Attention-deficit/hyperactivity disorder as a novel risk factor for cardiovascular diseases: a nationwide population-based cohort study
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ABSTRACT 
Accumulating evidence suggests a higher risk of cardiovascular diseases among individual with psychiatric disorders, but very little is known about the risks of overall and specific groups of cardiovascular diseases in attention-deficit/hyperactivity disorder (ADHD). To fill the knowledge gap, we investigated the prospective associations between ADHD and a wide range of cardiovascular diseases in adults. In this 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 1st, 2001 to December 31st, 2013. Incident cardiovascular disease events were identified according to International Classification of Diseases (ICD) codes. Hazard ratios (HR) with 95% confidence intervals (CI) were calculated using Cox proportional hazards regression models with ADHD as a time-varying exposure. Cumulative incidences were estimated by flexible parametric models and visualized by standardized survival curves. A total of 2,750,621 [51.04%] individuals were males. The mean age at study entry was 38.44 (range 18-60) years. After an average 11.8 years of follow-up, 38.05% of individuals with ADHD, vs 23.57% of the controls, had at least one diagnosis of cardiovascular disease. ADHD was significantly associated with increased risk of any cardiovascular disease (HR=2.05 [95% confidence interval [CI]=1.98-2.13]), after adjusting for sex and year of birth. Further adjustments for birth country, well-established risk factors for cardiovascular diseases, and 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=1.88, 95%CI=1.49-2.36) and peripheral vascular disease/arteriosclerosis (HR=1.71, 95%CI=1.47-1.99). 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. ADHD is a novel independent risk factor for a wide range of cardiovascular diseases. Our findings highlight the importance of carefully monitoring cardiovascular health, and developing age-appropriate and individualized strategies to reduce the cardiovascular risk in adults with ADHD.







