
N
TN

U
N

or
w

eg
ia

n 
U

ni
ve

rs
ity

 o
f S

ci
en

ce
 a

nd
 T

ec
hn

ol
og

y
Fa

cu
lty

 o
f M

ed
ic

in
e 

an
d 

H
ea

lth
 S

ci
en

ce
s 

 
D

ep
ar

tm
en

t o
f C

lin
ic

al
 a

nd
 M

ol
ec

ul
ar

 M
ed

ic
in

e

St
ud

en
t t

he
si

s

Åshild Jensen Kolseth and Signe Kulseth

Physical health and
neurodevelopmental outcome in 7-
year-old children whose mothers
were at risk of gestational diabetes
mellitus

Student thesis in Medicine
Supervisor: Kari Anne I. Evensen
December 2022





Åshild Jensen Kolseth and Signe Kulseth

Physical health and
neurodevelopmental outcome in 7-
year-old children whose mothers were
at risk of gestational diabetes mellitus

Student thesis in Medicine
Supervisor: Kari Anne I. Evensen
December 2022

Norwegian University of Science and Technology
Faculty of Medicine and Health Sciences
Department of Clinical and Molecular Medicine





 1 

Abstract 

Background: Children born to mothers with gestational diabetes mellitus (GDM) are at risk 

of metabolic disturbances such as diabetes mellitus and overweight. However, few have 

examined the outcome of children whose mothers were at risk of GDM. The aim of the study 

was to investigate how the mothers’ risk of developing GDM affects the physical health and 

neurodevelopment of the child at 7 years of age. 

  

Methods: A multicentre randomised controlled trial including 855 pregnant women was 

carried out at St. Olavs Hospital, Trondheim University Hospital, and Stavanger University 

Hospital in Norway from 2007-2009. From this study, we divided pregnant women into a risk 

(n=68) and a no risk group (n=189), where the risk group had one or more risk factors for 

GDM. At seven years of age, the children’s height, weight and physical activity was reported 

by their parents, as well as neurodevelopmental outcomes using the Five-To-Fifteen 

questionnaire, including motor skills, executive functions, perception, memory, language, 

social skills and emotional or behavioural problems. 

 

Results: Children in the risk group had higher birthweight and length at birth compared with 

the no risk group. At the follow-up at 7 years of age, children in the risk group had a higher 

weight and body mass index (BMI). The odds of being overweight (BMI ≥ 25 kg/m2) was 

3.31 (95% CI. 1.21-9.04), also adjusted for the children’s birthweight, sex, age at follow up 

and maternal SES. There were no group differences in the children’s physical activity. The 

children in the risk group had reduced social skills compared with the no risk group, but 

otherwise their neurodevelopmental outcomes were similar. 

 

Conclusions: In this study, we have shown that the BMI and the social skills of the children 

were adversely impacted when born to mothers with risk factors for developing GDM. The 

modifiable risk factors for GDM should therefore be encouraged to be prevented. 
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Sammendrag 

Bakgrunn: Det er dokumentert at svangerskapsdiabetes kan ha uheldige effekter på barnets 

helse både på kort og på lang sikt, deriblant økt risiko for utvikling av metabolske 

forstyrrelser som diabetes mellitus og overvekt. Det er likevel få som har undersøkt om mors 

risiko for svangerskapsdiabetes også kan påvirke barnet. Hensikten med studien vår var derfor 

å undersøke om mors risiko for å utvikle svangerskapsdiabetes har en effekt på barnets 

fysiske helse og utvikling ved 7 års alder. 

  

Kunnskapsgrunnlag: En randomisert kontrollert studie som inkluderte 855 kvinner ble 

gjennomført ved St. Olavs Hospital i Trondheim og ved Stavanger Universitetssjukehus i 

perioden fra 2007-2009. Deltakerne i studien var friske gravide kvinner som ble invitert under 

sin rutineultralyd ved disse sykehusene. Vi delte disse kvinnene inn i en gruppe med risiko 

(n=68) og en gruppe uten risiko (n=189), der kvinnene i risikogruppen hadde en eller flere 

risikofaktorer for svangerskapsdiabetes. Vår oppfølgingsstudie baserte seg på foreldrenes 

selvrapportering av barnets høyde, vekt, grad av fysisk aktivitet og utvikling ved 7 års alder. I 

tillegg ble utviklingsmessige utfall rapportert ved hjelp av spørreskjemaet Fem til Femten. 

Dette inkluderer motoriske ferdigheter, eksekutive funksjoner, persepsjon, hukommelse, 

språkferdigheter, sosiale ferdigheter og emosjonelle eller atferdsmessige problemer. 

  

Resultater: Barna i risikogruppen hadde høyere fødselsvekt og -lengde sammenlignet med 

gruppen uten risiko, og ved oppfølgingen ved 7 års alder hadde disse barna også høyere vekt 

og kroppsmasseindeks (KMI). Oddsen for å være overvektig (KMI ≥ 25 kg/m2) var 3.31 (95% 

CI. 1.21-9.04) for barna i risikogruppen. Vi justerte for barnas fødselsvekt, kjønn, alder ved 

oppfølging og mors sosioøkonomiske status uten at resultatene endret seg. Det var ingen 

gruppeforskjeller i grad av fysisk aktivitet. Barna i risikogruppen hadde også reduserte sosiale 

ferdigheter, men ellers fant vi ingen utviklingsmessige problemer i de to gruppene. 

  

Fortolkning: Denne studien viser at å ha én eller flere risikofaktorer for svangerskapsdiabetes 

har en negativ påvirkning på barnas KMI og sosiale ferdigheter. Det er derfor viktig å 

forebygge de modifiserbare risikofaktorene for utviklingen av svangerskapsdiabetes. 
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Content preface 
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Figures  

Figure 1. Flow of study participants. 

Tables 

Table 1. Baseline characteristics of mothers and children in the risk group and the no risk 

group. 

Table 2. Parent-reported weight, height, BMI and physical activity at the 7-year follow up in 

the risk group and the no risk group. 

Table 3. Scores from Five-to-Fifteen in the various domains and subdomains at the 7-year 

follow up in the risk group and no risk group. 

Supplementary tables 

Table S1. Crude and adjusted odds ratio (OR) with 95% confidence intervals (CIs) as an 
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the 7-year follow up in the risk group compared with the no risk group. 

Table S2. Crude and adjusted odds ratio (OR) with 95% confidence intervals (CIs) as an 

estimate of the relative risk of having more difficulties than their peers (≥ 90th centile) at the 

7-year follow up in the various Five-to-Fifteen domains in the risk group compared with the 

no risk group. 

Table S3. Baseline variables compared between respondents and non-respondents. 
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1 Introduction 

Complications during pregnancy and childbirth can have a great influence on both the 

mother’s health and the child’s later development (1, 2). Gestational diabetes mellitus (GDM) 

is the most common metabolic complication during pregnancy and is defined as carbohydrate 

intolerance with the onset or first recognition during pregnancy (3-5). There are multiple well-

documented risk factors for GDM, including advanced maternal age over 40 years, first 

degree relatives with history of diabetes, previous GDM, having a previous child with a 

birthweight ≥ 4500g or having a pre-pregnancy body mass index (BMI) ≥ 25 kg/m2 (6, 7), 

which is considered as overweight (8). Research has documented that overweight of the 

mother before pregnancy and increased weight during pregnancy are associated with 

pregnancy complications such as pre-eclampsia, hypertension, caesarean section, high baby 

birthweight and stillbirth, as well as increased risk of later child obesity (9-13). 

 

GDM may cause adverse effects on the offspring’s health, both short-term and long-term (5). 

Neonates are at risk of developing hyperinsulinism-caused foetal hypoglycaemia immediately 

after delivery, hypocalcaemia, respiratory distress and macrosomia (14). It is also found that 

intrauterine exposure to maternal hyperglycaemia, which occurs in GDM, increases the risk of 

the offspring developing impaired glucose tolerance in ages 5-9 years old and 10-16 years old 

(14). A Norwegian study from 2020 found an association between maternal pre-pregnancy 

obesity and higher BMI in offspring at birth, and between high gestational weight gain and a 

faster BMI growth from 6 months of age to 4-5 years (15). 

