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Summary

Background: There is evidence for a link between hyperactivity and obesity, espe-

cially among older children. Both conditions seem to be multifactorial in origin and

hypotheses of common underlying issues, such as emotional dysregulation, have

been suggested. However, studies of the co-occurrence of the two conditions in

younger age groups have been inconclusive.

Objectives: We aimed to study the longitudinal associations of psychological

strengths and difficulties at 4 years of age with health behaviours, body composition,

physical fitness, and cardiovascular disease (CVD) risk factors 5 years later.

Methods: Parents of 226 4-year-old children filled out the Strengths and Difficulties

Questionnaire (SDQ). At 9 years of age, we assessed health behaviours, physical fitness,

body composition, and CVD risk factors. Associations were examined with linear regres-

sion models that were adjusted for sex, age of the child at 9, and maternal education.

Results: In the adjusted models, hyperactivity at 4 was associated with higher fat-free

mass (β = 0.18, p = 0.007) and lower levels of sedentary behaviour (β �0.14,

p = 0.043) at 9 years. Furthermore, greater emotional problems at 4 were associated

with lower intake of fruit and vegetables (β �0.14, p = 0.038) at 9 years. However,

there were no statistically significant associations between psychological difficulties

and fat-mass index.

Conclusions: Our novel data provide no evidence of an association between hyperac-

tivity in preschool age and obesity or obesity-related behaviours in school age.

Future studies examining how psychological factors relate to obesity development

should consider a developmental perspective.
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1 | INTRODUCTION

Anthropologists sometimes argue that a mismatch between the

genetic makeup of humans, shaped by millions of years of life in for-

ests, woodlands, and savannahs, and our current environment, is to be

blamed for the ongoing worldwide epidemics of obesity and mental

health problems.1 According to this view, we are not hardwired

for a sedentary lifestyle and an abundance of readily available

energy-dense foods. Indeed, almost a third of the human population is

insufficiently physically active and the trend is towards more sedentary

living.2 The consequences of this fundamental mismatch are compounded

by substance use,3 poor sleep,4 and social stress,5 which creates vicious

circles of maladaptive coping.6 During the last three decades, the steady

increase in overweight and obesity has reached a plateau with a current

global prevalence of almost 40% in adults and almost 15% in children.7

Since obesity often develops early in life and persists into

adulthood,8 research efforts have focused on investigating proximal

causes.9 Today, we know that obesity is a condition that develops

from dynamic interactions of certain genetic moulding,10 environmen-

tal modulations during development,11 and additional effects from

social-12 and economic factors.13 Historically, models of obesity

development among children have put less emphasis on the psycho-

logical domain,9 although both theoretical and empirical knowledge of

its importance have grown steadily.3

In recent years, evidence from observational- and cross-sectional

studies has supported the inclusion of psychological resources and

risk factors (e.g. anxiety and depression) among determinants for obe-

sity development among children and youth.14 Studies have also

reported associations with more specific psychosocial functions, such

as executive function,15 self-esteem,16 and body-image issues,17

which could lead to increased energy intake through difficulties with

impulse control and the ability to plan and execute healthy behav-

iours. Furthermore, it has recently been suggested that common

underlying difficulties, such as emotion dysregulation, deficits in phys-

ical activity, and sleep difficulties, might explain the observed connec-

tions between hyperactivity and obesity development.18

A recent longitudinal study of Italian children aged 6–18 years,

showed that the link between ADHD and BMI was mainly explained

by child and parental psychosocial factors and that temperament

might represent an important contributing factor.19 When existing

meta-analytical evidence recently was reviewed, it remained clear that

ADHD significantly increased the risk of co-occurrence of obesity in

both children and adolescents.20

However, studies in younger age groups have been inconclusive

or conflicting regarding the association between hyperactivity and

weight.21 One plausible explanation for the variability in results might

be that most earlier studies have been cross-sectional,22,23 and pro-

spective studies have focused on the preschool period.24 Variations in

measurements might also explain some of the inconsistencies. It is

rare with an established ADHD diagnosis in younger age groups since

the most common period for diagnosis is during early school years.25

Thus, in younger populations, researchers must assess symptoms of

hyperactivity and inattention rather than the incidence of ADHD.