Background
Attention-deficit/hyperactivity disorder (ADHD), characterized by pervasive and impairing inattention and/or hyperactivity-impulsivity, is one of the most common neurodevelopmental disorders, with a global prevalence of about 2-7% in children and 2.5% in adults.1-3 ADHD is comorbid with a number of psychiatric (e.g., anxiety and depression4) and physical (e.g., obesity5 and asthma6) disorders. Prospective studies have previously demonstrated that several psychiatric conditions (e.g.,  depression,7,8 schizophrenia,9 bipolar disorder,10 and anxiety disorder11) as well as neurodevelopmental disorders (e.g. autism,12,13 intellectual disabilities12 and conduct disorder12) are associated with higher risk of cardiovascular diseases, the leading cause of mortality worldwide.14 The mechanisms linking psychiatric illness to cardiovascular diseases are complex, but risky health behaviours (e.g., smoking, drinking alcohol, substance abuse and sedentary lifestyles),15 and prolonged use of psychotropic medications,16 have been proposed as potential contributors to the risk. Although accumulating evidence suggests a higher risk of cardiovascular diseases among individuals with some psychiatric disorders, little is known about the risks of overall and specific groups of cardiovascular diseases in ADHD.
In relation to ADHD, cardiovascular diseases have mainly been studied as potential adverse effects of ADHD pharmacological treatment,17,18 as ADHD medications have previously been reported to be associated with elevated blood pressure and heart rate, which may further increase the risk of severe cardiovascular events (e.g., stroke, myocardial infarction).19 However, only a few previous studies have reported association between ADHD and cardiovascular diseases. A small Dutch study20 with 231 older adults found no association between ADHD diagnoses and cardiovascular diseases, but elevated levels of ADHD symptoms were associated with increased risk of cardiovascular diseases. Recently, a 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 increased risk of a wide range of physical health conditions, including cardiovascular diseases, compared with adults without ADHD. 
There are still several knowledge gaps on the relationship between ADHD and cardiovascular diseases. First, only broad measures of cardiovascular diseases, encompassing a wide range of circulatory system diseases, have been used in previous studies on ADHD.20,21 Thus, little is known about the risks of specific groups of cardiovascular diseases in ADHD. This is important to inform prevention and treatment strategies, which may vary substantially depending on which specific cardiovascular diseases are most strongly associated with ADHD. Second, no studies have explored the role of psychiatric comorbidities and use of psychotropic medications in the development of cardiovascular diseases in ADHD. This is an important limitation as adults with ADHD are frequently diagnosed and treated (e.g., psychotropic medication) for other psychiatric disorders (e.g., mood disorder and substance use disorder), which in turn may influence the risk of cardiovascular diseases.16 Third, the role of well-established risk factors for cardiovascular diseases, such as low educational attainment,22 smoking,23 sleep problems,24 metabolic conditions (e.g., obesity25, type 2 diabetes mellitus (T2DM),26 and dyslipidemia27), as well as cardiovascular family history24, have not been explored in the association between ADHD and cardiovascular diseases. These modifiable and non-modifiable risk factors have the potential to be included in screening tools to identify people who are at increased risk of cardivascular diseases.28 Finally, even though it is well-established that the prevalence rates of ADHD and cardiovascular diseases are higher in males than in females,29,30 and that the core symptoms of ADHD often decline with increasing age,31 while the incidence of cardiovascular disease increases substantially with advancing age32, it is currently unclear if these patterns translate into sex- and age-differences in the associations of ADHD with cardiovascular diseases. A better understanding of such sex- and age-specific associations is needed for risk stratification and individualized treatment recommendations for individuals with ADHD.
In this register-based cohort study, we aimed to fill these knowledge gaps by investigating the prospective associations between ADHD and the risk of developing a broad range of cardiovascular diseases in adults. We also aimed to examine the extent to which any observed associations could be explained by common psychiatric comorbidities, well-established risk factors for cardiovascular diseases (e.g., low education level, smoking, sleep disorders, and metabolic conditions), psychotropic medications and cardiovascular family history. An additional exploratory 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 is not required for pseudo anonymized register-based research according to Swedish law. 
Data sources and study cohort
Data were obtained by linking multiple Swedish registries (Supplementary methods). 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), from when outpatient data was available. We excluded individuals who had a history of any cardiovascular disease before/at baseline, and those who died or emigrated before being diagnosed with ADHD, leaving 5,389,519 individuals aged 18-60 years at the baseline. We followed them up from January 1st 2001 or the first diagnosis of ADHD (whichever came later), and until their first diagnosis of any cardiovascular disease, death, emigration, or December 31st, 2013 (whichever occurred first), with the oldest cohort member censored at 73 years of age.
Measures
ADHD 
Individuals with ADHD were identified as those who had received their first ADHD diagnosis (ICD-9 or ICD-10: 314/F90) from the National Patient Register (NPR) at the age of 3 years or older, or first prescription of ADHD medication prescription (Anatomical Therapeutic Chemical, ATC codes: N06BA01/N06BA02/N06BA04/N06BA12 /N06BA09) from the Prescribed Drug Register (PDR), or both, before or during the follow-up period. This approach to identify individuals with ADHD has been validated and is widely used in Swedish register-based studies.21,33,34 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,35,36 incident cardiovascular disease events (including any cardiovascular diseases and specific diseases: ischemic heart disease, cerebrovascular disease, venous thromboembolism, hypertensive diseases, heart failure, arrhythmias, cardiac arrest and peripheral vascular disease/arteriosclerosis) were defined as the first diagnosis of cardiovascular disease from NPR or death from cardiovascular disease obtained from the Cause of Death Register. A complete list of all specific cardiovascular diseases, and corresponding ICD-8, ICD-9, and ICD-10 codes, is presented in Table S1 in the Supplement.
Covariates
We collected information on year of birth, sex, and country of birth (Sweden, other Nordic country, and others) from TPR and highest educational level [elementary (⩽9 years), high school (10–12 years), postgraduate (>12 years)] from LISA as a proxy of socioeconomic status. T2DM, obesity, hyperlipidaemia, sleep disorders, heavy smoking (including tobacco abuse and nicotine dependence) and psychiatric comorbidities (including anxiety disorder, autism spectrum disorder, bipolar disorder, conduct disorder, depressive disorder, eating disorder, intellectual disability, personality disorder, schizophrenia and substance use disorder) diagnosed before the diagnosis of cardiovascular diseases were identified from NPR. ICD codes for all covariates are shown in Table S1 in the Supplement. We further constructed a directed acyclic graph (DAG) to illustrate the potential pathways of the association between ADHD and cardiovascular diseases (Figure S1).



