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Abstract
Purpose: Offspring from women with diabetes have an in-
creased risk for childhood obesity, which may be related to 
the abnormal intrauterine environment, genetic imprinting or 
current diet and lifestyle. We analyzed whether diet and life-
style differ between offspring from women with either type 1, 
type 2 or gestational diabetes.

We collected completed questionnaires from parents of 51 
offspring from women with type 1 diabetes (ODM1), 21 of 
women with type 2 diabetes (ODM2) and 87 of women with 
gestational diabetes (OGDM).

Methods: All women with a pregnancy complicated by type 
1, type 2 or gestational diabetes, who delivered between 
1990 and 2006 in a tertiary center were contacted for this 
retrospective study. We compared offspring diet and life-
style between offspring of maternal diabetes.

Results: The prevalence of maternal overweight/obesity be-
fore pregnancy was significantly higher in women with DM2 
compared to GDM and DM1; their offspring had a slightly 
higher incidence of overweight at follow-up as compared to 
the other groups. ODM2 skipped breakfast more often and 
were less frequently a member of a sports club but con-
sumed less snacks. Intake of fruit, vegetables and sugar 
containing drinks were comparable between the groups. 
ODM2 parents judged their offspring as being more vulner-
able and less healthy compared to peers, whilst ODM1 and 
OGDM parents report their children’s’ health comparable to 
peers.

Conclusion: Lifestyle and dietary intake in childhood can 
be affected by different environmental and lifestyle factors. 
In this relatively small study offspring from women with type 
2 diabetes seem to have a less healthy diet and lifestyle 
with might contribute to their increased risk of development 
of obesity later in life. Larger studies are needed to provide 
possible targeted interventions for prevention of childhood 
overweight/obesity in these children.
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Introduction

Children of women with type 1, gestational and es-
pecially type 2 diabetes mellitus during pregnancy are 
at increased risk of developing obesity during childhood 
[1-3]. In a longitudinal cohort of Pima Indians, offspring 
of pregnancies complicated by diabetes have an odds 
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status of their child’s intake, screen time and physical 
activity, at the time the questionnaire was completed.

All women with type 1 and type 2 diabetes had a sin-
gleton pregnancy, whereas in the GDM group 4 dicho-
rionic diamniotic twin pairs (i.e. most likely dizygotic) 
were included. One infant with trisomy 21 was excluded 
from the OGDM subgroup, because of the known short-
er stature and parental influence on lifestyle in children 
with Down’s syndrome [20]. There were no infants with 
major structural malformations in the study population. 
Gestational diabetes was diagnosed using a 75-g oral 
glucose tolerance test in 67 (77%) of cases; the other 
patients were diagnosed through elevated fasting glu-
cose levels or an abnormal glucose profile. All women 
with type 1 and type 2 diabetes mellitus were treated 
with insulin during their pregnancy; 46 (54%) of women 
with gestational diabetes were treated with insulin. Ma-
ternal characteristics during pregnancy and pregnancy 
outcome, including birthweight, were retrieved from 
their medical records. The medical ethics committee 
of the University Medical Center Utrecht approved this 
study.

Anthropometrics

Birthweight (BW) Z-score was calculated as (BW mi-
nus mean BW for gender, parity and gestational age)/
SD, based on Dutch reference data [21]. Large for ges-
tational age (LGA) was defined as a BW ≥ 90th percen-
tile corrected for gestational age, sex, and parity [21]. 
BMI was calculated as weight (kg)/height (m)2 and ex-
pressed as SDS (standard deviation score) according to 
age and gender specific Dutch reference data [22,23]. 
The 1980 nation-wide growth study [22], in which SDS 
0 equals the age- and gender-specific mean of the 1980 
Dutch reference population is used as the Dutch norma-
tive standard for BMI, thus reflecting a degree of over-
weight and obesity in the study group. The latest Dutch 
population-based study on childhood BMI was in 2009 
[23]. Overweight and obesity were calculated based on 
the International Obesity Task Force (IOTF) cut-off val-
ues [24]. Conditional target height (cTH) was calculated 
from parental heights according to Hermanussen & Cole 
[25] adapted to Dutch growth standards [26]. Software 
available from the Dutch Growth Research Foundation 
was used to calculate BMI SDS (©Growth Analyser 3.5).

