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Abstract- A systematic review and meta-analysis was conducted to determine the association between 

exposure to maternal diabetes and ADHD in the offspring. Major electronic databases, including Web of 

Science, PubMed, Scopus, Embase, and Proquest, were searched from inception until December 2018. The 

New Castle-Ottawa scale was used to assess the quality of the included studies. A fixed effects model was 

applied for analysis. Seven studies including a total of 5,658,871 individuals were retained. A significant 

association was found between maternal diabetes and ADHD [OR=1.23, 95% CI: 1.117, 1.345]. There was a 

significant heterogeneity (I^2=77.7, P<0.0001), while Egger’s and Begg’s test were not significant. This 

study showed a significant relationship between maternal diabetes and ADHD; however, more well-designed 

studies are needed to confirm the results.  

© 2023 Tehran University of Medical Sciences. All rights reserved.  

Acta Med Iran 2023;61(6):315-322. 

 

Keywords: Attention deficit disorder with hyperactivity; Diabetes mellitus; Systematic review 

 

Introduction 
 

Maternal diabetes includes either existing diabetes 

before the pregnancy, also known as pre-gestational 

Diabetes Mellitus (PGDM), or a first diagnosis of 

diabetes during pregnancy, known as Gestational 

Diabetes Mellitus (GDM) (1). 

Diabetes is one of the most common complications 

of pregnancy. In fact, the number of pregnant women 

with diabetes is expected to rise due to increased 

sedentary habits and high-calorie diets (2). In the United 

States, about 9% of childbearing women have diabetes 

and 2-5% of pregnant women develop GDM. Similarly, 

the prevalence of GDM is 2-6% of all pregnancies in 

Europe (3). 

Previous studies suggest that maternal diabetes (all 

types) is associated with an increased rate of 

neurocognitive and behavioral outcomes in the 

offspring, including autism, memory difficulties, deficit/ 

hyperactivity disorder (ADHD), and intelligence 

quotient (IQ) (4-7).  

Attention-deficit hyperactivity disorder (ADHD) is a 

mental disease with a global prevalence of about 5 % (8) 

in children and 3% in adults (9). The etiology of ADHD 

is complex and influenced by the interaction of 

environmental and genetic factors (10). Previous studies 

demonstrated that some pregnancy-related factors could 

be effective in ADHD, including maternal obesity (11), 

alcohol consumption during pregnancy (12,13), and 

maternal smoking (14). Maternal metabolic 

complications increase the risk of behavioral disorders 

such as ADHD (15). Several studies found a significant 

association between maternal diabetes and ADHD (16-

18). However, a prospective cohort study indicated that 

maternal diabetes was not related to ADHD (19). Since 

diabetes and ADHD are both common, ADHD and 

diabetic patients may represent a large proportion of the 

population needing care. Thus, it is worthy to obtain 

more data to assess the association between maternal 

diabetes and ADHD. Furthermore, it is important to 

recognize ADHD in children in the early stages because 

ADHD has some long-term adverse outcomes including 

learning difficulties, social and occupational problems, 

drug abuse, and criminal behaviors (20-24). Therefore, 
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this systematic review and meta-analysis was conducted 

to examine the association between maternal diabetes 

and ADHD. 

 

Materials and Methods 
 
A systematic search was conducted in Web of 

Science, PubMed (1990/01/01:2018/10/20), Scopus, 

Embase, and Proquest (January 1989 to December 

2018).  

A search strategy was created using MeSH terms 

“ADHD”, “Attention Deficit Hyperactivity” ”ADDH”, 

“Minimal Brain Dysfunction”, “hyperkinetic 

syndrome”, “minimal brain disorders”, “hyperactive 

child syndrome”, “childhood hyperkinetic syndrome”, 

“overactive child syndrome”, “attention deficit 

hyperkinetic disorder”, “hyperkinetic disorder”, 

“attention deficit disorder hyperactivity”, “child 

attention deficit disorder”, “hyperkinetic syndrome 

childhood”, “Attention Deficit Hyperactivity 

“Disorder”, AND “Diabetes*”, “Diabetes Mellitus”, 

“IDDM” “GDM”, “maternal diabetes”, "T1DM”, 

“Prediabetes” “Impaired Glucose Tolerance”, 

(Intolerance AND Glucose), (Diabetes AND 

“Pregnancy Induced”), “Gestational Diabetes”, 

“NIDDM”, “MODY”. 