Higher weight increases than expected are often identified earlier

since it is often monitored during healthcare visits. However, the use

of Body Mass Index (BMI) has other shortcomings since it represents

a poor proxy for adiposity in small children,25 and even if weight gain

is noticed early, many children are not getting an obesity diagnosis,

nor any treatment, until early adolescence.26 Studies of school-age

and adolescent populations tend to show somewhat stronger associa-

tions between the prevalence of ADHD and obesity development,24

although, by this point, it might be too late to prevent the develop-

ment of obesity.

We have previously reported cross-sectional data on 4-year-old

children, that showed a surprising positive association between hyper-

activity and fat-free mass.27 Based on the more robust findings of

associations between ADHD symptoms and weight in older children,

we hypothesized that the association between hyperactivity and

weight would turn negative during the early school years, during

which the children are often forced into a more sedentary lifestyle. To

test this hypothesis, the present study aimed to investigate the longi-

tudinal associations of psychological strengths and difficulties at

4 years of age with health behaviours, body composition, and cardio-

vascular disease (CVD) risk factors 5 years later, thus extending exist-

ing knowledge with prospective data and precise measurements of

body composition.

2 | METHODS

2.1 | Study design and participants

We utilized baseline data and 5-year follow-up data from the MINISTOP

trial (Mobile-based Intervention Intended to Stop Obesity in

Preschoolers) which examined the effectiveness of a 6-month parental

mobile health intervention to promote healthy dietary and physical activ-

ity behaviours in their children.28,29 The outcomes of the trial showed

that the MINISTOP app improved a composite score of diet and physical

activity variables at the 6-month follow-up26 which was not sustained at

the 12-month follow-up.30 Briefly, participants were recruited from the

general population in Region Östergötland, Sweden, between 2014 and

2015. A total of 315 children were included in MINISTOP and 305 of

these children had available data regarding psychological strengths and

difficulties at 4 years of age. Of these 305 children, 226 (114 boys and

112 girls) were also measured at 9 years of age and included in the cur-

rent analyses. The 226 children in the current study were not statistically

significantly different (all p ≥ 0.10) from the 89 children that were not

included in terms of average scores on the Strengths and Difficulties

Questionnaire (SDQ), 6.2 versus 7.0, and BMI, 15.8 versus 15.8 kg/m2, at

4 years of age although self-reported maternal educational attainment

was somewhat higher (74.3% vs. 61.8%, p = 0.028) in those that partici-

pated in the follow-up, respectively. Written informed consent was

obtained from the parents and the trial and subsequent follow-up

were approved by the Research Ethics Committees (Regionala Etikpröv-

ningsnämnderna) in Stockholm and Linköping, Sweden (4 years:

2013/1607-31/5; 2013-2250-32; 9 years: 2018/2220-32).
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2.2 | SDQ at 4 years of age

Psychological strengths and difficulties were examined using the

SDQ, which contains 25 items and has been validated in preschool-

aged children.31 The items in the SDQ can be grouped into five sub-

scales (total difficulties (min-max 0–40 points), emotional problems

(0–10), conduct problems (0–10), hyperactivity (0–10), peer prob-

lems (0–10), and pro-social behaviour (10–0). We calculated a total

difficulties score as well as separate scores for the five subscales as

described previously.27 Cronbach's α for the five subscales were: emo-

tional problems (0.529), conduct problems (0.394), hyperactivity

(0.712), peer problems (0.413), and pro-social behaviour (0.627).