 

Even though it is documented that GDM increases the risk of the offspring developing 

adverse health problems (14), it is still uncertain whether risk of GDM affects the children’s 

neurodevelopment. Some studies have shown that there might be a correlation between GDM, 

motor development (16, 17) and attention span (17) during the children’s school age, but the 

studies could not find any correlation between GDM and impaired cognitive function in the 

offspring (1). The purpose of our study was therefore to examine whether the mother’s risk of 

developing GDM has an impact on the children’s physical health and neurodevelopmental 

outcome. 

2 Materials and methods 
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2.1 Study design     

This is a prospective follow-up study of a randomised controlled trial (RCT) carried out in 

Trondheim and Stavanger called «Training in pregnancy» (TRIP) that examined whether 

training in pregnancy could prevent GDM (REC nr. 4.2007.81) (4). The participants in this 

trial were invited when booking appointments for their routine ultrasound scans during 

pregnancy at Stavanger University Hospital and St. Olavs Hospital, Trondheim University 

Hospital. A total of 875 of approximately 12 000 healthy women invited to the trial accepted 

the invitation and 855 of these participated from April 2007 to June 2009. The inclusion 

criteria were women of 18 years or older with a Caucasian race and with a singleton live 

foetus. Exclusion criteria were diseases that could interfere with the women’s participation, 

high-risk pregnancies, and patients with a residence further than a 30-minute drive away from 

the hospitals. Participating women were randomised in blocks of 30 using a web based 

computerised procedure to an intervention group (n=429) and a control group (n=426). The 

intervention consisted of a 12-week long standardised exercise program between gestational 

weeks 20-36 and included moderate-intensity to high-intensity activity three or more days per 

week. The control group received standard Norwegian antenatal care. The participating 

women were examined at baseline (weeks 18-22 of pregnancy), at end of intervention (weeks 

32-36 of pregnancy) and 3 and 18 months after delivery. Pregnancy outcome and newborn 

data were registered at time of delivery (4). 

 

There were no differences in the prevalence of GDM between the intervention and control 

group in the original TRIP study. However, secondary analyses and follow-up studies have 

been performed to examine whether training in pregnancy would have an impact on the 

children’s physical health and neurological development (18-20). In these studies, there were 

no differences between the children from mothers in the intervention group compared to the 

control group in length, weight or head circumference at birth (19), cognitive, language or 

motor skills, daily life functioning at 18 months (18), neurodevelopment outcome (19) or 

body mass index and physical activity at 7 years (20). 

The present data collection was carried out from October 2014 to December 2016 using the 

software CHECKWARE (CheckWare AS, Trondheim, Norway) when the children were 7 

years of age, during the autumn semester of their second year of primary school (19). The 

current follow-up study included assessment of physical health and neurodevelopment of 
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these children. In total 855 pregnant women were enrolled in the TRIP study, whereof 188 

were excluded due to missing data on risk factors for GDM, such as BMI (n= 7), diabetes in 

family (n= 139) and previous GDM (n= 144). The remaining 667 participants were divided 

into a risk and a no risk group. The flow of the study participants is shown in Figure 1. 

2.2 Risk group 

The risk group included 193 women at enrolment, however, 125 women were missing from 

the follow-up due to missing address (n= 4) or no consent (n= 122) (Figure 1). We assessed 

the remaining 68 children whose mothers were at risk of developing GDM. The risk factors 

included mothers with an age older than 40 years at the start of pregnancy, first-degree 

relatives with history of diabetes, previous GDM, having a previous child with a birthweight 

≥ 4500g or having a pre-pregnancy body mass index (BMI) of ≥ 25.  

2.3 No risk group     

In total, 474 women were enrolled in the no risk group. Due to missing address (n= 6) or no 

consent (n= 279), 285 women were missing from the follow-up (Figure 1). The no risk group 

included 189 children born to mothers without the above-mentioned risk factors.  

2.4 Baseline variables  

The women’s age, BMI, height, parity and sessions of exercise per week were recorded at 

baseline. The women’s BMIs were calculated by their weight (in kilograms) divided by the 

square of their height (in meters). To calculate the socio-economic status (SES) of the 

mothers, the Hollingshead Two-Factor Index of Social Position was utilised based on the 

education and occupation of the mother. Information about sex, birthweight, gestational age, 

length, head circumference, type of delivery and admittance to the intensive care unit (NICU) 

was retrieved from the children’s medical charts after birth. 

 

2.5 Outcome variables 

At the 7-year follow-up, we used questions regarding height, weight, diseases and health 

problems from a questionnaire developed by the National Institute of Health for the 

Norwegian Mother and Child Cohort (MoBa) study (21, 22). The children’s height was 

reported in cm and their weight in kg. We calculated the children’s iso-BMI, i.e. BMI 

adjusted for sex and age, by using a weight calculator (23). Parents reported whether their 
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child had any of the following diseases or health problems; rheumatoid arthritis, cancer, 

diabetes, cerebral palsy, attention-deficit hyperactivity disorder, coeliac disease, bone 

fractures, epilepsy, mental retardation, autistic traits, Asperger’s syndrome, chronic fatigue 

syndrome/myalgic encephalomyelitis, tonsillectomy, ear drainage or other conditions or 

congenital diseases (22). 

The questions regarding physical activity (PA) were the same as used in a Norwegian cohort 

study in the county of Telemark (24, 25). Two of the questions were equal to questions from 

the WHO Health Behaviour in School-aged Children questionnaire (26), also used in the large 

Norwegian Young-HUNT study (27, 28). In order to assess whether the child met the 

recommendation from the Norwegian Directorate of Health (29) to perform one hour or more 

of daily moderate to vigorous PA (MVPA), parents reported total (including school, after- 

school program and leisure time) daily MVPA for their child as 1) less than 1 hour or 2) 1 

hour or more (24). Frequency of leisure time MVPA, i.e., PA performed outside school and 

after-school programs where the child was out of breath or sweaty, was reported as the 

number of times per week (never/once a month or less/once a week/2 to 3 times a week/4 to 6 

times a week/every day). Weekly leisure time MVPA was reported as approximate hours per 

week (none/1 hour/2 to 3 hours/4 to 6 hours/7 hours or more). Intensity of PA was reported as 

1) takes it easy without getting out of breath and/or sweaty, 2) gets out of breath and/or 

sweaty, 3) gets almost exhausted (24). We also assessed time spent on TV, video, electronic 

devices, DVD or PC outside school, with response options 1) less than 1⁄2 hour, 2) 1⁄2 to 1 

hour, 3) 2 to 3 hours a day (24). Finally, approximate hours of sleep at night on weekdays was 

reported (8 hours or less/9 hours/10 hours/11 hours/12 hours or more) (22). 

At 7 years of age, the parents of the participating children were asked to answer the Five-to-

Fifteen (FTF) questionnaire to measure the neurodevelopmental outcome. It consists of 181 

statements about the child’s present functioning categorised into the following eight 

developmental domains: motor skills, executive functions, perception, memory, language, 

social skills and possible emotional or behavioural problems (19). The parents are asked to 

answer each statement by comparing their child to its peers on a three-point scale, from 0 

defined as “does not apply”, to 2 being “definitely applies” (19). Higher scores indicate more 

difficulties and scores ≥ 90th centile is cut-off for having more difficulties than children their 

age usually have (30). The FTF has been found to be valid as a screening instrument in 5-

year-old children (30). 



