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Accumulating evidence suggests a higher risk for cardiovascular diseases among individuals with mental disorders, but very little is known about the
risk for overall and specific groups of cardiovascular diseases in people with attention-deficit/hyperactivity disorder (ADHD). To fill this knowledge gap,
we investigated the prospective associations between ADHD and a wide range of cardiovascular diseases in adults. In a nationwide population-based
cohort study, we identified 5,389,519 adults born between 1941 and 1983, without pre-existing cardiovascular diseases, from Swedish registers. The study
period was from January 1, 2001 to December 31, 2013. Incident cardiovascular disease events were identified according to ICD codes. Hazard ratios
(HR) with 95% confidence intervals (CI) were calculated using Cox proportional hazards regression model, with ADHD as a time-varying exposure.
After an average 11.80 years of follow-up, 38.05% of individuals with ADHD versus 23.57% of those without ADHD had at least one diagnosis of car-
diovascular disease (p<0.0001). ADHD was significantly associated with increased risk of any cardiovascular disease (HR=2.05, 95% CI: 1.98-2.13) after
adjusting for sex and year of birth. Further adjustments for education level, birth country, type 2 diabetes mellitus, obesity, dyslipidemia, sleep problems
and heavy smoking attenuated the association, which however remained significant (HR=1.84, 95% CI: 1.77-1.91). Further adjustment for psychiatric
comorbidities attenuated but could not fully explain the association (HR=1.65, 95% CI: 1.59-1.71). The strongest associations were found for cardiac
arrest (HR=2.28, 95% CI: 1.81-2.87), hemorrhagic stroke (HR=2.16, 95% CI: 1.68-2.77), and peripheral vascular disease/arteriosclerosis (HR=2.05, 95%
CI: 1.76-2.38). Stronger associations were observed in males and younger adults, while comparable associations were found among individuals with
or without psychotropic medications and family history of cardiovascular diseases. These data suggest that ADHD is an independent risk factor for a
wide range of cardiovascular diseases. They highlight the importance of carefully monitoring cardiovascular health and developing age-appropriate
and individualized strategies to reduce the cardiovascular risk in individuals with ADHD.
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Attention-deficit/hyperactivity disorder (ADHD), character-
ized by pervasive and impairing inattention and/or hyperactiv-
ity-impulsivity, is one of the most common neurodevelopmental
disorders, with a global prevalence of 2-7% in children and 2.5%
in adults'. The disorder is often comorbid with a number of
psychiatric (e.g., anxiety disorders and depression®) and physical
(e.g., obesity” and asthma®) conditions.

Prospective studies have previously demonstrated that sev-
eral psychiatric conditions (e.g., depression”?, schizophrenia®,
bipolar disorder'’, and anxiety disorders'') as well as neurode-
velopmental disorders (e.g., autism'?*3, intellectual disabilities'?,
and conduct disorder'?) are associated with a higher risk for car-
diovascular diseases, the leading cause of mortality worldwide'*.
The mechanisms linking psychiatric illness to cardiovascular
diseases are complex, but risky health behaviours (e.g., smoking,
drinking alcohol, substance abuse, and sedentary lifestyles)'®
and prolonged use of psychotropic medications'® have been pro-
posed as potential contributors to the risk.

Little is known about the risk for overall and specific groups
of cardiovascular diseases in individuals with ADHD. In these
individuals, such diseases have mainly been studied as poten-
tial adverse effects of pharmacological treatment'”'®, as ADHD
medications have been reported to be associated with elevated
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blood pressure and heart rate, which may increase the risk for se-
vere cardiovascular events (e.g., stroke, myocardial infarction)lg.

Only a few studies have explored the association between
ADHD and cardiovascular diseases. A small Dutch study® with
231 older adults found no overall association, although elevated
levels of ADHD symptoms were associated with increased risk for
cardiovascular diseases. A recent Swedish register-based cohort
study21 with 4,288,451 sibling pairs and 1,841,303 family clusters
(age: 18-81 years) showed that adults with ADHD were at in-
creased risk for a wide range of physical health conditions, includ-
ing cardiovascular diseases.

However, in these few previous studies, only broad measures
of cardiovascular diseases were used>>?. Thus, there are no data
about the risk for specific groups of such diseases in ADHD. This
isimportant to inform prevention and treatment strategies, which
may vary substantially depending on which specific cardiovas-
cular diseases are most strongly associated with this mental dis-
order. Furthermore, no previous study has explored the role of psy-
chiatric comorbidities and the use of psychotropic medications
in the development of cardiovascular diseases in ADHD. This
is an important limitation, as adults with ADHD are frequently
treated pharmacologically not only for that condition but also for
other concomitant psychiatric disorders (e.g., mood disorders
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and substance use disorders), which in turn may influence the
risk for cardiovascular diseases'®.

