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Abstract

Objective: Patients with Attention-Deficit/Hyperactivity Disorder (ADHD) have a high 

prevalence of obesity. This is the first study to investigate whether circadian rhythm 

disruption is a mechanism linking ADHD symptoms to obesity. 

Methods: ADHD symptoms and two manifestations of circadian rhythm disruption: sleep 

problems and an unstable eating pattern (skipping breakfast and binge eating later in the 

day) were assessed in participants with obesity (n=114), controls (n=154), and adult ADHD 

patients (n=202). 

Results:  Participants with obesity had a higher prevalence of ADHD symptoms and short 

sleep on free days as compared to controls, but a lower prevalence of ADHD symptoms, 

short sleep on free days, and an unstable eating pattern as compared to ADHD patients. 

We found that participants with obesity had a similar prevalence rate of an unstable eating 

pattern when compared to controls. Moreover, mediation analyses showed that both 

sleep duration and an unstable eating pattern mediated the association between ADHD 

symptoms and body mass index (BMI). 

Conclusion: Our study supports the hypothesis that circadian rhythm disruption is a 

mechanism linking ADHD symptoms to obesity. Further research is needed to determine 

if treatment of ADHD and circadian rhythm disruption is effective in the prevention and 

treatment of obesity in patients with obesity and/or ADHD. 
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Introduction

Globally, obesity is a growing problem with serious health consequences, such as diabetes 

mellitus, cardiovascular diseases, musculoskeletal disorders, and cancer [213]. Worldwide, 

the prevalence of obesity has nearly doubled since 1980, with a current prevalence of 

10%  among men and 14% among women [214]. Obesity is more prevalent in psychiatric 

populations, including in patients with Attention-Deficit/Hyperactivity Disorder (ADHD) [39, 

215]. ADHD is a disorder characterized by hyperactivity, impulsivity, and/or inattention [5] . 

A large population-based study showed that obesity was prevalent in 29% of adult ADHD 

patients in the US [216]. Vice versa, around 30% of obese adults have ADHD as observed 

in cross-sectional studies [217]. Moreover, longitudinal studies have found an association 

between childhood ADHD and obesity in adolescence or adulthood [218, 219]. 

Circadian rhythm disruption, more specifically a delayed circadian rhythm, may be a 

mechanism linking ADHD symptoms to obesity. In humans, behavioral and physiological 

processes, such as sleep and appetite hormones release, display approximately 24-hour 

rhythms, i.e., circadian rhythms [220]. Disturbances of these rhythms cause sleep disorders 

and disrupted eating patterns, amongst others [221, 222].

ADHD has been related to a delayed circadian rhythm, as indicated by a higher prevalence 

of Delayed Sleep Phase Syndrome (DSPS) in comparison to controls [223]. About 78% 

of adults with ADHD have sleep-onset insomnia, a condition that is often present from 

childhood [24, 25]. Some of these ADHD patients fulfill criteria for a diagnosis of DSPS, which 

include difficulty falling asleep at night and waking up in the morning causing impaired 

social and occupational functioning [5, 224]. 

In the long term, DSPS may result in obesity in ADHD patients. DSPS often results in chronic 

sleep debt, especially when persons have social or work obligations in the early morning 

[225]. Epidemiological and clinical studies indicate that chronic short sleep is associated 

with a higher prevalence of obesity [226]. Specifically, a meta-analysis of 17 studies showed 

that adults who slept five hours or less per night had a 55% higher odds for obesity [227]. 

Furthermore, lower levels of the appetite-reducing hormone leptin and higher levels of 

the appetite-stimulating hormone ghrelin have been found in short sleepers, leading to 

increased food craving and appetite [43]. Clinically, we have observed that ADHD patients 

with comorbid DSPS exhibit unstable eating patterns, characterized by skipping breakfast 

and binge eating later in the day, which may be mediated by a disrupted release of appetite 

hormones. An unstable eating pattern has a prominent role in weight gain and obesity 

[228]. 
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In short, there are associations between ADHD symptoms, delayed sleep, and obesity.

We recently compared these relationships in adults with ADHD and a control group [22]. 

Associations were found between hyperactivity, delayed sleep, binge eating, and high body 

mass index (BMI), both in the ADHD group as well as in the control group. In the present 

study, we extend our previous research by adding a group of participants with obesity. 

