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Abstract

Background.—A recent family study of young adult males suggests a shared familial liability 

between ADHD and high body mass index (BMI), and a genome-wide meta-analysis reported a 

genetic correlation of 0.26 between ADHD and BMI. To date, it is unclear whether these findings 

generalize to the relationship between ADHD and clinically diagnosed obesity.

Method.—By linking the Swedish national registers, we identified 2 538 127 individuals born 

between 1973 and 2000, together with their siblings and cousins. The risk of clinical obesity in 

individuals with ADHD was compared with the risk in those without ADHD. The relative 

contributions of genetic and environmental factors to the association between ADHD and clinical 

obesity were examined via assessment of the familial co-aggregation of the two conditions and 

quantitative genetic analyses.

Results.—Individuals with ADHD were at an increased risk of clinical obesity compared to 

those without (risk difference 3.73%, 95% CI 3.55–3.90%, risk ratio 3.05, 95% CI 2.95–3.15). 

Familial co-aggregation of ADHD and clinical obesity was detected and the strength of the co-

aggregation decreased by decreasing genetic relatedness. The correlation between the liabilities to 

ADHD and clinical obesity can be entirely attributed to their genetic correlation (rg 0.30, 95% CI 

0.17–0.44).
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Conclusion.—The association between ADHD and clinical obesity in adolescence and young 

adulthood can be entirely attributed to genetic underpinnings shared by the two conditions. 

Children with ADHD should be monitored for weight gain so that preventive measures can be 

taken for those on a suboptimal trajectory.

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a common childhood-onset 

neurodevelopmental disorder (Polanczyk et al., 2007, Thomas et al., 2015). The core 

symptoms and impairments of ADHD persist into adolescence and adulthood in a sizable 

proportion of childhood patients (Faraone et al., 2006). ADHD tends to coexist with not only 

psychiatric disorders (McGough et al., 2005) but also somatic diseases (Instanes et al., 

2016). One increasingly studied comorbid somatic condition of ADHD over the past few 

years is obesity. Given the global epidemic of obesity (Cuschieri and Mamo, 2016) and its 

link with a variety of adverse health outcomes, including but not limited to type 2 diabetes 

mellitus, cardiovascular disease, and increased mortality (Global BMI Mortality 

Collaboration, 2016), a better understanding of the relationship between ADHD and obesity 

may have implications in reducing the public health burden of obesity and obesity-related 

illness.

Two recent meta-analyses (Cortese et al., 2016, Nigg et al., 2016) support an association 

between ADHD and obesity in adulthood, without evident sex differences in the strength of 

the association measured by odds ratio (OR). Life style factors and common genetic 

alterations have been proposed as plausible underlying mechanisms (Cortese and Tessari, 

2017). In most studies entering the meta-analyses, obesity assessment was based on body 

mass index (BMI) ≥30 kg/m2. Studies involving individuals who underwent bariatric 

surgery, a treatment option for severe and refractory obesity (Nguyen and Varela, 2017), 

were not included in the meta-analyses, despite preceding investigations showing 

overrepresentation of individuals with ADHD symptoms in young adults seeking bariatric 

surgery (Gruss et al., 2012). Compared to obesity defined by BMI ≥30 kg/m2, clinically 

diagnosed obesity may better reflect the pathological aspect of body fat deposition. Bariatric 

surgery can neither confound nor mediate the association between ADHD and obesity 

diagnosed before the surgery. When examining modifying effects of sex on the association 

between ADHD and obesity, previous studies focused predominantly on the OR scale 

(Cortese et al., 2016, Nigg et al., 2016), whereas sex may modify the association on the risk 

difference (RD) scale which is of great public health importance (Knol and VanderWeele, 

2012). Hence, a population-based investigation of the association between ADHD and 

clinical obesity as well as sex differences in the strength of the association measured by RD 

is needed.

A register-based family study of 472 735 young adult males suggests shared familial liability 

between ADHD and high BMI (Chen et al., 2017). The finding resonates with a recent 

genome-wide meta-analysis of clinically diagnosed ADHD in 20 183 cases and 35 191 

controls reported a genetic correlation of 0.26 between ADHD and BMI (Demontis et al., 

2017). A large representative study on the association between and familial co-aggregation 

of ADHD and clinical obesity in individuals of both sexes would add to the existing 
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literature the relative contributions of genetic and environmental factors to the overlap 

between the two conditions.