 10 

2.6 Statistical analyses  

The IBM SPSS Statistics 27 was used for all analyses. Two-sided p values <0.05 were 

considered as statistically significant. Analysis of group differences was done by using chi-

square statistics for categorical data, Student’s T test for continuous data, Mann-Whitney U 

test for ordinal or continuous data with a non-normal distribution. To assess normality, we 

visually inspected histograms and Q-Q plots of the residuals. The child’s anthropometric 

measurements were normally distributed. Odds ratio (OR) with 95% CI was used as an 

estimate of the relative risk of having a BMI ≥ 25 kg/m2 and for having more difficulties than 

their peers (scores ≥90th percentile) in the various FTF domains, both unadjusted and pre-

specified adjusted for birthweight, sex, age at follow-up and maternal SES at baseline. In 

addition, we ran sensitivity analyses excluding preterm children and/or children who had been 

admitted to the NICU as well as children with reported diseases or health problems as these 

factors were thought to potentially influence physical health and neurodevelopmental 

outcome. 
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Figure 1. Flow of study participants. 

3 Results 

Baseline characteristics are shown in Table 1. As expected, maternal age, weight and BMI 

were higher in the risk group compared with the no risk group as these were selection criteria 

for the groups. There were no group differences in maternal SES, exercise sessions per week 

prior to pregnancy or parity. Children of mothers in the risk group had higher birthweight and 

length at birth. There were no group differences in head circumference, sex, type of delivery, 

prematurity, admittance to the NICU or the child’s age at follow up.  

 

Table 1. Baseline characteristics of mothers and children in the risk group and the no risk 

group. 
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 n Risk group 

Mean (SD) 

 n No risk group  

Mean (SD) 

P value 

Maternal characteristics at baseline 

Age, years  68 31.6 (4.4)  189 30.2 (3.5)  0.021 

Weight, kg 68 77.7 (10.9)  189 66.6 (6.8)  <0.001 

Height, cm 68 168.9 (0.1)  189 168.7 (0.1)  0.746 

BMI, kg/m^2 68 27.2 (3.5)  189 23.4 (1.9)  <0.001 

SES 68 4.0 (0.7)  189 4.1 (0.8)  0.643 

Exercise 

sessions per 

week 

68 1.7 (1.5)  189 2.0 (1.4)  0.256 

Parity, n (%) 68    189     

0  33 (48.5)   116 (61.4)   

1  25 (36.8)   55 (29.1)  0.165 

2 or more  10 (14.7)   18 (9.5)   

Child characteristics at birth 

Gestational 

age, weeks 

68 40.3 (1.2)  189 40.0 (1.3)  0.133 

Birthweight, g 68 3715.7 (574.7)  189 3481.0 (450.9)  0.003 

Length at birth, 

cm 

68 50.7 (2.3)  179 49.8 (1.9)  0.002 

Head 

circumference 

at birth, cm 

68 35.3 (1.7)  188 35.0 (1.4)  0.248 

Male sex, n (%) 68 36 (52.9)  189 98 (51.9)  0.877 

Older siblings, 

n (%) 

68 35 (51.5)  189 73 (38.6)  0.066 

Vaginal 

delivery, n (%) 

68 58 (85.3)  189 171 (90.5)  0.240 

Prematurity, n 

(%) 

68 1 (1.5)  189 5 (2.6)  1.000 

Admitted to 

NICU, n (%) 

66 1 (1.5)  186 3 (1.6)  1.000 
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Child’s age at 

follow-up, 

years 

68 7.3 (0.3)  189 7.4 (0.3)  0.203 

P-values based on Student’s T test for the continuous data, Chi-square statistics for 

dichotomous data, Mann-Whitney U test for ordinal data (i. e. SES, parity). 

BMI= Body mass index, SD= standard deviation, SES= Socio-economic status. 

3.1 Body mass index and physical health  

Table 2 shows the children’s BMI and physical activity at the 7-year follow-up. The 

children’s weight and BMI were higher in the risk group compared with the no risk group. 

There were significantly more overweight children in the risk group (Table 2 and Table S1). 

The odds ratio of being overweight was 3.31 (95% CI. 1.21-9.04) for the risk group compared 

with the no risk group. The odds did not change when we adjusted for the children’s 

birthweight, sex, age at follow up or maternal SES (Table S1). 

 

There were no significant group differences in times or hours per week of MVPA or intensity 

of PA per week, use of electronical devices per day or hours of sleep. Although not 

statistically significant, 72.1% of the risk group children met the recommendation of one or 

more hours per day of MVPA compared with 60.4% of the no risk group children. When we 

excluded children born preterm and children admitted to the NICU (n=4 in the risk group and 

n=10 in the no risk group) the results were essentially the same. When excluding children 

with diseases or health problems at the 7-year follow up (n=14 in the risk group and n=38 in 

the no risk group), the results did not change (data not shown). 

 

Table 2. Parent-reported weight, height, BMI and physical activity at the 7-year follow up in 

the risk group and the no risk group. 

  Risk group    No risk group  P value 

 n Mean    (SD)  n Mean     (SD)  

Weight, kg 58 26.9 (5.8)  153 24.7 

 

(3.8) 

 

0.008 

Height, cm 

 

66 128.2 (6.0)  176 126.8 (5.9) 0.090 
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BMI 58 16.2 (3.3)  152 15.3 (1.6) 0.050 

Iso-BMI 58 20.2 (3.9)  152 19.1 (2.4) 0.056 

Iso-BMI ≥ 25 kg/m2, n (%) 58 9 (15.5)  152  8 (5.3) 0.022 

  n (%)   n (%)  

Times per week of MVPA 68                                   189  

Every day  0 0   4 (2.1)  

4-6 times   9 (13.2)   29 (15.3)  

2-3 times  39 (57.4)   105 (55.6) 0.482 

Once a week  18 (26.5)   45 (23.8)  

Once a month or less  2 (2.9)   6 (3.2)  

Hours per week of MVPA 68    189    

7 hours or more  2 (2.9)   4 (2.1)  

4-6 hours  9 (13.2)   29 (15.3)  

2-3 hours  34 (50.0)   91 (48.1) 0.921 

1 hour  22 (32.4)   57 (30.2)  

None  1 (1.5)   8 (4.2)  

Intensity of PA 68    188    

Easy   7 (10.3)   25 (13.3)  

Out of breath   60 (88.2)   154 (81.9) 1.000 

Almost exhausted  1 (1.5)   9 (4.8)  

MVPA  67    188    

≥ 1 hour per day  49 (72.1)   113 (60.4) 0.106 

Electronical devices 67    189    

Less than ½ hours a day  4 (6.0)   16 (8.5)  

½-1 hours a day  44 (65.7)   131 (69.3) 0.271 

2-3 hours a day  19 (28.4)   42 (22.2)  

Hours of sleep 67    189    

12 hours or more  1 (1.5)   2 (1.1)  

11 hours   19 (28.4)   60 (31.7)  

10 hours  38 (56.7)   110 (58.2) 0.439 

9 hours  7 (10.4)   15 (7.9)  

8 hours or less  2 (3.0)   2 (1.1)  
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P-values based on Student’s T test for continuous data, Chi-square statistics for dichotomous 

data, Mann-Whitney U test for ordinal data (i. e. hours per week of MVPA, intensity of PA). 

BMI= Body Mass Index, MVPA= moderate to vigorous PA, PA= physical activity, SD= 

standard deviation. 

3.2 Neurodevelopmental outcome 

Table 3 shows the FTF-scores in the domains motor skills, executive functions, perception, 

memory, language, social skills and emotional or behavioural problems. The children in the 

risk group had more reported difficulties in their social skills than the no risk group. There 

were no other group differences in mean scores. The proportions of children with scores ≥90th 

centile ranged from 4.7% in language to 17.2% in emotional or behavioural problems in the 

risk group, and from 8.0% in social skills to 12.0% in social skills in the no risk group (Table 

S2). Odds ratios for having more difficulties than their peers were not significantly increased 

in the risk group compared with the no risk group. Adjustment for sex, age at follow up or 

maternal SES did not change the results (Table S2). When we excluded children born preterm 

and children admitted to the NICU (n=4 in the risk group and n=10 in the no risk group) and 

children with diseases or health problems at the 7-year follow up (n=14 in the risk group and 

n=38 in the no risk group), the results did not change (data not shown).  

 

Table 3. Five-to-Fifteen scores in the various domains and subdomains at the 7-year follow-

up in the risk group and the no risk group. 