Although SDQ was not developed as a diagnostic tool, cut-off scores

for a high likelihood of clinical levels of difficulties have been estab-

lished with ≥17 points for the total SDQ-score, ≥5 points on the sub-

scale for emotional problems, ≥4 on the subscale of conduct

problems, ≥7 on the subscale for hyperactivity, ≥4 on the subscale for

peer problems, and ≤4 on the subscale for pro-social behaviours.32

2.3 | Health behaviours at 9 years of age

Parents reported the diet of their children using a web-based food fre-

quency questionnaire (SchoolMeal-Q) which is based on the previously

validated Meal-Q,33 although the SchoolMeal-Q has yet to be validated.

The number of portions of fruit and vegetables per day was calculated

and utilized in the analyses. Physical activity and sedentary behaviour

were measured using accelerometry (ActiGraph GT3X+, Pensacola, FL,

USA) and participants were instructed to wear the accelerometer on

the non-dominant wrist for at least seven days (24 h per day). A valid

day was considered as ≥16 hours of wear time and the average number

of valid days was 7.0 (SD 0.9, range 2–9) days. For the 218 children

with physical activity, 215 (98.6%) had ≥5 valid days of physical activity

data. Data were collected at 50 Hz and children were instructed to only

remove the accelerometers when doing water-based activities. In brief,

the Euclidean Norm of the raw accelerations Minus One G was calcu-

lated over 5-s epochs and awake time was categorized into physical

activity intensities (moderate-to-vigorous physical activity, MVPA,

and sedentary behaviour, SB) utilizing appropriate cut-off points.34,35

Cardiorespiratory fitness was measured using the 20 m shuttle run test

as described previously.36,37 Briefly, participants ran between two lines

20 meters apart keeping pace with a pre-recorded audio signal. The

pace started at 8.5 km/h which increased by 0.5 km/h for each minute

of the test. The test ended when the child decided to stop due to

fatigue or when the child failed to reach the 20-metre mark before the

signal on two consecutive occasions. In the analysis, we utilized the

number of completed laps.

2.4 | Body composition and cardiovascular disease
risk factors at 9 years of age

Body composition was measured after a two-hour fast using air-

displacement plethysmography (BodPod, COSMED USA, Concord,

CA, USA), which is a valid body composition method in children.38

Briefly, body weight and volume were measured as described in detail

previously,37 and subsequently, body density was calculated as the

measured body weight divided by the body volume. Body fatness was

then calculated assuming densities of fat mass and fat-free mass

according to Lohman's model.39 BMI was calculated as weight (in kg)

dived by height squared (m2) and classified into weight status catego-

ries according to Cole et al.40 Fat-free mass index and fat-mass index

were calculated as the fat-free mass (in kg) and fat mass (in kg) divided

by height squared (m2), respectively.

Systolic and diastolic blood pressure were measured using an elec-

tric sphygmomanometer (WelchAllyn, ProBP 3400 series, NY, USA)

after a 5-minute rest.38 Two measures of blood pressure were con-

ducted but if values differed more than 10 mmHg, a third measure-

ment was performed. The mean values of systolic and diastolic blood

pressure were utilized in the analysis. Participants were also invited to

provide a fasting blood sample and 85 children provide such as sample.