In this population-based study, we aimed to (1) investigate the association between ADHD 

and clinical obesity in adolescence and young adulthood using data from the Swedish 

national registers, and (2) estimate the extent to which the association could be attributed to 

genetic underpinnings shared by ADHD and clinical obesity via assessment of familial co-

aggregation of the two conditions and quantitative genetic analyses.

Method

Data sources and study population

The Swedish Medical Birth Register contains data on approximately 98% of all births in 

Sweden since 1973 (Cnattingius et al., 1990). The Swedish Total Population Register 

provides information on sex, dates of birth, death, and migration for all Swedish residents 

who were born since 1932 and alive in 1968 (Ludvigsson et al., 2016). By linking these two 

registers, we identified all individuals delivered in single birth between December 31, 1973 

and January 1, 2000. Individuals who had congenital malformation, died, or emigrated 

before age 13 were excluded, leaving a final study population of 2 538 127 individuals aged 

13 to 40 on December 31, 2013 which was defined as the end of the observational period.

We further identified all possible sibling pairs and cousin pairs nested in the study 

population via the Multi-Generation Register. The register links individuals born in Sweden 

since 1932 and registered as living in Sweden since 1961 to their biological parents (Ekbom, 

2011, Statistics Sweden, 2013), enabling identification of family members of varying 

degrees of relatedness. In total, we identified 2 703 662 pairs of full siblings, 441 956 pairs 

of maternal half siblings, 472 108 pairs of paternal half siblings, and 10 158 536 pairs of full 

cousins (i.e., children of full siblings), for assessment of the family co-aggregation of 

ADHD and obesity.

Next, we randomly selected one pair of siblings from each nuclear family to obtain a sibling 

sample consisting of 664 721 pairs of full siblings, 68 347 pairs of maternal half siblings, 

and 69 351 pairs of paternal half siblings. This sample was used for quantitative genetic 

analysis.

All demographic and health data were collected by the Swedish National Board of Health 

and Welfare, and pseudonymized by Statistics Sweden, an independent government agency, 

to mask the identity of individual participants. The study was approved by the regional 

ethics review board in Stockholm, Sweden.

Ascertainment of ADHD

The Swedish National Patient Register (NPR) and the Prescribed Drug Register (PDR) were 

used for ascertainment of ADHD. The NPR compiles hospital discharge records of 

psychiatric inpatient care since 1973, with complete nationwide coverage achieved since 

1987 (Ludvigsson et al., 2011). From 2001 onwards, the register also involves 

approximately 80% of outpatient visits to specialists (Ludvigsson et al., 2011). Diagnoses in 
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the NPR are coded according to International Classification of Diseases, 8th revision 
(ICD-8) during 1969–1986, ICD-9 during 1987–1996, and ICD-10 from 1997 onwards. The 

PDR provides information on all drugs prescribed and dispensed to the entire population in 

Sweden since July 1, 2005, including prescribing dates and active ingredients coded 

according to the anatomical therapeutic chemical classification system (Wettermark et al., 

2007). In the current study, individuals with ADHD were ascertained based on having at 

least one registered diagnosis of ADHD (ICD-9: 314; ICD-10: F90) in the NPR or at least 

one registered prescription of methylphenidate (N06BA04), amphetamine (N06BA01), 

dexamphetamine (N06BA02), lisdexamfetamine (N06BA12), or atomoxetine (N06BA09) in 

the PDR at any point between their third birthday and 31 December 2013.

Ascertainment of clinical obesity

The NPR was also used to identify individuals diagnosed with obesity (ICD-8: 277.99; 

ICD9: 278A & 278B; ICD10: E65 & E66) at any point between their 13th birthday and 31 

December 2013 (N=48 725). In the current study, data on BMI at obesity diagnosis were not 

available. Nonetheless, we attempted to gain some understanding about the distribution of 

BMI among males diagnosed with obesity using data from the Swedish Military Service 

