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Morbidity and psychomotor development 
of offspring of women with gestational 
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Vendula Bartáková1*   , Beáta Barátová1,2, Katarína Chalásová1, Petr Janků3 and Kateřina Kaňková1 

Abstract 

Background:  Gestational diabetes mellitus (GDM) represents a risk factor for both mother and her offspring in a 
short-term (perinatal morbidity) and long-term horizon (postpartum diabetes or foetal programming). Several studies 
focused at peri/postnatal outcomes of GDM mother´s offspring, however relatively few (and none in Czech popula-
tion) were designed as prospective. The aim of the study was to ascertain eventual anthropometric and developmen-
tal abnormalities and/or morbidity in offspring of GDM mothers compare to controls in a 5-year follow-up using a 
parent-reported parameters related to psychomotor development and common paediatric morbidities including a 
sub-study of offspring of GDM mothers experiencing adverse perinatal outcomes.

Methods:  A 5 year follow up study of offspring of GDM mothers (n = 26) vs those with a normal pregnancy (n = 63). 
An electronic questionnaire was used to obtain the parameters (such as growth, psychomotor development, vaccina-
tion, morbidity history etc.) available to parents from the parent-held infant health record. Data on pregnancy and 
delivery were available from the previous study.

Results:  Offspring of GDM mothers had delayed psychomotor development in early childhood, but in 5 years of age 
they seemed to gradually achieve results of a control group. Children with macrosomia had a higher percentile of 
weight-for-height and were significantly more frequently ill than those with a normal birth weight. Offspring of obese 
mothers had worse verbal language skills in early childhood and a higher percentile of weight-for-height.

Conclusion:  Maternal gestational diabetes and obesity can be considered an important determinant of postna-
tal offspring development and health status, which further advocates for broader implementation of preventive 
strategies.
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Background
Gestational diabetes mellitus (GDM) is a common com-
plication of pregnancy whose incidence is rising world-
wide for multiple reasons – a problem of overweight 
and obesity pertains to more and more younger women, 

babies are born to older mothers, and also screening pro-
grams contribute to increasing cumulative prevalence, no 
matter what criteria are being used for diagnostics [1]. 
GDM is defined as any degree of glucose intolerance first 
diagnosed in pregnant women (most often during the 
period of 24th to 28th week of gestation by a compulsory 
oral glucose tolerance test [oGTT]), that usually disap-
pears after delivery [2].

Women with GDM have an increased risk of not only 
adverse perinatal outcomes (i.e. during pregnancy up to 

Open Access

*Correspondence:  vbartak@med.muni.cz; vendula.bartakova@gmail.com

1 Department of Pathophysiology, Faculty of Medicine, Masaryk University, 
Kamenice 5, Brno 625 00, Czech Republic
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-5047-4752
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12887-022-03543-4&domain=pdf


Page 2 of 9Bartáková et al. BMC Pediatrics          (2022) 22:493 

1 year postpartum) such as hypertension or preeclamp-
sia, complications during delivery, difficult breastfeeding 
etc., but also of persistence of abnormalities in glucose 
metabolism postpartum. They confer 7 × higher likehood 
to develop glucose abnormality (prediabetes or type 2 
diabetes mellitus (T2DM)) in future life [3, 4]. Moreo-
ver, GDM represents a significant risk for the offspring 
increasing the incidence of macrosomia, hyperbilirubine-
mia, hypoglycaemia, or respiratory distress syndrome 
during delivery. Children of GDM mothers are also more 
susceptible to suffer from cardiovascular diseases (CVD) 
and childhood obesity or to develop T2DM more fre-
quently in subsequent life [5].

Evidence is emerging that a substantial part of diabetes 
susceptibility is acquired early in life, probably owing to 
exposure to high glucose and certain hormonal stimula-
tion in utero (the phenomenon of “foetal programming”) 
via epigenetic programming [6]. The evidence that GDM 
or pre-gestational overt T2DM in pregnancy can affect 
diabetes risk in offspring is limited but suggestive [7].

Obesity plays a significant role in the GDM develop-
ment with some studies indicating worse parturition and 
offspring development in obese mothers independently 
of GDM (as elegantly summarized in a meta-analysis of 
Sachnez et al. [8]) and even more frequent adverse out-
comes in offspring of obese plus GDM mothers [9].

Majority of previous studies dealing with both mater-
nal and offspring morbidities focused on type 1 diabetes 
mellitus (T1DM) or T2DM mothers, only a few retro-
spective studies focused on GDM. Abnormal maternal 
glucose tolerance during pregnancy was independently 
associated with offspring higher body mass index (BMI) 
and overweight risk from 1 to 6 years of age [10]. A sys-
tematic review aimed at the incidence of birth defects 
showed the association between GDM and congenital 
heart defects and neural tube defects but only in women 
with both GDM and pre-pregnancy obesity [11]. Further-
more, very few prospective studies targeted children of 
GDM mothers. The largest one—American HAPO-FUS 
study—comprised more than 4000 children of GDM 
mothers and examined associations of maternal glycae-
mia during  pregnancy with childhood glucose metabo-
lism [12] and adiposity [13].

In a meta-analysis comprising 6140 infants, maternal 
diabetes (type 1 or 2) has been proposed to negatively 
affect the cognitive abilities of the child [14]. A small ret-
rospective Polish study with 59 children found no abnor-
malities in a psychomotor development in offspring of 
GDM mothers or healthy mothers [15].

Based of thorough search we identified only one pro-
spective study, 25  years old, focusing on psychomotor 
development in a cohort of offspring of diabetic moth-
ers comprising a total of 196 subject of which 101 had 

GDM [16]. Recently, we analysed our own study cohort 
of n = 432 pregnant women (364 GDM cases and 68 con-
trols) for perinatal morbidity [17] with the aim to assess 
the quality of prenatal GDM care in Czech Republic. Our 
results showed minimal differences in selected outcomes 
between GDM and control group at the time of delivery 
and overall excellent diabetes control in GDM group. 
As a continuation of these findings documenting a very 
satisfactory prenatal care and GDM management in our 
country we therefore intended to investigate whether 
eventual differences in the postnatal development of off-
spring of (well controlled) GDM mothers compared to 
controls exist at all since this is a relatively understudied 
area and recent management of GDM changed consid-
erably. Furthermore, there has not been a similar study 
performed on Czech or other central European popula-
tion reporting offspring data with a current standard of 
GDM care and according to our notion no similar studies 
were performed or being conducted at present. The spe-
cific objectives of the current study were to (i) ascertain 
possible anthropometric and psychomotor development 
abnormalities and/or morbidity in offspring of GDM 
mothers compare to non-diabetic pregnant controls dur-
ing a 5-year follow-up and to (ii) describe the later con-
sequences of documented perinatal morbidity (adverse 
perinatal outcomes) in terms of a childhood morbidity 
or psychomotor development in a cohort of offspring of 
GDM mothers vs. controls. The secondary aim was to 
(iii) explore whether mother´s obesity plays any role in an 
offspring development independently of GDM.

