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Summary
Background Several psychiatric disorders have been associated with increased risk of cardiovascular disease (CVD),
however, the role of familial factors and the main disease trajectories remain unknown.

Methods In this longitudinal cohort study, we identified a cohort of 900,240 patients newly diagnosed with psychiatric
disorders during January 1, 1987 and December 31, 2016, their 1,002,888 unaffected full siblings, and 1:10 age- and
sex-matched reference population from nationwide medical records in Sweden, who had no prior diagnosis of CVD at
enrolment. We used flexible parametric models to determine the time-varying association between first-onset
psychiatric disorders and incident CVD and CVD death, comparing rates of CVD among patients with psychiatric
disorders to the rates of unaffected siblings and matched reference population. We also used disease trajectory
analysis to identify main disease trajectories linking psychiatric disorders to CVD. Identified associations and
disease trajectories of the Swedish cohort were validated in a similar cohort from nationwide medical records in
Denmark (N = 875,634 patients, same criteria during January 1, 1969 and December 31, 2016) and in Estonian
cohorts from the Estonian Biobank (N = 30,656 patients, same criteria during January 1, 2006 and December 31,
2020), respectively.

Findings During up to 30 years of follow-up of the Swedish cohort, the crude incidence rate of CVD was 9.7, 7.4 and
7.0 per 1000 person-years among patients with psychiatric disorders, their unaffected siblings, and the matched
reference population. Compared with their siblings, patients with psychiatric disorders experienced higher rates of
CVD during the first year after diagnosis (hazard ratio [HR], 1.88; 95% confidence interval [CI], 1.79–1.98) and
thereafter (1.37; 95% CI, 1.34–1.39). Similar rate increases were noted when comparing with the matched
reference population. These results were replicated in the Danish cohort. We identified several disease trajectories
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linking psychiatric disorders to CVD in the Swedish cohort, with or without mediating medical conditions, including
a direct link between psychiatric disorders and hypertensive disorder, ischemic heart disease, venous
thromboembolism, angina pectoris, and stroke. These trajectories were validated in the Estonian Biobank cohort.

Interpretation Independent of familial factors, patients with psychiatric disorders are at an elevated risk of subsequent
CVD, particularly during first year after diagnosis. Increased surveillance and treatment of CVDs and CVD risk
factors should be considered as an integral part of clinical management, in order to reduce risk of CVD among
patients with psychiatric disorders.
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Research in context

Evidence before this study
We searched PubMed for studies on the association between
various clinically diagnosed psychiatric disorders and
subsequent cardiovascular disease of any type, from database
inception to November 15, 2022, using search terms
“psychiatric/mental”, “cardiovascular”, and “cohort/
prospective/longitudinal”, with restrictions on journal articles.
We summarized the evidence from these 47 studies (in
Supplementary Material) which mostly reported a positive
association between depression, anxiety and stress-related
disorders, and hypertension, coronary heart disease and
stroke. These studies were often limited to selected
populations (conscripts), with self-reported data and
incomplete follow-up. Importantly, the role of unmeasured
confounding factors on the observed associations between
diagnosed psychiatric disorders and cardiovascular disease, in
particular familial factors (i.e., genetic susceptibility and early-
life environmental factors shared within families), were not
firmly addressed in these studies. No study has so far assessed
the disease trajectories linking common psychiatric disorders
and cardiovascular diseases, limiting our understanding of
pathophysiological mechanisms whether the link between the
two disease groups was direct or mediated through other
medical conditions (i.e., indirect link).

Added value of this study
With nationwide complete information on family links in
Sweden and Denmark, our study is the first to
comprehensively investigate the role of familial factors in the
association between psychiatric disorders and subsequent risk
of incident cardiovascular disease through a sibling

comparison. We demonstrated that independent of familial
background, patients with psychiatric disorders had an
increased risk of cardiovascular disease, with risk increment
upmost during first year after psychiatric diagnosis and
remained elevated up to thirty years of follow-up. We further
identified several disease trajectories linking psychiatric
disorders to cardiovascular disease in the Swedish cohort, with
and without mediating medical conditions. The direct link
between psychiatric disorders and hypertensive disorder,
ischemic heart disease, venous thromboembolism, angina
pectoris, and stroke, were independently validated in Estonian
Biobank.

