (43.2) 32,962 (46.5)
Age at death, mean (SD) 76.0 (14.6) 75.6 (13.4) 83.5 (11.3)

Aged 18–59 at death, n (%) 122 (15.0) 83 (12.3) 3,065 (4.3)
Aged 60–69 at death, n (%) 145 (17.8) 129 (19.2) 5,423 (7.6)
Aged 70–79 at death, n (%) 153 (18.8) 157 (23.3) 10,844 (15.3)
Aged 80–89 at death, n (%) 237 (29.1) 201 (29.9) 27,481 (38.8)
Aged 90 or older at death, n (%) 157 (19.3) 103 (15.3) 24,085 (34.0)

Causes of death, n (%)
I20-I25 Ischemic heart disease 327 (40.2) 252 (37.4) 25,806 (36.4)
I30-I52 Other forms of heart disease 223 (27.4) 169 (25.1) 20,420 (28.8)
I60-I69 Cerebrovascular disease 184 (22.6) 167 (24.8) 16,514 (23.3)
Other cardiovascular diseases 80 (9.8) 85 (12.6) 8,158 (11.5)

Time from CVD diagnosis until death
First CVD diagnosis at date of death, n (%) 139 (17.1) 76 (11.3) 5,562 (7.8)
First CVD diagnosis ≤30 days before death, n (%) 186 (22.9) 114 (16.9) 7957 (11.2)
Years from the first CVD diagnosis to death, median (25th-75th percentiles) 4.3 (2.4–6.0) 4.2 (2.7–6.2) 4.8 (3.2–6.5)

Diagnoses, n (%)
Cardiovascular disease 698 (85.7) 610 (90.6) 66,351 (93.6)
Hypertension 390 (47.9) 384 (57.1) 43,341 (61.1)
Cardiac arrhythmia 298 (36.6) 262 (38.9) 35,492 (50.1)
Congestive heart failure 333 (40.9) 257 (38.2) 34,186 (48.2)
Myocardial infarction 238 (29.2) 183 (27.2) 24,278 (34.2)
Cerebrovascular disease† 295 (36.2) 275 (40.9) 29,986 (42.3)
Valvular disease 114 (14.0) 116 (17.2) 16,367 (23.1)
Peripheral vascular disease 95 (11.7) 101 (15.0) 14,242 (20.1)
Pulmonary circulation disease 58 (7.1) 62 (9.2) 5,043 (7.1)
Hyperlipidemia 73 (9.0) 84 (12.5) 7,525 (10.6)
Diabetes 186 (22.9) 156 (23.2) 14,726 (20.8)
Obesity 36 (4.4) 51 (7.6) 1489 (2.1)
Chronic obstructive pulmonary disease 151 (18.6) 147 (21.8) 11,147 (15.7)
Alcohol abuse 46 (5.7) 90 (13.4) 2,283 (3.2)
Drug abuse 37 (4.5) 64 (9.5) 728 (1.0)
Modified CCI, mean (SD) 1.60 (2.0) 1.65 (2.1) 1.67 (2.2)

No CC groups, n (%) 341 (41.9) 250 (37.1) 28,232 (39.8)
≥2 CC groups, n (%) 219 (26.9) 165 (24.5) 18,010 (25.4)

Primary care usage per person-year, median (25th-75th percentiles)
Contacts in primary care 12.94 (6.46–22.87) 15.79 (9.25–26.18) 11.44 (11.44–5.92)
No. of contacts according to type

GP visits 5.94 (2.60–11.95) 9.25 (5.08–15.42) 7.00 (3.38–12.40)
Emergency room visits 0.40 (0.17–0.91) 0.50 (0.22–1.09) 0.35 (0.15–0.74)
GP telephone contacts 4.57 (2.00–9.20) 4.87 (2.18–9.47) 2.78 (1.09–6.03)

No. of contacts according to diagnosis
Psychiatric symptoms/diagnoses 3.26 (1.20–7.31) 4.72 (1.71–9.84) 0.15 (0.00–1.16)
General symptoms/diagnoses 1.29 (0.44–3.36) 1.45 (0.54–3.54) 1.01 (0.34–1.16)
CVD symptoms/diagnoses 1.13 (0.14–3.79) 1.49 (0.23–4.28) 2.78 (0.68–7.45)
Other somatic symptoms/diagnoses 1.60 (0.49–4.03) 2.31 (0.95–4.96) 2.05 (0.74–4.40)

Specialized somatic care usage per person-year, median (25th-75th percentiles)
No. of contacts according to type

Somatic admissions 0.47 (0.19–0.89) 0.64 (0.29–1.18) 0.52 (0.24–0.96)
Somatic emergency admissions 0.41 (0.17–0.79) 0.52 (0.24–0.97) 0.45 (0.21–0.82)
Days in somatic hospital 2.09 (0.85–4.80) 3.02 (1.04–6.42) 2.57 (0.91–5.37)
Somatic out-patient visits 1.02 (0.28–2.21) 1.67 (0.71–3.27) 1.56 (0.60–3.19)