Given the high prevalence of DSPS in ADHD patients, and the association of this circadian 

rhythm disturbance with obesity, we hypothesized that circadian rhythm disruption may 

be a mechanism linking ADHD symptoms to obesity. Therefore, we expect to find that 

(1) the obesity group will have a higher prevalence of ADHD symptoms, sleep problems, 

and an unstable eating pattern than the control group, but a lower prevalence of these 

factors than the ADHD group; and that (2) circadian rhythm disruption, as indicated by 

sleep duration and an unstable eating pattern, is a mechanism linking ADHD symptoms 

to obesity, even after controlling for known confounders such as sociodemographics and 

current depression/anxiety symptoms [229, 230]. Although previous researchers [231, 232] 

have hypothesized that short sleep disruption may play a role in the association between 

ADHD symptomatology and obesity, no one has tested this hypothesis in adult ADHD 

patients. If circadian rhythm disruption is involved in the association between ADHD 

symptoms and obesity, this may provide clinical opportunities for the development of 

new chronobiological treatment strategies in patients with obesity and/or ADHD, hence 

improving health in the long term. 

Methods

Participants

Obesity group

Participants were included with a diagnosis of obesity, defined as a BMI ≥ 30 kg/m2, based 

on self-reported weight and height [214]. Participants who were not fluent in Dutch were 

excluded from the study. We recruited 114 participants with obesity aged 18 to 65 years old, 

between February 2011 and April 2013 from the PsyQ outpatient clinics for Eating Disorders 

and Obesity, in The Hague and Rotterdam (n=13), from the Center for Obesity Europe in 

Heerlen (n=77), from a XL Fair, a lifestyle event for obese persons, in Beverwijk (n=6), and 

from the Maastricht University clinics (n=18). 

The ADHD and control groups

The ADHD and control groups were the same as described in our previous study [22]. 

The exclusion criterion for both the ADHD and the control group was not being fluent in 

Dutch. In the ADHD group, a total of 202 ADHD patients aged 18 to 65 years were included 
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after extensive diagnostic assessment at the PsyQ outpatient clinic, The Hague, between 

February 2009 and March 2010. 

A part of the control group consisted of 75 adults who were recruited by the researchers 

from public locations, such as public libraries and municipal buildings, in order to create 

a representative sample of the general population. The control group also included 114 

students from Leiden University and one of their acquaintances (aged between 30 and 65). 

Acquaintances were asked to participate in order to have a more balanced age and sex 

distribution in the control group. However, participants born between 1985 and 1989 (ages 

20 -24) were still overrepresented in the control group. This might have affected our sleep 

results, since young adults (≤ 30 years) have late chronotypes, which may result in late and 

short sleep [233]. The overrepresentation disappeared when 33 persons were randomly 

excluded from this age category. In addition, we excluded 2 persons who were younger 

than 18 years in order to have a similar age range in the three groups. In this study, the 

control group therefore consisted of 154 subjects. 

Measurements

ADHD symptoms

Severity of ADHD symptoms was measured using the Dutch self-report version of the 

ADHD-Rating Scale (ADHD-RS) [10]. The validated ADHD-RS is based on the DSM-IV criteria 

for ADHD, and consists of 23 items on current ADHD symptoms and 23 items on childhood 

ADHD symptoms, all rated on a 4-point Likert scale ranging from 0 (never or rarely) to 3 (very 

often) [234]. A score of  ≥ 23 in adulthood indicated high ADHD symptoms [22].

Manifestations of circadian disruption

We used manifestations of sleep problems and an unstable eating pattern to define 

circadian disruption. Chronotype and sleep characteristics were assessed with the 

“Vragenlijst Ochtend/Avondmens” (VOA, meaning ‘Questionnaire Morning/Evening 

type’), a Dutch questionnaire based on the Horne & Östberg Morningness-Eveningness 

questionnaire [235-237] and the “Munich Chronotype Questionnaire” (MCTQ) [238]. On the 

basis of the seven items of the VOA, subjects were categorized into five chronotypes varying 

from extreme morning type to extreme evening chronotype. The MCTQ is a validated 

questionnaire on sleep duration, mid-sleep, and the subjects’ self-rated chronotype. It 

consists of 32 items assessing sleep habits on work and free days. The mid-sleep on free 

days, corrected for sleep debt on work days (MSFsc) is used as a marker for chronotype 

[233].  
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Data concerning eating patterns were collected. Participants were asked if they skipped 

meals and, if answered positively, which meal(s) they skipped. With regard to binge eating, 

the participants answered the following question: “Do you have eating binges?” and, 

if answered positively, “At which moment of the day?”. An ‘unstable eating pattern’ was 

defined as an eating pattern in which breakfast is skipped and binge eating occurs during 

the evening and/or at night.