In addition, the role of well-established risk factors for cardio-
vascular diseases, such as low educational attainment®?, smok-
ing23, sleep problems“, metabolic conditions (e.g., obesity%,
type 2 diabetes mellitus®, and dyslipidemia”), as well as cardio-
vascular family history**, has never been considered in explor-
ing the association between ADHD and cardiovascular diseases.
These modifiable or non-modifiable risk factors have the poten-
tial to be included in screening tools to identify people who are at
increased risk for cardivascular diseases.

Finally, although it is well-established that the prevalence rates
of ADHD and cardiovascular diseases are higher in males than in
females®®* and that the core symptoms of ADHD often decline
with increasing age®', while the incidence of cardiovascular dis-
eases increases substantially with advancing age™, it is currently
unknown if these patterns translate into sex and age differences
in the associations of ADHD with cardiovascular diseases. A bet-
ter understanding of such sex- and age-specific associations is
needed for risk stratification and individualized treatment rec-
ommendations in individuals with ADHD.

In this register-based cohort study, we aimed to fill these knowl-
edge gaps by investigating the prospective associations between
ADHD and the risk of developing a broad range of cardiovascu-
lar diseases in adults. We also aimed to examine the extent to
which any observed associations could be explained by com-
mon psychiatric comorbidities, well-established risk factors for
cardiovascular diseases (e.g., low education level, smoking, sleep
disorders, and metabolic conditions), use of psychotropic medi-
cations, and cardiovascular family history. An additional explor-
atory aim was to assess the potential impact of sex and age.

METHODS

This study was approved by the regional ethical review board
in Stockholm, Sweden (reference number: 2013/862-31/5). The
informed consent of the participants is not required for pseudo-
anonymized register-based research according to Swedish law.

Study cohort and data sources

The study cohort included all individuals born in Sweden
between 1941 and 1983, who were alive and residing in Sweden
in 2001 (N=5,448,328), the year since which outpatient data be-
came available. We excluded individuals who had a history of
any cardiovascular disease before or at baseline, and those who
died or emigrated before being diagnosed with ADHD, leaving
5,389,519 individuals aged 18-60 years at baseline.

We followed these individuals from January 1, 2001 until their
first diagnosis of any cardiovascular disease, death, emigration,
or December 31, 2013 (whichever occurred first), with the oldest
cohort member censored at 73 years of age.

Data were obtained by linking multiple Swedish registries with
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the unique personal identification number assigned to every in-
dividual registered in Sweden. The Total Population Register
(TPR)* includes all individuals in Sweden born since 1932, who
were alive in 1963 and later. TPR also contains information on
all migrations in or out of Sweden since 1969. The Medical Birth
Register (MBR)* covers more than 99% of births in Sweden since
1973. The National Patient Register (NPR)** contains data on in-
patient care since 1973 and outpatient care since 2001. The Pre-
scribed Drug Register (PDR)™ includes detailed information on
all dispensed drugs in Sweden, coded according to the Anatomi-
cal Therapeutic Chemical (ATC) classification, since July 1, 2005.
The Longitudinal Integration Database for Health Insurance and
Labor Studies (LISA)*’ covers the entire Swedish population aged
16 or older since 1990. The Multi-Generation Register (MGR)*®
provides information on biological relationships for all residents
in Sweden since 1932. The Cause of Death Register*’ contains in-
formation on all registered deaths since 1961.

Measures
ADHD

Individuals with ADHD were identified as those who had re-
ceived their first ADHD diagnosis (ICD-9 or ICD-10: 314/F90)
from the NPR at the age of 3 years or older, or their first prescrip-
tion of an ADHD medication (ATC codes: NO6BA01, NO6BA02,
NO06BA04, NO6BA12, NO6BA09) from the PDR, or both, before or
during the follow-up period.

This approach to identify individuals with ADHD has been val-
idated and is widely used in Swedish register-based studies"***.
In a sensitivity analysis, we only used diagnoses of ADHD from
NPR for case identification, to reflect clinically diagnosed cases.