No. of contacts according to diagnosis
Admissions with a CVD diagnosis 0.25 (0.00–0.56) 0.32 (0.11–0.71) 0.35 (0.14–0.73)
Out-patient visits with a CVD diagnosis 0.00 (0.00–0.25) 0.00 (0.00–0.42) 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 con-
tact 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 disor-
der, 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 preva-
lence of receipt of any CVD-related diagnostic test
in primary care settings (Fig. 1). Compared to peo-
ple without SMI, patients with bipolar disorder
had a similar prevalence and patients with
schizophrenia had a 22% lower prevalence of diag-
nostic 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 mea-
surements, 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 under-
went echocardiography (PR 0.77), coronary
angiography (PR 0.66), or ultrasound of peripheral
vessels (PR 0.44) tests compared to patients with-
out SMI. Patients with bipolar disorder also exhib-
ited reduced percentages of echocardiography (PR

0.90) and coronary angiography (PR 0.81), but a
similar percentage of ultrasound of peripheral ves-
sels compared to patients without SMI. Sex-strati-
fied 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 cardiovas-
cular treatment (Fig. 1).

Subgroup analyses adjusted for the type of inva-
sive treatment procedure showed a 35% lower
prevalence of revascularization in patients with
schizophrenia, but a similar prevalence of revascu-
larization 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 inva-
sive 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 preva-
lence, respectively, of vascular surgery than
patients without SMI. Patients with bipolar disor-
der 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 sys-
tem 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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essentially provided the same estimates for PR as
the primary analyses (Figure S1).

Discussion

In this nationwide registry-based study of all car-
diovascular deaths among adult Norwegian resi-
dents 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 cardio-
vascular treatments among patients with
schizophrenia or bipolar disorder compared to
patients without SMI. However, patients with
schizophrenia or bipolar disorder who had a recog-
nized 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 sim-
ilar somatic comorbidity (25). The findings for 24-

h blood pressure measurements in primary care
settings are consistent with previous studies of peo-
ple with schizophrenia (8, 13, 32) or bipolar disor-
der (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 angiogra-
phy in patients with schizophrenia or bipolar dis-
order is consistent with earlier studies (7, 15, 16,
36–39). Little is known about the extent to which
these patients receive echocardiography and ultra-
sound 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 bipo-
lar 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

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 Men Women

PR† 95% CI n PR† 95% CI n PR† 95% CI

Diagnostic tests in primary care
Electrocardiography (ECG)

Schizophrenia 0.95 (0.89–1.02) 194 0.93 (0.84–1.03) 216 0.97 (0.88–1.06)
Bipolar disorder 1.06 (0.99–1.13) 173 1.05 (0.96–1.16) 212 1.06 (0.97–1.16)

24-h blood pressure measurement
Schizophrenia 0.39 (0.28–0.55) 14 0.34 (0.20–0.56) 17 0.45 (0.28–0.72)
Bipolar disorder 0.83 (0.65–1.07) 30 0.89 (0.63–1.26) 28 0.77 (0.54–1.10)

Glucose test
Schizophrenia 1.00 (0.95–1.06) 228 1.00 (0.92–1.08) 264 1.00 (0.93–1.08)
Bipolar disorder 1.13 (1.07–1.19) 210 1.17 (1.09–1.26) 257 1.09 (1.02–1.17)

Glycated hemoglobin (HbA1c) test
Schizophrenia 0.99 (0.91–1.07) 163 1.00 (0.89–1.12) 162 0.97 (0.86–1.10)
Bipolar disorder 1.12 (1.03–1.21) 149 1.16 (1.04–1.30) 162 1.07 (0.95–1.20)

Diagnostic tests in specialized health care
Echocardiography

Schizophrenia 0.77 (0.70–0.84) 138 0.74 (0.65–0.85) 139 0.79 (0.69–0.91)
Bipolar disorder 0.90 (0.82–0.98) 136 0.93 (0.82–1.05) 137 0.84 (0.74–0.96)

Coronary angiography
Schizophrenia 0.66 (0.55–0.79) 58 0.61 (0.48–0.77) 39 0.72 (0.54–0.97)
Bipolar disorder 0.81 (0.67–0.96) 66 0.93 (0.75–1.15) 32 0.64 (0.46–0.89)

Ultrasound of peripheral vessels
Schizophrenia 0.44 (0.32–0.61) 19 0.46 (0.30–0.72) 15 0.41 (0.25–0.67)
Bipolar disorder 1.09 (0.88–1.36) 35 1.04 (0.76–1.42) 39 1.12 (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.
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ischemic heart disease. The latter finding is consis-
tent with a nationwide Swedish study (17), and a
recent Danish study that did not observe a differ-
ence in post-MI treatment in patients with and
without schizophrenia who have undergone coro-
nary 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 pace-
maker implantation in patients with schizophrenia
(39) and a US study described a reduced likelihood
of receiving major surgery, including vascular sur-
gery, among individuals with SMI, particularly
patients with schizophrenia (41). These findings

are consistent with the data from our study and
support the hypothesis that patients with SMI
receive fewer cardiovascular procedures in special-
ist healthcare settings than people without SMI.