Covariates 

Sociodemographic data were collected, including age, gender, height, weight, vocational 

status, occupation status, caffeine consumption, smoking status, alcohol consumption, 

physical activity, and use of medication. Vocational status was defined as lower if the highest 

educational level was elementary school, lower vocational training, or lower secondary 

education. The presence of current depressive, anxiety, and stress symptoms was based on 

self-report by asking whether the subjects ever had psychiatric problems and, if answered 

positively, what kind of psychiatric problem(s) and if they still suffer from these problems at 

this moment.

Procedure

Obesity group

We calculated BMI using self-reported weight and height [214]. The participants filled out 

the questionnaires on paper.

ADHD and control groups

During diagnostic assessment, the ADHD group filled out the questionnaires with pen 

and paper. The control group completed an online version of the questionnaires. A more 

detailed procedure for the inclusion of the ADHD and controls groups has been described 

in Bijlenga et al. (2013) [22]. According to the prevailing Dutch Medical Research Involving 

Human Subjects Act, medical ethical approval was not necessary for this study. All 

participants gave consent.

Statistical analyses

To compare differences in general characteristics between the obesity group and ADHD 

group and between the obesity group and controls, the independent samples t-test or 

Mann-Whitney test for continuous variables, and the chi-square or Fisher’s exact test for 

categorical variables were used. To compare the risk of ADHD symptoms, sleep problems, 

and an unstable eating pattern between the obese group and the control group, and 
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between the obese group and the ADHD group (hypothesis 1), we used the independent 

samples t-test or Mann-Whitney test for continuous variables and the chi-square or Fisher’s 

exact test for categorical variables. Analyses were performed using SPSS 20.0 (SPSS, Chicago, 

IL). An α-level of .05 was used for statistical significance. Subsequently, we performed 

mediation analyses in order to determine if circadian rhythm disruption, as indicated by 

sleep duration and an unstable eating pattern, is a mechanism linking ADHD symptoms 

to obesity (hypothesis 2). To test this hypothesis, we used SPSS macros for bootstrapping 

analysis (with 5,000 bootstrap samples) that models the mediators as operating in serial 

[239]. ADHD-RS score in adulthood, adult Hyperactive/Impulsive symptoms, and adult 

Inattention symptoms were entered separately as the independent variables, sleep duration 

on free days and an unstable eating pattern were entered as mediators operating in serial, 

and BMI was entered as the dependent variable. Since the mediating variable needs to 

be continuous, a score for an unstable eating pattern was created. One point was given 

for skipping breakfast, one point for binge eating during the evening, and one point for 

binge eating at night (range 0-3). Points for binge eating during the evening and/or at 

night were only given if skipping breakfast was present. Age, gender, vocational status 

(lower vs. higher), current smoking status, use of ADHD medication, use of anti-depressants, 

physical activity (0 vs. 1-2 vs. 3-5 vs. 6-10 vs. >10 hours per week), current depression/anxiety 

symptoms, alcohol consumption (≤15 vs. >15 alcoholic beverages per week), and group 

(ADHD vs. control vs. obese) were included in the models as covariates. To correct for the 

inclusion of participants based on an ADHD diagnosis or BMI, group was included as a 

covariate. Indirect effects, i.e., the effects of ADHD symptoms on BMI through sleep duration 

and an unstable eating pattern, were considered as significant when the bias corrected 

confidence interval did not cross zero.

Results

General characteristics

Table 1 compares the general characteristics between the obese, ADHD, and control 

groups (total N=470). Participants with obesity were significantly older and contained more 

females than the ADHD and control group. Compared to ADHD patients, obese subjects 

more often had a higher vocational status, were less often current smokers, less often 

consumed over 15 alcoholic beverages per week, and performed less physical activity. 