Cardiovascular diseases

Consistent with previous studies*®*, incident cardiovascular
disease events were defined as the first diagnosis of cardiovascu-
lar disease from NPR (including any cardiovascular disease and
specific diseases: ischemic heart disease, cerebrovascular dis-
ease, venous thrombo-embolism, hypertensive diseases, heart
failure, arrhythmias, cardiac arrest, and peripheral vascular dis-
ease/arteriosclerosis), or death from cardiovascular disease ob-
tained from the Cause of Death Register (see also supplementary
information).

Covariates

We collected information on year of birth, sex, and country
of birth (Sweden, other Nordic country, other) from TPR, and
on highest educational level - primary or lower secondary, up-
per secondary, post-secondary, post-graduate, unknown - from
LISA as a proxy of socioeconomic status.
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Type 2 diabetes mellitus, obesity, dyslipidemia, sleep disorders,
heavy smoking (including tobacco abuse and nicotine depend-
ence) and psychiatric comorbidities (including anxiety disorders,
autism spectrum disorder, bipolar disorder, conduct disorder,
depressive disorder, eating disorders, intellectual disability, per-
sonality disorders, schizophrenia, and substance use disorders)
diagnosed before the diagnosis of cardiovascular diseases were
identified from NPR (see also supplementary information).

Statistical analysis
Main analyses

Cox proportional hazard regression model was used to esti-
mate hazard ratios (HR) with 95% confidence intervals (CI) ex-
pressing the rate/risk of cardiovascular diseases in individuals
with ADHD, compared with individuals without ADHD, taking
attained age as the underlying time scale. ADHD was modelled
as a time-varying exposure, that is, individuals were assigned to
the unexposed group before the diagnosis of ADHD, and were
assigned to the exposed group from the first diagnosis of ADHD
or medication prescription for this disorder to the end of follow-
up.

The analysis was first conducted for “any cardiovascular dis-
ease” as an outcome, and then separately for six major catego-
ries (ischemic heart disease, cerebrovascular disease, venous
thrombo-embolism, hypertensive diseases, heart failure, and ar-
rhythmias) and 17 individual cardiovascular diseases (acute cor-
onary syndrome, ACS; chronic coronary syndrome without ACS;
subarachnoidal bleeding, hemorrhagic stroke, ischemic stroke,
other cerebrovascular disease, deep vein thrombosis, pulmo-
nary emboli, essential hypertension, other hypertensive disease,
heart failure, ischemic cardiomyopathy, other cardiomyopathy,
bradyarrhythmias, takyarrhythmias, cardiac arrest, peripheral
vascular disease/arteriosclerosis).

In addition to the underlying attained age, we adjusted for year
of birth and sex in model 1. Model 2 further adjusted for educa-
tion level, birth country, type 2 diabetes mellitus, obesity, dyslipi-
demia, sleep problems, and heavy smoking. We further adjusted
for psychiatric comorbidities in model 3. Next, we conducted
stratified analyses for “any cardiovascular disease” by sex and age
bands (18-30, 31-40, 41-50, 51-60 and 61-73 years) for models 1-
3.

The proportionality of hazards over underlying time scale was
assessed using a Schoenfeld residuals-based test. There was no
evidence of violation of the assumption.

Cumulative incidence of any cardiovascular disease among
individuals with or without ADHD was estimated using flexible
parametric models that adjusted for attained age, year of birth
and sex, and were visualized by standardized survival curves,
Cumulative incidence of any cardiovascular disease for each sex
(adjusted for year of birth) and age band (adjusted for sex and
year of birth) was also estimated.

To further explore the specific contribution of each psychiat-
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ric comorbidity to the association between ADHD and any car-
diovascular disease, given that the magnitude of their associated
cardiovascular disease risk is known to Varyu, models 1 and 2
were repeated by comparing individuals without ADHD to indi-
viduals with ADHD only (without any psychiatric comorbidities),
and those with ADHD plus each specific psychiatric comorbid-

ity.

Sensitivity analyses

First, we only used the diagnosis from NPR, without informa-
tion on ADHD medications, to identify individuals with ADHD.
Second, because treatment with stimulants (ATC codes: NO6BAO1,
NO06BA02, N06BA04, N06BA12), antipsychotics (ATC code: N05A),
anxiolytics, hypnotics and sedatives (ATC codes: N05B, N05C),
and antidepressants (ATC code: N0O6A) are known to be associat-
ed with cardiovascular diseases'®**, we excluded individuals with
ADHD and ever treated with stimulants or other psychotropic
medications during the follow-up period, to rule out the potential
impact of medication treatment on the studied associations.