Material and methods
The baseline study population comprised in total 
n = 432 participants, of those 364 had GDM and 68 had 
physiologic pregnancy according to old World Health 
Organisation (WHO) criteria [17]. Briefly, participants 
were recruited from several out-patient prenatal cen-
tres in the city of Brno, Czech Republic. All subjects 
participated in a routine GDM screening at mid-gesta-
tion (between 24-30th week of pregnancy) performed 
by oral glucose tolerance test (oGTT) with 75  g of glu-
cose. Given the fact that the recruitment of study sub-
jects at baseline was ongoing before the International 
Association of Diabetes and Pregnancy Study Group 
(IADPSG) criteria were officially adopted in Czech 
Rep. but glucose values in 3-point oGTT were avail-
able, GDM diagnosis for the purpose of the recent 
study was defined according IADPSG criteria reclas-
sification (fasting plasma glucose (FPG) ≥ 5.1  mmol/L, 
1-h post-load glucose ≥ 10.0  mmol/L and 2-h post-load 
glucose ≥ 8.5  mmol/L with any one of the three cut-off 
values qualifying for the GDM diagnosis). Women diag-
nosed with GDM were followed from the time of GDM 
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diagnosis till birth at the Diabetes Centre of the Univer-
sity Hospital Brno. The treatment for GDM included 
diet in all cases, whereby 27.9% of GDM cases required 
insulin therapy (there were no metformin users in the 
cohort). Exclusion criteria were T1DM or T2DM before 
pregnancy, non-Caucasian ethnicity, multiple pregnan-
cies and severe comorbidities. More details on maternal 
characteristics of GDM and control population can be 
found in our previous publication [18].

All participants of the initial cohort (both GDM and 
healthy pregnant controls) delivered in the same hospi-
tal facility (Obstetrics and Gynaecology Clinics of the 
University Hospital Brno) and their electronic maternity 
records containing description of delivery and its event. 
complications and health status of the neonate until the 
discharge (such as gestational age, birth weight, Apgar 
score, presence of jaundice, etc.) were thus available. 

Maternal clinical and anthropometric characteristics 
are provided in the Table 1. Offspring perinatal data are 
shown in the Table  2. Following peripartal parameters 
were considered: ultrasonographic examination before 
delivery, a date of delivery, length of delivery, necessity of 
delivery induction, perinatal complications, post-delivery 
complications, section, abnormality of pH, base excess, 
Apgar score, birth weight.

At the time of enrolment, a subset of n = 89 (20.6% of 
women at baseline) gave consent to participate in the 
prospective follow-up (by giving a written consent and 
providing contact details) and to periodically share data 
about their children development and health (see fur-
ther). Of those n = 26 had GDM and n = 63 were con-
trols. Couple of weeks before estimated delivery every 
child in Czech Republic is registered with primary care 
paediatrician and undergoes regular check-ups and 

Table 1  Clinical, anthropometric and biochemical data of mothers in the 2nd trimester of pregnancy

Data expressed as a median (IQR) or proportions. Differences evaluated by nonparametric Mann–Whitney or chi-square test, respectively. aData about breastfeeding 
were evaluated in the questionary in 3 years of offspring age

BMI Body mass index, GDM Gestational diabetes mellitus

Parameter GDM (n = 26) Controls (n = 63) P Parameter Obese (n = 11) Non-obese (n = 78) P

Age (years) 33 (31–35) 31 (29–33) NS Age (years) 33 (31–34) 31 (29–34) NS

Primipara 50% 54% NS Primipara 18.2% 58% 0.018
Pre-gestational BMI (kg/
m2)

24.4 (22.7–27.7) 22.6 (20.0–24.8) 0.019 Pre-gestational BMI (kg/
m2)

34.4 (30–34.9) 22.7 (20.1–24.4)  < 1 × 10–6

Obesity (BMI above 
30 kg/m2)

23.1% 9.5% NS GDM 54.5% 25.6% 0.048

  Diabetes mellitus in 
family anamnesis

81% 74.1% NS Diabetes mellitus in fam-
ily anamnesis

82% 65.4% NS

  Stop-smoker 28.6% 7.8% 0.012 Stop-smoker 45.5% 11.5% 0.004
  Breastfeeding 

(months)a
6 (3–22) 12 (8–17) NS Breastfeeding (months) 9.5 (6–22) 12 (6–17) NS

Table 2  Perinatal data

Comparison was performed using chi-square test

GDM Gestational diabetes mellitus, VEX Vacuum extractor 
a abnormal Apgar score (in 5th min. < 5), abnormal base excess (< -12), abnormal cord blood pH (< 7.1), macrosomia

Parameter GDM (n = 26) Controls (n = 63) P Obese 
mothers 
(n = 11)

Non-obese 
mothers 
(n = 78)

P

Macrosomia (child birth weight above 4000 g) 7.7% 9.5% NS 9.1% 9.0% NS

Delivery induction (using oxytocin or Prostaglandin E) 27.8% 32.7% NS 63.6% 18.0% 0.0003
Non-physiologic delivery (Caesarean section, VEX using, forceps 
using)

33.3% 14.6% NS 9.1% 15.4% NS

Abnormal length of delivery (too long = above 480 min, or too 
short = under 60 min)

27.8% 16.3% NS 9.1% 15.4% NS

Any adverse outcomes of offspringa 15.4% 9.5% NS 0% 10.3% NS

Complications after delivery (manual extraction of placenta, 
hypotonia uteri)