Compared to controls, participants with obesity were more often unemployed, were less 

often students, performed less physical activity, more frequently used anti-depressants, and 

reported depressive symptoms more frequently. 
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Table 1: General characteristics of obese persons, ADHD patients and controls (N=470).

Characteristics                                                                  

Obese 

persons

n =114

ADHD 

patients

n=202

Controls

n =154

Obese 

persons vs

ADHD 

patients a

p 

Obese 

persons

vs

controls a

p

Female (n=469); n (%) 98 (86.7) 95 (47.0) 101 (65.6) <.001 .001

Age in years; mean (SD) 43.8 (11.2) 34.9 (10.6) 35.9 (13.5) <.001 <.001

BMI (n=465): median (SD) range 37.8 (7.2) 30-88 23.9 (4.9) 17-45 23.6 (3.1) 17-33 <.001 <.001

- BMI < 18.5 (underweight); n (%) 0 (0) 8 (4.1) 5 (3.2)

- BMI 18.5-24.9 (healthy weight); n (%) 0 (0) 105 (53.3) 94 (61.0)

- BMI 25-29.9 (overweight); n (%) 0 (0) 52 (26.4) 49 (31.8)

- BMI 30-39.9 (obese); n (%) 74 (64.9) 30 (15.2) 6 (3.9)

- BMI ≥ 40 (morbidly obese); n (%) 40 (35.1) 2 (1.0) 0 (0)

Higher vocational status (n=467); n (%): 93 (82.3) 116 (58.0) 138 (89.6) <.001 .084

Main occupation (n=465):

- Employed; n (%) 64 (56.6) 104 (52.3) 73 (47.7) .426 .157

* Performing shift work (i.e. working 
between 10 p.m. and 6 a.m.) (n =213);  

n (%)

9 (15.5) 19 (20.4) 4 (6.5) .450 .110

- Unemployed; n (%) 30 (26.5) 54 (27.1) 9 (5.9) .936 <.001

- Student; n (%) 16 (14.2) 39 (19.6) 68 (44.4) .235 <.001

- Retired; n (%) 3 (2.7) 2 (1.0) 3 (2.0) .356 .702

Currently smokes (n=463); n (%) 16 (14.2) 102 (52.0) 32 (20.8) <.001 .164

Number of caffeinated drinks per day 
(n=457); mean (SD)

3.7 (3.1) 3.7 (3.0) 2.9 (2.4) .760 .083

Alcoholic beverages >15 per week 
(n=460); n (%)

2 (1.8) 23 (11.9) 7 (4.5) .002 .310

Physical activity >5 hours per week 
(n=461); n (%)

15 (13.3) 61 (31.4) 48 (31.2) <.001 .001

Use of medication at time of assessment:

 - ADHD medication; n (%) 1 (0.9) 36 (17.8) 1 (0.6) <.001 1.000

 - Anti-depressants; n (%) 12 (10.5) 31 (15.3) 6 (3.9) .230 .032

 - Melatonin; n (%) 1 (0.9) 7 (3.5) 0 (0) .266 .425

 - Other sleep medication; n (%) 2 (1.8) 13 (6.4) 1 (0.6) .060 .577

Any self-reported current psychiatric comorbid symptoms 

- Depressive symptoms (n=423); n (%) 18 (17.6) 39 (23.4) 9 (5.8) .266 .003

- Anxiety symptoms (n=426); n (%) 8 (7.6) 15 (9.0) 3 (1.9) .694 .055

- Stress/burnout/chronic fatigue 
(n=423); n (%)

2 (1.9) 11 (6.7) 1 (0.6) .077 .567

Note: BMI = Body Mass Index.
Bold p-values are significant with α ≤.05.
a. The groups were compared using the independent samples t or Mann-Whitney test for continuous variables 
and the chi-square or Fisher exact test for categorical variables.
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Comparisons of prevalences

In Table 2, the prevalence of ADHD symptoms, sleep problems, and eating patterns were 

compared between participants with obesity and ADHD patients, and between participants 

with obesity and controls. 