Dietary and lifestyle assessment

The questionnaire was adapted from The Preven-
tion and Incidence of Asthma and Mite Allergy (PIA-
MA) study [27] and included 46 different questions on 
overall health perception, food intake, physical activity 
and school grades of offspring. Additionally, questions 
included parental information regarding their own cur-
rent height and weight, chronic diseases, educational 
status, ethnic origin, current full-/or part-time job and 
duration of breast-feeding in the neonatal period for 
each infant.

ratio of 3.7 to develop type 2 diabetes later in life [1]. 
Up to 89% of offspring (age 2-19 years) of mothers with 
type 2 diabetes are overweight and 30-40% of offspring 
(age 18-27 years) of mothers with type 1 diabetes or 
gestational diabetes [2,3]. In our recent longitudinal 
study, we showed that the risk of overweight is highest 
for children of women with type 2 diabetes who were 
born large-for-gestational age (LGA), followed by non-
LGA infants of type 2 diabetic women. Childhood obesi-
ty was lowest in offspring from women with gestation-
al diabetes (GDM) [4,5]. Childhood obesity in children 
from pregnancies complicated by maternal diabetes is 
hypothesized to be due to genetic imprinting, effects of 
an abnormal intrauterine environment (with a relatively 
overnourished fetus and subsequent changes in adipose 
tissue as well as energy regulation that echoes through-
out their lives [6,7]), and/or current diet and lifestyle. 
Also, maternal BMI has been shown to be a significant 
determinant of childhood BMI [8-12], with hyperglyce-
mia as further contributing factor [3,11].

In the postnatal period, nutritional and other lifestyle 
habits from parents are easily transmitted to children, 
which may contribute to the development of childhood 
adiposity, together with overweight parents not recog-
nizing adiposity in their offspring [13]. Other lifestyle 
habits may also contribute to a higher offspring BMI, 
such as physical activity, sleep and screen time [14-19].

To the best of our knowledge there is no published 
literature on diet and lifestyle in offspring from diabetic 
pregnancies. The aim of this study was to assess differ-
ences in diet and lifestyle between offspring from wom-
en with type 1 (ODM1), type 2 (ODM2) and gestational 
diabetes (OGDM). Furthermore, we studied the overall 
health perception in these groups as judged by their 
parents as an indication of their wellbeing.

Methods

Study design and population

All women with a pregnancy complicated by type 1, 
type 2 or gestational diabetes mellitus who gave birth 
in the University Medical Center (UMC), Utrecht, the 
Netherlands, between 1990 and 2006 were contacted 
to participate in this retrospective study. Parents were 
asked to complete a questionnaire by (e)mail including 
questions regarding their offspring diet, lifestyle, an-
thropometric data, parental health and ethnicity. If par-
ents had multiple children that were born in the study 
period, the questionnaire was completed for each child. 
Offspring weight and height were retrieved from paren-
tal records of the Dutch infant welfare centers. The chil-
dren are measured in the school health service at 5.5, 
11 and 13 years, with a range of 1-2 years around these 
ages. For this study we used the most recent measure-
ments, closest to the time of completion of the ques-
tionnaire. Parents were asked to report on the current 
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school and playing outside: Never (1), 1-3 or 1-2 days a 
week (2), > 3 or ≥ 3 days a week (3), respectively. Hours 
spent playing outside and screen time were also trans-
lated into the following 3 or 4 categories: ≤ 1 hour or 
≤ 30 minutes per day (1), 1-2 hours per day or ½ hour-
1 hour/day (2), ≥ 3 or 1-2 hours per day (3), > 2 hours 
screen time per day (4).