Conscription Register. The register contains information on directly measured weight and 

height for Swedish males at conscription (approximately 18 years of age) since 1968 (Gale 

et al., 2013). The information for females was not available. BMI was calculated as body 

weight in kilograms divided by height in meters squared. Among individuals with both a 

diagnosis of obesity and information on BMI (N=4 517), 54.2% had BMI ≥30 kg/m2, 24.7% 

had BMI ≥35 kg/m2, and 7.5% had BMI ≥40 kg/m2 at conscription. Moreover, of all 

individuals diagnosed with obesity, 21.0% underwent obesity surgery for management of 

severe obesity according to the NPR. One validation study reported high accuracy of obesity 

surgery registration in the NPR in 2011, with an estimated positive predictive value of 97% 

(Tao et al., 2016). In Sweden, surgical treatment of obesity should be reserved for 

individuals with BMI ≥40 kg/m2, or BMI ≥35 kg/m2 and obesity-related comorbidities 

(Boman et al., 2011). Taken together, individuals with clinical obesity in the current study 

seemed to suffer from relatively severe level of obesity.

Covariates

Several variables were selected as covariates, including age at the end of observation period, 

sex, birth order (1st, 2nd, 3rd, or ≥4th), maternal age at delivery (<35 years or ≥ 35 years), 

paternal age at childbirth (<45 years or ≥ 45 years), family education, and psychiatric 

comorbidity. Age at the end of observational period was treated as a categorical variable 

with each year as a separate category. It served as a proxy for both the length of 

observational period and change in register coverage and public awareness of ADHD and 

clinical obesity. Information on education was retrieved from the Longitudinal Integration 

Database for Health Insurance and Labor Market (Statistics Sweden, 2011). Family 

education was defined as the highest level of education achieved by either parent and 

categorized into elementary & upper secondary education (<13 years) or higher education 

(≥13 years). Diagnoses of comorbid psychiatric conditions, particularly depression (ICD-8: 

296.2, 298.0, 300.4; ICD-9: 296B, 300E; ICD-10: F32 – F34), anxiety (ICD-8: 300 except 

300.4; ICD-9: 300 except 300E; ICD-10: F40 – F42, F44 – F45, F48), bipolar disorder 
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(ICD-8: 296.1-3, 296.8; ICD-9: 296A, 296C, 296D, 296E, 296W; ICD-10: F30, F31), and 

substance use disorder (ICD-8: 303, 304; ICD-9: 303 – 305; ICD-10: F10 – F19) were 

extracted from the NPR and treated as binary variables (presence or absence).

Statistical Analyses

First, we compared the risk of obesity in individuals with ADHD to the risk in those without 

ADHD. Logistic regression models and regression standardization approach (Sjolander, 

2016) were used to obtain age-adjusted estimates of risk, risk difference (RD), and risk ratio 

(RR), together with their respective 95% confidence intervals (CIs). The estimates were 

further adjusted for birth order, maternal age at delivery, paternal age at childbirth, and 

family education. Since depression, anxiety, bipolar disorder, and substance use disorder 

frequently co-occur with ADHD and obesity, the models were further adjusted for these 

conditions to examine the influence of psychiatric comorbidity on the observed associations. 

We also rerun the model after excluding individuals with other psychiatric disorder than 

ADHD (ICD-9: 290 – 319 except 314; ICD-10: F00 – F99 except F90). All the 

aforementioned analyses were performed in the entire study population, and separately for 

males and females. Sex differences in the RD and RR were examined by testing the 

statistical significance of an interaction term of ADHD by sex.

Second, we assessed family co-aggregation of ADHD and obesity in full siblings, half 

siblings, and full cousins. Specifically, we compared the risk of obesity in relatives of 

individuals with ADHD to the risk in relatives of individuals without ADHD. To assess the 

relative importance of genetic and shared environmental influences on the familial co-

aggregation, we tested the difference in RD between maternal and paternal half siblings. In 

Sweden, children continued to live predominantly with their mothers following parental 

separation during the study period (Statistics Sweden, 1994). Maternal half siblings were 

thus assumed to share more environmental factors than paternal half siblings. Since maternal 

and paternal half siblings are similar in their genetic sharing (on average 25%), a 

significantly higher association in maternal half siblings than in paternal half siblings would 

indicate the importance of shared environmental influence on the familial co-aggregation. 

On the other hand, non-significant difference in the association between maternal and 

paternal half siblings, in combination with significant lower RDs compared to full siblings, 

would highlight the role of genetic factors in the familial co-aggregation. The analyses were 

adjusted for sex and age of both the index person and the relative, and ADHD status of the 

relative (Chen et al., 2017).