Obesity vs. ADHD group

Compared to the ADHD group, the obesity group reported fewer ADHD symptoms, longer 

sleep duration on free days, had a lower prevalence of DSPS indicators, and they were 

less often evening types, breakfast skippers, and binge eaters at night. An unstable eating 

pattern (skipping breakfast in combination with binge eating during the evening and/or 

at night) was also more common among ADHD patients than among obese persons. The 

obesity and ADHD groups did not differ with respect to sleep duration on work days and 

binge eating during the afternoon and evening.

Obesity vs. control group

Compared to controls, participants with obesity had higher ADHD-RS scores in adulthood, 

and a higher prevalence of high ADHD symptoms. Participants with obesity reported shorter 

sleep duration on free days as well as on work days, and they had a higher prevalence of 

DSPS indicators and of binge eating during the evening. The obesity and control groups did 

not differ with respect to skipping breakfast, binge eating at night, and an unstable eating 

pattern. The obese group had a lower prevalence of binge eating during the afternoon as 

compared to controls.
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Table 2: ADHD symptoms, sleep characteristics, and eating pattern of obese persons, ADHD patients, 
and control group (N=470).

Obese 

persons

n=114

ADHD 

patients

n=202

Controls

n =154

Obese 

persons vs

ADHD 

patients a

p

Obese 

persons

vs

controls a

p

ADHD symptoms

ADHD-RS adulthood (n=456); mean (SD) 17.0 (10.2) 33.5 (10.2) 12.6 (7.4) <.001 .001

ADHD-RS childhood (n=428); mean (SD) 14.3 (12.3) 33.1 (12.8) 12.1 (10.0) <.001 .351

ADHD-RS score ≥23, n (%) 33 (28.9) 174 (86.1) 13 (8.4) <.001 <.001

Adult H/I symptoms (n=462); mean (SD)b 1.7 (2.0) 4.5 (2.7) 0.8 (1.4) <.001 <.001

Adult I/A symptoms (n=462); mean (SD)c 1.6 (2.0) 5.5 (2.6) 0.8 (1.6) <.001 <.001

Child H/I symptoms (n= 438); mean (SD)b 1.4 (2.1) 4.8 (3.3) 0.9 (1.9) <.001 .011

Child I/A symptoms (n= 432); mean (SD)c 1.6 (2.5) 5.9 (3.0) 1.0 (1.9) <.001 .112

Sleep/wake characteristics

Bed time on work days (n=373); mean (SD)
11:07 p.m. 

(1:02)
11:38 p.m. 

(1:14)
11:05 p.m. 

(0:52)
.001 .719

Bed time on free days (n=442); mean (SD)
11:52 p.m. 

(1:09)
0:37 a.m. 

(1:35)
11:57 p.m. 

(1:13)
<.001 .347

Sleep duration work days (n=354); mean (SD)
7:25 hr 
(1:03)

7:10 hr 
(1:28)

7:48 hr 
(1:00)

.155 .007

Sleep duration free days (n=413); mean (SD)
7:52 hr 
(1:21)

7:23 hr  
(1:50)

8:19 hr 
(1:15)

.017 .005

Sleep ≤7h on work days (n=354); n (%) 29 (34.5) 57 (44.2) 34 (24.1) .160 .093

Sleep ≤7h on free days (n=413); n (%) 30 (28.8) 65 (41.1) 26 (17.2) .043 .028

Sleep ≤6h on work days (n=354); n (%) 7 (8.3) 18 (14.0) 5 (3.5) .213 .136

Sleep ≤6h on free days (n=413); n (%) 10 (9.6) 29 (18.4) 6 (4.0) .052 .068

Sleep onset latency on work days (n=372);
mean (SD)

21 min 
(20)

35 min 
(42)

17 min 
(17)

.002 .147

Sleep onset latency on free days (n=427); 
mean (SD)

20 min 
(23)

33 min 
(41)

16 min 
(15)

.001 .704

Sleep onset latency ≥ 30 min on work days 
(n=372); n (%)

34 (40.5) 72 (52.9) 39 (25.7) .072 .018

Sleep onset latency ≥ 30 min on free days 
(n=427); n (%)

33 (31.4) 77 (45.6) 35 (22.9) .020 .126

Variable length of sleep onset on free days 
(n=464); n (%)

17 (15.2) 50 (25.3) 13 (8.4) .038 .086

Mid-sleep on free days corrected for sleep debt 
(MSFsc; n=426); mean (SD)