We asked the parents for the overall impression of 
their offspring’s health and vulnerability compared to 
their peers. Response options included 5 categories 
(ranging from “excellent to generally healthy or vul-
nerable perception” to “moderate to unhealthy or not 
vulnerable perception”). For the analyses, the answer 
options were recoded to 2 categories: (1) Healthy (if al-
ways or mostly healthy) or (2) Less healthy; the same 2 
categories were applied to vulnerability. Finally, the im-
pression of stressfulness of the offspring’s life as judged 
by their parent was scaled from 0 to 10 (with “10” being 
most stressful).

Statistical analysis

We compared dietary and lifestyle characteristics 
among different diabetes groups.

For continuous characteristics, we compare the 
mean (SD) for each group, or in the case of non-normal-

For diet, 7 questions were included in the question-
naire, which inquired on the frequency of consumption 
of breakfast, fruits, vegetables, snacks, sugar containing 
juice and fruit juice in offspring. There were five answer-
ing categories (ranging from “never” to “more than 2 or 
3 servings a day”), the answer to the questions on the 
number of weekdays that breakfast, fruits and vegeta-
bles were consumed could range from “never” to “ev-
ery day of the week”. For the analyses, these answer 
options were translated to 3 scale categorical variables 
for breakfast, fruits, vegetables: Never (1), 1-3 days a 
week (2), ≥ 4 days a week (3). The amount of servings 
of juice and snacks a day were also categorized into the 
following 3 categories: none (1), ½-1½ servings per day 
(2), ≥ 2 servings per day (3).

For physical activity in offspring 5 questions were 
included, which inquired on how many days a week 
children would walk or cycle to school and play outside 
(ranging from “never” to “every day of the week”). Also, 
information on the hours spent playing outside per day 
and screen time on a daily basis was included (ranging 
from “30 minutes or less” to “4 hours or more”). Mem-
bership of a sports club was included and categorized 
(“yes” or “no”). For analyses, the answers were translat-
ed to a 3 scale categorical variable for walking/cycling to 

Table 1: Parental and offspring characteristics.

ODM1 ODM2 OGDM P
n = 51 n = 21 n = 87

ODM characteristics
Age at follow-up (years) 10.9 ± 2.6 9.2 ± 3.7 9.7 ± 3.0 < 0.05

BMI (kg/m2) ¶ 17.4 (3.7) 17.1 (5.7) 17.0 (3.3) 0.14
BMI SDS 0.6 ± 1.25 1.2 ± 1.47 0.6 ± 1.32 0.12
Overweight or obese (%) 8 (16) 8 (38) 17 (20) 0.10
Height (cm) 149 ± 19 138 ± 25 141 ± 20 < 0.05
cTH (cm) 176 ± 7.8 175 ± 7.3 176 ± 7.3 0.10
Neonatal characteristics
Gestational age at birth (weeks) ¶ 38 (2) 38 (1) 39 (2) < 0.05
Birthweight (gr) ¶ 3535 (915) 3730 (545) 3555 (738) 0.63
Large for gestational age (%) 24 (47) 7 (33) 23 (26) < 0.05
Breastfed (%) 38 (75) 12 (57) 53 (61) 0.20
Breastfed ≥ 6 months (%)* 7 (18) 4 (33) 18 (34) 0.24

n = 33 n = 13 n = 72
Maternal characteristics**

Age at child birth (years) 33.3 ± 3.4 32.6 ± 5.4 33.6 ± 4.3 0.82
Caucasian (%) 33 (100) 10 (77) 62 (86) < 0.05
Education university of applied sciences (%) 17 (52) 3 (23) 23 (32) < 0.05
BMI before pregnancy
BMI (kg/m2) ¶ 24.0 (3.8) 29.4 (7.8) 26.2 (7.6) < 0.05
BMI classification (%) < 0.05
Normal weight 22 (67) 2 (15) 29 (40)
Overweight (BMI > 25/<= 30) 8 (24) 5 (39) 24 (33)
Obese (BMI > 30) 3 (9) 6 (46) 19 (27)
Paternal characteristics
Current BMI (kg/m2) ¶ 24.7 (5.0) 27.2 (5.2) 25.8 (3.7) 0.11
Diabetes (currently, any type) (%) 2 (4) 0 1 (1) 0.41

Values are n (%) or mean ± SD or median (interquartile range) in skewed data ¶; *no. missing values for ODM1 13; ODM2 9; 
OGDM 34; **Eldest infant of the mother born our center (e.g. primiparous women); BMI SDS based on values of Dutch nationwide 
growth study [22].
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ity, median (IQR) for each diabetes group. Differences 
between diabetes groups are tested with ANOVA. For 
categorical variables, we compared the percentages for 
each group. Differences between diabetes groups are 
tested with Chisquare test.