Implications of all the available evidence
Despite of the increasing knowledge on genetic
correlations between several psychiatric disorders and
cardiovascular diseases, our study provides solid evidence
on the association between a wide range of psychiatric
disorders and risk of incident cardiovascular disease and
fatal cardiovascular events independent on shared familial
factors, in Sweden and Denmark. The highest association
noted during the first year after psychiatric diagnosis
supports for an increased surveillance of cardiovascular
comorbidities among newly diagnosed patients receiving a
psychiatric diagnosis and highlight a critical time window
for clinical management. The findings on several disease
trajectories between psychiatric disorders and a list of
cardiovascular diseases in Sweden and Estonian Biobank,
contributing to a better understanding of the mechanisms
underlying the development of cardiovascular disease
following psychiatric disorders.
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Introduction
Patients with psychiatric disorders are at higher risk of
various medical conditions1 and premature death.2 The
latter has predominantly been attributed to cardiovas-
cular disease (CVD).3,4 We summarized 47 longitudinal
cohort studies that investigated the association of
various clinically diagnosed psychiatric disorders with
selected CVDs (Appendix Table S1), mostly reporting
positive associations. In addition to the often selected,
healthy study populations (male or female conscripts),5–8

self-reported data,9,10 and incomplete follow-up,5,6,11,12 the
role of familial confounding was rarely addressed in the
existing studies, except for two studies focusing on pa-
tients with anxiety or stress-related disorders.13,14

Considering the genetic correlation between psychiat-
ric disorders and CVD15 as well as the importance of
early life environment to the development of these two
complex disease groups,16,17 it is plausible that the co-
morbidity between the two groups of diseases is partially
attributed to unmeasured genetic and environmental
factors shared within families (i.e., familial confound-
ing).18 Thus, further studies are needed to assess the
association between psychiatric disorders and CVD after
accounting for familial confounding.

Further, the complex mechanisms and disease tra-
jectories through which CVD develops in patients with
psychiatric disorders has received little research atten-
tion.19 Exploration of disease trajectories may help
improve our understanding of the underlying mecha-
nisms. Disease trajectory analysis has recently been
established as an approach to explore disease progres-
sion.20,21 One example is our recent study investigating
the trajectories of medical conditions after a diagnosis of
depression using disease network analysis, revealing
cardiometabolic diseases, chronic inflammatory dis-
eases, and diseases related to tobacco abuse, as main
disease clusters following a diagnosis of depression.22

Some disease clusters were directly linked to depres-
sion (i.e., a direct disease pathway) whereas other sub-
sequent diseases were mediated through other medical
conditions (i.e., an indirect disease pathway). To the best
of our knowledge, the disease trajectories linking other
common psychiatric disorders and CVD remain to be
explored.

Leveraging the nationwide registers in Sweden and
Denmark with the possiblities for family-based com-
parisons and controling for multiple covariates and co-
morbid conditions, we aimed to investigate the role of
familial factors in the association between all psychiatric
disorders and subsequent risk of incident CVD. In order
to improve our understanding of the directionality and
disease progression, we further aimed to identify direct
as well as indirect disease trajectories linking psychiatric
disorders to CVD, exploring all common medical con-
ditions following a diagnosis of psychiatric disorder in
Sweden and validated the identified trajectories in the
Estonian Biobank.
www.thelancet.com Vol 61 July, 2023
Methods
Study design
Using personal identification numbers uniquely
assigned to all Swedish residents, we identified 963,585
individuals born after 1932 in Sweden who received a
first diagnosis of any psychiatric disorder between 1
January 1987 and 31 December 2016.23 Patients diag-
nosed with psychiatric disorders under age 1 (N = 3885,
possible congenital/developmental anomalies) or with a
prevalent CVD before diagnosis of psychiatric disorders
(N = 59,460) were excluded, leaving 900,240 patients
with a newly diagnosed psychiatric disorder in the
analysis (Fig. 1). Date of first diagnosis of psychiatric
disorder was used as the index date for the exposed
patients.

The Swedish Multi-Generation Register includes
largely complete familial linkage with information on
mothers for 97% and on fathers for 95% of individuals
born since 1932 and alive on January 1st 1961.24

Through the Register, we identified 1,002,888 unaf-
fected full siblings for 619,289 patients with psychiatric
disorders (68.8% of all exposed patients) who were alive
and free of psychiatric disorders and CVD before diag-
nosis of the index patient. For each exposed patient, we
randomly selected 10 age- and sex-matched individuals
from the study base using the method of incidence
density sampling (N = 9,002,400).25 This method aims to
select a control group that mimics closely the underlying
source population from which the exposed individuals
arise. The date of diagnosis for the index patient was
used as the index date for the unaffected siblings and
matched reference population.