Third, to control for the familial susceptibility to cardiovascular
diseases, we excluded those with family history of these diseases,
which was defined as any cardiovascular event among any first-
degree relative (biological parents and full siblings). Finally, we
used ADHD as time-invariant exposure (i.e., individuals with the
diagnosis of ADHD were considered as exposed from the base-
line to the end of the follow-up, regardless of the timing of the
ADHD diagnosis) to further test the robustness of the results.

Data management was performed using SAS, version 9.4 (SAS
Institute, Cary, NC, USA). Data analyses were conducted with R,
version 4.0.5 (R Foundation for Statistical Computing) and Stata
(version 15.0; Stata Corp LP, College Station, TX).

RESULTS
Cohort description

We followed 5,389,519 individuals for a total of 64,084,464 per-
son-years. Among these, 2,750,621 (51.04%) were males and
2,638,898 (48.96%) were females, with a mean age at study en-
try of 38.44+12.32 years. A total of 37,027 (0.68%) individuals
(55.30% male and 44.70% female) had a diagnosis of ADHD or
an ADHD medication prescription (see Table 1).

Individuals with ADHD were more likely to have primary or
lower secondary as the highest educational attainment (25.87%
vs. 14.79%, p<0.0001). Moreover, they were more likely to be diag-
nosed with obesity (6.15% vs. 2.16%, p<0.0001), sleep problems
(11.20% vs. 2.64%, p<0.0001), heavy smoking (2.82% vs. 0.93%,
p<0.0001), and all types of psychiatric comorbidities (p<0.0001),
compared to people without ADHD.

The overall mean duration of follow-up was 11.80+2.85 years.
During this period, 746,572 individuals were newly diagnosed
with cardiovascular diseases. The overall incidence rate of these
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Table 1 Baseline characteristics of individuals with and without atten-
tion-deficit/hyperactivity disorder (ADHD)

Without
Total ‘With ADHD ADHD
(N=5,389,519) (N=37,027) (N=5,352,492)
Age (years, meantSD) 38.44+12.32 30.34%9.25 38.49+12.32
Year of birth (%)
1941-1950 22.40 2.93 22.54
1951-1960 21.63 12.24 21.70
1961-1971 24.50 28.89 24.47
1977-1983 31.46 55.94 31.29
Sex (%)
Male 51.04 55.30 51.01
Female 48.96 44.70 48.99
Country of birth (%)
Sweden 78.94 89.64 78.86
Denmark, Finland, 3.69 2.34 3.70
Norway or Iceland
Other 17.37 8.01 17.44
Educational attainment (%)
Primary or lower sec- 14.87 25.87* 14.79
ondary
Upper secondary 41.68 47.69 41.64
Post-secondary 33.39 21.82 33.47
Post-graduate 1.21 0.43 1.22
Unknown 8.85 4.19 8.88
Well-established risk factors for CVD (%)
Type 2 diabetes 2.93 2.62 2.93
Obesity 2.19 6.15* 2.16
Dyslipidemia 2.04 1.15* 2.04
Sleep problems 2.69 11.20* 2.64
Heavy smoking 0.94 2.82* 0.93
Psychiatric comorbidities (%)
Anxiety disorders 3.81 41.58* 3.54
Autism spectrum 0.25 11.14* 0.17
disorder
Bipolar disorder 0.84 14.05* 0.75
Conduct disorder 0.04 1.22*% 0.03
Depressive disorder 4.96 43.15* 4.69
Eating disorders 0.22 2.79* 0.20
Intellectual disability 0.38 3.29% 0.36
Personality disorders 1.23 21.56* 1.09
Schizophrenia 0.55 2.39* 0.54
Substance use disorders 4.09 37.80* 3.85

*Significantly higher in individuals with vs. without ADHD, p<0.0001
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diseases within the study period was 1.65 per 100 person-years;
it was 1.79% among individuals with ADHD and 1.16% among
those without ADHD (p<0.0001).

Main analyses

At the end of the follow-up, the cumulative incidence of any
cardiovascular disease was 38.05% (95% CI: 34.87%-41.52%) for
individuals with ADHD and 23.57% (95% CI: 23.47%-23.67%) for
those without ADHD (p<0.0001) (see also supplementary infor-
mation).