Data were analyzed using IBM® SPSS Statistics ver-
sion 23.0 for Mac.

Results

One hundred and fifty ODM1, 70 ODM2 and 478 
OGDM were identified and contacted. A completed 
questionnaire was received from 51 (34%) ODM1; 21 
(30%) ODM2 and 87 OGDM (21%) from 33 mothers 
with type 1, 13 mothers with type 2 and 72 mothers 
with gestational diabetes during pregnancy; mothers 
included up to 2 children in the study. Age and BMI at 
baseline from mothers with type 1 or type 2 diabetes 
mellitus who participated in this study were compara-
ble to those of the women who did not. For mothers 
with gestational diabetes the ethnicity was different 
between responders and non-responders, with more 
Dutch women in the responders group, and more wom-
en from non-native Dutch (mainly Mediterranean) or-
igin in the non-responder group. ODM and parental 
characteristics are summarized in Table 1.

Mean offspring age of ODM1, ODM2 and OGDM 
was 10.9, 9.2 and 9.7 years, respectively (p < 0.05) with 
55, 46 and 47% females in these groups. BMI in ODM1, 
ODM2 and OGDM was 17.4, 17.0 and 17.1 kg/m2, re-
spectively (NS). The prevalence of overweight or obese 
children (BMI > 25 kg/m2) was 16, 38 and 20% respec-
tively (NS). ODM1 were taller compared to ODM2 and 
OGDM (Table 1), but the conditional target height for 
the groups were comparable.

The gestational age at birth was 39 weeks in OGDM 
and 1 week shorter in ODM1 and ODM2 (p < 0.05). The 
birthweight did not differ between the groups (3535, 
3730, 3555 gr; NS), but there were more LGA neonates 
in ODM1, compared to ODM2 and OGDM (47, 33, 26%; p 
< 0.05). Breastfeeding rates were comparable between 
the 3 groups (ODM1 75%, ODM2 57%, OGDM 61%; NS); 
and breastfeeding rates for longer than 6 months were 
not statistically different (18, 33, 34%, respectively; (NS; 
Table 1).

Maternal age did not differ between the groups and 
was approximately 33 years. Mothers with ODM1 and 
OGDM were more often of Caucasian descent (100, 
86%, respectively), compared to ODM2 (77%) (p < 0.05). 
50% of mothers of ODM1 had a degree in university of 
applied sciences, versus 23 and 23% in mothers from 
ODM2 and OGDM (p < 0.05). Mothers of OGDM2 had 
a higher pre-pregnancy BMI (29.4 kg/m2) compared 
to ODM1 and OGDM with also a higher percentage of 
overweight/obese mothers (85%) (Table 1). Current pa-
ternal BMI was comparable between the groups (24.7, 
27.2, 25.8 kg/m2; NS). Only a few fathers were diag-

Table 2: Dietary and lifestyle assessment.