11.1% 0% 0.019 0% 2.6% NS
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vaccinations according to the unified nation-wide time 
schedule plus receives any eventual acute interventions 
and prescriptions for less serious illnesses or referral to 
specialised centres if necessary. Following the discharge 
from the maternity hospital the paediatrician will per-
form initial health check-up of the neonate day or two 
(up to one week) after delivery and is provided a copy 
of maternity record. The paediatrician then starts this 
own health record and issues a parent-held infant health 
record (PHIHR) containing concise summary of growth 
and development pattern, personal history of disease, 
immunisation history and other relevant data to par-
ents. Further check-ups are scheduled at standardised 
intervals (at 3, 6, 12, 18  months following delivery and 
at 3, 5, 7 and bi-annually so forth up to 19 years of age, 
after which subjects are transferred to family physi-
cian). PHIHR contains fairly dichotomous data indicat-
ing whether development follows the expected progress 
or not (e.g. growth curves of infants who are exclusively 
breast-fed or formula fed for a given age, ability to per-
form standardised motoric tasks, expected onset of 
speech abilities etc. Gross deviations then require spe-
cialised appointments (physiotherapy, neurology, ortho-
paedics, ophthalmology, speech therapy etc.) with results 
and recommendations reported back in separate reports. 
The current study was designed as a pragmatic one rely-
ing solely on PHIHR information to retrieve time-stand-
ardised data for a given follow-up with the aim to provide 
a general overview of growth and developmental pattern 
in GDM and non-GDM offspring in a country with uni-
versally accessible GDM screening and high standard of 
care and to ascertain, whether any differences still exist 
to stress the health burden of GDM. All consenting study 
subjects willing to participate in the follow-up were peri-
odically approached electronically by investigators—first 
by e-mails providing explanation of incoming procedure 
and then with the online link to the questionnaire (twice 
for each participant—spring 2017 and spring 2019). 
Questionnaire items corresponded with the parameters 
available from PHIHR to minimise errors when reported 
by parents. For the purpose of study following parameters 
were considered: weight, length/high, blood pressure, 
resting heart rate, duration of breastfeeding, psychomo-
tor development (normal or abnormal, evaluated accord-
ing to WHO recommendations for particular periods 
[19] including neuro-reflexes, sitting, standing, walking, 
keeping themselves clean = not wearing diapers…), status 
of senses (vision, hearing – normal or abnormal), status 
of nutrition (evaluated according to WHO recommen-
dations [20] as malnutrition, overnutrition, food aller-
gies etc.), status of school readiness (ready or not ready 
to start primary school education at age 6, evaluated by 
Czech recommendations [21] – i.e. colours recognition, 

drawing a person, determination a quantity, order, loca-
tion), personal history of morbidity, need for regular drug 
prescription, need for a regular specialist follow-up and 
status of vaccination. Anthropometric data were used 
to construct a growth charts (The WHO Child Growth 
Standards weight-for-length, weight-for-height [22]).

Data were expressed as medians and interquartile 
ranges (IQR) or percentage for between-group compari-
sons. As the anthropometric data did not reveal a nor-
mal distribution (Kolmogorov–Smirnov test, P > 0.05), 
nonparametric tests were used in general for compari-
sons between and within the groups (Mann -Whitney 
and Wilcoxon tests, resp.). Chi-square test was used for 
contingency tables. Software Statistica (StatSoft, Tulsa, 
Oklahoma, USA) was used for all analyses. P < 0.05 was 
considered statistically significant.

Results
GDM mothers had significantly higher BMI at the time 
of GDM diagnosis in the second trimester of pregnancy 
(P = 0.019, Mann–Whitney test). Prevalence of obesity 
was also higher in GDM group, but not statistically sig-
nificantly. GDM mothers were more frequently stop-
smokers (P = 0.012, Chi-square test). Controls breast-fed 
for longer periods (12  months, IQR 8 – 17) compared 
to GDM mothers (6  months, IQR 3 – 22), but the dif-
ferences were not statistically significant (all P =  > 0.05, 
Mann–Whitney test). All parameters are included in the 
Table 1.

Perinatal parameters of both groups (GDM vs. con-
trols) were in general comparable. GDM mothers had 
increased frequency of Caesarean section, instrumental 
delivery, abnormally long delivery (cut-off ≥ 480  min), 
worse offspring outcomes (namely lower Apgar score, 
base excess or cord blood pH) and more frequent compli-
cations after delivery, however, statistical significance was 
ascertained only for mother´s complications after deliv-
ery (need of manual extraction of placenta and/or uterine 
hypotonia, P = 0.019, Chi-square test). For all perinatal 
results see Table 2.

Comparison of PHIHR data at 12th and 18th months 
of age revealed significant differences in speech abilities 
with offspring of GDM mothers having worse outcomes 
in both time-points, namely inability to produce any 
word at 12th and impaired word linking in 18th months 
of age (P = 0.015 and P = 0.009 resp., Chi-square test). 
Speech abilities at 5  years of age were still better in the 
control group, but the difference was no more statisti-
cally significant. Psychomotor development and per-
formance in school readiness test [21] at 5  years of age 
revealed borderline difference with worse outcomes in 
GDM group (both P = 0.048, Chi-square test). Offspring 
of GDM mothers were more frequent illness in their first 



Page 5 of 9Bartáková et al. BMC Pediatrics          (2022) 22:493 	

5 years of age and had more frequent need of hospitali-
sation (P = 0.022, Chi-square test) with upper respiratory 
tract infections and allergies as the most common causes. 
For all results see the Table 3.

Experience of adverse perinatal outcomes (see Table 2) 
had no significant influence on offspring psychomotor 
development or morbidity up to 5  years of age (param-
eters from the Table 3) in any of the two groups (evalu-
ated by Chi-square testing), however, results of this 
comparison are most probably significantly influenced by 
generally small number of children with perinatal adverse 
outcomes.

Smoking (or stop-smoking, n = 11 in the whole cohort) 
had no significant influence on perinatal outcomes in 
our study group, Children of (stop)smokers had slightly 
increased frequency of respiratory illnesses up to 5 years 
of age then those with non-smoking mothers (P = 0,048, 
chi square test), psychomotor development was not 
influenced by smoking in our cohort.

When we compared babies born with macrosomia 
(n = 8) vs. those with a normal birth weight (n = 81), 
regardless of GDM diagnosis of their mothers, children 

with macrosomia had a higher percentile of weight-for-
height in 3  years (75, IQR [44 – 89] vs. 49 [24 – 64], 
P = NS) as well as in 5 years of age (67, IQR [51 – 91] 
vs. 42 [22 – 65], P = 0.024, Mann–Whitney test) and 
increased resting heart rate in 5 years (110, IQR [91 – 
120] vs. 88, IQR [72 – 99], P = 0.05, Mann–Whitney 
test). Children with macrosomia were significantly 
more frequently ill up to 5  years of age compared to 
children with a normal birth weight (62.5% vs 23.9%, 
P = 0.022, Chi-square test).

As a secondary aim we compared data of obese vs. 
non-obese mothers, regardless of GDM diagnosis. 
Obese women (BMI before pregnancy ≥ 30, n = 11) 
reported significantly more stop-smoking (see the 
Table 1 – right side), more frequent need of an induced 
delivery (P = 0.0003, Chi-square test), for all perinatal 
data see Table 2, right side). Offspring of obese moth-
ers had significantly worse verbal language skills in 18th 
month of age (P = 0.034, Chi-square test), a higher per-
centile of weight-for-height in 3 years (P = NS) as well 
as in 5 years of age (P = 0.04, Mann–Whitney test). For 
all offspring data see Table 3, right side).