The sample was analysed for glucose, insulin, total cholesterol, high-

density lipoprotein cholesterol (HDL cholesterol), and triglycerides uti-

lizing standardized methodology.41 All analyses were performed at the

Department of Clinical Chemistry, Linköping University, Sweden,

which is accredited for these analyses (ISO/IEC 17025). We also calcu-

lated a Metabolic Syndrome score (MetS score) as the normalized sum

of sex-specific z-scores for triglycerides, inverted (by multiplying with

�1) HDL-cholesterol, fasting glucose, and the average of systolic and

diastolic blood pressure as we have done previously.38

2.5 | Statistical analysis

Associations of the independent variable SDQ-scores at 4 years of age

with the dependent variables health behaviours, body composition, and

CVD risk factors at 9 years of age were examined using linear regres-

sion. Residual plots were used to check the assumptions of the regres-

sion model and we observed no violations for the assumptions of our

regression models. For all investigated associations, two regression

models were created, one unadjusted and one adjusted for the sex and

age of the child at the measurement around 9 years of age as well as

maternal educational attainment (university degree vs. no university

degree). Separate models were fitted for total difficulties in the SDQ

and the five subscales in SDQ. Finally, we also examined interactions

between group allocation (intervention and control group) in MINISTOP

and the SDQ score by creating interaction terms (group allocation x

SDQ) and adding them to the adjusted models. However, there was lit-

tle evidence for such interactions and thus we analysed the entire sam-

ple in this study. We also performed several sensitivity analyses by

examining associations of individual items of the SDQ hyperactivity

sub-scale (Table S1). We also performed sensitivity analyses with the

exclusion of 3 participants with ADHD medication. Finally, we also con-

ducted a sensitivity analysis in which we further adjusted the associa-

tions for group allocation in the MINISTOP trial (Tables S2 and S3). A

two-tailed P value of <0.05 was considered statistically significant and

the statistical analyses were conducted using SPSS Statistics (IMB SPSS

statistics, version 28, IBM Corp., NY, USA).
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3 | RESULTS

3.1 | Descriptive statistics

Table 1 shows descriptive data of the children at 4 and 9 years of age.

The children were measured at an average of 4.5 (SD 0.1) and 9.6

(SD 0.1) years of age. Their average weight, height, and % fat mass at

9 years of age were 33.6 kg (SD 7.1), 139.7 cm (6.3), and 20.1% (7.4),

respectively. Of the children, 28 had overweight (12.4%) and another

4 had obesity (1.8%) at 9 years of age. The average total SDQ score at

4 years of age was 6.2 (SD 3.5) points and the average hyperactivity

score at the same time point was 2.7 (SD 2.0) points. In the study

sample, 40 (17.7%) and 14 children (6.2%) scored above the cut-offs

at 4 years for a slightly raised (5–6 points) and high (≥7 points)

TABLE 1 Descriptive characteristics of the children in the study at 4 and 9 years of age.

All Boys Girls

n Value n Value n Value

Characteristics at 4 years

General characteristics

Age (years) 226 4.5 (0.1) 114 4.5 (0.1) 112 4.5 (0.1)

Height (cm) 226 107.6 (4.2) 114 108.0 (4.5) 112 107.2 (4.1)

Weight (kg) 226 18.3 (2.5) 114 18.6 (2.4) 112 18.1 (2.6)

SDQ scores

Total difficulties 226 6.2 (3.5) 114 6.8 (3.7) 112 5.7 (3.3)

Emotional problems 226 1.4 (1.4) 114 1.4 (1.5) 112 1.4 (1.4)

Conduct problems 226 1.4 (1.2) 114 1.5 (1.2) 112 1.3 (1.2)

Hyperactivity 226 2.7 (2.0) 114 3.2 (2.2) 112 2.2 (1.6)

Peer problems 226 0.8 (1.1) 114 0.8 (1.1) 112 0.8 (1.1)

Pro-social behaviour 226 8.1 (1.6) 114 7.9 (1.7) 112 8.4 (1.5)

Characteristics at 9 years

General characteristics

Age (years) 226 9.6 (0.1) 114 9.6 (0.1) 112 9.6 (0.1)

Height (cm) 226 139.7 (6.3) 114 140.3 (6.6) 112 139.0 (5.8)

Weight (kg) 226 33.6 (7.1) 114 34.0 (6.7) 112 33.1 (7.5)

Health behaviours

Fruit and vegetables (portions/day) 210 2.6 (1.3) 104 2.4 (1.3) 106 2.8 (1.4)

Moderate-to-vigorous PA (min/day) 218 74.0 (29.1) 109 84.2 (32.5) 109 63.9 (20.8)

Sedentary behaviour (min/day) 218 518.8 (67.0) 109 528.7 (73.4) 109 509.0 (58.5)

20 m shuttle run (laps) 222 19.4 (9.1) 114 21.1 (10.5) 108 17.5 (6.8)