Statistical analysis 
Main analyses
Cox proportional hazard regression model was used to estimate hazard ratios (HRs) with 95% confidence intervals (CI) expressing 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 or medication prescription of ADHD to the end of follow-up. The analysis was first conducted for ‘any cardiovascular disease’ as an outcome and then separately for six major categories and 17 individual cardiovascular diseases as described in Table S1. In addition to the underlying attained age, we adjusted for year of birth and sex in model 1. Model 2 further adjusted for education level, birth country, T2DM, obesity, dyslipidaemia, 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 were estimated using flexible parametric models that adjusted for attained age, year of birth and sex, and were visualized by standardized survival curves.37 Cumulative incidence of any cardiovascular disease for each sex (adjusted for year of birth) and age bands (adjusted for sex and year of birth) was also estimated. 
To further explore the specific contribution of each psychiatric comorbidity to the association between ADHD and any cardiovascular disease, given that the magnitude of their associated cardiovascular diseases risks is known to vary,12 model 1 and model 2 were repeated by comparing individuals without ADHD to individuals with ADHD only (without any psychiatric comorbidities), and those with ADHD plus each specific psychiatric comorbidity. 
Sensitivity analyses
First, we only used the diagnosis from NPR, without information on ADHD medications, to identify individuals with ADHD. Second, because treatment with stimulants (ATC codes: N06BA01, N06BA02, N06BA04, N06BA12), antipsychotics (ATC codes: N05A), anxiolytics, hypnotics and sedatives (ATC codes: N05B, N05C), and antidepressants (ATC codes: N06A) are known to be associated with cardiovascular diseases16,38, 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 of cardiovascular diseases, we excluded those with family history of cardiovascular diseases, which was defined as any cardiovascular event among any first-degree relatives (biological parents and full siblings). Finally, we used ADHD as time-invariant exposure (i.e. individuals with diagnosis of ADHD were considered as  exposed from the baseline 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 performed 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 person-years. Among these, 2,750,621 [51.04%] were males and 2,638,898 [48.96%] were females, with a mean (SD) age at study entry of 38.44 (12.32) years and a mean (SD) follow-up of 11.80 (2.85) years. A total of 37,027 (0.68%) individuals (20,475 [55.30%] male and 16,552 [44.70%] female) had a diagnosis of ADHD or an ADHD medication prescription (Table 1). During the follow-up, 746,572 individuals was newly diagnosed with cardiovascular diseases. The overall incidence rate of cardiovascular diseases within the study period was 1.65 per 100 person-years. In addition, individuals with ADHD were more likely to have a lower education attainment and to be diagnosed with obesity, sleep disorder, heavy smoking and all type of psychiatric comorbidities, compared with people without ADHD. 
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 (Figure 1). As shown in Figure 2, 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 adjusting for sex and year of birth. The associations attenuated, but remained significant, when adjusted for sociodemographic characteristics and well-established risk factors for cardiovascular diseases in model 2 (HR=1.84, 95%CI=1.77-1.91). Further adjustments for psychiatric comorbidities (model 3) attenuated but did not fully explain the associations (HR=1.65, 95%CI= 1.59-1.71). Positive associations were additionally observed for all studied specific cardiovascular diseases across all adjusted models in individuals with ADHD compared with those without ADHD. The highest adjusted hazard ratios were observed 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) in model 2. When further adjusting for psychiatric comorbidities, most of the relative risks (20 out of 22 specific cardiovascular diseases) were slightly attenuated but remained statistically significant. 
Subgroup analyses
The associations between ADHD and cardiovascular diseases were stronger across all levels of adjustments in males (HR=1.70, 95% CI=1.62-1.79 in Model 3) compared to females (HR=1.58, 95% CI=1.49-1.68). . Accordingly, higher cumulative incidence of cardiovascular diseases over time was found in males compared to females. When stratified by age bands, the highest adjusted HR was observed in the youngest adults (18-31 years, HR=2.49, 95% CI=2.17-2.87), while the lowest association was found in the oldest adults (60-73 years, HR=1.22, 95% CI=1.08-1.37). However, the cumulative incidence of events was lowest among young adults, and then increased substantially with age. For example, at the end of the follow-up, the prevalence of cardiovascular diseases was 5.89% among the youngest adults with ADHD (vs. 2.87% for non-ADHD group), while the number was increased to 94.26% among the oldest adults with ADHD (vs 73.55% for non-ADHD group). P-values for sex and age differences <0.001. See Table 2 and Figure 1.