Table 3  Offspring data

Data expressed as median [IQR], Mann–Whitney test, or frequency (%), chi-square test
a evaluated at 12 months of age, bevaluated at 18 months of age, cevaluated at 3 years of age, devaluated at 5 years of age

Parameter GDM (n = 26) Controls (n = 63) P Obese mothers (n = 11) Non-obese mothers (n = 78) P

Birth weight (g) 3405 (3010–3585) 3240 (3020–3600) NS 3350 (3050–3540) 3270 (3000–3630) NS

Newborn jaundice 12.5% 13.5% NS 18.2% 10.3% NS

Don´t say any worda 16.7% 1.9% 0.015 0% 6.4% NS

Don´t link wordsb 45.8% 17.3% 0.009 45.5% 19.2% 0.034
Don´t walk aloneb 8.7% 3.8% NS 0% 5.1% NS

Percentile weight-for-height c 54 (33–63) 45 (23–65) NS 56.5 (33–75) 46 (22–63) NS

Percentile weight-for-height d 57 (35–69) 37 (22–67) NS 69 (62–85) 37 (22–65) 0.04
Systolic blood pressure (mmHg)d 95 (92–103) 100 (94–110) NS 105 (95–110) 99 (92–105) NS

Diastolic blood pressure (mmHg)d 52 (48–61) 58 (50–60) NS 53 (51–58) 57.5 (50–60) NS

Heart rate (/min)d 91 (80–98) 90 (81–103) NS 69 (59–79) 91 (85–105) NS

Abnormities in psychomotor 
developmentd

8.3% 0% 0.048 0% 1.3% NS

Abnormities in nutritional statusd 0% 2% NS 0% 1.3% NS

Abnormities in visiond 0% 2% NS 0% 9% NS

Abnormities in hearingd 0% 0% NS 0% 0% NS

Abnormities in speechd 30.8% 23.5% NS 9.1% 19.2% NS

Abnormities in school readiness 
testd

8.3% 0% 0.048 0% 1.3% NS

Breastfeeding 87.5% 92.3% NS 81.8% 76.9% NS

Abnormities in vaccination 12.5% 13.5% NS 0% 12.8% NS

Need for regular specialist observa-
tion

44% 47.5% NS 36.4% 46.2% NS

Any illness/ hospitalisation 62.5% 23.9% 0.022 36.4% 29.5% NS

Need for regular drug therapy 37.5% 16.4% NS 18.1% 19.2% NS
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Discussion
The aim of the current study was to prospectively follow 
offspring of GDM mothers vs. controls from their birth 
up to 5 years of age and to document event. differences 
in their psychomotor development and morbidity. The 
study is unique in including mother´s parameters dur-
ing pregnancy together with perinatal data. Of note is 
the fact that the GDM cohort received the best possible 
prenatal and perinatal care and GDM was therefore well 
managed. As a secondary aim we compared offspring of 
obese vs. non-obese mothers, however, the validity of 
this analysis is diminished by small number of pre-preg-
nancy overtly obese respondents (n = 11). The fact that 
only 20% of enrolled women were willing to participate 
in the prospective part of study is no different from the 
results of other prospective studies focusing on GDM 
and reporting similar low compliance [23, 24].

Our main findings can be summarised as follows: GDM 
mothers have increased weight and more often were 
stop-smokers than those with a physiological pregnancy. 
Offspring of GDM mothers had delayed psychomotor 
development in early childhood but in 5 years of age they 
seemed to gradually achieve results of a control group. 
Children with macrosomia had a higher percentile of 
weight-for-height and were significantly more frequently 
ill than those with a normal birth weight. Offspring of 
obese mothers had worse verbal language skills in early 
childhood and a higher percentile of weight-for-height.

GDM mothers are at increased risk of adverse preg-
nancy outcomes, independently to BMI, especially to 
have offspring with macrosomia [25]. Most of the pub-
lished studies described higher birth weight, increased 
occurrence of Caesarean sections, rarely a stillbirth in 
GDM group compared to controls [26–28]. Some studies 
indicate decreased breastfeeding in GDM mothers [29], 
however, the lower adherence to breastfeeding is prob-
ably caused by more frequent instrumental delivery, not 
the GDM diagnosis per se as confirmed by a big Austral-
ian study with a half a million of participants [30]. Results 
of our study generally copy the findings of previous stud-
ies, although the differences between GDM and control 
group were more commonly not statistically significant. 
The finding that GDM mothers had a higher BMI than 
controls and were significantly more often (stop)smokers 
(nobody admitted active smoking during pregnancy) had 
no significant influence on the perinatal parameters or 
offspring development in our cohort. However, previous 
studies detected that offspring exposed to smoking dur-
ing  pregnancy can have increased risk of severe mental 
illness [31] or later mental development [32].

Systematic review and meta-analysis monitoring psy-
chomotor development of offspring of mothers with 
T1DM, T2DM or GDM showed the infants (at 1–2 years 

of age) of diabetic mothers had significantly lower scores 
of mental and psychomotor development compared to 
control infants, but results are based on observational 
cohorts and a direct causal influence of intrauterine 
hyperglycaemia remains uncertain [14]. The Polish study 
with a retrospective design included 59  children, 20 
of them mothers with GDM, 19 of mothers with T1DM 
and 20 children of healthy mothers and found no abnor-
malities in a psychomotor development in offspring of 
GDM mothers [15]. We were able to find only single, 
25 years old, prospective study focused on prenatal and 
perinatal influences on long-term psychomotor develop-
ment in offspring of 196 diabetic mothers. They inves-
tigated antepartum maternal metabolism and proved a 
borderline association between the children’s scores on 
the psychomotor development index at age 2  years and 
maternal third-trimester beta-hydroxybutyrate levels, no 
associations of altered psychomotor development with 
adverse perinatal outcomes or mother´s obesity were 
showed [16]. Results of our study show offspring of GDM 
mothers having significantly worse speech abilities in 
early childhood, but in 5 years of age they seem to gradu-
ally achieve results of a control group. The parturition 
played no role in psychomotor development in our study 
group, the same results are presented in the German 
study with 9,591 children which aimed at psychomo-
tor development  in the period between 3 and 7 years in 
relation to delivery and found no significant differences 
in the intelligence or any delayed motor  development 
between instrumental or spontaneous delivery [33].

In terms of overall morbidity, our findings indicate 
increased morbidity in a cohort of offspring of GDM 
mothers compare to controls with respiratory tract ill-
nesses and allergies being the most common. For exam-
ple study of Kumar et al. [34] is rather consistent with our 
findings in reporting an increased occurrence of atopic 
status in early childhood of offspring of GDM mothers. 
The biologic mechanism by which GDM might affect 
susceptibility to atopic dermatitis and allergen sensitiza-
tion remains unclear, however.  For example, adiponec-
tin attenuates  allergic inflammation in murine models 
[35]. Thus, it is possible that altered levels of adipokines 
associated with GDM might have some effect on immu-
nologic development in infancy.