Health factors

Body mass index (kg/m2) 226 17.1 (2.5) 114 17.2 (2.3) 112 17.0 (2.7)

Fat mass (%) 225 20.1 (7.4) 113 18.8 (7.2) 112 21.3 (7.5)

Fat mass index (kg/m2) 225 3.6 (1.9) 113 3.4 (1.7) 112 3.8 (2.1)

Fat-free mass index (kg/m2) 225 13.5 (1.1) 113 13.8 (1.2) 112 13.2 (1.0)

Waist circumference (cm) 226 65.2 (7.6) 114 65.0 (6.7) 112 65.4 (8.5)

Systolic BP (mmHg) 225 111 (9) 114 111 (9) 111 110 (10)

Diastolic BP (mmHg) 225 68 (6) 114 68 (6) 111 69 (6)

Glucose (mmol/l)a 84 5.1 (0.3) 37 5.1 (0.4) 47 5.1 (0.3)

HDL cholesterol (mmol/l)a 85 1.7 (0.4) 37 1.7 (0.4) 48 1.7 (0.4)

LDL cholesterol (mmol/l)a 85 2.2 (0.6) 37 2.1 (0.7) 48 2.3 (0.5)

Triglycerides (mmol/l)a 85 0.7 (0.3) 37 0.6 (0.3) 48 0.7 (0.3)

Note: Values are presented as means (standard deviations).

Abbreviations: BP, blood pressure; HDL, high density lipoprotein; LDL, low density lipoprotein.
aMeasured in plasma.

4 of 9 LUNDGREN ET AL.

 20476310, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ijpo.13084 by L

inkoping U
niversitet, W

iley O
nline L

ibrary on [11/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



likelihood of an ADHD diagnosis, respectively, on the subscale for

hyperactivity.27 At 9 years of age, 180 (79.6%) of the mothers and

133 (60.5%, n = 220) of the fathers had a university degree. Of the

mothers, 156 (69.6%) were married, and 45 (20.1%) had a cohabiting

partner (n = 224). Corresponding figures for fathers were 157 (70.7%)

and 43 (19.4%) (n = 222). Furthermore, the maternal and paternal

average BMI were 24.7 (SD 4.3) and 25.3 (SD 3.2) kg/m2, respectively.

Finally, 200 of the mothers (88.5%, n = 225) and 198 of the fathers

(87.6%, n = 221) were born in Sweden.

3.2 | SDQ at 4 years versus health behaviours at
9 years of age

The associations of SDQ with health behaviours are presented in

Table 2. Total difficulties were not associated with any of the

health behaviours in the unadjusted or adjusted models. Emotional

problems were associated with a lower fruit and vegetable intake in

the adjusted model (β = �0.13, p = 0.038). There was some evi-

dence for an association between hyperactivity with and lower SB

(β = �0.14, p = 0.043) in the adjusted models, Finally, pro-social

behaviour was associated with higher SB in both the unadjusted

and adjusted models (β = 0.13–0.16, p = 0.021–0.048). However,

none of the identified associations remained statistically significant

after Bonferroni-adjustment for multiple hypothesis testing

(adjusted significance threshold = 0.05/54 = 0.0009).

3.3 | SDQ at 4 years versus body composition and
CVD risk factors at 9 years of age

Table 3 shows the associations of SDQ with body composition and

CVD risk factors at 9 years of age. In general, there were few statis-

tically significant associations between SDQ and CVD risk factors.

However, there was some evidence of an association between the

total difficulties score and a higher fat-free mass index in the unad-

justed (β = 0.16, p = 0.017) but not in the adjusted models

(β = 0.12, p = 0.066). When further examining the subscales, hyper-

activity was associated with a higher fat-free mass in both regression

models (β = 0.18–0.23, p ≤ 0.001–0.007). However, only the unad-

justed association of hyperactivity with fat-free mass (β = 0.23,

p = 0.0004) remained statistically significant after Bonferroni adjust-

ment for multiple hypothesis testing (adjusted significance

threshold = 0.05/54 = 0.0009).