Using individuals without ADHD as a reference group, we found the relative risk of cardiovascular diseases was slightly higher among individuals with ADHD plus any psychiatric comorbidity (HR=1.87, 95% CI=1.79-1.95), compared with ADHD only (HR=1.72, 95% CI=1.59-1.86). Specifically, additional increase in the risk of cardiovascular diseases were found among those with comorbid depression, personality disorder, anxiety disorder, substance use disorder or eating disorder, compared with ADHD only. The strongest associations were found for eating disorder (HR=2.21, 95%CI=1.72-2.85) and substance use disorder (HR=2.20, 95%CI=2.08-2.32) (Figure 3 and Table S2). 
Sensitivity analyses
Results from sensitivity analyses are presented in Table 3. First, when ADHD was only defined by diagnosis from the NPR, the cardiovascular risks were similar to those of the main analysis, but with a stronger association (HR=1.76, 95% CI=1.68-1.84) after adjusting for all covariates. Second, the estimates were similar when excluding individuals with ADHD diagnosis and treated with stimulants (HR=1.77, 95% CI=1.69-1.85), or other psychiatric medications (including antipsychotics, anxiolytics, hypnotics and sedatives, and antidepressants) (HR=1.83, 95% CI=1.74-1.91). Third, when restricting our main analyses to individuals without family history of cardiovascular diseases, the risk estimates for cardiovascular diseases remained largely similar (HR=1.65, 95% CI=1.59-1.71). Finally, we generally found the same results across all levels of adjustment when using ADHD as time-invariant exposure (HR=1.64, 95% CI=1.58-1.70).
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 without ADHD, independently from treatment with psychotropic medications. The increased risks were present across all types of cardiovascular diseases, but the strength of the associations was strongest for cardiac arrest, hemorrhagic stroke and peripheral vascular disease/arteriosclerosis. Well-established risk factors for cardiovascular diseases and psychiatric comorbidities could not fully explain the associations, indicating that ADHD is an important, independent 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.39 Although the underlying mechanisms remain unclear, plausible biological mechanisms could explain the observed association between ADHD and cardiovascular diseases, including immune system abnormalities,40,41 neuromodulator dysregulation,42,43 and dysregulation of the hypothalamic–pituitary–adrenal (HPA) axis.44,45 Alternatively, the observed associations could also be partly explained by shared etiological components, as suggested in a previous genetically-informed study based on sibling pairs.21 Future studies are needed to fully understand the underlying mechanisms linking ADHD with cardiovascular diseases. 
By the end of the follow-up, when the oldest participants were 73 years old, 73.55% of the population without ADHD developed at least one cardiovascular disease, which is in line with the American Heart Association (AHA), reporting that the prevalence of cardiovascular diseases in adults is ~75% from 60–79 years.32 However, the corresponding number in those with ADHD was substantially higher (94.26%). Our findings were consistent with the few available studies on this topic.20,21 The observed strength of associations between ADHD and cardiovascular diseases were largely comparable to estimates of associations between cardiovascular diseases and schizophrenia,9 depression8 and bipolar disorders10, but stronger than associations with anxiety,11 obsessive-compulsive disorder36 and stress-related disorders.35 In contrast to the available evidence base for other psychiatric disorders,46 the associations between ADHD and cardiovascular diseases has been substantially understudied. Our findings call for enhanced clinical awareness of cardiovascular risk among adults with ADHD.
 We note that the finding of stronger risk in younger (i.e., 18-30 years) compared to older adults is likely due to a healthier reference group for younger adults. Sex differences in ADHD29 and cardiovascular diseases30 are well-established, with higher prevalence estimates in males than in females for both conditions, but our study extends this knowledge base by showing that the associations between ADHD and cardiovascular diseases is stronger in males than in females. The present study point to the potential value of screening for cardiovascular risk factors in ADHD, particularly targeting young adulthood and males, even though more evidence is needed to evaluate the cost-effectiveness of screening strategies before recommending systematic screening in this group.