Finally, we performed quantitative genetic analysis to assess the relative contributions of 

genetic and environmental factors to the correlation between ADHD and obesity on a 

liability scale. The joint distribution of the liabilities to ADHD and obesity was assumed to 

follow a multivariate normal distribution (Neale et al., 1992). Phenotypic correlation (i.e., 

cross-disorder within-individual correlation) was calculated for the entire sample of sibling 

pairs. Within-disorder cross-sibling and cross-disorder cross-sibling correlations were 

calculated separately in full siblings, maternal half siblings, and paternal half siblings. A 

bivariate Cholesky decomposition model was fitted to decompose the variance in each 

condition and the covariance of the two conditions into additive genetic (A), dominant 
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genetic (D), shared environmental (C), and non-shared environmental (E) components. The 

ADCE model was then compared with ACE model and AE model. Likelihood ratio tests 

were used to determine the best fitting model (i.e., a model with as few parameters as 

possible and no significant deterioration in fit). Model fitting was based upon the following 

assumptions: correlation for additive genetic components is 0.50 in full siblings and 0.25 in 

half siblings; correlation for dominant genetic components is 0.25 in full siblings and zero in 

half siblings; correlation for shared environmental components is 1.00 in full and maternal 

half siblings and 0.00 in paternal half siblings.

All statistical hypotheses were two-sided, with a significance level of 5%. SAS software 

version 9.4 was used for constructing analytic datasets. Logstic regression and regression 

standardization were performed using stdReg package, and quantitative genetic analysis was 

carried out using OpenMx package (Neale et al., 2016) in R software version 3.3 (R 

Development Core Team, 2012).

Results

Descriptive statistics

Among 2 538 127 individuals included in the study population, 80 009 (3.15%) were 

diagnosed with ADHD and 48 725 (1.92%) were diagnosed with obesity during the 

observational period. Other descriptive characteristics of the study population are shown in 

Table 1.

Association between ADHD and clinical obesity

Figure 1 illustrates age-adjusted absolute risks of clinical obesity by ADHD status. 

Generally, the risk of obesity in individuals with ADHD (5.55%) was three times higher than 

the risk in individuals without ADHD (1.82%), equivalent to an RD of 3.73% (Table 2). 

Females were more likely to be diagnosed with obesity than males both in individuals with 

ADHD and in those without (Figure 1). The RD was higher in females (5.11%) than in 

males (2.86%), whereas the RR was higher in males (3.74) than in females (2.86). The 

associations remained statistically significant when the models were additionally adjusted 

for birth order, parental age at childbirth, and family education (Table 2). So did the 

associations after further adjustment of depression, anxiety, substance use disorder, and 

bipolar disorder (Table 2) or excluding individuals with psychiatric disorders other than 

ADHD (Table 2). Adjustment for each selected comorbid condition at a time attenuated the 

magnitude of the association to different degrees (Table 2). All RDs and RRs were 

statistically different between males and females (p<0.001).

Familial co-aggregation of ADHD and clinical obesity

Full siblings of individuals with ADHD showed excess risk for clinical obesity compared to 

full siblings of individuals without ADHD (RD 1.11%, 95% CI 0.98–1.24%). Significant 

associations were also observed in half siblings (RD 0.88%, 95% CI 0.71–1.04%) and full 

cousins (RD 0.67%, 95% CI 0.61–0.74%), with the magnitude being lower than that in full 

siblings (p<0.001). Nevertheless, the RDs did not differ significantly (p=0.556) between 

maternal and paternal half siblings (Table 5). The corresponding RRs are shown in Table 5.
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Quantitative genetic analysis

The correlation between the liabilities to ADHD and clinical obesity was estimated to be 

0.19 (95% CI 0.18–0.21). Full siblings showed higher within-disorder cross-sibling 

correlations and cross-disorder cross-sibling correlation than maternal half siblings, 

indicating genetic influence on not only the variance in each condition but also the 

covariance between the two conditions (Table 4). Cross-sibling correlations on ADHD did 

not differ between maternal and paternal half siblings, suggesting that shared environmental 

influence is of limited importance for the variance in ADHD (Table 4). Contrarily, higher 

cross-sibling correlation on clinical obesity in maternal half siblings than in paternal half 

siblings points to significant shared-environmental influence on the variance in clinical 

obesity (Table 4). Finally, cross-disorder cross-sibling correlation was similar in maternal 

and paternal half siblings, suggesting shared environmental factors playing only a limited 

role in the covariance between ADHD and clinical obesity (Table 4). According to the 

results of likelihood ratio tests, the bivariate ACE model was the best fitting model 