TABLE 2 Longitudinal associations of Strengths and Difficulties Questionnaire (SDQ) scores at 4 years of age with diet, physical activity, and
cardiorespiratory fitness at 9 years of age.

Health behaviours and cardiovascular fitness at 9 years

Fruit and vegetables Moderate-to-vigorous PA Sedentary behaviour Cardiorespiratory fitness

SDQ Scores at 4 years β p β p β p β p

Total difficulties

Unadjusted �0.10 0.16 0.09 0.21 �0.08 0.27 �0.03 0.61

Adjusteda �0.06 0.42 0.04 0.50 �0.10 0.13 �0.05 0.42

Emotional problems

Unadjusted �0.13 0.057 �0.13 0.065 0.06 0.34 �0.08 0.23

Adjusteda �0.14 0.038 �0.12 0.067 0.07 0.28 �0.09 0.20

Conduct problems

Unadjusted �0.05 0.44 0.06 0.40 �0.08 0.27 0.05 0.46

Adjusteda �0.02 0.80 0.04 0.56 �0.09 0.19 0.05 0.48

Hyperactivity

Unadjusted 0.02 0.73 0.19 0.006 �0.09 0.19 �0.02 0.76

Adjusteda 0.09 0.22 0.12 0.060 �0.14 0.043 �0.06 0.41

Peer problems

Unadjusted �0.13 0.063 0.03 0.63 �0.08 0.23 �0.02 0.77

Adjusteda �0.12 0.081 0.04 0.53 �0.08 0.22 �0.02 0.81

Pro-social behaviour

Unadjusted 0.10 0.17 �0.16 0.018 0.13 0.048 �0.06 0.39

Adjusteda 0.09 0.21 �0.11 0.10 0.16 0.021 �0.02 0.73

Note: p-values <0.10 are expressed with three decimals.

Abbreviations: PA, physical activity; SDQ scores, Strengths and Difficulties Questionnaire scores; β, standardized regression coefficient.
aAdjusted for sex of the child, age of the child at the measurement around 9 years of age and maternal educational attainment (university degree vs. no

university degree).
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3.4 | Sensitivity analyses

We further explored the associations of individual SDQ hyperactivity

components in Table S1. There was no evidence that single items of

the SDQ hyperactivity subscales were underlying the associations

between hyperactivity and MVPA, SB, or fat-free mass index. Rather,

the combination of the items appeared to be adding up to these asso-

ciations. We also performed sensitivity analyses with the exclusion of

3 participants with ADHD medication since, for example, stimulants

are known to affect appetite. These adjustments had minor influences

on estimates in Tables 2 and 3, and conclusions remained similar. As

shown in Table S2 and S3, we also adjusted our results for group allo-

cation in MINISTOP (intervention or control group) in sensitivity ana-

lyses, but estimates remained virtually identical.

4 | DISCUSSION

The present study followed a population of Swedish preschoolers

from 4 years of age into school age. It showed no consistent

associations of total psychological difficulties with health behaviours

and outcomes 5 years later. Furthermore, scores on the SDQ scale

(or it sub-scales) were not associated with BMI or fat mass. However,

there was a strong positive association of scores at the hyperactivity

subscale at 4 years of age with fat-free mass index 5 years later.

Furthermore, hyperactivity at 4 years of age was negatively associ-

ated with sedentary behaviour at 9 years.

We have previously reported cross-sectional data from the base-

line measurement at 4 years of age, showing an association between

hyperactivity and fat-free mass.27 Based on the more robust findings

of associations between ADHD symptoms and weight in older chil-

dren, we hypothesized that the association would become reversed

shortly after the children start school and are forced into a more sed-

entary lifestyle. In countries where schools provide food, school-aged

children gain more control over their portion sizes and possibilities of

obtaining fast food and snacks, which are changes that could interact

with impulsivity and inattention in unwholesome ways.