Macrosomia itself can play an important role in an 
offspring life, previous epidemiological studies have 
shown that both low and high birth weight are asso-
ciated with increased risks of obesity, cardiovascular 
disease and type 2 diabetes in later life [36, 37]. We 
confirmed a higher weight-for-height percentile in chil-
dren with macrosomia and this percentile increased 
in time. Many studies analysed offspring macrosomia 
in conjunction with psychomotor development, they 
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found that children born at over the 90th percentile for 
weight have increased risk of attention deficit hyper-
activity disorder (ADHD), depression, anxiety, autism, 
and cognitive delay (as summarised in [38]). Our find-
ings indicate no difference in psychomotor develop-
ment in macrosomic offspring compare to those with a 
normal birth weight.

As a secondary aim we focused on offspring of obese 
mothers in comparison with non-obese. Maternal obe-
sity is in general associated with a greater risk of preterm 
birth, large-for-gestational-age babies, foetal defects, 
congenital anomalies and perinatal death [39]. Further-
more, breastfeeding initiation rates are lower and there is 
a greater risk of early breastfeeding cessation in women 
with obesity compared with healthy weight women [40]. 
In our study we detected a possible negative influence of 
mother´s obesity on speech abilities of their offspring in 
early childhood and similar results were described in a 
Spanish study [41] where maternal pre-pregnancy obe-
sity was associated with a reduction in offspring verbal 
scores at pre-school age. A systematic review by Adane 
et  al. [42] postulated that intrauterine environment has 
a detrimental effect on children’s cognitive develop-
ment. However, evidence of the association between the 
maternal obesity and mental development of children is 
too scarce to offer a definite conclusion. We confirmed 
results of other studies by findings of higher percentiles 
weight-for-height in offspring of obese mothers, compare 
to non-obese, which can mean a higher risk of children 
obesity later in life [43, 44].

Given the prevalence of overweight/obesity is still 
much higher than that of GDM, focusing on pathophysi-
ological mechanisms operating in obesity alone and obe-
sity-GDM combination is extremely important. Animal 
models have shown that maternal diet-induced obesity 
is associated with elevations in inflammatory markers 
in the brain and morphological changes in hippocam-
pal neurons with shorter and less numerous neurons 
[45]. Besides inflammation, other biological mechanisms 
through which maternal obesity can influence child neu-
rodevelopment include leptin, a hormone produced by 
the adipose tissue that has been involved in mood dis-
turbances, thyroid dysfunction, nutrient deficits such as 
vitamin D or folic acid, and neurotoxins cumulated in 
the adipose tissue (i.e. mercury, persistent organic pollut-
ants etc.) [46]. The foetal environment in overt maternal 
diabetes (preceding pregnancy) is mainly characterized 
by hyperglycaemia, chronic hypoxia and iron deficiency, 
complemented with recurrent acute changes in glucose 
status and academia. Moreover, pregnancy altered gly-
caemia may affect foetal development, have a significant 
impact on offspring cognition, and also increase the risk 
of suffering from mental disorder [14]. One might expect 

similar effects operating in GDM pregnancy, although to 
lesser degree compared to T1DM.

One of the potential limitations of our study with a 
possible influence on the quality and the interpretation of 
the findings could be the fact, that all GDM subjects were 
followed and all study participants (GDM and controls) 
delivered in a tertiary health care centre, so they obtain 
the best possible care and our findings might not be uni-
versally representative. Furthermore, we also did not 
account for a possible effect of paternal obesity or other 
morbidities (incl. diabetes) in our analyses potentially 
influencing offspring results in the study as well. More-
over, results of analyses focusing on children with mac-
rosomia or offspring of overtly obese women in our study 
could be distorted by a small number of cases. Yet, our 
findings still confirm results of other studies. Finally, the 
biggest limitation seems to be a disproportion between 
the numbers of participants with GDM vs. controls will-
ing to be prospectively followed from the baseline study 
group. However, comparison of the baseline (summa-
rised the Table 1) as well as the perinatal data (summa-
rised in the Table  2) of participants of followed in the 
prospective study vs. remaining subjects in GDM and 
control groups did not reveal any statistically differences. 
We therefore assume that any eventual selection bias is 
minimal. The reasons for low compliance of patients with 
GDM (unwillingness to participate in the follow up stud-
ies) might only be speculated incl. managing the new 
disease, a new role as mother, lack of motivation to con-
tribute to research, privacy concerns etc. Several studies 
confirm our theory [47–49].

Conclusions
In conclusion, we present here a unique prospective 
study focusing on psychomotor development of offspring 
of GDM and non-GDM mothers from birth up to 5 years 
of age. Despite the very good diabetes control and prena-
tal care we revealed several differences in selected param-
eters in offspring of GDM mothers, mainly in speech 
abilities and total morbidity. Moreover, a significant link 
of mother´s obesity and offspring increased adiposity was 
detectable in our cohort, but, because of relatively small 
number of obese participants in our study, we cannot 
reliably separate those effects. Maternal gestational dia-
betes and obesity can be therefore considered an impor-
tant determinant of postnatal offspring development and 
health status, which further advocates for broader imple-
mentation of preventive strategies aiming at obesity and 
GDM in women of reproductive age.

Abbreviations
ADHD: Attention deficit hyperactivity disorder; BMI: Body mass index; CVD: 
Cardiovascular disease; FPG: Fasting plasma glucose; GDM: Gestational 



Page 8 of 9Bartáková et al. BMC Pediatrics          (2022) 22:493 

diabetes mellitus; IADPSG: International association of diabetes and preg-
nancy study group; IQR: Interquartile range; oGTT​: Oral glucose tolerance test; 
PHIHR: Parent-held infant health record; T1DM: Type 1 diabetes mellitus; T2DM: 
Type 2 diabetes mellitus; WHO: World health organisation.

Acknowledgements
Authors thank to Jana Belobradkova M.D. for cooperation in The Diabetes 
Centre of the University Hospital Brno.

Authors’ contributions
VB and KK designed the study, analysed the data and wrote the original draft 
of manuscript. KCH assisted with electronic questionnaire preparation and 
interpretation of data. PJ was responsible for retrieval of maternal data. All 
authors (VB, KK, KCH, BB and PJ) made substantial contributions to the inter-
pretation of data, revised the manuscript critically for important intellectual 
content and approved the final version to be published. VB is responsible for 
the integrity of the work as a whole.

Funding
Study was supported by the NV18-01–00046 from the Ministry of Health of 
Czech Republic. The funding played no role in the design of the study and 
sample collection, analysis, and interpretation of data and in writing the 
manuscript.