We followed all study participants from the index
date until first diagnosis of any CVD, death, emigration,
first diagnosis of psychiatric disorders (for unaffected
siblings and matched reference population), or the end
of the study period (31 December 2016), whichever
occurred first.

The study was approved by the Ethical Vetting Board
in Stockholm, Sweden (DNRs 2012/1814-31/4 and
2015/1062-32), the Danish Health Data Authority
(project no. FSEID-00003339) and the Estonian Com-
mittee on Bioethics and Human Research (24 March
2020, nr 1.1-12/624).

Ascertainment of psychiatric disorders and
cardiovascular disease
We used the 9th and 10th Swedish revisions of the In-
ternational Classification of Diseases (ICD-9 and 10)
codes to identify psychiatric disorders and CVD atten-
ded by specialized care (Appendix Table S2). From the
Swedish Patient Register, we defined incident psychi-
atric disorders as any first inpatient or outpatient hos-
pital visit with a psychiatric disorder as the primary
diagnosis. CVD was ascertained as any first inpatient or
outpatient visit with CVD as the primary diagnosis
(from the Patient Register), or as a death with CVD as
3
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Fig. 1: Flowchart of study design and study participants for Swedish cohort. *57,779 families had more than one sibling with psychiatric
disorders.
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the underlying cause (from the Causes of Death Regis-
ter). The diagnostic accuracy of CVD is generally
considered reliable in the Patient Register. We also
identified fatal cardiovascular event as any death within
30 days of incident CVD according to the Causes of
Death Register.

We classified psychiatric disorders as non-affective
psychotic disorders, affective psychotic disorders, sub-
stance misuse, non-psychotic mood disorder, anxiety,
and stress-related disorders, eating disorder, personality
disorders, attention deficit hyperactivity disorder
(ADHD), autism spectrum disorder (ASD), and intel-
lectual disability.26 Consistent with our previous work,14

we categorized CVD as ischemic heart disease, cere-
brovascular disease, emboli and thrombosis, hyperten-
sive disease, heart failure, and arrhythmia/conduction
disorder.

Covariates
We obtained educational level, individualized family
income, and cohabitation status from the Longitudinal
Integration Database for Health Insurance and Labor
Market.27 Participants with missingness on these vari-
ables were grouped as unknown or missing for cate-
gorical variables. Having any of the following conditions
before the index date was defined as having a history of
somatic diseases: chronic pulmonary disease,
connective tissue disease, diabetes, renal diseases, liver
disease, ulcer diseases, malignancies, and HIV infec-
tion/AIDS (Appendix Table S2). We considered a family
history of CVD as a diagnosis of any CVD or death from
CVD among biological parents or full siblings of the
study participants before the index date according to the
Swedish Patient Register and Causes of Death Register.

Statistical analysis
The statistical analysis includes two steps, namely as-
sociation analysis and disease trajectory analysis. In
each step, we designed an exploration phase in the
Swedish cohort and a replication/validation phase in
Denmark and Estonian Biobank, respectively (Appendix
Figure S2).

Association analysis
To visualize the temporal patterns of the association
between psychiatric disorders and CVD, we used flex-
ible parametric models to estimate the time-varying
hazard ratio of incident CVD following a diagnosis of
psychiatric disorders,28 by comparing the hazard of CVD
in patients with psychiatric disorders to the hazard in
their unaffected full siblings and matched reference
population. Because we observed a marked increase of
CVD rate immediately following a diagnosis of psychi-
atric disorders, we separately estimated the association
www.thelancet.com Vol 61 July, 2023
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within one year and beyond one year after diagnosis. We
estimated the averaged hazard ratio and 95% confidence
intervals (CIs) during the first year of follow-up and
beyond, from stratified Cox models, using time since
the index date as the underlying time scale. The pro-
portional hazard assumption was tested using Schoen-
feld residuals and found to hold. HRs were estimated
for any event of first-onset CVD and by categories of
this first-onset CVD. Because patients with psychiatric
disorders are frequently diagnosed with multiple
psychiatric disorders, in the analysis by groups of
psychiatric disorders, we identified all diagnoses
of psychiatric disorders during follow-up and consid-
ered psychiatric disorders as a time-varying variable.
Patients contributed person-time to different psychiatric
disorders after the first diagnosis of the respective psy-
chiatric disorder, if more than one diagnosis of psychi-
atric disorders were registered after cohort entry.