As shown in Figure 1, adults with ADHD had a more than two-
fold increased risk of any cardiovascular disease (HR=2.05, 95%
CI: 1.98-2.13), compared with those without ADHD, after adjust-
ing for sex and year of birth (model 1). The association attenuat-
ed, but remained significant, when adjusted for education level,
birth country, type 2 diabetes mellitus, obesity, dyslipidemia,
sleep problems and heavy smoking in model 2 (HR=1.84, 95%
CI: 1.77-1.91). Further adjustments for psychiatric comorbidi-
ties (model 3) attenuated but did not fully explain the association
(HR=1.65, 95% CI: 1.59-1.71).

Significant associations were observed for all specific cardio-
vascular diseases across all adjusted models in individuals with
ADHD compared with those without ADHD. The highest HRs
were found for cardiac arrest (HR=2.28, 95% CI: 1.81-2.87), hem-
orrhagic stroke (HR=2.16, 95% CI: 1.68-2.77) and peripheral vas-
cular disease/arteriosclerosis (HR=2.05, 95% CI: 1.76-2.38) in
model 2. When further adjusting for psychiatric comorbidities,
most of the relative risks (20 out of 22 specific cardiovascular dis-
eases) were slightly attenuated but remained statistically signifi-
cant.

Subgroup analyses

The associations between ADHD and cardiovascular diseas-
es were stronger across all levels of adjustments in males com-
pared to females (HR=1.70, 95% CI: 1.62-1.79 and HR=1.58, 95%
CI=1.49-1.68, respectively, in model 3, p<0.001) (see Table 2).

When stratified by age bands, the highest adjusted HR was ob-
served in the youngest adults (18-30 years: HR=2.49, 95% CI: 2.17-
2.87, in model 3), while the lowest association was found in the
oldest adults (61-73 years: HR=1.22, 95% CI: 1.08-1.37, in model
3, p<0.001) (see Table 2). At the end of the follow-up, the preva-
lence of cardiovascular diseases was 5.89% among the youngest
adults (18-30 years) with ADHD, compared to 2.87% in the non-
ADHD group (p<0.0001), while it was 94.26% among the oldest
adults (61-73 years) with ADHD, compared to 73.55% for the non-
ADHD group (p<0.0001) (see also supplementary information).

Using individuals without ADHD as a reference group, we
found that the relative risk of cardiovascular diseases was slightly
higher among individuals with ADHD plus any psychiatric co-
morbidity (HR=1.87, 95% CI=1.79-1.95), compared with ADHD
only (HR=1.72, 95% CI=1.59-1.86) (model 2). Specifically, an ad-
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Any cardiovascular disease
Ischemic heart disease

Acute coronary syndrome (ACS)

Model 1

HR (95% CI)

2.05 (1.98-2.13) |

1.70 (1.51-1.91
1.67 (1.45-1.92

Chronic coronary syndrome (without ACS) 1.66 (1.45-1.90

Cerebrovascular disease
Subarachnoidal bleeding

Hemorrhagic stroke

Ischemic stroke

Other cerebrovascular disease
Venous thrombo-embolism

Deep vein thrombosis

Pulmonary emboli
Hypertensive diseases

Essential hypertension

Other hypertensive disease

Heart failure

Heart failure

Ischemic cardiomyopathy

Other cardiomyopathy

Arrhythmias

Bradyarrhythmias
Takyarrhythmias

Cardiac arrest

Peripheral vascular disease/Arteriosclerosis

1.84 (1.24-2.72
2.56 (1.99-3.29

1.98 (1.67-2.35) |

2.22 (1.89-2.60)

2,04 (1.83-2.28)

2.06 (1.82-2.34)
2.20 (1.83-2.64)

1.94 (1.83-2.04) !

1.90 (1.80-2.00)

2.07 (1.66-2.58) !
228 (1.97-2.63) !

2.48 (2.14-2.88)

2.37 (1.84-3.06) !
1.69 (1.52-1.88) |

1.66 (1.17-2.35)

1.70 (1.62-1.90) |
3.74 (297-4.71) !
2.43(2.09-2.83) !

)

)

)
2.22(1.96-2.51) !