 Risk group No risk group   

 n Mean (SD)  n Mean (SD) P value 

Motor skills 65 0.17 (0.19)  184 0.17 (0.22) 0.486 

Gross motor skills 65 0.12 (0.25)  185 0.16 (0.30) 0.233 

Fine motor skills 65 0.20 (0.19)  186 0.18 (0.24) 0.078 

Executive functions 63 0.33 (0.29)  181 0.27 (0.26) 0.139 

Attention 65 0.41 (0.41)  184 0.32 (0.36) 0.113 

Hyperactive/impulsive 65 0.28 (0.32)  186 0.25 (0.32) 0.364 

Hypoactive 65 0.28 (0.39)  189 0.24 (0.34) 0.551 

Planning and organizing 64 0.26 (0.33)  184 0.25 (0.37) 0.464 

Perception 64 0.15 (0.13)  181 0.14 (0.16) 0.390 

Relation in space 64 0.09 (0.16)  182 0.09 (0.16) 0.861 
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Time concepts 67 0.33 (0.39)  186 0.37 (0.44) 0.771 

Body perception 65 0.15 (0.21)  184 0.11 (0.19) 0.282 

Visual perception 67 0.01 (0.07)  187 0.03 (0.10) 0.383 

Memory 64 0.21 (0.22)  184 0.20 (0.27) 0.246 

Language 64 0.08 (0.12)  179 0.10 (0.18) 0.759 

Comprehension 65 0.12 (0.21)  183 0.14 (0.26) 0.908 

Expressive language 

skills 

64 0.06 (0.10)  182 0.07 (0.18) 0.794 

Communication 66 0.12 (0.27)  185 0.12 (0.26) 0.663 

Social skills 64 0.09 (0.15)  182 0.06 (0.10) 0.047 

Emotional/behavioural 

problems 

64 0.11 (0.16)  183 0.08 (0.09) 0.362 

Internalizing 66 0.10 (0.13)  184 0.08 (0.12) 0.550 

Externalizing 64 0.16 (0.24)  187 0.13 (0.16) 0.836 

Obsessive-compulsive 65 0.08 (0.23)  184 0.05 (0.10) 0.385 

P-values based on Mann-Whitney U test.  

SD=standard deviation. 

3.3 Non-respondents 

The proportion of non-respondents was 64.7% (n= 125) in the risk group and 60.1% (n= 285) 

in the no risk group (p= 0.264). When comparing data from respondents and non-respondents, 

there were no significant differences between the groups in baseline maternal or child 

characteristics (Table S3).  

4 Discussion 

4.1 Main findings 

In this study, we found that children in the risk group had higher weight and BMI at the 7-

year follow up. Further, they had higher odds for being overweight, which remained when we 

adjusted for the children’s birthweight, sex, age at follow up or maternal SES. There were no 

significant group differences in parent-reported PA. Regarding neurodevelopmental outcome, 

children in the risk group had poorer social skills compared with children in the no risk group. 
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4.2 Strengths and limitations 

A strength of the initial RCT was the large number of participating women. The included 

women were motivated to participate in an exercise study during their pregnancy. This could 

have introduced selection bias to our study, in favour of healthier participants than the general 

population. Given the nature of the study, women with risk factors for GDM with less 

motivation for exercise would possibly not participate in the study but would still fulfil our 

criteria and contribute to the findings. These factors could have affected the generalisation of 

our results. However, the BMI and PA of the participating women where comparable to the 

participants in the MoBa Study (n= 34 508) (21). Both studies included women within the 

normal range of BMI and who exercised regularly, indicating a representative selection of 

Norwegian women in our study (4).  

 

Another limitation to our study is the low follow-up rate (38.5%) and the missing data on 

GDM risk factors for 188 women. However, the follow-up rate was similar in the two groups 

and there were few differences between the groups at baseline other than the selection criteria. 

The selection criteria consisted of the well-established risk factors for developing GDM, 

which are maternal age ≥ 40 years, first-degree relatives with history of diabetes, previous 

GDM, having a previous child with a birthweight ≥ 4500g or having a pre-pregnancy BMI ≥ 

25 kg/m2 (6, 7). As these variables were the only selection criteria, it is less likely that the 

results could have been affected by misclassification or selection bias.  

 

The 7-year follow-up was based on parent-reported data from standardised questionnaires that 

was collected electronically. A strength of this survey is the parents’ unique access to 

knowledge about their children’s lives and day-to-day activities. There is a likelihood that the 

respondent’s scorings could have been affected by misinterpretations, exaggerations, social 

desirability bias or lack of insights in their child’s actual weight, PA levels and 

neurodevelopment. Cultural and language differences could also affect the results. For the 

questions regarding height and weight, we used a questionnaire developed by the Norwegian 

National Institute of Health for the MoBa study (21, 22). It is unknown whether the parents in 

our study estimated or precisely measured the child’s height and weight. A Belgian study 

(n=297) concluded that parents’ estimations of their child’s weight and height, and 

subsequently the calculation of their BMI, were less accurate than measurements (31). On a 

group level, however, there were no important differences between the measured and 
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estimated reports in that study (31). Furthermore, the BMI of the children in our study were 

comparable to the data from the MoBa study (22). The questions regarding the frequency and 

duration of the PA of the children are shown to be valid and reliable (27), and are used in 

other Norwegian and international studies (24-27). It is, however, shown that parents under-

report their children’s PA when compared to measurements with accelerometers (32), which 

could affect the validity of our results. The FTF-questionnaire is a reliable and valid screening 

instrument for developmental disorders (30, 33), although it is shown that parents may report 

concerns related to their children’s development even though there are no significant clinical 

implications of such problems (30). We cannot dismiss that these factors may have influenced 

the results of this study. However, it is unlikely that these factors would have affected the two 

groups differently. 

4.3 Interpretations 

Consistency with literature 

We found no other studies that examined outcomes of children with mothers at risk of 

developing GDM, but multiple studies have reported on anthropometric measurements in 

children of mothers diagnosed with GDM. As macrosomia is a known consequence of GDM, 

our findings regarding birthweight and length at birth in the risk group complies well with 

what has been found in multiple other studies (14, 34-36). However, not that many studies 

have found associations between GDM and overweight in childhood. A systematic review 

and meta-analysis included nine studies with anthropometric measurements of offspring of 

mothers with GDM or diabetes mellitus (37, 38). Three of these studies (39-41) studied 

children aged 6–14 years old and found that the GDM exposed children had a higher BMI 

than the control children. However, they found that the children’s BMIs were strongly 

associated with maternal pre-pregnancy BMI. Unlike these studies, Krishnaveni et al. (42) 

studied 9-year-old children and found that those exposed to GDM had a higher BMI than the 

control children even after adjusting for the mothers’ BMIs. As maternal overweight was one 

of the selection criteria for the groups in our study, we did not adjust for the mothers’ pre-

pregnancy BMIs. The remaining studies studied children in younger age groups and of 

mothers with type 1 or 2 diabetes mellitus. A Norwegian cohort study followed 734 mother-

offspring pairs to examine whether there was an association between GDM and the 

offspring’s BMIs up to preschool age (15). Children of mothers with pre-pregnant obesity had 

a persistently higher BMI from birth, and the authors concluded that maternal overweight 
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prior to pregnancy therefore seems to be an independent risk factor for development of 

overweight in the offspring (15). 

 

We did not find any significant group differences in PA. Both children in our risk and no risk 

group seemed to be less physically active than the general population (43, 44). The current 

recommendation from the Norwegian Directorate of Health for children in this age group is 

one or more hours per day of MVPA (45). A national Norwegian comprehensive survey from 

2018 (43, 44) studied PA in 6-, 9- and 15-year-old children by using an accelerometer. 

Amongst the 6-year-olds 94% of the boys and 87% of the girls met this recommendation, and 

amongst the 9-year-olds this applied for 81% of the boys and 64% of the girls (44), compared 

with 72.1% in our risk group and 60.4% in our no risk group. This difference could be 

explained by the different methods used, as it is shown that parents tend to underreport their 

children’s PA compared with measurements done by accelerometers (32).  