(supplement Table S1). The heritability of ADHD was estimated to be 77% (95% CI 69–

85%) and the heritability of obesity was 47% (95% CI 34–59%). The bivariate analysis 

showed that 7% of the total variance (9% the of genetic variance) in ADHD was in common 

with clinical obesity (Table 5 & supplement Figure S1), and 4% of the total variance (9% of 

the genetic variance) in clinical obesity was in common with ADHD. The genetic correlation 

between the two conditions was 0.30 (95% CI 0.17–0.44). The environmental overlap 

between ADHD and clinical obesity was not statistically significantly (Table 5).

Discussion

In this population-based register study, we found a statistically significant association 

between ADHD and clinical obesity in adolescence and young adulthood, while taking into 

account several selected covariates. Familial co-aggregation of ADHD and clinical obesity 

was detected in full siblings, half siblings, and cousins, with the strength of the co-

aggregation decreasing with decreasing genetic relatedness. Quantitative genetic analysis 

suggests the association between ADHD and clinical obesity could be entirely attributed to 

their genetic overlap.

The age-adjusted risk of clinical obesity was estimated to be 5.6% among individuals with 

ADHD, much lower than the risks for high BMI reported by the meta-analysis (28.2% in 

adults with ADHD and 10.8% in children with ADHD) (Cortese et al., 2016). We speculate 

that the discrepancy is primarily due to the differences in assessment approach for obesity. In 

most studies entering the meta-analysis, obesity was defined by BMI ≥ 30 for adults, and 

BMI > 95 percentile for children and adolescents. Individuals undergoing bariatric surgery 

were excluded from the meta-analyses but included in our study. Accordingly, in the current 

study, individuals whose obesity condition captured the attention of health professionals 

were likely to have high extreme BMI and/or suffered from other medical complications 

(Fruh, 2017); they mainly represented those actively seeking treatment for obesity or 

obesity-related medical conditions.

The sex differences in absolute risk and RD might to some extent be explained by difference 

in health care seeking behavior between males and females. Females visit health care 
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providers more frequently than males for both mental and physical concerns (Thompson et 

al., 2016). Further, higher RDs in females suggest that proper management of ADHD as well 

as its comorbid psychiatric disorders, if proven effective in preventing or mitigating clinical 

obesity, might likely benefit more females with ADHD than males. The estimated RRs 

appeared to be higher in males than in females because males without ADHD (reference for 

RR in males) had a relatively lower risk of clinical obesity than females without ADHD 

(reference for RR in females). It is not entirely clear whether the observed sex differences 

reflect sex-specific pathophysiological mechanisms underlying the association between 

ADHD and clinical obesity. Given a lack of evidence for sex-specific effects of common 

genetic variants on either ADHD or BMI (Locke et al., 2015, Martin et al., 2017) and that 

sex-limitation model in quantitative genetic analysis using siblings is not yet a standard 

method, we did not explore sex differences in the subsequent analyses.

Consistent with earlier research, adjustment for comorbid psychiatric disorders including 

depression, anxiety, bipolar disorder, and substance use disorder somewhat attenuated the 

association between ADHD and obesity (Cortese and Tessari, 2017). Genetic overlap across 

these psychiatric disorders, ADHD, and obesity may, in part, account for this attenuation 

(Lee et al., 2013, Demontis et al., 2017, van Hulzen et al., 2017). It is also possible that 

ADHD, if left untreated or treated improperly, might give rise to psychiatric disorders, 

which are in turn associated with clinical obesity. Nevertheless, the statistically significant 

association between ADHD and clinical obesity in individuals without any other psychiatric 

disorders indicates that alternative explanations for the association should be considered.

In the current study, relatives of individuals with ADHD showed an excess risk for clinical 

obesity compared to relatives of individuals without ADHD, after adjustment for ADHD 

status in the relative. The RDs decreased with decreasing relatedness between the index 

person and the relative, indicating a shared familial liability to ADHD and clinical obesity. 