First, irrelevant articles were removed according to 

title and abstract screening. Two authors (BO and 

FKH) independently reviewed the full texts of the 

remaining articles based on the inclusion criteria of this 

meta-analysis. All observational studies investigating 

the relationship between maternal diabetes and ADHD 

in the offspring in which odds ratio (OR), relative risk 

(RR), or hazard ratio (HR) were reported or the data 

required for calculating the odds ratio was available, 

were included regardless of language, age, sex, and 

race limitations. When two articles reported the same 

data for the same cohort, the article that reported the 

data more comprehensively was included. Review and 

conference articles were excluded and any 

disagreement between reviewers was resolved by 

consensus. The inter-author reliability based on kappa 

coefficient was 91%. 

Selection of studies, data extraction, and quality 

assessment were performed by BO and FKH. 

The New Castle-Ottawa scale recommended by the 

Cochrane collaboration was used for assessing the 

quality of the studies. A “star system” was used to 

evaluate the quality of the studies in three categories: 

the selection (4 stars); the comparability (2 stars); and 

outcome for cohort studies or exposure for case-control 

studies (3 star). Studies with 7 to 9, 4 to 6, and 0 to 3 

stars were classified as high, intermediate and low 

quality, respectively (25). 

 

Data collection and validity assessment  

Data were extracted by two authors (BO and FKH) 

independently. The extracted variables for data 

analysis included author’s name, publication year, 

country, study design, type of diabetes, effect size with 

confidence interval, sex, and age. 

 

Data synthesis 

The Cochran’s Q test was used to assess between-

study inconsistency, and I2 value was used to assess 

the heterogeneity of the effect size, which indicates the 

percentage of variation across studies due to 

heterogeneity rather than chance. An I2 statistics less 

than 25%, 25-50%, and more than 50% represented 

low, intermediate, and high heterogeneity, respectively. 

Publication bias was assessed by Egger’s and 

Begg’s tests. Trim and fill approach was used to 

calculate the unbiased effect size (26). 

Sensitivity analysis was performed by removing 

each study to estimate the strength of association 

between maternal diabetes and ADHD in offspring.  

A fixed effect method was used to check the 

heterogeneity of the studies and the analyses were 

performed using the “metan” command. The 

significance level was set at 0.2. The Stata13 was used 

to perform the meta-analysis. The Stata 13 was used 

for data analysis. 

 

Results 
 

Initially, 1537 records were identified through 

database search, of which 726 were excluded because of 

duplication and 24 were excluded due to grey literature. 

The remaining 787 studies were screened according to 

titles and abstracts. Then, 23 articles were selected for 

full-text review, of which 13 were excluded due to 

irrelevance to the objective of this study and 3 were 

excluded because of insufficient data. Finally, seven 

studies met the inclusion criteria for the meta-analysis 

(16-18,27-29).  

 

Study characteristics 

The characteristics of the included studies are 

summarized in Table 1. The sample size of the included 

studies ranged from 212 to 2,322,657 subjects, 

comprising a total of 5658871 participants. Among 7 

articles, 4 were cohort and 3 were case-control studies. 
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The studies were performed in the US, Norway, 

Denmark, Sweden, and Germany. Therefore, the results 

of the present meta-analysis might be related to certain 

populations. Among the included studies, four assessed 

the effect of maternal type1 diabetes, two assessed the 

effect of GDM, and one assessed the effect of maternal 

type 2 diabetes on ADHD in the offspring.  