 

In this study, we found that children in the risk group had more parent-reported problems 

regarding their social skills compared with the children in the no risk group. There are few 

studies on long-term neurodevelopmental outcome of children born to women with risk 

factors for GDM during pregnancy. However, some studies have examined outcomes in 

younger children of mothers diagnosed with GDM, such as a Japanese study that included 

81705 mothers and their children at age 6 months to 4 years old (46). This study showed that 

mothers with GDM had children with reduced social skills and fine motor skills compared 

with children of mothers without GDM (46). These results comply well with ours, as the 

children in our risk group also had a tendency towards more problems in fine motor skills (p= 

0.078). Some studies have examined neurodevelopment of infants of women with and without 

GDM, such as a Serbian study that included 203 mother-child pairs (16). This study showed 

that the children of mothers with GDM had lower motor scores at both 3 and 6 months of age. 

Ghassabian et al. found that children exposed to maternal diabetes, gestational or pre-

gestational diabetes, achieved motor milestones, such as sitting without support and walking, 

at a later age than the non-exposed (47). An Israeli study compared neurodevelopment of 57 

children born to diabetic women with 56 children of non-diabetic women (17). They found 

that early school aged children born to the diabetic women had more neurological soft signs 

and lower gross and fine motor scores compared to the control group. However, most of these 

differences diminished in the group of 9–12-year-olds compared to the 5–6-year-olds (17). In 

comparison to these studies, we had less findings on neurodevelopmental outcomes. The 
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reason for this might be that, in contrast to our study, the women included in these studies 

were diagnosed with diabetes mellitus or GDM. 

 

Biological credibility 

Our main findings regarding the children’s physical health suggests that the mothers’ risk of 

developing GDM has an influence on the children’s weight and BMI. Looking at the 

intrauterine environment in diabetic mothers, the changes in the nutrient supply to the foetus 

can cause metabolic modifications which can increase the risk of overweight later in life (38). 

One study claims that intrauterine metabolic programming due to hyperglycaemia and 

oxidative stress is one of the links between GDM and metabolic disease in the offspring (48). 

Others have found that GDM can affect the gene regulation of lipid metabolism and endocrine 

signalling pathways, which also could explain the increased risk of the offspring developing 

diabetes and obesity (5). 

 

There is not plentiful literature on why GDM and diabetes in pregnancy can affect the 

neurodevelopment of the children. Some authors have speculated that hyperketonaemia, 

which may occur in GDM, can have a teratogenic effect on the foetus and that this could be 

the explanation to why GDM can influence neurodevelopment (47). This could also explain 

why the children in our study only had modest neurodevelopmental outcomes, as they were 

not exposed to this in the same degree as children of mothers with GDM or diabetes. These 

teratogenic effects and complications could also be the explanation to why the children in our 

study also had reduced social skills. 

 

Clinical implications 

Our finding of increased risk of overweight in children born to mothers with risk factors for 

GDM may have implications for the children’s future health. An American study from the 

state of Louisiana showed that over three quarters (77%) of the overweight children remained 

obese as adults (49). Overweight before the start of puberty is associated with significantly 

increased risk of mortality and morbidity later in life, especially type 2 diabetes mellitus and 

cardiovascular disease (50). Reducing body weight into normal range before adulthood may 

reduce these risks significantly (50, 51), especially if done before puberty. Childhood obesity 

also has great economic and social costs, including increased burdens on health care systems 
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as well as reduced economic productivity later in life (52). Thus, measures to avoid childhood 

obesity should be encouraged. 

 

The reduced social skills of children in the risk group may have an impact on their present 

and future well-being. Having reduced social skills is shown to increase the risk of depression 

and loneliness (53, 54) as well as low self-esteem, anxiety and shyness (55) in childhood, but 

also later in life. Reduced social skills is associated with difficulties when establishing and 

maintaining satisfying relationships with other people (54). It is shown that people with poor 

social skills are not as resilient to the impact of stress and have less feeling of psychological 

well-being compared to those with effective social skills (56). Poor social skills is also a risk 

factor for getting bullied (55). 

 

Overweight and reduced social skills found in our study may be interrelated. A German study 

found reduced social skills in a group of 2-3 year old boys with higher BMI compared to boys 

with lower BMI (57). Overweight might be a risk factor for other unfavourable childhood 

outcomes such as bullying (58, 59). Other studies have compared friendships of overweight 

with normal weighted children and adolescents, and have found that those overweight are less 

socially accepted and have fewer friends compared to their non-overweight peers (60) and 

that there were significant differences in the quality of these social relationships and their 

social-emotional aspects (61). In addition, obese and overweight children and adolescents are 

more likely to suffer from psychological comorbidities, such as depression (62), anxiety and 

low self-esteem than their normal weighted peers (52). It is possible that these factors could 

affect the social skills of the children in our study, given that they were more overweight than 

the no risk group. We speculate that poor social skills could have adverse impacts on the 

quality of life of the children and could be worsened by overweight. As having risk factors of 

GDM can impact the weight status and social skills of the children and has multiple effects on 

both the mother and child, it should continue to be prevented by eliminating the modifiable 

risk factors before pregnancy. 

5 Conclusions 

In this prospective follow-up study of women included in a randomised controlled trial during 

pregnancy, we have reported on physical health and neurodevelopmental outcome of children 

born to mothers with risk factors for GDM. We found that the children of the mothers with 
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one or more risk factors for GDM had higher BMI than the no risk group and an increased 

risk of being overweight at 7 years old. The children in the risk group also had reduced social 

skills. As our results indicate that there are adverse impacts on the children of mothers at risk 

of developing GDM, the modifiable risk factors for GDM should be encouraged to be 

prevented. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 23 

Funding 

This study has been funded by the Norwegian Fund for Post-Graduate Training in 

Physiotherapy and the Liaison Committee between the Central Norway Regional Health 

Authority (RHA) and the Norwegian University of Science and Technology (NTNU). 

References 

1. Damm P, Houshmand-Oeregaard A, Kelstrup L, Lauenborg J, Mathiesen ER, Clausen 

TD. Gestational diabetes mellitus and long-term consequences for mother and offspring: a 

view from Denmark. Diabetologia. 2016;59(7):1396-9. 

2. Lautarescu A, Craig MC, Glover V. Prenatal stress: Effects on fetal and child brain 

development. Int Rev Neurobiol. 2020;150:17-40. 

3. Johns EC, Denison FC, Norman JE, Reynolds RM. Gestational Diabetes Mellitus: 

Mechanisms, Treatment, and Complications. Trends Endocrinol Metab. 2018;29(11):743-54. 

4. Stafne SN, Salvesen K, Romundstad PR, Eggebø TM, Carlsen SM, Mørkved S. 

Regular exercise during pregnancy to prevent gestational diabetes: a randomized controlled 

trial. Obstet Gynecol. 2012;119(1):29-36. 

5. Słupecka-Ziemilska M, Wychowański P, Puzianowska-Kuznicka M. Gestational 

Diabetes Mellitus Affects Offspring's Epigenome. Is There a Way to Reduce the Negative 

Consequences? Nutrients. 2020;12(9). 

6. Zhang C, Rawal S, Chong YS. Risk factors for gestational diabetes: is prevention 

possible? Diabetologia. 2016;59(7):1385-90. 

7. Health NDo. Gestational Diabetes Mellitus 2017 [updated 2022. A national guideline]. 

Available from: 

https://www.helsedirektoratet.no/retningslinjer/svangerskapsdiabetes/diagnostikk-og-tiltak-

for-a-finne-uoppdaget-diabetes-og-svangerskapsdiabetes. 

8. Kramer CK, Zinman B, Retnakaran R. Are metabolically healthy overweight and 

obesity benign conditions?: A systematic review and meta-analysis. Ann Intern Med. 

2013;159(11):758-69. 

9. Hauger MS, Gibbons L, Vik T, Belizán JM. Prepregnancy weight status and the risk 

of adverse pregnancy outcome. Acta Obstet Gynecol Scand. 2008;87(9):953-9. 