Furthermore, there was no significant difference in RD between maternal and paternal half 

siblings, suggesting that shared environmental factors play a very limited role in the familial 

co-aggregation of ADHD and clinical obesity. Hence, the shared familial liability was 

mainly attributable to the genetic overlap between the two conditions. It is noteworthy that 

among relatives of individuals without ADHD, half siblings appeared to be at a more 

elevated risk of clinical obesity than full siblings and cousins. This is not surprising given 

that having a half sibling might serve as an index of exposure to family dysfunction and that 

the latter was found to be associated with obesity (Halliday et al., 2014). Half siblings 

therefore seem to be a high-risk group that may open new opportunities for research in 

influence of gene-environment interplay on clinical obesity and its association with other 

conditions.

The genetic overlap between ADHD and clinical obesity was further supported by the 

results from quantitative genetic analyses showing that the correlation between the two 

conditions could be entirely attributed to the shared genetic risk factors. The finding, 

together with the findings from individual-level and familial liability analyses, confirm the 

critical role of genetic effects in occurrence ADHD and clinical obesity and have 

implications in treatment planning. Since patients with clinical obesity are likely to be 

genetically predisposed to ADHD, early detection and proper management of ADHD 
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symptoms may help improve patient adherence to treatment of obesity and obesity related 

conditions. The moderate genetic correlation estimated in the current study was similar to 

the common genetic variant correlation between ADHD and BMI reported in a recent 

genome-wide meta-analysis of ADHD (Demontis et al., 2017). Future studies in 

independent samples and using different measurements may eventually advance our 

knowledge in the precise etiology of both ADHD and obesity.

Our study was subject to several limitations. First, the validity of ADHD diagnosis in the 

NPR has not yet been evaluated. Nevertheless, a prior study of 19 150 twins in Sweden 

found a high consistency between ADHD diagnosis and parent-rated level of ADHD 

symptoms. Specifically, 70% twins with an ADHD diagnosis also screened positive for 

ADHD by their parents (Skoglund et al., 2014). Further evidence for the validity of register-

based diagnoses of ADHD comes from a recent GWAS (Demontis et al., 2017), which found 

a very high genetic correlation (rg 1.17, SE 0.20) between ADHD diagnosed with research 

interviews and ADHD defined by diagnoses recorded in the Danish national health-care 

registers, which are similar to the registers in Sweden. In the current study, individuals with 

ADHD were ascertained via the presence of at least one registered diagnosis of ADHD in 

the NPR or prescription of ADHD medications in the PDR. According to the treatment 

recommendations from the Swedish Medical Products Agency, pharmacotherapy should be 

reserved for individuals with severe ADHD, or those with less severe ADHD who failed 

respond to non-pharmacological options (Swedish Medical Products Agency, 2016). Thus, 

the identified individuals with ADHD most likely represented relatively severe ADHD cases. 

Second, we did not examine to what degree different symptom patterns of ADHD relate to 

clinical obesity due to lack of measurements on quantitative traits of inattention, 

hyperactivity, and impulsivity. Third, no prior study assessed the validity of obesity 

diagnosis in the NPR, and information on BMI at obesity diagnosis was not available. The 

identified individuals diagnosed with obesity mainly represented those who were referred for 

obesity treatment due to other reasons, such as infertility, cardiovascular diseases, and 

surgery, and motivated to change their weight problems. However, the largely overlapping 

samples of individuals with obesity diagnosis, BMI ≥30 kg/m2 at conscription, and obesity 

surgery indicate that the obesity diagnosis in the NPR seemed to capture a large number of 

individuals with very high BMI. Fourth, individuals failing to seek medical care would not 

be included in the NPR or PDR. Meanwhile, hospital visits due to either ADHD or obesity 

could increase the chance of detecting the other condition in the same patient, leading to an 

overestimated association between ADHD and clinical obesity. Finally, in the quantitative 

genetic analysis, the assumptions for shared environmental effects (i.e., correlation for 

shared environmental components is 1.00 in full and maternal half siblings and 0.00 in 

paternal half siblings) were not tested but partially based on the fact that children live 

predominantly with their mothers after parental separation during the study period in 

Sweden (Statistics Sweden, 1994). Nonetheless, since previous twin studies consistently 

reported limited role of shared environmental effects in the variance of ADHD, a slight 

violation of these assumptions should not dramatically influence the estimated shared 

environmental correlation.