Availability of data and materials
The datasets generated the current study are not publicly available but are 
available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Study was approved by the Ethical Committee of Faculty of Medicine, Masaryk 
University, and was conducted in accordance with Helsinki declaration 
(approval number 22/2010, date of approval 16th September 2010). Each 
participant provided written informed consent prior to being included in the 
study and permission to be contacted in a future in terms of their offspring 
data and written consent of publication data. Consent to participate was also 
obtained from the parents/guardians of the minors included in this study.

Consent for publication
Not applicable.

Competing interests
None declared.

Author details
1 Department of Pathophysiology, Faculty of Medicine, Masaryk Univer-
sity, Kamenice 5, Brno 625 00, Czech Republic. 2 Department of Pediatrics, 
University Hospital Brno, Černopolní 9, Brno, Czech Republic. 3 Department 
of Obstetrics and Gynaecology, University Hospital Brno, Jihlavská 20, 625 
00 Brno, Czech Republic. 

Received: 7 October 2021   Accepted: 9 August 2022

References
	1.	 Reece EA, Leguizamón G, Wiznitzer A. Gestational diabetes: the need for 

a common ground. Lancet. 2009;373(9677):1789–97. https://​doi.​org/​10.​
1016/​S0140-​6736(09)​60515-8.

	2.	 Association AD. 2.Classification and Diagnosis of Diabetes:. Diabetes Care. 
2019;42(1):S13–S28. doi: https://​doi.​org/​10.​2337/​dc19-​S002.

	3.	 Bellamy L, Casas JP, Hingorani AD, Williams D. Type 2 diabetes mellitus 
after gestational diabetes: a systematic review and meta-analysis. Lancet. 
2009;373(9677):1773–9. https://​doi.​org/​10.​1016/​S0140-​6736(09)​60731-5.

	4.	 Kim C, Newton KM, Knopp RH. Gestational diabetes and the incidence of 
type 2 diabetes: a systematic review. Diabetes Care. 2002;25(10):1862–8.

	5.	 Metzger BE, Gabbe SG, Persson B, Buchanan TA, Catalano PA, Damm P, 
et al. International association of diabetes and pregnancy study groups 

recommendations on the diagnosis and classification of hyperglycemia 
in pregnancy. Diabetes Care. 2010;33(3):676–82. https://​doi.​org/​10.​2337/​
dc09-​1848.

	6.	 Nolan CJ, Damm P, Prentki M. Type 2 diabetes across generations: 
from pathophysiology to prevention and management. Lancet. 
2011;378(9786):169–81. https://​doi.​org/​10.​1016/​S0140-​6736(11)​60614-4.

	7.	 Dabelea D, Pettitt DJ. Intrauterine diabetic environment confers risks 
for type 2 diabetes mellitus and obesity in the offspring, in addition to 
genetic susceptibility. J Pediatr Endocrinol Metab. 2001;14(8):1085–91. 
https://​doi.​org/​10.​1515/​jpem-​2001-​0803.

	8.	 Sanchez CE, Barry C, Sabhlok A, Russell K, Majors A, Kollins SH, et al. Mater-
nal pre-pregnancy obesity and child neurodevelopmental outcomes: a 
meta-analysis. Obes Rev. 2018;19(4):464–84. https://​doi.​org/​10.​1111/​obr.​
12643.

	9.	 Hildén K, Hanson U, Persson M, Magnuson A, Simmons D, Fadl H. Gesta-
tional diabetes and adiposity are independent risk factors for perinatal 
outcomes: a population based cohort study in Sweden. Diabet Med. 
2019;36(2):151–7. https://​doi.​org/​10.​1111/​dme.​13843.

	10.	 Wang J, Pan L, Liu E, Liu H, Liu J, Wang S, et al. Gestational diabetes 
and offspring’s growth from birth to 6 years old. Int J Obes (Lond). 
2019;43(4):663–72. https://​doi.​org/​10.​1038/​s41366-​018-​0193-z.

	11.	 Parnell AS, Correa A, Reece EA. Pre-pregnancy Obesity as a Modifier of 
Gestational Diabetes and Birth Defects Associations: A Systematic Review. 
Matern Child Health J. 2017;21(5):1105–20. https://​doi.​org/​10.​1007/​
s10995-​016-​2209-4.

	12.	 Lowe WL, Scholtens DM, Kuang A, Linder B, Lawrence JM, Lebenthal Y, 
et al. Hyperglycemia and Adverse Pregnancy Outcome Follow-up Study 
(HAPO FUS): Maternal Gestational Diabetes Mellitus and Childhood 
Glucose Metabolism. Diabetes Care. 2019;42(3):372–80. https://​doi.​org/​
10.​2337/​dc18-​1646.

	13.	 Lowe WL, Lowe LP, Kuang A, Catalano PM, Nodzenski M, Talbot O, et al. 
Maternal glucose levels during pregnancy and childhood adiposity 
in the Hyperglycemia and Adverse Pregnancy Outcome Follow-up 
Study. Diabetologia. 2019;62(4):598–610. https://​doi.​org/​10.​1007/​
s00125-​018-​4809-6.

	14.	 Camprubi Robles M, Campoy C, Garcia Fernandez L, Lopez-Pedrosa 
JM, Rueda R, Martin MJ. Maternal Diabetes and Cognitive Performance 
in the Offspring: A Systematic Review and Meta-Analysis. PLoS ONE. 
2015;10(11): e0142583. https://​doi.​org/​10.​1371/​journ​al.​pone.​01425​83.

	15.	 Kowalczyk M, Ircha G, Zawodniak-Szałapska M, Cypryk K, Wilczyński J. 
Psychomotor development in the children of mothers with type 1 diabe-
tes mellitus or gestational diabetes mellitus. J Pediatr Endocrinol Metab. 
2002;15(3):277–81. https://​doi.​org/​10.​1515/​jpem.​2002.​15.3.​277.

	16.	 Rizzo TA, Dooley SL, Metzger BE, Cho NH, Ogata ES, Silverman BL. Prenatal 
and perinatal influences on long-term psychomotor development in 
offspring of diabetic mothers. Am J Obstet Gynecol. 1995;173(6):1753–8. 
https://​doi.​org/​10.​1016/​0002-​9378(95)​90422-0.

	17.	 Bartáková V, Ťápalová V, Wágnerová K, Janků P, Bělobrádková J, Kaňková 
K. Pregnancy outcomes in women with gestational diabetes: spe-
cific subgroups might require increased attention. Ceska Gynekol. 
2017;82(1):16–23.

	18.	 Bartáková V, Barátová B, Pácal L, Ťápalová V, Šebestová S, Janků P, Kaňková 
K. Development of a New Risk Score for Stratification of Women with 
Gestational Diabetes Mellitus at High Risk of Persisting Postpartum 
Glucose Intolerance Using Routinely Assessed Parameters. Life (Basel). 
2021;11(6):464.