10. Oken E, Gillman MW. Fetal origins of obesity. Obes Res. 2003;11(4):496-506. 

https://www.helsedirektoratet.no/retningslinjer/svangerskapsdiabetes/diagnostikk-og-tiltak-for-a-finne-uoppdaget-diabetes-og-svangerskapsdiabetes
https://www.helsedirektoratet.no/retningslinjer/svangerskapsdiabetes/diagnostikk-og-tiltak-for-a-finne-uoppdaget-diabetes-og-svangerskapsdiabetes


 24 

11. Stephansson O, Dickman PW, Johansson A, Cnattingius S. Maternal weight, 

pregnancy weight gain, and the risk of antepartum stillbirth. Am J Obstet Gynecol. 

2001;184(3):463-9. 

12. Kumari AS. Pregnancy outcome in women with morbid obesity. Int J Gynaecol 

Obstet. 2001;73(2):101-7. 

13. Cnattingius S, Bergström R, Lipworth L, Kramer MS. Prepregnancy weight and the 

risk of adverse pregnancy outcomes. N Engl J Med. 1998;338(3):147-52. 

14. Baz B, Riveline JP, Gautier JF. ENDOCRINOLOGY OF PREGNANCY: Gestational 

diabetes mellitus: definition, aetiological and clinical aspects. Eur J Endocrinol. 

2016;174(2):R43-51. 

15. Toftemo I, Jenum AK, Sletner L. Body mass index trajectories up to preschool age in 

a multi-ethnic population; relations with maternal gestational diabetes, BMI and gestational 

weight gain. Acta Paediatr. 2021;110(4):1239-48. 

16. Lackovic M, Milicic B, Mihajlovic S, Filimonovic D, Jurisic A, Filipovic I, et al. 

Gestational Diabetes and Risk Assessment of Adverse Perinatal Outcomes and Newborns 

Early Motoric Development. Medicina (Kaunas). 2021;57(8). 

17. Ornoy A, Ratzon N, Greenbaum C, Wolf A, Dulitzky M. School-age children born to 

diabetic mothers and to mothers with gestational diabetes exhibit a high rate of inattention and 

fine and gross motor impairment. J Pediatr Endocrinol Metab. 2001;14 Suppl 1:681-9. 

18. Hellenes OM, Vik T, Løhaugen GC, Salvesen K, Stafne SN, Mørkved S, et al. Regular 

moderate exercise during pregnancy does not have an adverse effect on the neurodevelopment 

of the child. Acta Paediatr. 2015;104(3):285-91. 

19. Ellingsen MS, Pettersen A, Stafne SN, Mørkved S, Salvesen K, Evensen K. 

Neurodevelopmental outcome in 7-year-old children is not affected by exercise during 

pregnancy: follow up of a multicentre randomised controlled trial. Bjog. 2020;127(4):508-17. 

20. Bjøntegaard KA, Stafne SN, Mørkved S, Salvesen K, Evensen KAI. Body mass index 

and physical activity in seven-year-old children whose mothers exercised during pregnancy: 

follow-up of a multicentre randomised controlled trial. BMC Pediatr. 2021;21(1):496. 

21. Magnus P, Birke C, Vejrup K, Haugan A, Alsaker E, Daltveit AK, et al. Cohort 

Profile Update: The Norwegian Mother and Child Cohort Study (MoBa). Int J Epidemiol. 

2016;45(2):382-8. 

22. Health NIoP. The Norwegian Mother and Child Cohort study [Questionnaire].  

[Available from: https://www.fhi.no/globalassets/dokumenterfiler/studier/den-norske-mor-far-

og-barn--undersokelsenmoba/sporreskjemaer/mor-og-barn-sporreskjema-7-ar-versjon-c-.pdf. 

https://www.fhi.no/globalassets/dokumenterfiler/studier/den-norske-mor-far-og-barn--undersokelsenmoba/sporreskjemaer/mor-og-barn-sporreskjema-7-ar-versjon-c-.pdf
https://www.fhi.no/globalassets/dokumenterfiler/studier/den-norske-mor-far-og-barn--undersokelsenmoba/sporreskjemaer/mor-og-barn-sporreskjema-7-ar-versjon-c-.pdf


 25 

23. Øen G. Weight calculator for children and adolescents  [updated 2020. Weight 

calculator for calculating iso-BMI]. Available from: http://sunnframtid.no/vektkalkulator. 

24. Oellingrath IM, Svendsen MV, Fjørtoft I, Hestetun I. Eating patterns, meals, physical 

activity, and weight development in primary school children in Telemark County, Norway. 

Porsgrunn: Telemark University College; 2011. 

25. Stea TH, Vik FN, Bere E, Svendsen MV, Oellingrath IM. Meal pattern among 

Norwegian primary-school children and longitudinal associations between meal skipping and 

weight status. Public Health Nutr. 2015;18(2):286-91. 

26. Currie C, Inchley J, Molcho M, Lenzi M, Veselska Z, Wild F. Health Behaviour in 

School-aged Children (HBSC) Study Protocol: Background, Methodology and Mandatory 

items for the 2013/14 Survey [Study protocol]. University of St Andrews, Scotland: Child & 

Adolescent Health Research Unit (CAHRU); 2013/2014 [Available from: 

https://drive.google.com/file/d/1FZ8c2Xa_FcZ5Yx5gPXkPtlbV545NKhnx/view. 

27. Rangul V, Holmen TL, Kurtze N, Cuypers K, Midthjell K. Reliability and validity of 

two frequently used self-administered physical activity questionnaires in adolescents. BMC 

Med Res Methodol. 2008;8:47. 

28. Holmen TL, Bratberg G, Krokstad S, Langhammer A, Hveem K, Midthjell K, et al. 

Cohort profile of the Young-HUNT Study, Norway: a population-based study of adolescents. 

Int J Epidemiol. 2014;43(2):536-44. 

29. Fysisk aktivitet for barn, unge, voksne, eldre og gravide [Internet]. 2019. Available 

from: https://www.helsedirektoratet.no/faglige-rad/fysisk-aktivitet-for-barn-unge-voksne-

eldre-og-gravide. 

30. Korkman M, Jaakkola M, Ahlroth A, Pesonen AE, Turunen MM. Screening of 

developmental disorders in five-year-olds using the FTF (Five to Fifteen) questionnaire: a 

validation study. Eur Child Adolesc Psychiatry. 2004;13 Suppl 3:31-8. 

31. Huybrechts I, Himes JH, Ottevaere C, De Vriendt T, De Keyzer W, Cox B, et al. 

Validity of parent-reported weight and height of preschool children measured at home or 

estimated without home measurement: a validation study. BMC Pediatr. 2011;11:63. 

32. Sarker H, Anderson LN, Borkhoff CM, Abreo K, Tremblay MS, Lebovic G, et al. 

Validation of parent-reported physical activity and sedentary time by accelerometry in young 

children. BMC Res Notes. 2015;8:735. 

33. Trillingsgaard A, Damm D, Sommer S, Jepsen JR, Ostergaard O, Frydenberg M, et al. 

Developmental profiles on the basis of the FTF (Five to Fifteen) questionnaire-clinical 

http://sunnframtid.no/vektkalkulator
https://drive.google.com/file/d/1FZ8c2Xa_FcZ5Yx5gPXkPtlbV545NKhnx/view
https://www.helsedirektoratet.no/faglige-rad/fysisk-aktivitet-for-barn-unge-voksne-eldre-og-gravide
https://www.helsedirektoratet.no/faglige-rad/fysisk-aktivitet-for-barn-unge-voksne-eldre-og-gravide


 26 

validity and utility of the FTF in a child psychiatric sample. Eur Child Adolesc Psychiatry. 

2004;13 Suppl 3:39-63. 

34. Kc K, Shakya S, Zhang H. Gestational Diabetes Mellitus and Macrosomia: A 

Literature Review. Karger. 2015. 