We performed subgroup analyses by sex, age at index
date (by tertile distribution: ≤22, 23–41, or ≥42 years),
age at follow-up (<35 or ≥35 years), calendar year at
index date (1987–1996, 1997–2006, or 2007–2016), his-
tory of somatic diseases (no or yes), and family history of
CVD (no or yes). In the sibling comparison, Cox models
were stratified by family identifier and adjusted for sex,
birth year, educational level, individualized family in-
come, cohabitation status, and history of somatic dis-
eases. In the population comparison, Cox models were
stratified by the matching variables (birth year and sex)
and adjusted for all abovementioned covariates plus
family history of CVD.

Replication of the association analysis in a Danish cohort
To assess whether the associations identified in the
Swedish cohort could be generalized to an external
population, we applied the same approach and identi-
fied a Danish cohort including 875,634 patients with
first-onset psychiatric disorders, their unaffected full
siblings (N = 625,710, among 46.1% of the patients with
psychiatric disorders), and up to 1:10 age- and sex-
matched reference population (N = 8,756,340). Details
on study design are available in Appendix Figure S1 and
Section 1.

Disease trajectory analysis
To identify disease trajectories following a diagnosis of
first-onset psychiatric disorder, we applied disease tra-
jectory analysis to explore all medical conditions diag-
nosed subsequent to a diagnosis of psychiatric
disorders.20,21 This analysis was performed among pa-
tients with psychiatric disorders diagnosed between
2001 and 2016, due to the availability of outpatient re-
cords from 2001 onward in the Swedish Patient Regis-
ter.23 We used the 3-digit ICD-10 codes for medical
condition identification and clustered conditions with
clinical or biological similarities.21 To minimize con-
cerns of reverse causality, we included only medical
www.thelancet.com Vol 61 July, 2023
conditions diagnosed more than six months after the
diagnosis of psychiatric disorders.

The disease trajectory analysis is exploratory in na-
ture with the aim to better understand the link between
psychiatric disorders and subsequent CVDs. It included
three steps: 1) we identified all subsequent medical
conditions associated with a diagnosis of psychiatric
disorder in a phenome-wide association analysis (Phe-
WAS), by comparing patients with psychiatric disorders
to matched population controls; 2) we determined the
temporal order of the following two diseases in the
trajectory among patients with a psychiatric disorder. To
explore trajectories leading to any CVD, either disease 1
or disease 2 was restricted to be CVD; and 3) we
assessed the magnitude of the association between the
two diseases within each pair using conditional logistic
regression (details in Appendix Section 2). Because the
disease trajectory analysis explored two medical condi-
tions following psychiatric disorders, per trajectory (e.g.,
psychiatric disorder to disease 1 [D1] to disease 2 [D2]),
we concluded on a direct link between psychiatric dis-
order and CVD if D1 was any CVD, and referred to an
indirect link if D2 was any CVD. The disease trajectory
analysis was performed for all groups of psychiatric
disorders except for ASD, due to the lack of associations
between ASD and CVD in the association analysis.

Validation of the disease trajectory analysis in Estonian
Biobank (EstBB)
EstBB is a population-based biobank at the Institute of
Genomics at the University of Tartu with participants
representing 20% adult population in Estonia.29 To
validate if the disease trajectories identified in the
Swedish cohort were generalizable to an external pop-
ulation, we constructed a matched cohort in EstBB
comprising 30,656 patients with psychiatric disorders
and up to 1:10 age- and sex-matched reference popula-
tion to examine the identified direct disease pathways
between psychiatric disorders and subsequent CVD.
Detailed description of the EstBB database, construction
of the validation cohorts, and analytical methods are
available in Appendix Section 3.

Analyses were performed in SAS 9.4 (SAS Institute),
STATA 16 (StataCorp LP) and R (version 4.1.2).
Informed consent was waived by law using register-
based data for the Swedish and Danish participants,
and was provided by each participant in the Estonian
Biobank at enrollment. Our study is reported according
to the Strengthening the Reporting of Observational
studies in Epidemiology checklist (STROBE) reporting
guideline.

Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report. QS, FF and UV had full access to the
Swedish data, DHM and AB had full access to the
5
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Danish data, and LBL, SK and LM had full access to the
Estonian data in the study, and take responsibility for
the integrity and the accuracy of the data in the
respective cohort. The corresponding authors had final
responsibility for the decision to submit for publication,
upon the approval from all authors.
Results
Association analysis
In the Swedish cohort, the median age of patients with
psychiatric disorders was 28 years (Table 1), varying
from 12 years for ASD to 39 years for affective psychotic
disorder (Appendix Table S3). Although similar, pa-
tients with psychiatric disorders of the sibling compar-
ison were younger than those of the population
comparison (26 vs. 28 years). The population was
similar in the Danish cohort (Appendix Table S4).

During up to 30 years of follow-up in the Swedish
cohort, the crude incidence rate of any CVD was 9.7, 7.4,
and 7.1 per 1000 person-years among the patients with
psychiatric disorders, their unaffected full siblings, and
matched reference population (Appendix Table S5). In
the sibling comparison, we found a marked increase in
risk of CVD shortly after a diagnosis of psychiatric dis-
orders, which then declined gradually over time (Fig. 2):
the HR was 1.88 (95% CI 1.79–1.98) within first year
and 1.37 (95% CI 1.34–1.39) beyond first year after
diagnosis (Appendix Table S6). Similar rate increases
were noted when comparing to matched reference
population (HR 1.91 [95% CI 1.86–1.96] within first year
and 1.41 [95% CI 1.40–1.43] beyond first year since
diagnosis). We observed similar associations by sex, age,
calendar year, history of somatic diseases, or family
history of CVD (Appendix Table S5).

A higher rate was noted for most categories of CVD,
including fatal cardiovascular events, within and beyond
first year since diagnosis of psychiatric disorders (Fig. 3;
Appendix Table S7). We found a higher rate of CVD for
most groups of psychiatric disorders except for ASD
(Fig. 4), with the greatest rate increase observed for
eating disorder, particularly anorexia nervosa (Appendix
Table S8). Similar rate increases were observed in all
categories of CVD in the Danish cohort (Fig. 3).

Disease trajectory analysis
We identified 42 disease trajectories linking psychiatric
disorders with subsequent CVD (Appendix Section 4).
We found a direct disease pathway between psychiatric
disorders and subsequent to hypertensive disorder,
ischemic heart disease, venous thromboembolism,
angina pectoris, and stroke (i.e., no intermediate diseases
identified between these two) (Appendix Figure S3).
These pathways were all validated in EstBB with largely
similar magnitude of the associations (Fig. 5). Mediated
by other medical conditions, we also found an indirect
disease pathway between psychiatric disorders and heart
failure, cardiac arrhythmia, endocarditis, cardiomyopa-
thy, mediated through different medical conditions
(Appendix Figure S3). When analyzing subgroups of
psychiatric disorders, we found overall similar pattern of
results, although lower number of disease pathways were
observed (Appendix Figure S4).
Discussion
Leveraging a large nationwide cohort of two countries
including virtually all patients diagnosed with a psychi-
atric disorder over a 30-year period, their unaffected full
siblings and a set of randomly selected population
comparison groups, our study demonstrates a robust
association between psychiatric disorders and subse-
quent risk of incident CVD, independent of familial
factors and somatic comorbidities. The highest rate
increment was noted during the first year after diag-
nosis, indicating a high-risk time window for clinical
surveillance. Further, we identified a total of 42 disease
trajectories linking psychiatric disorders to CVD,
including a direct link between psychiatric disorders
and hypertensive disorders, ischemic heart disease,
venous thromboembolism, angina pectoris, and stroke.
The associations were replicated in a Danish nationwide
cohort whereas the disease trajectories were validated in
the Estonian Biobank.