 

 

Table 1. Characteristics of included studies 

Diabetes diagnosis ADHD diagnosis 
Effect size (95% 

CI) 

Kind of 

diabetes 

Study 

design 

Sample 

size 
Year Country 

First 

author 

face-to face interview ADHD RS–IV OR: 0.6(0.3,1.17) GDM cohort 212 2012 US 
Yoko 

nomura 

Not specified 

Individuals receiving 

ADHD medication 

during the years 2004–

2012 

OR: 0.6(0.4,0.9) Type2 

Pop-nested 

case-

control 

2322657 2015 Norwegia Johanne T 

Not specified 

Individuals receiving 
ADHD medication 

during the years 2004–
2012 

OR: 1.1(0.9,1.3) Type1 

Pop-nested 

case-
control 

2322657 2015 Norwegia Johanne T 

ICD-8-249 
ICD-10 code: F90.x + 

F98.8) 
IRR: 1.3(1.02,1.62) Type1 cohort 983680 2016 Denmark 

Philip rising 

nielsen 

T1D patients were retrieved from 

these registries according to the ICD-

8 (1970–1986, code 250), ICD-9 
(1987–1996, code 250), and ICD-10 

(1997-, ICD code E10) . 

ICD-9 code 314 and 

ICD-10 code F90 
HR: 1.35(1.18,1.55) Type1 

retrospectiv

e cohort 
15615 2018 Sweden Jianguang ji 

1-Average blood glucose levels and 
number of episodes of hypoglycemia 

(blood glucose levels <60 mg/dl) or 

hyperglycemia (160-199 or above 200 
mg/dl) in relation to the week of 

pregnancy. 2-. The number of times 

urinary acetone was found on routine 
screening, tested several times each 

week. 3. The duration and 

complications of diabetes according to 
White's classification. 

ADHD is generally 

diagnosed according to 

the International 
Statistical 

Classification of 

Diseases, 

OR: 1.93(1.26,2.95) GDM 
Case-

control 
13488 2012 German 

Jochen 

schmitt 

oral glucose tolerance test (OGTT) 
Conners CPT-II, 

version 5 

OR: 

14.48(0.812,258.28) 
Type1 

prospective 

 cohort 
562 2017 Denmark 

Birgitte 

bytoft 

 

 

 

Meta-analysis results 

The results of this meta-analysis demonstrated that 

gestational diabetes increased the risk of ADHD in the 

offspring by 23% [OR=1.23, 95% CI: 1.117, 1.345] 

(Table 2, Figure 1). 

Subgroup analysis of ADHD by the type of diabetes, 

study design, and effect size is shown in Table 2 and 

Figures 2 to 4. 

Meta-regression analysis showed that quality 

assessment did not significantly affect the pooled odds 

ratio [β= -0.06, 95% CI: -0.47, 0.35] 

Heterogeneity was significant (I2 = 77.7, 𝑃 <

0.0001) while Egger’s and Begg’s tests were not 

significant. The bias score was -0.456 (P=0.826) 

according to Egger’s test and 0.60 (P=0.548) according to 

Begg’s test. The trim and fill approach showed no 

publication bias (Figure 6). 

The results of sensitivity analysis based on one out 

remove method showed that the overall results did not 

change markedly when each study was removed. See 

Table 3 and Figure 5 for more details.  
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Table 2. Main results of the meta-analyses 

Interaction 

P 
𝑰𝟐(%) P 

Heterogeneit

y 

𝝌𝟐 

Effect estimate (95% CI) 
Number of 

study 
 

0.002 

     Type of diabetes 
87 0.004 8.14 1.390(0.969, 1.994) 2 GDM 

Type1 

Type2 

49.1 0.117 5.90 1.267(1.148, 1.399) 4 

0 - - 0.6(0.4, 0.9) 1 

0.059 

     Type of estimate 
81.1 <0.001 21.20 1.061(0.912, 1.235) 5 OR 

IRR 

HR 

- - - 1.3(1.032, 1.638) 1 

- - - 1.35(1.178, 1.547) 1 

0.055 

     Study design 
62.1 0.048 7.92 1.311(1.168, 1.472) 4 cohort 

Case-control 86.9 <0.001 15.26 1.085(0.928, 1.268) 3 

 77.7 <001 26.86 1.226(1.117, 1.345) 7 Overall estimate 

 

 
Figure 1. Forest plots of ADHD in offspring exposed to maternal diabetes 

 

 
Figure 2. forest plot of ADHD in offspring exposed to maternal diabetes by study design 
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Figure 3. forest plot of ADHD in offspring exposed to maternal diabetes by type of diabetes 