3:50 a.m. 
(1:06)

4:35 a.m. 
(1:28)

4:05 a.m. 
(1:06)

<.001 .075

DSPS indicators (n=391); n (%) d 6 (6.9) 39 (25.8) 2 (1.3) <.001 .028

VOA: extreme evening chronotype (n=468); 
n (%)

5 (4.4) 31 (15.5) 2 (1.3) .003 .139
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Table 2: ADHD symptoms, sleep characteristics, and eating pattern of obese persons, ADHD patients, 
and control group (N=470). (Continued)

Obese 

persons

n=114

ADHD 

patients

n=202

Controls

n =154

Obese 

persons vs

ADHD 

patients a

p

Obese 

persons

vs

controls a

p

Eating Pattern

Unstable eating pattern e (n=462); n (%) 14 (12.5) 62 (31.3) 11 (7.2) <.001 .149

Skipping any meal (n=460); n (%) 61 (54.0) 149 (74.9) 56 (37.8) <.001 .009

Of which: skipping breakfast (n=267); n (%) 27 (44.3) 108 (73.0) 32 (55.2) <.001 .234

Binge eating (n=467); n (%) 82 (72.6) 129 (64.5) 59 (38.3) .144 <.001

Of which: during the afternoon (268); n (%) 23 (28.4) 35 (27.3) 32 (54.2) .869 .002

Of which: during the evening (n=268); n (%) 60 (74.1) 95 (74.2) 30 (50.8) .981 .005

Of which: at night (n=268); n (%) 7 (8.6) 36 (28.1) 3 (5.1) <.001 .519

Note: ADHD-RS = ADHD Rating Scale; DSPS = delayed sleep phase syndrome; VOA = “Vragenlijst Ochtend/
Avondmens”.
Bold p-values are significant with α ≤.05.
a. The groups were compared using the independent samples t or Mann-Whitney test for continuous variables 

and the chi-square or Fisher exact test for categorical variables.
b. Hyperactive/Impulsive symptoms measured with the ADHD-RS.
c. Inattention symptoms measured with the ADHD-RS.
d. Composed measure of a sleep onset latency ≥ 30 min with a bed-time of ≥00:30 on workdays, or an ‘extreme 

evening type’ score on the VOA.
e. Eating pattern in which breakfast is skipped and binge eating occurs during the evening and/or at night.

Mediation analyses

Figure 1A shows the results of mediation analyses in which ADHD-RS score in adulthood 

was entered as the independent variable, sleep duration on free days and an unstable 

eating pattern were entered as mediators operating in serial, and BMI was entered as 

the dependent variable, while controlling for age, gender, vocational status, physical 

activity, current smoking status, and group. Current depression/anxiety symptoms, alcohol 

consumption, use of anti-depressants, and use of ADHD medication were excluded as 

covariates in the presented models, since they had no effects on any of the variables. Sleep 

duration and an unstable eating pattern showed a trend as serial mediators between 

ADHD-RS score in adulthood and BMI. Furthermore, the model showed that sleep duration 

(indirect effect estimate =.013, standard error =.006, 95% bias corrected bootstrap CI= .003-

.028) and an unstable eating pattern (indirect effect estimate =.014, standard error =.007, 

95% bias corrected bootstrap CI= .003-.031) were two separate mediators in the association, 

since these confidence intervals did not cross zero (results not represented in Figure 1A). 

Figure 1B and 1C present the results of mediation analyses in which adult Hyperactive/

Impulsive symptoms (Figure 1B) and adult Inattention symptoms (Figure 1C) were entered 
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.780 (.329) 

p=.018 

-.030 (.006) 

p<.001 

-.419 (.187) 

p=.026

-.054 (.029) 

p=.066 

Unstable eating 

pattern  

Sleep duration 

free days

        

 Adult H/I 

symptoms

BMI 

Direct effect .028 (.025), p=.248 

Indirect effect .001 (.001), 95% CI (.0000;.0047) 

.018 (.004) 

p<.001 

 

    

30

    

ADHD-RS in 

adulthood 

Figure 1A. Effect of ADHD-RS score in adulthood on body mass index (BMI), mediated through sleep 
duration on free days (in hours) and an unstable eating pattern, N=384 (R2=.615). 