The findings from this study suggests that the presence of established risk factors for cardiovascular diseases and psychiatric comorbidities could not fully explain the observed associations. However, comorbid eating disorder or substance use disorder significantly increased the risk of cardiovascular diseases among individuals with ADHD. As suggested in previous studies, around 80% of patients with an eating disorder are affected by a cardiac complication,47 and prolonged heavy use of certain substances (e.g., drugs, alcohol, tobacco and/or heroin) substantially increases the risk of several serious cardiovascular problems, including hypertension, stroke, heart attack and cardiac arrest.48 Therefore, appropriate identification and treatment of psychiatric comorbidity (in particular eating disorder and substance use disorder) and appropriate life-style interventions to modify well-established risk factors of cardiovascular diseases are necessary to successfully impact cardiovascular health among adults with ADHD.
 Finally, our findings also suggest that the observed associations between ADHD and cardiovascular diseases are independent from the use of stimulants and other psychotropic medications, even though a slightly stronger association was found among individuals with ADHD not treated with antipsychotics, anxiolytics, hypnotics and sedatives and antidepressants. A seemingly protective effect of psychotropic medication for the risk of cardiometabolic conditions and mortality has also been found in other neuropsychiatric disorders.49-51 However, we are cautious to attribute our finding of a risk reductions to psychotropic medication alone, because confounding by indication needs to be carefully considered using other study designs (e.g., within-individuals comparisons). Therefore, our results should not be interpreted as that psychotropic medication are free from cardiovascular adverse effects, and they should continue to be used with caution in adults with ADHD.
The studies have several limitations. First, the national registers mainly capture the most severe cases, which might lead to an underestimation of the number of patients with milder symptoms of ADHD or less severe cardiovascular diseases. In addition, the potential detection bias (i.e., individuals with ADHD and psychiatric comorbidities being more likely to be diagnosed with CVDs as they have more frequent contact with the health care system compared with those without ADHD) cannot be ruled out in current study. However, the risk of cardiovascular diseases among  individuals with severe ADHD (combined with other psychiatric comorbidities) were not consistently higher than those with ADHD only, which indicated that the potential detection bias cannot fully explain the observed association between ADHD and CVDs. Second, the administrative prevalence of ADHD increase over calendar time, reflecting changes in the psychiatric health care system and diagnostic practices across time, and the late inclusion of outpatient specialist care records in the NPR (from 2001) and information on medication in PDR (from 2005), might have led to a possible loss of early diagnoses for ADHD in our cohort, particularly for older adults. As a consequence, the average age of cohort entry and cardiovascular disease diagnosis among individuals with ADHD was younger than among those without ADHD. Delayed diagnosis (mean age at ADHD diagnosis was 21.91 [13.94] years) 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 mostly captured early onset cases of cardiovascular diseases. Even though we had enough power to explore the associations among adults aged 60-73 years in the age-stratified analysis, the prevalence of ADHD might have been substantially underestimated in the oldest generation. Therefore, future studies with more recent data would be necessary to explore the association of ADHD with later onset cardiovascular diseases among older adults. Finally, we had no data on lifestyle related factors (such as dietary intake and physical activities) that may contribute to the observed association as confounders or mediators. Our results suggested 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 reflect the most severe cases. Thus, further studies with detailed information on lifestyle are warranted to clarify the impact of these factors on the association of interest.
In this large-scale, register-based cohort study, we found that ADHD is a novel risk factor for a wide range of cardiovascular diseases, independent from well-established risk cardiovascular risk factors, psychiatric comorbidity, and psychotropic medication treatment. The 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 cardiovascular morbidity in adult ADHD. Additional studies are needed to confirm our findings and to further explore the mechanisms underlying the association between ADHD and cardiovascular diseases. 
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TABLES
Table 1. Descriptive characteristics of individuals with and without ADHD
	