Our study is the first to comprehensively assess the
association between all common psychiatric disorders
and CVD with vigorous control of familial factors and
comorbidities. Our findings confirm the results from
the existing literature, suggesting a positive association
between specific psychiatric disorders and CVD. For
instance, previous studies and several meta-analyses
have reported an increased risk of selected CVDs
among patients with depression,30 anxiety,31 and PTSD.32

With few exceptions,13,14,33 these studies have, however,
not addressed the role of familial factors in the associ-
ations. Previous studies have reported a positive asso-
ciation between obsessive-compulsive disorder as well
as stress-related disorders and CVD, independent of
familial confounding.13,14,33 Our study therefore extends
the existing knowledge base by demonstrating robust
associations, between a wide range of psychiatric dis-
orders and subsequent risk of incident CVD and fatal
CVD events, independent of shared familial factors. We
further showed that the excess rates of CVD after diag-
nosis of psychiatric disorders was persistent up to 30
years, although the highest risk increase was observed
during the first year. Increased medical surveillance
may partly explain the risk increase for some of the CVD
outcomes, e.g., hypertension, during the immediate
time period after diagnosis of psychiatric disorders. It is
however unlikely to explain the risk increase of most
other acute and severe CVD outcomes which often
require immediate medical attention and of fatal CVD
events.
www.thelancet.com Vol 61 July, 2023
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Characteristics Sibling comparison Population comparison

Exposed patients
(N = 619,289)

Unaffected full siblings
(N = 1,002,888)

P value Exposed patients
(N = 900,240)

Matched reference population
(N = 9,002,400)

P value

Median age at index date in years (IQR) 26.00 (18.00–42.00) 28.00 (18.00–44.00) <0.0001 28.00 (18.00–44.00) 28.00 (18.00–44.00) –

Median follow-up time in years (IQR) 7.96 (3.78–12.85) 7.88 (3.62–13.08) <0.0001 7.79 (3.68–12.70) 7.58 (3.53–12.67) <0.0001

Sex

Female 320,594 (51.77) 489,919 (48.85) <0.0001 465,819 (51.74) 4,658,190 (51.74) –

Male 298,695 (48.23) 512,969 (51.15) <0.0001 434,421 (48.26) 4,344,210 (48.26) –

Educational level

<9 years 186,406 (30.10) 271,251 (27.05) <0.0001 278,718 (30.96) 1,969,745 (21.88) <0.0001

9–12 years 267,590 (43.21) 439,550 (43.83) 389,953 (43.32) 3,937,777 (43.74)

>12 years 165,293 (26.69) 292,087 (29.12) 231,569 (25.72) 3,094,878 (34.38)

Yearly individualized family income level

Top 20% 100,837 (16.28) 223,287 (22.26) <0.0001 123,287 (13.69) 1,856,114 (20.62) <0.0001

Middle 400,273 (64.63) 571,858 (57.02) 588,792 (65.40) 5,344,817 (59.37)

Lowest 20% 117,872 (19.03) 207,563 (20.70) 187,093 (20.78) 1,795,221 (19.94)

Unknown 307 (0.05) 180 (0.02) 1068 (0.12) 6248 (0.07)

Cohabitation status

Non-cohabitating 508,676 (82.14) 738,088 (73.60) <0.0001 733,124 (81.44) 6,639,874 (73.76) <0.0001

Cohabitating 110,306 (17.81) 264,620 (26.39) 166,048 (18.44) 2,356,278 (26.17)

Missing 307 (0.05) 180 (0.02) 1068 (0.12) 6248 (0.07)

History of somatic diseasesa 29,426 (4.75) 32,506 (3.24) <0.0001 46,550 (5.17) 271,386 (3.01) <0.0001

Family history of cardiovascular diseaseb 227,751 (36.78) 392,399 (39.13) <0.0001 337,832 (37.53) 3,266,253 (36.28) <0.0001

Type of psychiatric disorders

1. Non-affective psychotic disorders 16,765 (2.71) – 24,023 (2.67) –

2. Affective psychotic disorders 14,449 (2.33) – 21,421 (2.38) –

3. Substance misuse 107,464 (17.35) – 161,192 (17.91) –

4. Non-psychotic mood disorders 121,439 (19.61) – 176,450 (19.60) –

5. Anxiety and stress related-disorders 200,143 (32.32) – 291,644 (32.40) –

6. Eating disorders 20,136 (3.25) – 25,665 (2.85) –

7. Personality disorders 9049 (1.46) – 13,575 (1.51) –

8. Attention deficit hyperactivity
disorder (ADHD)

54,706 (8.83) 79,039 (8.78)

9. Autism spectrum disorder (ASD) 18,762 (3.03) 26,186 (2.91)

10. Intellectual disability 13,432 (2.17) 19,018 (2.11)

11. Others 42,944 (6.93) – 62,027 (6.89) –

Number of psychiatric diagnoses

One 378,433 (61.11) – 546,572 (60.71) –

Two 130,753 (21.11) – 191,590 (21.28) –

Three or more 110,103 (17.78) – 162,078 (18.01) –

IQR: Interquartile range. P value for difference was calculated by t test for continuous variables, and by Chi-square test for categorical variables. aHistory of somatic diseases included chronic pulmonary
disease, connective tissue disease, diabetes, renal diseases, liver diseases, ulcer diseases, and HIV infection/AIDS diagnosed before index date. bThe difference between exposed patients and unaffected full
siblings was due to different number of siblings per exposed patient. The family history of cardiovascular disease was constant within each family.