Disease-related factors, such as a limited and
disorganized self-care capacity, poor communica-
tion skills, self-stigma, depression, and social isola-
tion, 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 car-
diovascular mortality (49, 50), individuals with
SMI may die at ages when healthcare providers do
not usually suspect CVD. Prevailing risk predic-
tion 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

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 proce-
dure.

Patients Patients who underwent the procedure PR† 95% CI

Percutaneous coronary intervention (PCI) or coronary artery bypass surgery (CABG)
Patients with CVD as the underlying cause of death

Schizophrenia 814 54 0.65 (0.50–0.84)
Bipolar disorder 673 54 0.79 (0.61–1.01)

Patients diagnosed with IHD prior to death
Schizophrenia 327 54 0.82 (0.65–1.03)
Bipolar disorder 272 54 0.94 (0.75–1.18)

Arrhythmia therapy
Patients with CVD as the underlying cause of death

Schizophrenia 814 42 0.69 (0.51–0.92)
Bipolar disorder 673 44 0.87 (0.65–1.15)

Patients diagnosed with arrhythmia prior to death
Schizophrenia 298 42 0.86 (0.65–1.14)
Bipolar disorder 262 44 0.97 (0.74–1.27)

Peripheral vascular surgery
Patients with CVD as the underlying cause of death

Schizophrenia 814 19 0.43 (0.28–0.68)
Bipolar disorder 673 14 0.37 (0.22–0.62)

Patients diagnosed with peripheral vascular disease prior to death
Schizophrenia 101 19 0.73 (0.49–1.09)
Bipolar disorder 103 14 0.50 (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.
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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 con-
straints, complexity in the organization of health
care, and misattribution of physical symptoms to
the mental illness (54). Discomfort with or stigma-
tizing 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 diag-
nostic testing and treatment. The lower prevalence
of cardiovascular examinations was particularly
pronounced for procedures that are time-consum-
ing 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 pro-
cedures 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 post-
operative 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 con-
sent or a lack of capacity to provide informed con-
sent may also be an issue, as noted in a recent
study investigating decisions about cardiac exami-
nations 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 poten-
tially 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 preven-
tion 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 func-
tional 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 disor-
der 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 set-
tings, 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 physi-
cians’ assessments of risk factors or data on refer-
rals 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 path-
way. We also lacked information on pharmacolog-
ical approaches used to prevent and treat CVD,
radiological procedures (such as computed tomo-
graphic angiography and ultrasound of peripheral
vessels), and prehospital procedures during trans-
portation to the hospital (such as ECG or throm-
bolysis). We did not know the specific indication
for blood tests performed as part of broad batter-
ies covering several biomarkers. Thus, we may
have underestimated the level of screening/moni-
toring 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 medi-
cations. Additionally, very common procedures,
such as ordinary blood pressure measurements or
ECG, may be underreported in administrative
data, but this underreporting would not likely dif-
fer systematically between patients with and with-
out 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
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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 underes-
timation of the differences in access to invasive car-
diovascular 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 socioeco-
nomic status of the patients before their prodro-
mal phase (e.g., their parents’ educational
attainment). Our results might therefore be con-
founded by social stratification in terms of treat-
ment 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 diagnos-
tic accuracy of cardiovascular diagnoses in gen-
eral (66, 67), atrial fibrillation and flutter (68),
and intracerebral hemorrhage (69), but question-
able 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, par-
ticularly 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 statis-
tics 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 dis-
covery in individuals with schizophrenia com-
pared to patients with other disorders (77),

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 indi-
viduals 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 examina-
tions prior to cardiovascular death in patients with
schizophrenia and patients with bipolar disorder,
despite high levels of primary and somatic health-
care use. Vulnerable individuals may therefore be
deprived of medically indicated cardiovascular
treatments. In patients diagnosed with CVD, how-
ever, 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 examina-
tions, rather than poor access to primary care or
restraints because of contraindications or per-
ceived non-compliance with postoperative care,
are the main obstacles to more equal access to car-
diovascular health care for patients with SMI. The
window of opportunity for improvement appears
to be the interface between GPs and somatic hospi-
tal departments. The healthcare disparities identi-
fied in our study call for a proactive, flexible, and
tailored approach for the timely and specific diag-
nosis and treatment of CVD in patients with SMI.
Possible remedies for these disparities may be eco-
nomic 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.
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