ODM1 ODM2 OGDM P
n = 51 n = 21 n = 87

Diet
Breakfast < 0.05
Never 1 (2) 0 0
1-3 times a week 0 4 (19) 1 (1)
> 3 times a week 50 (98) 17 (81) 86 (98)
Vegetables 0.37
Never 0 0 0
1-3 times a week 0 1 (5) 2 (2)
> 3 times a week 51 (100) 20 (95) 85 (98)
Fruit intake 0.35
Never 3 (6) 1 (5) 2 (2)
1-3 times a week 6 (12) 4 (19) 6 (7)
> 3 times a week 42 (82) 16 (76) 79 (91)
Amount of fruit 0.43
None 3 (6) 1 (5) 3 (3)
½ -1 ½ per day 40 (78) 13 (62) 69 (79)
=> 2 per day 8 (16) 7 (33) 15 (17)
Fruit juice 0.57
None 21 (41) 8 (38) 38 (44)
1-2 servings per day 30 (59) 12 (57) 48 (55)
> 2 servings per day 0 1 (5) 1 (1)
Sugar containing drinks 0.67
None 5 (10) 2 (10) 4 (5)
1-2 servings per day 34 (67) 12 (57) 59 (67)
> 2 servings per day 12 (23) 7 (33) 24 (28)
Snacking between meals < 0.05
Sometimes (< 1/day) 2 (4) 6 (28) 10 (12)
Once or twice a day 43 (84) 13 (62) 63 (72)
More than twice a day 6 (12) 2 (10) 14 (16)
Lifestyle
Walking/cycling to school* 0.44
Never 3 (6) 2 (10) 13 (15)
2/5 times per week 1 (2) 1 (5) 4 (5)
≥ 3/5 times per week 47 (92) 17 (85) 68 (80)
Play outside 0.18
< 1 day a week 7 (14) 2 (10) 4 (5)
1-3 times a week 11 (21) 8 (38) 20 (23)
> 3 times a week 33 (65) 11 (52) 63 (72)
Hours spent outside** 0.38
Max. 1 hour 3 (6) 3 (14) 11 (13)
1-2 hours 36 (71) 14 (67) 48 (56)
Three hours or more 12 (24) 4 (19) 27 (31)
Screen time hours*** 0.09
Max. 30 minutes/day 7 (14) 7 (35) 26 (30)
½ hour-1 hour/day 26 (50) 7 (35) 31 (36)
1-2 hours/day 8 (16) 3 (15) 22 (25)
> 2 hours/day 10 (20) 3 (15) 8 (9)

Member of sports club (yes) 46 (90) 14 (67) 73 (84) < 0.05

Values are n (%), *no. missing values for ODM1 0; ODM2 
1; OGDM 2; **no. missing values for OGDM 1; ***no. missing 
values for ODM2 1.

nosed with diabetes at the time of completion of the 
questionnaire (Table 1).

Possible causes of adiposity

In Table 2, the results of the questionnaire are shown. 
Significantly more ODM2 had breakfast less than 4 times 
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a lower attendance of sport clubs (as a proxy for less 
physical activity), and a higher percentage of skipping 
breakfast as a reflection of a non-balanced diet. The lat-
ter has previously been related to a higher prevalence 
of childhood obesity in children of elementary school 
age [29,30]. Moreover, participation in school breakfast 
programs, in which children regularly consume (school) 
breakfast, is associated with a lower BMI [31]. Interest-
ingly however, in ODM2 a lower consumption of snacks 
was reported. This is in line with previous studies that 
showed less snacking in overweight/obese children 
[32], suggesting that sports activity is more important 
than total caloric intake, but it may also reflect that 
(obese) mothers do not adequately recall their infant’s 
diet and could therefore be the result of underestima-
tion by parents. Additionally, regarding consumption of 
snacks, the Netherlands Nutrition Centre encourages a 
maximum of 4 snacks a day, to reduce overeating. Copy-
ing of parental habits could also play a part in offspring 
obesity, and it has been shown that intake of fruit and 
vegetables is correlated between children and mothers, 
with obese children often consuming less of these prod-
ucts [33]. Studies on parental restriction of offspring diet 
have shown conflicting results, with a desirable effect 
in parental restriction leading to less consumption of 
‘unhealthy food-items’ in toddlers and adolescents re-
garding soft drink consumption with a decrease in BMI 
SDS of offspring [34,35], whilst other studies showed a 
paradoxically increased consumption of the restricted 
items and a higher BMI SDS associated with strict pa-
rental regulation of healthy items [36,37]. Higher ma-
ternal BMI is associated with less dietary restriction 
[37]. On the other hand, higher maternal educational 
status stimulates physical activity in offspring, restricts 
sedentary time and stimulates healthy intake in children 
[37]. It may be that restrictive parental feeding practices 
have played a role in our study, but questions relating to 
this issue were not included in the questionnaire.