	Total
N= 5,389,519
	Individuals with ADHD 
N= 37,027
	Individuals without ADHD 
N= 5,352,492

	
	N (%)
	N (%)
	N (%)

	Mean age at baseline
	38.43 (12.32)
	30.34 (9.25)
	38.49 (12.32)

	Mean age of first CVD diagnosis
	56.41 (10.25)
	47.13 (10.50)
	56.45 (10.23)

	Incidence rate  of CVD
	1.65%
	1.79%
	1.16%

	Year of birth
	
	
	

	1941-1950
	1207438 (22.40)
	1084 (2.93)
	1206354 (22.54)

	1951-1960
	1165832 (21.63)
	4532 (12.24)
	1161300 (21.70)

	1961-1971
	1320673 (24.50)
	10696 (28.89)
	1309977 (24.47)

	1977-1983
	1695576 (31.46)
	20715 (55.94)
	1674861 (31.29)

	Sex
	
	
	

	Male 
	2750621 (51.04)
	20477 (55.30)
	2730144 (51.01)

	Female
	2638898 (48.96)
	16550 (44.70)
	2622348 (48.99)

	Country of birth
	
	
	

	Sweden
	4254357 (78.94)
	33193 (89.64)
	4221164 (78.86)

	Denmark, Finland, Norway or Iceland
	198791 (3.69)
	867 (2.34)
	197924 (3.70)

	Other
	936371 (17.37)
	2967 (8.01)
	933404 (17.44)

	Educational attainment*
	
	
	

	Primary and lower secondary
	801454 (14.87)
	9578 (25.87)
	791876 (14.79)

	Upper secondary
	2246375 (41.68)
	17657 (47.69)
	2228718 (41.64)

	Postsecondary
	1799447 (33.39)
	8080 (21.82)
	1791367 (33.47)

	Postgraduate
	65325 (1.21)
	161 (0.43)
	65164 (1.22)

	Well-established risk factors for CVD
	
	

	Type 2 diabetes
	157982 (2.93)
	969 (2.62)
	157013 (2.93)

	Obesity 
	117795 (2.19)
	2279 (6.15)
	115516 (2.16)

	Dyslipidemia
	109839 (2.04)
	426 (1.15)
	109413 (2.04)

	Sleep problems
	145189 (2.69)
	4146 (11.20)
	141043 (2.64)

	Heavy smoking 
	50768 (0.94)
	1046 (2.82)
	49722 (0.93)

	Psychiatric Comorbidities 
	
	

	Anxiety Disorder 
	205125 (3.81)
	15394 (41.58)
	189731 (3.54)

	Autism spectrum disorder
	13412 (0.25)
	4123 (11.14)
	9289 (0.17)

	Bipolar disorder
	45530 (0.84)
	5201 (14.05)
	40329 (0.75)

	Conduct disorder 
	1908 (0.04)
	451 (1.22)
	1457 (0.03)

	Depressive disorder
	267240 (4.96)
	15977 (43.15)
	251263 (4.69)

	Eating disorder
	11716 (0.22)
	1033 (2.79)
	10683 (0.20)

	Intellectual disability
	20480 (0.38)
	1218 (3.29)
	19269 (0.36)

	Personality disorder
	66408 (1.23)
	7984 (21.56)
	58424 (1.09)

	Schizophrenia
	29901 (0.55)
	885 (2.39)
	29016 (0.54)

	Substance use disorder
	220295 (4.09)
	13996 (37.80)
	206299 (3.85)


* 476918 (8.85%) with missing values on educational attainment; CVD: cardiovascular diseases

Table 2. Association between ADHD and cardiovascular diseases as hazard ratios (HR) with 95% confidence intervals (CI) adjusted for covariates 
	
	No. of cases/person years
	Model 1
	Model 2 
	Model 3

	
	ADHD
	Non-ADHD
	
	
	

	Overall 
	2748/152790
	743824/63895674
	2.05 (1.98-2.13)
	1.84 (1.77-1.91)
	1.65 (1.59-1.71)

	Sex a,b
	
	
	
	
	

	Male
	1702/87987
	421961/32276606
	2.10 (2.00-2.20)
	1.89 (1.80-1.98)
	1.70 (1.62-1.79)

	Female
	1046/64803
	321863/31619068
	2.00 (1.88-2.13)
	1.76 (1.65-1.87)
	1.58 (1.49-1.68)

	Age b 
	
	
	
	