 

    

.815 (.322) 

p=.012 

 

-.117 (.031) 

p<.001
-.466 (.181) 

p =.011

Sleep duration 

free days

        

Unstable eating 

pattern  

 Adult H/I 

symptoms
BMI 

-.052 (.029) 

p=.060

Direct effect .076 (.114), p=.505 

Indirect effect .005 (.004), 95% CI (.0002;.0193) 

.067 (.018) 

p<.001 

Figure 1B. Effect of adult Hyperactivity/Impulsive (H/I) symptoms on body mass index (BMI), mediated 
through sleep duration on free days (in hours) and an unstable eating pattern, N=388 (R2=.617). 

separately as independent variables. We included age, gender, vocational status, physical 

activity, current smoking status, and group as covariates. Again, current depression/anxiety 

symptoms, alcohol consumption, use of anti-depressants, and use of ADHD medication 

were excluded as covariates in the presented models, since they had no effect on any of the 

variables. The confidence intervals of the indirect effects did not cross zero, indicating that 

both Hyperactive/Impulsive symptoms as well as Inattention symptoms led to a shorter 

sleep duration on free days, which resulted in an unstable eating pattern, which in turn 
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increased BMI. Sleep duration and an unstable eating pattern thus appear to sequentially 

mediate the association between Hyperactive/Impulsive symptoms and BMI, and between 

Inattention symptoms and BMI. A difference between Hyperactive/Impulsive symptoms 

and Inattention symptoms was that the direct effect of Inattention symptoms on BMI, i.e., 

the effect which is not mediated through sleep duration and an unstable eating pattern, 

became nonsignificant when psychical activity was added as a covariate, while the direct 

effect of Hyperactive/Impulsive symptoms on BMI was already insignificant at that moment.

. 763 (.324) 
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Figure 1C. Effect of adult Inattention (I/A) symptoms on body mass index (BMI), mediated through 
sleep duration on free days (in hours) and an unstable eating pattern, N=387 (R2=.617). 

Discussion

In this study, we found that participants with obesity had a higher prevalence of ADHD 

symptoms and short sleep on free days as compared to controls, but a lower prevalence 

of ADHD symptoms, short sleep duration, and an unstable eating pattern as compared 

to ADHD patients. However, contrary to our expectations, participants with obesity had 

a comparable prevalence rate of an unstable eating pattern as compared to controls. 

Therefore, these results only partially support our first hypothesis that the obesity group 

would have a lower prevalence of ADHD symptoms, sleep problems, and an unstable 

eating pattern than the ADHD group, but a higher prevalence of these factors than the 

control group. Secondly, mediation analyses revealed that both sleep duration and an 

unstable eating pattern mediated the association between ADHD symptoms and body 

mass index (BMI), even after controlling for sociodemographics and current depression/

anxiety symptoms. These results confirmed our second hypothesis that circadian rhythm 

disruption is a link between ADHD symptoms and obesity. 
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Several reports have been published on the interrelationship between obesity and short 

sleep, and obesity, binge eating, and ADHD [229, 230, 240]. However, none of these studies 

investigated the role of both sleep duration as well as skipping breakfast/binge eating in 

the relationship between ADHD symptoms and obesity. The greater prevalence of high 

ADHD symptoms (29%) that we found in our participants with obesity corresponds to 

the high rates of ADHD symptoms (27%-34%) found in previous clinical studies of obese 

populations [241, 242]. 

Contrary to our expectations, the prevalence of skipping breakfast did not differ between 

the obese and control groups (in both groups around 50%). This similar prevalence rate 

may be due to the fact that omitting breakfast becomes more prevalent in the general 

Western population [243]. Furthermore, with regard to the time of the day of binge eating, 

we observed that binge eating during the afternoon was especially common in controls, 

binge eating during the evening was more common among the ADHD and obese groups 

than among the control group, and that binge eating at night was especially present in 

ADHD patients. These findings partly concur with previous studies showing that overeating 

in the evening and at night leads to weight gain and obesity [228, 244-246]. Moreover, 

earlier studies have already proposed a relationship between ADHD and obesity mediated 

by binge eating behavior [216, 229, 247]. The authors of these studies suggested that food 

intake could be a form of self-medication in ADHD, because food intake probably enhances 

dopaminergic signaling, and thereby decreases the hypo-dopaminergic state that is 

characteristic of ADHD. However, as clinically observed in patients with ADHD and DSPS, 

binge eating later in the day, especially in combination with skipping breakfast, may also 

result from the ADHD-related delayed circadian rhythm. This is supported by our finding 

that the ADHD group had a higher prevalence of skipping breakfast in combination with 

binge eating during the evening and/or at night as compared to the obese and control 

groups.  