Table 1: Characteristics of patients with psychiatric disorders, their unaffected siblings, and matched reference population–a Swedish register-based cohort.

Articles
In the present study, the association between psy-
chiatric disorders and CVD was noted in men and
women, across all age groups and calendar periods, and
among individuals with or without a history of somatic
diseases and family history of CVD. We found an
increased risk of incident CVD among most groups of
psychiatric patients, except for patients with ASD,
possibly due to the young age at diagnosis of ASD (12
years in the present study). Patients with eating disor-
ders, in particular anorexia nervosa, were found to have
www.thelancet.com Vol 61 July, 2023
the greatest risk increase of CVD, likely due to malnu-
trition in anorexia nervosa and the cardiovascular im-
plications of energy deprivation and starvation.34

We found a direct link between psychiatric disorders
and hypertensive disorder, ischemic heart disease,
venous thromboembolism, angina pectoris, and stroke.
The underlying mechanisms of a higher risk of these
CVDs following a psychiatric disorder may involve
multiple pathological processes. The increased risk
noted immediately after a diagnosis of psychiatric
7
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Fig. 2: Time-varying hazard ratio for an incident cardiovascular disease among patients with psychiatric disorders, compared to their
unaffected full siblings (sibling comparison) or matched reference population (population comparison), by time since psychiatric
diagnosis (<1 or ≥1 year)*. A) Sibling comparison. B) Population comparison. * Time-varying hazard ratios and 95% confidence intervals
were derived from flexible parametric survival models, allowing the effect of psychiatric disorder to vary over time. A spline with 5 df was used
for the baseline rate, and 3 df was used for the time-varying effect. All models were adjusted for age at index date, sex, educational level, yearly
individualized family income, cohabitation status, history somatic diseases, as well as family history of cardiovascular disease (in population
comparison).
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disorders may indicate a direct impact of stress-induced
hypothalamic activation and changes in sympathetic
nervous system, which might contribute to vasocon-
striction and increased peripheral vascular resistance,
leading to high blood pressure, high heart rate, and low
heart rate variability.35 The inflammatory responses
subsequent to severe stress reaction may also promote
atherosclerotic formation,35 contributing to thrombo-
embolism. Psychological stress can also play an impor-
tant role in individuals with high atherosclerotic plaque
burden,36 triggering, for example, acute cardiac events.36

In addition, psychotropic medications, e.g., antidepres-
sants, have been shown to have vasoconstrictive effect37

and complications of QT prolongation.38 The health
behaviors of individuals with psychiatric disorders can
as well contribute to the hyperadrenergic state, leading
to vasoconstriction and tachycardia.39 Other lifestyle
factors previously associated with psychiatric disorders,
such as physical inactivity, smoking, and unhealthy diet,
are known risk factors for CVD.40 In the present study,
we also identified several disease pathways that are
mediated through other medical conditions, such as
sepsis and autoimmune arthritis, suggesting a dysre-
gulation of immune system among patients with psy-
chiatric disorders.41 These mechanisms may interact in
CVD development after diagnosis of psychiatric disor-
ders both in the short and long run. Regardless, because
the disease trajectory analysis captured only two medical
conditions following psychiatric disorders, per trajec-
tory, the role of mediating conditions should be further
studied.

The strengths of our study include the use of data
collected prospectively in a nationwide sample and the
complete follow-up, largely minimizing selection and
information biases. The sibling comparison alleviates
concerns of familial confounding shared between sib-
lings. The nationwide coverage of high-quality health
register data complemented with the large sample size
enabled comprehensive exploration on various medical
conditions to identify disease trajectories following
diagnosis of psychiatric disorder. The validation of the
observed associations and disease trajectories in two
distinct populations lends further support to the
robustness and generalizability of our findings.