35. Mistry SK, Gupta RD, Alam S, Kaur K, Shamim AA, Puthussery S. Gestational 

diabetes mellitus (GDM) and adverse pregnancy outcome in South Asia: A systematic review. 

Endocrinology, Diabetes & Metabolism. 2021. 

36. Catalano PM, Shankar K. Obesity and pregnancy: mechanisms of short term and long 

term adverse consequences for mother and child. Bmj. 2017;356:j1. 

37. Philipps LH, Santhakumaran S, Gale C, Prior E, Logan KM, Hyde MJ, et al. The 

diabetic pregnancy and offspring BMI in childhood: a systematic review and meta-analysis. 

Springer. 2011. 

38. Patro Golab B, Santos S, Voerman E, Lawlor DA, Jaddoe VWV, Gaillard R. Influence 

of maternal obesity on the association between common pregnancy complications and risk of 

childhood obesity: an individual participant data meta-analysis. Lancet Child Adolesc Health. 

2018;2(11):812-21. 

39. Catalano PM, Farrell K, Thomas A, Huston-Presley L, Mencin P, de Mouzon SH, et 

al. Perinatal risk factors for childhood obesity and metabolic dysregulation. The American 

Journal of Clinical Nutrition. 2009. 

40. Gillman MW, Rifas-Shiman S, Berkey CS, Field AE, Colditz GA. Maternal 

Gestational Diabetes, Birth Weight, and Adolescent Obesity. American Academy of 

Pediatrics. 2003. 

41. Lawlor DA, Fraser A, Lindsay RS, Ness A, Dabelea D, Catalano P, et al. Association 

of existing diabetes, gestational diabetes and glycosuria in pregnancy with macrosomia and 

offspring body mass index, waist and fat mass in later childhood: findings from a prospective 

pregnancy cohort. Springer Link. 2010. 

42. Krishnaveni GV, Veena SR, Hill JC, Kehoe S, Karat SC, Fall CHD. Intrauterine 

Exposure to Maternal Diabetes Is Associated With Higher Adiposity and Insulin Resistance 

and Clustering of Cardiovascular Risk Markers in Indian Children. American Diabetes 

Association. 2009. 

43. Folkehelseinstitutt N. Barn og unge er ikkje nok fysisk aktive. FHI; 2019. 

44. Health NDo. Statistikk om fysisk aktivitetsnivå og stillesitting 2016 [Available from: 

https://www.helsedirektoratet.no/tema/fysisk-aktivitet/statistikk-om-fysisk-aktivitetsniva-og-

stillesitting#kartleggingavfysiskaktivitet. 

https://www.helsedirektoratet.no/tema/fysisk-aktivitet/statistikk-om-fysisk-aktivitetsniva-og-stillesitting#kartleggingavfysiskaktivitet
https://www.helsedirektoratet.no/tema/fysisk-aktivitet/statistikk-om-fysisk-aktivitetsniva-og-stillesitting#kartleggingavfysiskaktivitet


 27 

45. Suren P. Barn og unges fysiske helse. The Norwegian Institute of Public Health; 2014 

07.10.2014. 

46. Saito Y, Kobayashi S, Ito S, Miyashita C, Umazume T, Cho K, et al. 

Neurodevelopmental delay up to the age of 4 years in infants born to women with gestational 

diabetes mellitus: The Japan Environment and Children's Study. J Diabetes Investig. 2022. 

47. Ghassabian A, Sundaram R, Wylie A, Bell E, Bello SC, Yeung E. Maternal medical 

conditions during pregnancy and gross motor development up to age 24 months in the Upstate 

KIDS study. Dev Med Child Neurol. 2016;58(7):728-34. 

48. Lappas M, Hiden U, Desoye G, Froehlich J, Mouzon SH, Jawerbaum A. The Role of 

Oxidative Stress in the Pathophysiology of Gestational Diabetes Mellitus. Liebert. 2011. 

49. Freedman DS, Khan LK, Dietz WH, Srinivasan SR, Berenson GS. Relationship of 

childhood obesity to coronary heart disease risk factors in adulthood: the Bogalusa Heart 

Study. Pediatrics. 2001;108(3):712-8. 

50. Weihrauch-Blüher S, Wiegand S. Risk Factors and Implications of Childhood Obesity. 

Curr Obes Rep. 2018;7(4):254-9. 

51. Bjerregaard LG, Jensen BW, Ängquist L, Osler M, Sørensen TIA, Baker JL. Change 

in Overweight from Childhood to Early Adulthood and Risk of Type 2 Diabetes. New 

England Journal of Medicine. 2018;378(14):1302-12. 

52. Di Cesare M, Sorić M, Bovet P, Miranda JJ, Bhutta Z, Stevens GA, et al. The 

epidemiological burden of obesity in childhood: a worldwide epidemic requiring urgent 

action. BMC Med. 2019;17(1):212. 

53. Segrin C. Social skills deficits and psychosocial problems: antecedent, concomitant, or 

consequent? Journal of Social and Clinical Psychology. 1993;12(3):336. 

54. Segrin C. Social skills deficits associated with depression. Clin Psychol Rev. 

2000;20(3):379-403. 

55. Silva JLD, Oliveira WA, Carlos DM, Lizzi E, Rosário R, Silva MAI. Intervention in 

social skills and bullying. Rev Bras Enferm. 2018;71(3):1085-91. 

56. Segrin C, Hanzal A, Donnerstein C, Taylor M, Domschke TJ. Social skills, 

psychological well-being, and the mediating role of perceived stress. Anxiety Stress Coping. 

2007;20(3):321-9. 

57. Cawley J, Spiess CK. Obesity and skill attainment in early childhood. Econ Hum Biol. 

2008;6(3):388-97. 



 28 

58. Blanco M, Solano S, Alcántara AI, Parks M, Román FJ, Sepúlveda AR. Psychological 

well-being and weight-related teasing in childhood obesity: a case-control study. Eat Weight 

Disord. 2020;25(3):751-9. 

59. Lumeng JC, Forrest P, Appugliese DP, Kaciroti N, Corwyn RF, Bradley RH. Weight 

Status as a Predictor of Being Bullied in Third Through Sixth Grades. Pediatrics. 

2010;125(6):e1301-e7. 

60. Ettekal VE, Simpkins SD, Schaefer DR. Obesity and social marginalization: When do 

organized activities promote or hinder peer relationships? 2017. 

61. Gil Madrona P, Romero Martínez SJ, Sáez-Gallego NM, Ordóñez Camacho XG. 

Psychomotor Limitations of Overweight and Obese Five-Year-Old Children: Influence of 

Body Mass Indices on Motor, Perceptual, and Social-Emotional Skills. Int J Environ Res 

Public Health. 2019;16(3). 

62. Mühlig Y, Antel J, Föcker M, Hebebrand J. Are bidirectional associations of obesity 

and depression already apparent in childhood and adolescence as based on high-quality 

studies? A systematic review. Obes Rev. 2016;17(3):235-49. 

 

Supplementary material 

Table S1 shows crude and adjusted odds ratio (OR) with 95% confidence intervals (CIs) as an 

estimate of the relative risk of having higher iso-BMI than their peers (scores ≥ 25 kg/mg2) at 

the 7-year follow up in the risk group compared with the no risk group. The odds did not 

change when we adjusted for the children’s birthweight, sex, age at 7-year follow up or 

maternal SES. When we excluded children born preterm and children admitted to the NICU 

(n=4 in the risk group and n=10 in the no risk group) and children with diseases or health 

problems at the 7-year follow-up (n=14 in the risk group and n=38 in the no risk group) the 

results did not change (data not shown). 

 

Table S1. Supplementary table 1, crude and adjusted odds ratio (OR) with 95% confidence 

intervals (CIs) as an estimate of the relative risk of having higher iso-BMI than their peers 

(scores ≥ 25 kg/mg2) at the 7-year follow up in the risk group compared with the no risk 

group. 
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 n Risk 

group 

 n No risk 

group 

Crude 

OR 

(95% 

CI) 

Adj.  

ORa 

(95% 

CI) 

Adj.  

ORb 

(95% 

CI) 

Adj.  