Also other lifestyle factors are known to be associat-
ed with risk of overweight, such as screen time [17] and 
short sleeping time [14]. The hours of daily screen time 
are associated with childhood BMI between the ages of 
5-10 years and video games are associated with elevated 
blood pressure and lipids in obese children aged 14-18 
years [15-18]. Children who spend more time viewing TV 
appear to have a poorer diet, with higher intakes of sug-
ar, fast food, snacks and processed meats with lower in-
takes of fruit and vegetables [19]. It has been estimated 
that > 1-hour screen time per day contributed approx-
imately 17% to being overweight [17]. In contrast, an 
active lifestyle stimulates physical activity and fewer pa-
rental restrictions in sedentary time [37] and this would 
likely prevent overweight/obesity. Interestingly, we did 
not find a difference in screen time or active lifestyle 
(walking/cycling to school, play outside) between ODM2 
and ODM1/OGDM, suggesting that maternal obesity 
and the lack of regular breakfast may be of greater im-
portance in the onset of childhood overweight/obesity.

a week, as compared to ODM1 and OGDM. Vegetable, 
fruit, sugar containing drinks or fruit juice consumption 
were comparable between the groups. ODM2 con-
sumed significantly less snacks between meals (62%) 
compared to ODM1 (84%) and ODM2 (72%, p < 0.05). 
Walking or cycling to school, the amount of hours play-
ing outside and screen time per day were comparable 
between the groups (NS). Significantly less ODM2 (67%) 
were member of a sports club compared to ODM1 (90%) 
and OGDM (84%).

Possible consequences of adiposity

The impression of health and vulnerability of the 
child, as judged by their parents, is presented in Table 3. 
Parents of ODM2 were less positive about their child’s 
health compared to parents of ODM1 and OGDM. Most 
parents of ODM1 and OGDM judged their children to 
be generally resistant (i.e. judging their offspring as less 
vulnerable), whereas only 75% of the parents of ODM2 
judged their children as generally resistant. There were 
no significant differences between the groups regarding 
the degree of stressfulness of life.

Discussion

This is the first study on lifestyle and diet in offspring 
from diabetic pregnancies. We found some interesting 
differences in lifestyle and diet between offspring from 
women with type 2 diabetes on the one hand and type 
1/gestational diabetes on the other hand. ODM2 more 
often skipped breakfast, snacked less and were less of-
ten a member of a sport club and their parents were 
less positive about their health. Prevalence of childhood 
overweight/obesity was twice as high in ODM2 as com-
pared to ODM1/OGDM, although this difference was 
not statistically significant. The latter may be due to the 
low number of ODM2. In larger studies, including ours, 
BMI at follow-up was significantly higher in ODM2 [2-5].

Several findings may explain a higher prevalence of 
overweight/obesity in ODM2. The prevalence of mater-
nal overweight/obesity, which was highest in the ODM2 
group, may be one factor. Preexisting maternal obesi-
ty has previously been related to the differences in the 
offspring’s BMI SDS trajectories [8,11,10,28]. Unfortu-
nately, there are no studies on diet and lifestyle of off-
spring from women with diabetes, but there is consider-
able knowledge regarding non-diabetic offspring, which 
might help explain the differences in BMI, lifestyle and 
diet in this group. In relatively younger ODM2 there was 

Table 3: Health impression as judged by the parents.

ODM1 ODM2 OGDM P
n = 51 n = 21 n = 87

Normal health* 50 (98) 17 (85) 86 (99) < 0.05
Not vulnerable** 47 (92) 12 (75) 78 (94) < 0.05
Stressful life *** 3.4 ± 2.3 4.2 ± 2.9 3.1 ± 2.5 0.17

Values are n (%) or mean ± SD: *no. missing values for ODM2 
1; **no. missing values for ODM2 5; OGDM 4;
***no. missing values for ODM1 1; ODM2 3.
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