The results of the present study do not support a rapid shift dur-

ing the first school years. Instead, we present prospective findings

that children with increased hyperactivity in the preschool age have

TABLE 3 Longitudinal associations of Strengths and Difficulties Questionnaire (SDQ) scores at 4 years of age with body composition and
cardiovascular risk factors at 9 years of age.

Body composition and CVD risk factors at 9 years

Body mass index Fat mass index Fat-free mass index Blood pressureb MetS score

SDQ Scores at 4 years β p β p β p β p β p

Total difficulties

Unadjusted 0.11 0.11 0.05 0.42 0.16 0.017 0.04 0.58 �0.05 0.66

Adjusteda 0.10 0.14 0.07 0.34 0.12 0.066 0.03 0.62 �0.03 0.81

Emotional problems

Unadjusted 0.05 0.44 0.09 0.20 �0.02 0.79 0.06 0.42 �0.06 0.61

Adjusteda 0.06 0.36 0.09 0.17 �0.01 0.91 0.07 0.33 �0.03 0.79

Conduct problems

Unadjusted 0.05 0.46 0.01 0.90 0.10 0.16 0.02 0.74 0.04 0.74

Adjusteda 0.04 0.58 0.01 0.92 0.07 0.28 0.01 0.86 0.03 0.79

Hyperactivity

Unadjusted 0.12 0.076 0.02 0.77 0.23 <0.001 �0.03 0.64 �0.06 0.59

Adjusteda 0.11 0.12 0.04 0.58 0.18 0.007 �0.04 0.55 �0.05 0.64

Peer problems

Unadjusted 0.01 0.86 0.02 0.82 0.01 0.92 0.08 0.23 �0.01 0.90

Adjusteda 0.01 0.90 0.01 0.86 0.01 0.93 0.08 0.25 0.01 0.91

Pro-social behaviour

Unadjusted 0.05 0.48 0.08 0.25 �0.04 0.60 �0.04 0.59 0.03 0.80

Adjusteda 0.05 0.45 0.06 0.39 0.01 0.91 �0.04 0.52 �0.01 0.96

Note: p-values <0.10 are expressed with three decimals.

Abbreviations: CVD, cardiovascular disease; MetS score (Metabolic syndrome score; calculated using normalized sum of sex-specific z-scores for waist

circumference, triglycerides, inverted by multiplying with �1, HDL-cholesterol, fasting glucose and the average of systolic and diastolic blood pressure);

SDQ scores, Strengths and Difficulties Questionnaire scores; β, standardized regression coefficient.
aAdjusted for sex of the child, age of the child at the measurement around 9 years of age and maternal educational attainment (university degree vs. no

university degree).
bCalculated as the average of systolic and diastolic blood pressure.
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not yet entered a downward spiral of disordered eating, sedentary

behaviours, and accompanying development of excess body fat. Our

findings extend the prospective findings of Campfferman et al.42 who

showed that BMI and behaviour problems, including hyperactivity,

were stable between 1 and 6 years of age.

Our findings are contrary, but also not easily compared, to the

longitudinal data presented by Bowling et al.43 who followed a large

cohort of Dutch children from 6 to 9 years of age. They showed that

hyperactivity predicted fat mass, measured with dual-energy x-ray

absorptiometry. In addition to its focus on changes in fat mass as the

outcome, Bowling et al. used a different way to assess ADHD symp-

tom, using the Child Behaviour Checklist. Hyperactivity was also ana-

lysed as a dichotomous variable, in which children with >2 SD above

the mean level of hyperactivity were considered to reach clinical

levels of ADHD symptoms, and subjects below the threshold were

considered healthy. Another important difference between the two

populations is that 25% of the population in the Dutch study reported

a low monthly income among the mothers, reflecting a more variable

socioeconomic status compared to our Swedish population which was

somewhat skewed towards a higher level of education.