ORc 

(95% 

CI) 

Adj.  

ORd 

(95% 

CI) 

  n (%)   n (%)      

Iso-

BMI ≥ 

25 

58 9 (15.5)  152 8 (5.3) 3.31 

(1.21-

9.04) 

3.64 

(1.31-

10.17) 

3.38 

(1.23-

9.30) 

3.64 

(1.30-

10.15) 

3.27 

(1.19-

8.95) 

Logistic regression with iso-BMI ≥ 25 kg/mg2 as dependent variable and group as 

independent variable. Additionally adjusted for birthweight, sex, age at follow up and 

maternal SES entered separately as independent variables. 

CI= confidence intervals, OR= odds ratio.  

a Adjusted for the child’s birthweight  

b Adjusted for the child’s sex 

c Adjusted for the child’s age at follow up 

d Adjusted for maternal SES at baseline 

 

Table S2 shows crude and adjusted odds ratio (OR) with 95% confidence intervals (CIs) as an 

estimate of the relative risk of having more difficulties than their peers (≥ 90th centile) in the 

various Five-to-Fifteen domains in the risk group compared with the no risk group at 7 years 

of age. There were no significant group differences, and adjustment for sex, age at 7-year 

follow up or maternal SES did not change the results. When we excluded children born 

preterm and children admitted to the NICU (n=4 in the risk group and n=10 in the no risk 

group) and children with diseases or health problems at the 7-year follow-up (n=14 in the risk 

group and n=38 in the no risk group) the results did not change (data not shown). 

 

Table S2. Supplementary table 2, crude and adjusted odds ratio (OR) with 95% confidence 

intervals (CIs) as an estimate of the relative risk of having more difficulties than their peers (≥ 

90th centile) at the 7-year follow up in the various Five-to-Fifteen domains in the risk group 

compared with the no risk group.  

 n Risk group  

 

 

n No risk 

group 

 Crude Adj. a Adj.b Adj.c 
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OR 

(95% 

CI) 

OR 

(95% 

CI) 

OR 

(95% 

CI) 

OR 

(95% 

CI) 

  n (%)  n (%)      

Motor skills 65 5 (7.7) 184 22 (12.0)  0.61 

(0.22-

1.70) 

0.60 

(0.22-

1.67) 

0.59 

(0.21-

1.64) 

0.62 

(0.23-

1.72) 

Executive 

functions 

63 8 (12.7) 181 20 (11.0)  1.17 

(0.49-

2.81) 

1.15 

(0.48-

2.78) 

1.08 

(0.44-

2.61) 

1.16 

(0.48-

2.80) 

Perception 64 8 (12.5) 181 21 (11.6)  1.09 

(0.46-

2.60) 

1.09 

(0.45-

2.59) 

1.11 

(0.46-

2.66) 

1.09 

(0.46-

2.61) 

Memory 64 5 (7.8) 184 17 (9.2)  0.83 

(0.29-

2.36) 

0.82 

(0.29-

2.35) 

0.82 

(0.29-

2.32) 

0.86 

(0.30-

2.45) 

Language 64 3 (4.7) 179 17 (9.5)  0.47 

(0.13-

1.66) 

0.46 

(0.13-

1.65) 

0.44 

(0.12-

1.56) 

0.47 

(0.13-

1.65) 

Social skills 60 8 (13.3) 176 14 (8.0)  1.78 

(0.70-

4.48) 

1.81 

(0.71-

4.56) 

1.74 

(0.69-

4.41) 

1.80 

(0.71-

4.53) 

Emotional/ 

behavioural 

problems 

64 11 (17.2) 183 20 (10.9)  1.69 

(0.76-

3.76) 

1.69 

(0.76-

3.77) 

1.70 

(0.76-

3.78) 

1.72 

(0.77-

3.84) 

Logistic regression with FTF-domains as dependent variables and group as independent 

variable. Additionally adjusted for sex, age at follow up and maternal SES entered separately 

as independent variables.  

CI= confidence intervals, OR= odds ratio. 

a Adjusted for the child’s sex 

b Adjusted for the child’s age at follow up 

c Adjusted for maternal SES at baseline 
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Table S3 shows the differences in baseline variables compared between respondents and non-

respondents. There were no group differences between the non-respondents and respondents 

in either the risk group or the no risk group.  

 

Table S3. Supplementary table 3, baseline variables compared between respondents and non-

respondents.  

 Risk group  No risk group  

 Respondent  

 

Non-

respondent  

  Respondent  Non-

respondent  

 

 n Mean 

(SD) 

 

n Mean 

(SD) 

P 

value 

 n Mean 

(SD) 

n Mean 

(SD) 

P 

value 

Maternal characteristics at baseline 

Age, years 68 31.6 

(4.4) 

125 31.3 

(5.2) 

0.691  189 30.2 (3.5) 285 30.3 

(3.8) 

0.684 

Weight, kg 68 77.7 

(10.9) 

125 78.2 

(10.2) 

0.754  189 66.6 (6.8) 283 67.4 

(6.7) 

0.193 

Height, cm 68 168.9 

(0.1) 

125 167.7 

(0.1) 

0.167  189 168.7 

(0.1) 

285 169.1 

(0.1) 

0.411 

BMI, kg/m2 68 27.2 

(3.5) 

125 27.8 

(3.3) 

0.258  189 23.4 (1.9) 284 23.6 

(1.9) 

0.342 

SES 68 4.0 (0.7) 125 3.7 

(1.0) 

0.066  189 4.1 (0.8) 285 3.9 

(0.9) 

0.122 

Exercise 

sessions per 

week 

68 1.7 (1.5) 125 1.8 

(1.5) 

0.639  189 2.0 (1.4) 285 1.7 

(1.3) 

0.075 

Parity, n 

(%) 

           

0 68 33 (48.5) 125 72 

(57.6) 

  189 116 

(61.4) 

285 170 

(59.6) 

 

1 68 25 (36.8) 125 31 

(24.8) 

0.428  189 55 (29.1) 285 77 

(27.0) 

0.521 
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2 or more 68 10 (14.7) 125 22 

(17.6) 

  189 18 (9.5) 285 38 

(13.3) 

 

Child characteristics at birth 

Gestational 

age, weeks 

68 40.3 

(1.2) 

125 40.3 

(1.3) 

0.776  189 40.0 (1.3) 285 40.1 

(1.3) 

0.238 

Birth-

weight, g 

68 3715.7 

(574.7) 

125 3657.3 

(462.5) 

0.443  189 3481.0 

(451.0) 

285 3514.3 

(461.4) 

0.438 

Length at 

birth, cm 

68 50.7 

(2.3) 

121 50.5 

(2.1) 

0.675  179 49.8 (1.9) 280 49.9 

(2.2) 

0.499 

Head 

circum-

ference at 

birth, cm 

68 35.3 

(1.7) 

125 35.4 

(1.4) 

0.853  188 35.0 (1.4) 279 35.1 

(1.4) 

0.487 

Male sex, n 

(%) 

68 36 (52.9) 125 71 

(56.8) 

0.606  189 98 (51.9) 285 146 

(51.2) 

0.894 

Older 

siblings, n 

(%) 

68 35 (51.5) 125 53 

(42.4) 

0.227  189 73 (38.6) 285 115 

(40.4) 

0.707 

Vaginal 

delivery, n 

(%) 

68 58 (85.3) 125 109 

(87.2) 

0.711  189 171 

(90.5) 

284 266 

(93.7) 

0.201 

Prematurity, 

n (%) 

68 1 (1.5) 125 4 (3.2) 0.658  189 5 (2.6) 285 8 (2.8) 0.916 

Admitted to 

NICU,  

n (%) 

66 1 (1.5) 125 5 (4.0) 0.666  186 3 (1.6) 282 10 (3.5) 0.213 

Chi-square statistics for dichotomous data, Mann-Whitney U test for ordinal data (i. e. SES, 

exercise per week), Student’s T test for the continuous data. 

BMI= Body mass index, SD= standard deviation, SES= Socio-economic status. 
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