)

)

1 -
3 —
I —
1.2 3 4

Model 2 Model 3
HR (95% Cl) HR (95% Cl)
1.84(1.77—1.91)§ - 1.65 (1.59-1.71) -
156 (1.39-1.75) | — 143 (128-161) | —e—
1.51(1.31-1.74) | —e— 1.38 (1.20-158) | —e—
152 (1.32-1.74) | —e— 142 (123-162) | —e—
195(1.72-220) | —e— 138 (1.22-156) | —e—
1.68 (1.13-2.49) —-— 1.32 (0.89-1.96) _._._
216 (1.68-277) i  —e——  1.46(1.14-1.88) | —e—
1.74 (146-2.08) | —e— 1.26 (1.06-1.50) |—e—
189 (1.62-222) | —e— 1.24 (1.06-1.45) i—e—
1.66 (1.49-1.86) —- 1.37 (1.22-1.53) —
1.69 (1.49-192) | —e— 1.37 (1.21-186) | ——
1.75(1.45-2.10) | —e— 150 (1.24-1.80) | —e—
167 (1.58-176) | = 153 (145-162) | -
163 (154-172) | = 149 (141-158) | =
1.70 (1.36-2.12) —— 1.51 (1.21-1.89) —_—
176 (152-2.04) | —e— 1.35 (1.17-1.57) | —e—
1.90 (1.64-221) | —e— 144 (1.24-168) | —e—
1.94 (1.50-2.50) —_— 1.50 (1.16-1.94) —_—
1.48 (1.33-1.65) | — 1.36 (1.22-1.52) | —=
142 (1.01-2.01) —— 1.31(0.92-1.85) +—e——
148 (1.32-1.66) | —— 136 (1.22-153) | ——
228 (1.81-2.87) | ————  188(149-238) | —e——
2,05 (1.76-2.38) | —— 171(147-199) | —e—
I T
1 2 3 1 2 25

Figure 1 Hazard ratio (HR) with 95% CI of developing different types of cardiovascular diseases among adults with attention-deficit/hyperactivity
disorder (ADHD), compared with those without ADHD. Model 1: adjusted for sex and year of birth; model 2: adjusted for sex, year of birth, edu-
cation level, birth country, type 2 diabetes mellitus, obesity, dyslipidemia, sleep problems and heavy smoking; model 3: adjusted for sex, year of
birth, education level, birth country, type 2 diabetes mellitus, obesity, dyslipidemia, sleep problems, heavy smoking and psychiatric comorbidities.

Table 2 Association between attention-deficit/hyperactivity disorder
(ADHD) and cardiovascular diseases as hazard ratios (HRs) with 95%

CI adjusted for covariates

Model 1

Model 2

Model 3

Overall

Sex
Male
Female

Age (years)
18-30
31-40
41-50
51-60
61-73

2.05(1.98-2.13)

2.10 (2.00-2.20)
2.00 (1.88-2.13)

2.78 (2.42-3.19)
2.74 (2.53-2.96)
2.32(2.18-2.47)
1.67 (1.54-1.80)
1.50 (1.33-1.69)

1.84(1.77-1.91)

1.89 (1.80-1.98)
1.76 (1.65-1.87)

2.43(2.12-2.79)
2.36(2.18-2.55)
2.05 (1.93-2.19)
1.54 (1.43-1.66)
1.33 (1.18-1.50)

1.65 (1.59-1.71)

1.70 (1.62-1.79)
1.58 (1.49-1.68)

2.49 (2.17-2.87)
2.14(1.97-2.32)
1.82 (1.71-1.94)
1.43 (1.32-1.54)
1.22(1.08-1.37)

Model 1: adjusted for sex and year of birth; model 2: adjusted for sex, year
of birth, education level, birth country, type 2 diabetes mellitus, obesity,
dyslipidemia, sleep problems and heavy smoking; model 3: adjusted for sex,
year of birth, education level, birth country, type 2 diabetes mellitus, obesity,
dyslipidemia, sleep problems, heavy smoking and psychiatric comorbidities
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ditional increase in the risk of cardiovascular diseases was found
among those with comorbid depressive disorder, personality dis-
orders, anxiety disorders, substance use disorders and eating dis-
orders, compared with ADHD only. The strongest associations
were found for eating disorders (HR=2.21, 95% CI: 1.72-2.85) and
substance use disorders (HR=2.20, 95% CI: 2.09-2.33) (model 2)
(see Table 3).

Sensitivity analyses

Results from sensitivity analyses are presented in Table 4. When
ADHD was only defined by diagnosis from the NPR, the cardio-
vascular risk was similar to that of the main analysis, but with a
stronger association (HR=1.76, 95% CI=1.68-1.84 in model 3).

The estimates were similar when excluding individuals with
ADHD diagnosis and treated with stimulants (HR=1.77, 95% CI:
1.69-1.85 in model 3) or other psychiatric medications (including
antipsychotics, anxiolytics, hypnotics and sedatives, and antide-
pressants) (HR=1.83, 95% CI:1.74-1.91 in model 3).