	19.	 Group WMGRS. WHO Motor Development Study: windows of achieve-
ment for six gross motor development milestones. Acta Paediatr Suppl. 
2006;450:86–95. doi: https://​doi.​org/​10.​1111/j.​1651-​2227.​2006.​tb023​79.x.

	20.	 de Onis M, Garza C, Victora CG, Onyango AW, Frongillo EA, Martines J. The 
WHO Multicentre Growth Reference Study: planning, study design, and 
methodology. Food Nutr Bull. 2004;25(1 Suppl):S15-26. https://​doi.​org/​10.​
1177/​15648​26504​0251S​103.

	21.	 Bednářová J, Šmardová V. Školní zralost: Co by mělo umět dítě před 
vstupem do školy. Computer press; 2011.

	22.	 Group WMGRS. WHO Child Growth Standards based on length/height, 
weight and age. Acta Paediatr Suppl. 2006;450:76–85. https://​doi.​org/​10.​
1111/j.​1651-​2227.​2006.​tb023​78.x.

	23.	 Zhang S, Liu H, Zhang C, Wang L, Li N, Leng J, et al. Maternal glucose 
during pregnancy and after delivery in women with gestational 

https://doi.org/10.1016/S0140-6736(09)60515-8
https://doi.org/10.1016/S0140-6736(09)60515-8
https://doi.org/10.2337/dc19-S002
https://doi.org/10.1016/S0140-6736(09)60731-5
https://doi.org/10.2337/dc09-1848
https://doi.org/10.2337/dc09-1848
https://doi.org/10.1016/S0140-6736(11)60614-4
https://doi.org/10.1515/jpem-2001-0803
https://doi.org/10.1111/obr.12643
https://doi.org/10.1111/obr.12643
https://doi.org/10.1111/dme.13843
https://doi.org/10.1038/s41366-018-0193-z
https://doi.org/10.1007/s10995-016-2209-4
https://doi.org/10.1007/s10995-016-2209-4
https://doi.org/10.2337/dc18-1646
https://doi.org/10.2337/dc18-1646
https://doi.org/10.1007/s00125-018-4809-6
https://doi.org/10.1007/s00125-018-4809-6
https://doi.org/10.1371/journal.pone.0142583
https://doi.org/10.1515/jpem.2002.15.3.277
https://doi.org/10.1016/0002-9378(95)90422-0
https://doi.org/10.1111/j.1651-2227.2006.tb02379.x
https://doi.org/10.1177/15648265040251S103
https://doi.org/10.1177/15648265040251S103
https://doi.org/10.1111/j.1651-2227.2006.tb02378.x.
https://doi.org/10.1111/j.1651-2227.2006.tb02378.x.


Page 9 of 9Bartáková et al. BMC Pediatrics          (2022) 22:493 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

diabetes mellitus on overweight status of their children. Biomed Res Int. 
2015;2015: 543038. https://​doi.​org/​10.​1155/​2015/​543038.

	24.	 Cabizuca CA, Rocha PS, Marques JV, Costa TFLR, Santos ASN, Schröder 
AL, et al. Postpartum follow up of gestational diabetes in a Tertiary 
Care Center. Diabetol Metab Syndr. 2018;10:2. https://​doi.​org/​10.​1186/​
s13098-​017-​0303-4.

	25.	 Catalano PM, McIntyre HD, Cruickshank JK, McCance DR, Dyer AR, 
Metzger BE, et al. The hyperglycemia and adverse pregnancy outcome 
study: associations of GDM and obesity with pregnancy outcomes. 
Diabetes Care. 2012;35(4):780–6. https://​doi.​org/​10.​2337/​dc11-​1790.

	26.	 Ethridge JK, Catalano PM, Waters TP. Perinatal outcomes associated with 
the diagnosis of gestational diabetes made by the international associa-
tion of the diabetes and pregnancy study groups criteria. Obstet Gynecol. 
2014;124(3):571–8. https://​doi.​org/​10.​1097/​AOG.​00000​00000​000412.

	27.	 Nayak PK, Mitra S, Sahoo JP, Daniel M, Mathew A, Padma A. Feto-maternal 
outcomes in women with and without gestational diabetes mellitus 
according to the International Association of Diabetes and Pregnancy 
Study Groups (IADPSG) diagnostic criteria. Diabetes Metab Syndr. 
2013;7(4):206–9. https://​doi.​org/​10.​1016/j.​dsx.​2013.​10.​017.

	28.	 Laafira A, White SW, Griffin CJ, Graham D. Impact of the new IADPSG ges-
tational diabetes diagnostic criteria on pregnancy outcomes in Western 
Australia. Aust N Z J Obstet Gynaecol. 2016;56(1):36–41. https://​doi.​org/​
10.​1111/​ajo.​12394.

	29.	 Nguyen PTH, Pham NM, Chu KT, Van Duong D, Van Do D. Gestational 
Diabetes and Breastfeeding Outcomes: A Systematic Review. Asia Pac 
J Public Health. 2019:1010539519833497. doi: https://​doi.​org/​10.​1177/​
10105​39519​833497.

	30.	 Peters LL, Thornton C, de Jonge A, Khashan A, Tracy M, Downe S, et al. 
The effect of medical and operative birth interventions on child health 
outcomes in the first 28 days and up to 5 years of age: A linked data 
population-based cohort study. Birth. 2018;45(4):347–57. https://​doi.​org/​
10.​1111/​birt.​12348.

	31.	 Quinn PD, Rickert ME, Weibull CE, Johansson ALV, Lichtenstein P, Almqvist 
C, et al. Association Between Maternal Smoking During Pregnancy and 
Severe Mental Illness in Offspring. JAMA Psychiat. 2017;74(6):589–96. 
https://​doi.​org/​10.​1001/​jamap​sychi​atry.​2017.​0456.

	32.	 Micalizzi L, Knopik VS. Maternal smoking during pregnancy and offspring 
executive function: What do we know and what are the next steps? Dev 
Psychopathol. 2018;30(4):1333–54. https://​doi.​org/​10.​1017/​S0954​57941​
70016​87.

	33.	 Hohlweg-Majert P, Goyert A, Schmitt A. Psychomotor development of 
children born operatively by Caesarian section, vacuum or forceps in the 
period between 3 and 7 years (author’s transl). Z Geburtshilfe Perinatol. 
1979;183(5):375–83.

	34.	 Kumar R, Ouyang F, Story RE, Pongracic JA, Hong X, Wang G, et al. 
Gestational diabetes, atopic dermatitis, and allergen sensitization in early 
childhood. J Allergy Clin Immunol. 2009;124(5):1031-8.e1-4. https://​doi.​
org/​10.​1016/j.​jaci.​2009.​06.​052.