Altogether, we have found evidence for our hypothesis that circadian rhythm disruption is 

a mechanism linking ADHD symptoms to obesity. Moreover, we were able to specify our 

results on ADHD symptom level, and found that the relationship between Hyperactive/

Impulsive symptoms and BMI as well as the relationship between Inattention symptoms 

and BMI was sequentially mediated through sleep duration and an unstable eating pattern. 

These observations agree with previous studies that demonstrated that hyperactivity 

[22, 67, 73, 248, 249] and inattention symptoms [250-252] were associated with shorter 

sleep duration and other research that found that hyperactivity/impulsivity [253, 254] and 

inattention [255] were linked to binge eating or skipping breakfast [256]. Also, our finding 

that short sleep resulted in an unstable eating pattern, which in turn increased BMI, is in line 
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with one study that showed that skipping breakfast was a  mechanism linking short sleep 

duration to a higher BMI [257]. Furthermore, a remarkable difference between Hyperactive/

Impulsive symptoms and Inattention symptoms was that the direct effect of Inattention 

symptoms on BMI became nonsignificant when psychical activity was added as a covariate, 

while the direct effect of Hyperactive/Impulsive symptoms on BMI was already insignificant 

at that moment. This implicates that clinicians should especially pay attention to physical 

activity in patients with Inattention symptoms, in order to prevent weight gain.

There are several biological mechanisms behind the associations between ADHD, sleep, 

and obesity. As aforementioned, short sleep induces disruptions in appetite and satiety 

hormones [258], resulting in increased appetite and decreased satiety [43]. In chronic 

short sleepers, this may induce chronic high food intake, with weight gain and obesity as a 

result [226]. Another hypothesis suggests that alterations in the hypocretin/orexin system 

may play a role in the relationship between ADHD and abnormal eating patterns [259]. 

The hypocretin/orexin system is involved in the control of sleep/wakefulness and feeding 

[260]. Therefore, disturbances in this system may result in a deficit of alertness and binge 

eating, which are both common in ADHD patients [247, 261]. Finally, genetic studies have 

found polymorphisms in clock genes, which are involved in the regulation of the circadian 

rhythm in ADHD, DSPS, and obesity [262, 263]. This indicates a possible genetic basis for 

the association between ADHD, sleep, and obesity. A polymorphism in particularly one of 

these clock genes, the Clock gene, was linked to short sleep in obese humans [264]. Other 

polymorphisms in the Clock gene have also been linked to ADHD and DSPS [265, 266].

Some limitations of the study need to be considered. Firstly, the reported data are solely 

based on self-report. However, previous studies have shown a good agreement between 

self-reported sleep duration and that objectively measured by actigraphy [267], and also 

between self-reported and objectively measured weight and height [268]. Secondly, as with 

any cross-sectional study, we cannot determine cause and effect from our results. In order to 

do so, longitudinal research is needed. Finally, we only assessed symptoms of depression/

anxiety in participants with obesity, rather than comprehensively assessing mood, anxiety, 

and substance use disorders, according to DSM-IV criteria [143]. Therefore, we could not 

control for a formal diagnoses of these disorders, which were previously found to confound 

the relationship between ADHD symptoms and obesity [230]. 

In spite of these limitations, our study stresses the importance of evaluating and treating 

ADHD symptoms and circadian rhythm disruption, in order to prevent additional weight 

gain or possibly even to facilitate weight loss. The treatment should ideally consist of 

stimulant treatment, coaching, and cognitive behavioral therapy for ADHD, and sleep 
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hygiene, bright light therapy in the morning and/or melatonin at night for late and short 

sleep [224, 269-274]. Further evidence from clinical trials is needed to show whether these 

combined therapies are effective in treating and preventing obesity in patients with obesity 

and/or ADHD. 