When restricting our main analyses to individuals without fam-
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Table 3 Psychiatric comorbidities and risk of cardiovascular diseases
among individuals with attention-deficit/hyperactivity disorder (ADHD)

as hazard ratios (HRs) with 95% CI adjusted for covariates

Model 1

Model 2

No ADHD
ADHD only

ADHD plus any comorbidity

ADHD plus anxiety disorders

ADHD plus autism spectrum disorder

ADHD plus bipolar disorder
ADHD plus conduct disorder

ADHD plus depressive disorder

ADHD plus eating disorders

ADHD plus intellectual disability

ADHD plus personality disorders
ADHD plus schizophrenia

ADHD plus substance use disorders

1.00 (reference)
1.82 (1.68-1.97)
2.13(2.04-2.22)
2.22(2.09-2.36)
1.55(1.36-1.77)
1.87 (1.69-2.07)
2.79 (2.00-3.91)
2.05(1.93-2.17)
2.75(2.14-3.54)
2.21(1.79-2.72)
2.25(2.08-2.43)
1.87 (1.49-2.35)
2.53(2.40-2.67)

1.00 (reference)
1.72 (1.59-1.86)
1.87(1.79-1.95)
1.92 (1.81-2.04)
1.34 (1.17-1.53)
1.64 (1.48-1.81)
2.39(1.71-3.35)
1.77 (1.67-1.88)
2.21(1.72-2.85)
1.67 (1.36-2.06)
1.92 (1.77-2.07)
1.59 (1.27-2.00)
2.20(2.09-2.33)

Model 1: adjusted for sex and year of birth; model 2: adjusted for sex, year of
birth, education level, birth country, type 2 diabetes mellitus, obesity, dyslipi-
demia, sleep problems and heavy smoking

ily history of cardiovascular diseases, the risk estimates for cardio-
vascular diseases remained largely similar (HR=1.65, 95% CIL:

1.59-1.71 in model 3).

We generally found the same results across all levels of adjust-
ment when using ADHD as time-invariant exposure (HR=1.64,

95% CI: 1.58-1.70 in model 3).

Table 4 Results from sensitivity analyses on associations between at-
tention-deficit/hyperactivity disorder (ADHD) and cardiovascular dis-

eases as hazard ratios (HRs) with 95% CI adjusted for covariates

Model 1

Model 2

Model 3

ADHD diagnosis
only

Excluding those
treated with
stimulants

Excluding those
treated with

other psychiatric

medications

Excluding those with
family history of

cardiovascular
diseases

ADHD as time-

invariant exposure

2.22(2.13-2.32)

2.25 (2.16-2.36)

2.29 (2.19-2.40)

2.06 (1.98-2.14)

2.05 (1.97-2.13)

1.99 (1.90-2.07)

2.01 (1.92-2.10)

2.06 (1.97-2.16)

1.84 (1.77-1.91)

1.83 (1.77-1.90)

1.76 (1.68-1.84)

1.77 (1.69-1.85)

1.83 (1.74-1.91)

1.65 (1.59-1.71)

1.64 (1.58-1.70)

Model 1: adjusted for sex and year of birth; model 2: adjusted for sex, year
of birth, education level, birth country, type 2 diabetes mellitus, obesity,
dyslipidemia, sleep problems and heavy smoking; model 3: adjusted for sex,
year of birth, education level, birth country, type 2 diabetes mellitus, obesity,
dyslipidemia, sleep problems, heavy smoking and psychiatric comorbidities
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DISCUSSION

In this large-scale, register-based cohort study, we found that
adults with ADHD were more than twice as likely to develop at
least one cardiovascular disease, compared with those with-
out ADHD, independently from treatment with psychotropic
medications. The increased risk was present across all types of
cardiovascular diseases, but the strength of the associations was
greatest for cardiac arrest, hemorrhagic stroke and peripheral
vascular disease/arteriosclerosis.

Well-established risk factors for cardiovascular diseases (such
as type 2 diabetes mellitus, obesity, dyslipidemia, sleep problems
and heavy smoking) and psychiatric comorbidities could not
fully explain the associations, indicating that ADHD is an inde-
pendent risk factor for a wide range of cardiovascular diseases.
This finding is consistent with a recent two-sample Mendelian
randomization study reporting a direct causal effect of ADHD on
coronary artery disease®.

Although the underlying mechanisms remain unclear, plau-
sible biological mechanisms could explain the observed asso-
ciation between ADHD and cardiovascular diseases, including
immune system abnormalities*”*®, neuromodulator dysregula-
tion**°, and dysregulation of the hypothalamic-pituitary-ad-
renal (HPA) axis®"®*%. The observed associations could also be
partly explained by shared etiological components, as suggested
in a previous genetically-informed study based on sibling pairs'.