 

 
Figure 4. forest plot of ADHD in offspring exposed to maternal diabetes by effect size 

 

 
Figure 5. sensitivity analysis 
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Table 3. Sensitivity analysis 

Estimate (95% CI) Study omitted 
1.21(0.94, 1.54) Yoko nomura 
1.27(1.03, 1.56) Johanne T 
1.14(0.82, 1.59) Johanne T 
1.098(0.8, 1.51) Philip rising nielsen 
1.08(0.77, 1.52) Jianguang ji 
1.05(0.81, 1.36) Jochen schmitt 
1.12(0.88, 1.43) Birgitte bytoft 
1.14(0.89, 1.46) combined 

 

 
Figure 6. egger’s gragh 

 

 

Discussion 
 

This systematic review and meta-analysis found that 

maternal diabetes was associated with an increased risk of 

ADHD in the offspring [OR: 1.23, 95% CI: 1.117, 1.345]. 

There was heterogeneity (𝐼2 = 77.7); therefore, subgroup 

analysis was conducted. Subgroup analysis based on type 

of diabetes, study design, and effect size did not change 

these results. The results of the present study are 

consistent with a previous meta-analysis (2019) of only 

two studies, which found that exposure to maternal 

diabetes in pregnancy was associated with an increased 

risk of ADHD in the offspring [HR: 1.36, 95% CI: 1.19, 

1.55, 𝐼2 = 0%] (30). A cohort study found that maternal 

type1 diabetes was associated with ADHD in the 

offspring [IRR: 1.31, 95% CI: 1.03, 1.63] (16). In 

addition, in a study by Nomura et al., maternal GDM was 

associated with an increased risk of attention-

deficit/hyperactivity disorder at age of 6 years [OR: 0.60, 

95% CI:0.30, 1.17, P=0.13] (28). Another study also 

showed that maternal type1 diabetes was associated with 

the risk of ADHD in the offspring [HR: 1.35, 95%CI: 

1.18, 1.55] (17).  

By contrast, Vasiliki Daraki found no association 

between maternal diabetes and ADHD [β=1.75, 95% CI: -

2.14, 5.66] in children aged 4 years adjusted for child sex 

and age (19). Another study showed that maternal 

diabetes was not associated with ADHD in the children 

(maternal type1 diabetes, [OR: 1.1, 95% CI: 0.9, 1.3]; 

maternal type 2 diabetes, [OR: 0.6, 95% CI: 0.4, 0.9]). 

However, after adjusted analysis, maternal type 1 diabetes 

was related to ADHD [adjusted OR: 1.6, 95% CI: 1.3, 

2.0] (18). In addition, there was no correlation between 

maternal diabetes and ADHD in the study (31). 

The present study had several strengths. First, we 

included studies with large sample sizes. Second, we 

performed subgroup analysis by design, effect size, and 

type of diabetes. 

This study had several limitations. First, a small 

number of studies were included. Second, we tried to 

include unpublished studies by asking the authors to 

provide the relevant data, but it was not possible to 

contact all authors. This might have led to bias in effect 

size calculation. Third, the confounding factors were not 

adjusted in the included studies, some of which have a 

strong correlation with the risk of ADHD. For example, 

Kong et al showed that the risk of ADHD in the offspring 

was 88% higher in severely obese mothers without 

diabetes [HR: 1.88, 95% CI: 1.58, 2.33] compared to 

mothers with normal BMI (BMI<25). Moreover, maternal 

PGDM carries a sixfold-increased risk of ADHD in 

severely obese mothers with PGDM compared with 
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normal weight mothers without PGDM [HR: 6.03, 95% 

CI: 3.23, 11.24] (32). Hence, studies that adjusted 

potential confounders were more likely to report the true 

effect of maternal diabetes on ADHD. Therefore, more 

adjusted studies are recommended. Finally, although we 

performed subgroup analysis to reduce study 

heterogeneity, it was still significant in subgroup analysis. 

In conclusion, this study found a significant 

relationship between maternal diabetes and ADHD in the 

offspring. However, because of the limited number of 

included studies in this meta-analysis, more well-designed 

studies are needed to confirm the results. 
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