	35.	 Shore SA. Obesity and asthma: possible mechanisms. J Allergy Clin 
Immunol. 2008;121(5):1087–93; quiz 94–5. doi: https://​doi.​org/​10.​1016/j.​
jaci.​2008.​03.​004.

	36.	 Curhan GC, Chertow GM, Willett WC, Spiegelman D, Colditz GA, Manson 
JE, et al. Birth weight and adult hypertension and obesity in women. 
Circulation. 1996;94(6):1310–5. https://​doi.​org/​10.​1161/​01.​cir.​94.6.​1310.

	37.	 Whincup PH, Kaye SJ, Owen CG, Huxley R, Cook DG, Anazawa S, et al. 
Birth weight and risk of type 2 diabetes: a systematic review. JAMA. 
2008;300(24):2886–97. https://​doi.​org/​10.​1001/​jama.​2008.​886.

	38.	 Grissom NM, Reyes TM. Gestational overgrowth and undergrowth affect 
neurodevelopment: similarities and differences from behavior to epige-
netics. Int J Dev Neurosci. 2013;31(6):406–14. https://​doi.​org/​10.​1016/j.​
ijdev​neu.​2012.​11.​006.

	39.	 Leddy MA, Power ML, Schulkin J. The impact of maternal obesity on 
maternal and fetal health. Rev Obstet Gynecol. 2008;1(4):170–8.

	40.	 Marchi J, Berg M, Dencker A, Olander EK, Begley C. Risks associated with 
obesity in pregnancy, for the mother and baby: a systematic review of 
reviews. Obes Rev. 2015;16(8):621–38. https://​doi.​org/​10.​1111/​obr.​12288.

	41.	 Casas M, Forns J, Martínez D, Guxens M, Fernandez-Somoano A, Ibarluzea 
J, et al. Maternal pre-pregnancy obesity and neuropsychological develop-
ment in pre-school children: a prospective cohort study. Pediatr Res. 
2017;82(4):596–606. https://​doi.​org/​10.​1038/​pr.​2017.​118.

	42.	 Adane AA, Mishra GD, Tooth LR. Maternal pre-pregnancy obesity and 
childhood physical and cognitive development of children: a systematic 
review. Int J Obes (Lond). 2016;40(11):1608–18. https://​doi.​org/​10.​1038/​
ijo.​2016.​140.

	43.	 Catalano PM, Farrell K, Thomas A, Huston-Presley L, Mencin P, de Mouzon 
SH, et al. Perinatal risk factors for childhood obesity and metabolic dys-
regulation. Am J Clin Nutr. 2009;90(5):1303–13. https://​doi.​org/​10.​3945/​
ajcn.​2008.​27416.

	44.	 Kaar JL, Crume T, Brinton JT, Bischoff KJ, McDuffie R, Dabelea D. Maternal 
obesity, gestational weight gain, and offspring adiposity: the exploring 
perinatal outcomes among children study. J Pediatr. 2014;165(3):509–15. 
https://​doi.​org/​10.​1016/j.​jpeds.​2014.​05.​050.

	45.	 Tozuka Y, Kumon M, Wada E, Onodera M, Mochizuki H, Wada K. Maternal 
obesity impairs hippocampal BDNF production and spatial learning per-
formance in young mouse offspring. Neurochem Int. 2010;57(3):235–47. 
https://​doi.​org/​10.​1016/j.​neuint.​2010.​05.​015.

	46.	 Rodriguez A, Miettunen J, Henriksen TB, Olsen J, Obel C, Taanila A, et al. 
Maternal adiposity prior to pregnancy is associated with ADHD symp-
toms in offspring: evidence from three prospective pregnancy cohorts. 
Int J Obes (Lond). 2008;32(3):550–7. https://​doi.​org/​10.​1038/​sj.​ijo.​08037​
41.

	47.	 Craig L, Sims R, Glasziou P, Thomas R. Women’s experiences of a diagnosis 
of gestational diabetes mellitus: a systematic review. BMC Pregnancy 
Childbirth. 2020;20(1):76. https://​doi.​org/​10.​1186/​s12884-​020-​2745-1.

	48.	 Kilgour C, Bogossian FE, Callaway L, Gallois C. Postnatal gestational dia-
betes mellitus follow-up: Australian women’s experiences. Women Birth. 
2015;28(4):285–92. https://​doi.​org/​10.​1016/j.​wombi.​2015.​06.​004.

	49.	 Scholtens DM, Kuang A, Lowe LP, Hamilton J, Lawrence JM, Lebenthal Y, 
et al. Hyperglycemia and Adverse Pregnancy Outcome Follow-up Study 
(HAPO FUS): Maternal Glycemia and Childhood Glucose Metabolism. 
Diabetes Care. 2019;42(3):381–92. https://​doi.​org/​10.​2337/​dc18-​2021.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1155/2015/543038
https://doi.org/10.1186/s13098-017-0303-4
https://doi.org/10.1186/s13098-017-0303-4
https://doi.org/10.2337/dc11-1790
https://doi.org/10.1097/AOG.0000000000000412
https://doi.org/10.1016/j.dsx.2013.10.017
https://doi.org/10.1111/ajo.12394
https://doi.org/10.1111/ajo.12394
https://doi.org/10.1177/1010539519833497
https://doi.org/10.1177/1010539519833497
https://doi.org/10.1111/birt.12348
https://doi.org/10.1111/birt.12348
https://doi.org/10.1001/jamapsychiatry.2017.0456
https://doi.org/10.1017/S0954579417001687
https://doi.org/10.1017/S0954579417001687
https://doi.org/10.1016/j.jaci.2009.06.052.
https://doi.org/10.1016/j.jaci.2009.06.052.
https://doi.org/10.1016/j.jaci.2008.03.004
https://doi.org/10.1016/j.jaci.2008.03.004
https://doi.org/10.1161/01.cir.94.6.1310
https://doi.org/10.1001/jama.2008.886
https://doi.org/10.1016/j.ijdevneu.2012.11.006
https://doi.org/10.1016/j.ijdevneu.2012.11.006
https://doi.org/10.1111/obr.12288
https://doi.org/10.1038/pr.2017.118
https://doi.org/10.1038/ijo.2016.140
https://doi.org/10.1038/ijo.2016.140
https://doi.org/10.3945/ajcn.2008.27416
https://doi.org/10.3945/ajcn.2008.27416
https://doi.org/10.1016/j.jpeds.2014.05.050
https://doi.org/10.1016/j.neuint.2010.05.015
https://doi.org/10.1038/sj.ijo.0803741
https://doi.org/10.1038/sj.ijo.0803741
https://doi.org/10.1186/s12884-020-2745-1
https://doi.org/10.1016/j.wombi.2015.06.004
https://doi.org/10.2337/dc18-2021

	Morbidity and psychomotor development of offspring of women with gestational diabetes: a 5-year follow-up
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Material and methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References