The observed strength of associations between ADHD and car-
diovascular diseases is largely comparable to estimates of associa-
tions between these diseases and schizophreniag, depressiong,
and bipolar disorder'’, and stronger than associations with anxi-
ety disorders'!, obsessive-compulsive disorder®, and stress-re-
lated disorders*. In contrast to the available evidence base for
other psychiatric disorders®, the association between ADHD
and cardiovascular diseases has been substantially understud-
ied. Our findings call for enhanced clinical awareness of cardio-
vascular risk among adults with ADHD.

Sex differences in ADHD® and cardiovascular diseases™ are
well established, with higher prevalence estimates in males than
in females for both conditions, but our study extends this knowl-
edge base by showing that the association between ADHD and
cardiovascular diseases is stronger in males than in females. The
present study points to the potential value of screening for car-
diovascular risk factors in ADHD, particularly targeting young
adults and males.

In our study, comorbid eating disorders and substance use dis-
orders significantly increased the risk of cardiovascular diseases
among individuals with ADHD. As suggested in previous stud-
ies, around 80% of patients with an eating disorder are affected
by a cardiac complication®, and prolonged heavy use of certain
substances (e.g., amphetamines, alcohol, tobacco and heroin)
substantially increases the risk for several serious cardiovascular
problems, including hypertension, stroke and cardiac arrest™.
Therefore, the appropriate identification and treatment of these
psychiatric comorbidities is necessary to successfully impact car-
diovascular health among adults with ADHD.
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Our findings also suggest that the observed associations be-
tween ADHD and cardiovascular diseases are independent from
the use of stimulants and other psychotropic medications. A
slightly stronger association was even found among individuals
with ADHD not treated with antipsychotics, anxiolytics, hypnot-
ics and sedatives, and antidepressants. A seemingly protective
effect of psychotropic medications for the risk of cardiometa-
bolic conditions and mortality has been found in other mental
disorders®*™, However, confounding by indication needs to
be carefully considered using other study designs (e.g., within-
individuals comparisons). Our results should not be interpreted
as indicating that psychotropic medications are free from car-
diovascular adverse effects, and they should continue to be used
with caution in ADHD patients.

Our study has some limitations. First, the national registers
mainly capture the most severe cases, which might have led to
an underestimation of the number of patients with milder symp-
toms of ADHD or less severe cardiovascular diseases. On the
other hand, a detection bias (i.e., individuals with ADHD and
psychiatric comorbidities may be more likely to be diagnosed
with cardiovascular diseases as they have more frequent contacts
with the health care system than those without ADHD) cannot
be ruled out. Second, the prevalence of ADHD tends to increase
over time, reflecting changes in diagnostic practices, and the late
inclusion of outpatient specialist care records in the NPR (since
2001) and information on medication in PDR (since 2005) might
have led to a loss of early diagnoses of ADHD in our cohort, par-
ticularly in older adults. Delayed diagnosis may have resulted
in misclassification from exposed to unexposed person-time,
which would be most likely to bias estimates towards the null.

Third, as the median age of the study population at the end of
the follow-up was 50.49 (range 31-73) years, we might have most-
ly captured early onset cases of cardiovascular diseases. There-
fore, future studies would be necessary to explore the association
of ADHD with later onset cardiovascular diseases among older
adults. Finally, we had no data on some lifestyle related factors
(such as dietary intake and physical activities) that may contrib-
ute to the observed association as confounders or mediators. Our
results suggest that heavy smoking and sleep problems could
explain only a small portion of the associations, but tobacco
use and sleep disorders identified from registers might only re-
flect the most severe cases. Thus, further studies are warranted
to clarify the impact of lifestyle related factors on the association
between ADHD and cardiovascular diseases.

In conclusion, in this large-scale, register-based cohort study,
we found that ADHD is a risk factor for a wide range of cardiovas-
cular diseases, independent from well-established cardiovascular
risk factors, psychiatric comorbidities, and psychotropic medi-
cation treatment. These findings underscore the importance of
carefully monitoring cardiovascular health in adults with ADHD,
and highlight a critical need for development of age-appropriate
and individualized strategies to reduce the risk of cardiovascu-
lar morbidity in ADHD people. Additional studies are needed
to confirm our findings and to further explore the mechanisms
underlying the association between ADHD and cardiovascular
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diseases.
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