	18-30 
	208/37481
	19837/12752749
	2.78 (2.42-3.19)
	2.43 (2.12-2.79)
	2.49 (2.17-2.87)

	31-40 
	623/56004
	52297/16122195
	2.74 (2.53-2.96)
	2.36 (2.18-2.55)
	2.14 (1.97-2.32)

	41-50
	988/40109
	126418/15078010
	2.32 (2.18-2.47)
	2.05 (1.93-2.19)
	1.82 (1.71-1.94)

	51-60 
	657/15603
	269821/13909517
	1.67 (1.54-1.80)
	1.54 (1.43-1.66)
	1.43 (1.32-1.54)

	61-73
	274/3440
	275292/5904282
	1.50 (1.33-1.69)
	1.33 (1.18-1.50)
	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, T2DM, obesity, dyslipidemia, sleep problems and heavy smoking. 
Model 3: Adjusted for sex, year of birth, education level, birth country, T2DM, obesity, dyslipidemia, sleep problems, heavy smoking and psychiatric comorbidities.
a. Sex was not included as covariates in the models stratified by sex.
b. P-value for sex and age difference <0.001
Table 3. Summary of results from sensitivity analyses on associations between ADHD and cardiovascular diseases
	
	No. of cases/person years
	Model 1
	Model 2
	Model 3

	
	ADHD
	Non-ADHD
	
	
	

	ADHD diagnosis onlya
	
	
	
	
	

	
	 2135/120138 
	744780/63930662
	2.22 (2.13-2.32)
	1.99 (1.90-2.07)
	1.76 (1.68-1.84)

	Excluding those treated with stimulantsa,b
	
	
	
	

	
	1959/107828
	744780/63930662
	2.25 (2.16-2.36)
	2.01 (1.92-2.10)
	1.77 (1.69-1.85)

	Excluding those treated with other psychiatric medicationsa,b
	
	
	

	
	1871/94970
	744780/63930662
	2.29 (2.19-2.40)
	2.06 (1.97-2.16)
	1.83 (1.74-1.91)

	Exclude those with family history of cardiovascular diseases
	
	
	

	
	2748/152550 
	743743/63599718
	2.06 (1.98-2.14)
	1.84 (1.77-1.91)
	1.65 (1.59-1.71)

	ADHD as time-invariant exposure
	
	
	
	

	
	2748/152790
	743824/63579929
	2.05 (1.97-2.13)

	1.83 (1.77-1.90)

	1.64 (1.58-1.70)


a In theses sensitivity analyses, ADHD was defined only based on ICD codes;
b Detailed information on all dispensed drugs in Sweden was available since 1 July 2005.

Model 1: Adjusted for sex and year of birth;
Model 2: Adjusted for sex, year of birth, education level, birth country, T2DM, obesity, dyslipidemia, sleep problems and heavy smoking. 
Model 3: Adjusted for sex, year of birth, education level, birth country, T2DM, obesity, dyslipidemia, sleep problems, heavy smoking and psychiatric comorbidities.
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FIGURES
Figure 1 Overall, sex- and age-specific cumulative incidence of cardiovascular diseases (cardiovascular disease) estimated by standardized survival curve (Shaded areas indicate 95% confidence intervals), adjusted for sex and year of birth, in individuals with ADHD (solid line) and those without ADHD (dotted line).


Figure 2 Hazard ratio with 95% CIs of developing different types of cardiovascular diseases among adults with ADHD, compared with those without ADHD. In model 1, sex and year of birth were adjusted. In model 2, sex, year of birth, education level, birth country, T2DM, obesity, dyslipidemia, sleep problems and heavy smoking were adjusted. In model 3, sex, year of birth, education level, birth country, T2DM, obesity, dyslipidemia, sleep problems, heavy smoking and psychiatric comorbidities were adjusted. Attained age was used as underlying time scale.


Figure 3. Hazard ratio with 95% CIs of cardiovascular diseases among individuals with ADHD only and ADHD plus each specific psychiatric comorbidity, compared with those without ADHD. Cox models were adjusted for year of birth, sex, educational level, education level, birth country, obesity, T2DM, dyslipidemia, sleep problems, heavy smoking. Attained age was used as underlying time scale.
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