In conclusion, our findings support an association between ADHD and clinical obesity in 

adolescence and young adulthood, which is predominantly attributable to the genetic overlap 
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between the two conditions. Children with ADHD should be monitored for weight gain so 

that preventive measures can be taken for those on a suboptimal trajectory.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Risk of obesity in individuals with and without ADHD adjusted for age at the end of 

observational period
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Table 1.

Descriptive characteristics of the study population

Variable With ADHD (N = 80 009) Without ADHD (N = 2 458 118)

Age at the end of observational period, mean (SD) years 22.92 (7.20) 26.64 (7.93)

Female, N (%) 29 829 (37.28) 1 209 273 (49.20)

Birth order, N (%)

 1st 34 066 (42.58) 1 021 815 (41.57)

 2nd 27 444 (34.30) 907 711 (36.93)

 3rd 12 069 (15.08) 377 941 (15.38)

 ≥ 4th 6 430 (8.04) 150 651 (6.13)

Maternal age at delivery, N (%)

 <35 years 71 602 (89.49) 2 196 557 (89.36)

 ≥35 years 8 397 (10.50) 261 344 (10.63)

 Missing 10 (0.01) 217 (0.01)

Paternal age at childbirth, N (%)

 <45 years 76 922 (96.14) 2 386 888 (97.10)

 ≥45 years 2 306 (2.88) 57 716 (2.35)

 Missing 781 (0.98) 13514 (0.55)

Family education, N (%)

 Elementary & upper secondary (≤12 years) 50 550 (63.18) 1 315 723 (53.53)

 Higher (≥13 years) 29 384 (36.73) 1 141 066 (46.42)

 Missing 75 (0.09) 1 329 (0.05)

Psychiatric comorbidities, N (%)

 Depression 20 882 (26.10) 103 233 (4.20)

 Anxiety 23 827 (29.78) 121 608 (4.95)

 Substance use disorder only 16 773 (20.96) 90 187 (3.67)

 Bipolar disorder 5 093 (6.37) 13 452 (0.55)

Obesity, N (%) 3 748 (4.68) 44 977 (1.83)
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Table 2.

Association between ADHD and obesity in the entire study population

RD (95% CI), % RR (95% CI)

Model 1

   All 3.73 (3.55 - 3.90) 3.05 (2.95 - 3.15)

   Females 5.11 (4.77 - 5.44) 2.86 (2.73 - 2.98)

   Males 2.53 (2.37 - 2.70) 3.74 (3.55 - 3.93)

Model 2

   All 3.30 (3.14 - 3.47) 2.82 (2.72 - 2.91)

   Females 4.55 (4.24 - 4.86) 2.66 (2.54 - 2.77)

   Males 2.27 (2.12 - 2.43) 3.46 (3.28 - 3.63)

Model 3: model 2 additionally adjusted for all selected comorbid conditions

   All 1.81 (1.67 - 1.95) 1.98 (1.91 - 2.06)

   Females 2.24 (1.99 - 2.50) 1.81 (1.71 - 1.90)

   Males 1.61 (1.48 - 1.76) 2.73 (2.57 - 2.89)

Model 4: model 2 additionally adjusted for depression only

   All 2.13 (1.99 - 2.27) 2.16 (2.08 - 2.24)

   Females 2.85 (2.58 - 3.12) 2.03 (1.93 - 2.13)

   Males 1.76 (1.62 - 1.90) 2.89 (2.73 - 3.05)

Model 5: mode 2 additionally adjusted for anxiety only

   All 2.18 (2.03 - 2.32) 2.19 (2.11 - 2.27)

   Females 2.89 (2.62 - 3.16) 2.04 (1.94 - 2.14)

   Males 1.84 (1.69 - 1.98) 2.97 (2.81 - 3.13)

Model 6: model 2 additionally adjusted for substance use disorder only

   All 3.13 (2.96 - 3.30) 2.72 (2.62 - 2.82)

   Females 4.08 (3.77 - 4.39) 2.48 (2.37 - 2.60)

   Males 2.17 (2.01 - 2.32) 3.34 (3.16 - 3.52)