There are some limitations to be acknowledged. First,
psychiatric disorders and CVD were identified through
clinical diagnosis from specialized care in Sweden. This
likely has led to underestimation of patients with psychi-
atric disorders and CVD, e.g., patients attending in pri-
mary care only. Yet, the replication of the findings in
Denmark, where diagnoses from primary care are
included, does not suggest a substantial influence of this
misclassification on the reported associations. The register
diagnoses have not been validated for all the studied
www.thelancet.com Vol 61 July, 2023
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Fig. 3: Hazard ratio with 95% confidence interval of different categories of cardiovascular disease among patients with any psychiatric
disorder, compared to their unaffected full siblings (sibling comparison) or matched reference population (population comparison), by
time since psychiatric diagnosis (<1 or ≥1 year)*. *Cox models were stratified by family identifiers in sibling comparison and matching
identifiers (birth year and sex) in population comparison, controlling for age at index date, sex, educational level, individualized family income,
cohabitation status, history of somatic diseases, and family history of cardiovascular disease (in population comparison). Time since index date
was used as underlying time scale.

Fig. 4: Hazard ratio with 95% confidence interval of an incident cardiovascular disease among patients with different types of psy-
chiatric disorders, compared to their unaffected full siblings (sibling comparison) or matched population (population comparison), by
time since psychiatric diagnosis (<1 or ≥1 year)*. *Cox models were stratified by family identifiers in sibling comparison and matching
identifiers (birth year and sex) in population comparison, controlling for age at index date, sex, education level, individualized family income,
cohabitation status, history of somatic diseases, and family history of cardiovascular disease (in population comparison). Time since index date
was used as underlying time scale.
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Fig. 5: Disease trajectories with direct link between psychiatric disorders and incident cardiovascular disease, with hazard ratios derived
from the Swedish cohort and Estonian replication cohort*. *This figure illustrates disease trajectories with direct link between psychiatric
disorders and incident cardiovascular disease. The ICD codes used to cluster medical conditions are shown in circle. The color of each circle
represents the magnitude of the association (hazard ratio) between psychiatric disorders and each cardiovascular disease. The number on each
arrow corresponds to the hazard ratio of the association between the two medical conditions of each disease pair.
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psychiatric disorders and CVDs. However, previous vali-
dation studies have shown good to excellent validity of the
diagnoses in both Sweden42,43 and Denmark.44,45 Further,
given the long study period, the diagnostic criteria for
psychiatric disorders and some CVDs might have changed
over time. However, as we observed an increased risk of
CVD during the up to 30 year follow-up period, we suspect
that such change is unlikely to substantially bias our re-
sults. Regardless, sub-clinical psychopathology is however
not captured in the analysis of either Swedish or Danish
data, and warrants separate investigations. Second, pa-
tients with psychiatric disorders may have more frequent
health care consultations and therefore be more likely to
be diagnosed with CVD. However, many of the studied
CVD outcomes are severe and require immediate medical
attention, which leaves little room for potential surveillance
bias. Further, it is possible that some medical conditions
(e.g., dermatitis and hypotension) of the disease trajectory
analysis may be associated with the treatments for psy-
chiatric disorders and CVD, instead of the diseases. This
possibility will need to be delineated further. Finally, given
the register-based nature of the present study, we cannot
exclude the possibility of residual confounding due to
unknown and unmeasured confounders. For instance,
although we used sibling comparison to alleviate concern
on familial confounding, some lifestyle factors (e.g.,
smoking, diet, and physical exercise) are not necessarily
shared between siblings and could therefore not be
controlled for in the sibling comparison.

In conclusion, using large nationwide cohorts of two
Nordic countries, we found that patients with psychiatric
disorders were at a higher risk of CVD compared to their
full siblings and matched population reference, particu-
larly during the first year after diagnosis. Our study
demonstrated several distinct disease trajectories linking
psychiatric disorders to CVD. These findings provide evi-
dence for the importance of clinical management of car-
diovascular risk among patients with psychiatric disorders,
particularly during the first year after diagnosis, and
contribute to a better understanding of the mechanisms
underlying the development of CVD following psychiatric
disorders. Increased surveillance and treatment of CVDs
and CVD risk factors should be considered as an integral
part of clinical management of newly diagnosed patients
with psychiatric disorders, in order to reduce risk of CVD
among patients with psychiatric disorders.
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