Our results highlight the importance of comparing different age

groups in the study of hyperactivity and obesity. In two relatively

recent meta-analyses of cross-sectional data, no stratifications into

meaningful age groups were made.44,45 However, recent prospective

studies of older children support the hypothesis that ADHD symp-

toms begin to influence weight in a significant way during late school

years and adolescence. For example, Khalife et al.46 studied a large

group of school-aged children, who were teacher-rated for ADHD

symptoms at 7–8 years and followed for 8 years. They concluded that

hyperactivity and inattention at baseline predicted adolescent obesity

(BMI-based diagnosis), and interestingly, low physical activity pre-

dicted symptoms of inattention. Recently, Porter et al.47 followed a

population of school-aged girls for 16 years and found that girls with

ADHD developed a higher BMI over time. However, the significant

association first emerged during adolescence, again pointing to the

importance of considering developmental timing.

The main results of the present study shed new light on the crit-

ical question of when psychological symptoms begin to interact with

the environment to propel weight gain resulting in overweight and

obesity.48 An expanded knowledge of such interactions may inform

preventive measures and the identification of critical time points

could lead to new research efforts into mechanisms that explain the

association between hyperactivity and obesity. Recent studies have

highlighted the importance of eating disorders,49 learning

difficulties,50 genetic underpinnings,10 and disturbances in reward

circuitry in the frontal cortex.51 Future mechanistic studies of both

neurobiological and psychological variables should take the develop-

mental perspective into account and design studies with multiple

follow-up times that could elucidate if there are critical periods for

the development of constructive health behaviours, including sleep,

movement, eating habits, and self-regulation in a broader sense.

The results in the present study should be viewed cautiously due

to methodological limitations. One such limitation is the reliance on

parent-report of psychological difficulties. When it comes to observ-

able behaviours, parent-report measures are considered reliable,52

and the SDQ scale is considered a psychometrically sound and valid

instrument for the screening of children.38 However, high scores on

this screening instrument cannot be interpreted as a clinical diagnosis

of ADHD, which is usually based on a multidisciplinary clinical assess-

ment.53 A second limitation is the high level of education among par-

ticipating families. Seventy-two percent of mothers had a university

degree, compared to women in the Swedish population, which has a

corresponding figure of 35%.54 This fact could be of importance since

learning difficulties in combination with ADHD symptoms have

recently been shown to yield the strongest risk for obesity develop-

ment.55 With this limitation in mind, it is of note that we observed

that the main results, that hyperactivity was positively associated with

a healthy body composition, remained after adjustment for maternal

education. Although the School-Meal-Q is based on the previously

validated MealQ,33 it has not yet been validated in this age group, and

thus the results regarding diet should be viewed with this limitation in

consideration. It should be noted that only 3 study participants had

ADHD medication, which means that pharmacological effects on

either hyperactivity symptoms or side effects on appetite are unlikely

to affect the results of this study. However, in prospective studies

with higher frequencies of treatment, this source of bias could explain

a lack of association between hyperactivity and weight gain. Finally,

this study conducted several hypothesis tests to comprehensively

examine the longitudinal associations of SDQ with obesity and

obesity-related behaviours. However, most of the identified associa-

tions did not remain statistically significant after adjustments for mul-

tiple testing motivating further studies.

This study has several methodological strengths, of which the lon-

gitudinal design is the most prominent, allowing for the interpretation

of directions for the observed associations. Furthermore, the study

used objective and accurate assessments of body composition, physi-

cal activity, and CVD risk factors.

It is of great clinical importance to understand how and when

psychological variables influence and modulate the development of

obesity since these factors are to a certain degree treatable. Indeed,

psychological programs could be utilized in both preventive efforts

and in the treatment of manifest obesity.3 Novel evidence-based

interventions, administered with optimal and developmentally

informed timing, are urgently needed if the consequences of the

global obesity epidemic are not to become aggravated. Further

research is required to continue the exploration of exactly when the

downward spiral of obesity development is accelerated by hyperactiv-

ity symptoms.
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