Model 7: model 2 additionally adjusted for bipolar disorder only

   All 2.98 (2.82 - 3.14) 2.64 (2.54 - 2.73)

   Females 4.02 (3.71 - 4.33) 2.46 (2.34 - 2.57)

   Males 2.19 (2.04 - 2.35) 3.37 (3.19 - 3.54)

Model 8: model2 in individuals without other psychiatric disorders than ADHD

   All 3.54 (3.37 - 3.71) 3.31 (3.19 - 3.42)

   Females 4.82 (4.50 - 5.15) 3.05 (2.91 - 3.19)

   Males 2.44 (2.28 - 2.60) 4.11 (3.89 - 4.33)

RD: risk difference; RR: risk ratio; CI: confidence interval

Model 1: Adjusted for age at the end observational period

Model 2: Adjusted for age at the end observational period, birth order, maternal age at delivery, paternal age at childbirth, and family education
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Table 3.

Familial co-aggregation of ADHD and obesity

Risk of obesity in relatives 
of

Individuals with ADHD

Risk of obesity in relatives 
of

Individuals without ADHD

Type of siblings Pairs, No. % (95% CI) % (95% CI) RD (95% CI), % RR (95% CI)

Full siblings 2 703 662 2.91 (2.78 - 3.04) 1.80 (1.78 - 1.81) 1.11 (0.98 - 1.24) 1.62 (1.55 - 1.69)

Half siblings 914 064 3.68 (3.51 - 3.84) 2.80 (2.76 - 2.84) 0.88 (0.71 - 1.04) 1.31 (1.25 - 1.37)

  Maternal half 
siblings

441 956 3.79 (3.56 - 4.02) 2.94 (2.88 - 2.99) 0.86 (0.62 - 1.09) 1.29 (1.21 - 1.37)

  Paternal half 
siblings

472 108 3.56 (3.33 - 3.79) 2.67 (2.63 - 2.72) 0.88 (0.65 - 1.12) 1.33 (1.24 - 1.42)

Full Cousins 10 158 536 2.70 (2.63 - 2.76) 2.03 (2.02 - 2.04) 0.67 (0.61 - 0.74) 1.33 (1.30 - 1.36)

RD: risk difference; RR: risk ratio; CI: confidence interval;

All models were adjusted for age at the end of observational period and sex of both the index person and the relative, and ADHD status of the 
relative
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Table 4.

Within-disorder cross-sibling correlations and cross-disorder cross-sibling correlations between ADHD and 

obesity

Within-disorder cross-sibling Cross-disorder cross-sibling

No. of pairs rADHD (95% CI) robesity (95% CI) r (95% CI)

Full Siblings 664 721 0.42 (0.41 - 0.43) 0.34 (0.33 - 0.36) 0.10 (0.09 - 0.12)

Maternal Half Sibling 68 347 0.25 (0.22 - 0.27) 0.24 (0.20 - 0.28) 0.07 (0.03 - 0.10)

Paternal Half Sibling 69 351 0.21 (0.18 - 0.24) 0.13 (0.09 - 0.18) 0.06 (0.02 - 0.10)

r: correlation; CI: confidence interval
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Table 5.

Estimated variance explained by genetic and environmental factors from bivariate ACE model

Estimated Variance (95% CI)

Additive genetic (A) Shared environmental (C) Non-shared environmental (E)

Disorder Unique Shared Unique Shared Unique Shared

ADHD 0.70 (0.60 - 0.80) 0.07 (0.01 - 0.13) 0.04 (0.00 - 0.08) 0.00 (−0.01 - 0.01) 0.19 (0.15 - 0.23) 0.00 (0.00 - 0.00)

Obesity 0.43 (0.30 - 0.55) 0.04 (0.01 - 0.08) 0.11 (0.05 - 0.17) 0.00 (−0.02 - 0.03) 0.42 (0.35 - 0.49) 0.00 (0.00 - 0.00)

Genetic correlation (rg) Shared environmental correlation (rc)
Non-shared environmental correlation 

(re)

ADHD and 
Obesity 0.30 (0.17 - 0.44) 0.19 (−0.37 - 0.75) −0.03 (−0.19 - 0.13)

Proportion of phenotypic correlation explained by shared genetic influence: 0.98 (0.55 - 1.00)

r: correlation; CI: confidence interval
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