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Introduction

Gestational impaired glucose tolerance (IGT) is defined as 

an abnormal glucose level obtained in an oral glucose tolerance 

test (OGTT) during pregnancy. Gestational IGT is considered 

to reflect a serious defect in beta-cell function in the early and 

WHAT IS ALREADY KNOWN ON THIS TOPIC?

WHAT THIS STUDY ADDS?

Gestational impaired glucose tolerance is an independent 
predictor of neonatal large for gestational age.

Some studies demonstrated that women with gestational 
impaired glucose tolerance were at higher risk of adverse 
pregnancy outcomes while compared with women with 
normal glucose tolerance, but some studies supported the 
idea that the discrepancies of the searches may be related to 
the criteria used to diagnose this condition.
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Objective: To explore, by conducting a meta-analysis, whether gestational impaired 
glucose tolerance (IGT) is an independent predictor of neonatal large for gestational 
age (LGA) or not.

Methods: Medline, Embase, and Cochrane Library databases were searched 
to identify published epidemiological studies (cohort and case-control studies) 
investigating the association between gestational IGT and neonatal LGA. Calculations 
of pooled estimates were conducted in random-effect models or fixed-effects models. 
Heterogeneity was tested by using chi-square test and I2 statistics. Egger’s test (linear 
regression method) and Begg’s test (rank correlation method) were used to assess 
potential publication bias.

Results: Fourteen observational studies were included in the meta-analysis. The 
overall risk for the effect of IGT on LGA was 2.09 (1.56, 2.78). Stratified analyses 
showed no differences regarding different geographic regions or the analysis of 
overall adjusted odds ratios. No evidence of publication bias was observed in either 
Egger’s test or Begg’s test results. 

Conclusion: Gestational IGT is an independent predictor of neonatal LGA.

Keywords: Gestational impaired glucose tolerance, large for gestational age, meta-
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late-phases of insulin secretion and is regarded as a sign 
of pre-gestational diabetes mellitus (GDM) (1). Universally, 
GDM is associated with adverse pregnancy outcomes and 
its incidence increased in parallel to the increase in frequency 
of obesity worldwide. Women identified as GDM patients are 
treated with dietary or insulin therapy to reduce their glucose 
levels and hence the risk of adverse pregnancy outcomes (2). 
While the importance of identification and treatment of GDM 
and the benefit of controlled blood glucose in the prenatal 
period is universally confirmed, knowledge on the mechanisms 
responsible for the impact of gestational IGT on pregnancy 
outcome is inconclusive. The offspring of women with IGT, 
compared to those of women who had good glucose control 
during pregnancy, are reported to have increased birth weights, 
increased rates of macrosomia, and increased frequency of 
large for gestational age (LGA) (3). Some studies demonstrated 
that women with gestational IGT were at higher risk of adverse 
pregnancy outcomes as compared with women with normal 
glucose tolerance (NGT), but others have attributed these 
findings to differences in the criteria used to diagnose this 
condition (4,5). However, there is no systematic review or 
meta-analysis of the studies on the importance of gestational 
IGT as a public health problem. With this background, we 
attempted to conduct a meta-analysis of the studies on the 
association between gestational IGT and pregnancy outcome 
published within the last decade. 

Methods

We performed a detailed search on Medline, Embase, 
and Cochrane Library to identify articles that reported the 
relationships between IGT during pregnancy and neonatal 
outcomes. We also attempted to reach the comments on 
these studies through review articles. The database was 
searched from 1999 to April 2015 and limited to human studies 
which were published in English.

We used the following search terms: “gestational” or 
“pregnant” and “impaired glucose tolerance” or “IGT” and 
“large for gestational age” or “LGA”. Studies were included 
in the analysis if they examined outcomes in pregnant women 
who had IGT but not GDM and women who had not received 
any treatment. The primary adverse outcome searched in 
this meta-analysis was LGA, defined as a birth weight >90th 
percentile for gestational age.

Quality assessment of the available studies was conducted 
independently by two reviewers (Hai-Qing Wang, Han-Lin Lai) 
using the Newcastle-Ottawa quality assessment scale for 
cohort studies and for case-control studies (6). The scores 
range from 0 to 9 and scores ≥6 were graded as of high-quality.

Data Extraction

Using a standardized data-collection form, the two 
reviewers (Hai-Qing Wang, Han-Lin Lai) extracted the data 

from the searched article independently, and any disagreement 
was resolved by discussion. The following study characteristics 
were recorded: first author’s name, year of publication, country 
of origin, study design, inclusion and exclusion criteria, sample 
size, diagnostic criteria for gestational IGT, potential confounding 
factors adjusted for. All search results were exported to 
Endnote 7.0 to organized references and duplications were 
thus eliminated. 

Statistical Analysis

We extracted the odds ratio (OR) and the 95% confidence 
intervals (95% CI) to reflect the uncertainty of point estimates 
from each study. The crude OR for gestational IGT and LGA 
could be calculated from 5 studies and the other 9 studies 
which were stratified by some confounding factors (such as 
quality grade, number of confounding factors adjusted for, 
study population) which reported adjusted OR and the 95% 
CI. The chi-square test was used to analyze the heterogeneity 
of the results, and p<0.10 was considered as the cut-off level 
of heterogeneity. We also used I2 to judge the heterogeneity 
between these studies, I2 representing the percentage of 
the true heterogeneous (non-sampling error) in the total 
variability; when I2 was >50%, we recognized the existence 
of heterogeneity (7). When substantial heterogeneity was 
detected, the summary estimate on the basis of the random-
effects model using the method of Der Simonian and Laird 
(8) was presented. These two approaches yield similar results 
when the heterogeneity of the study is small, the random-
effects model gives more weight to imprecise (or small) studies 
compared to a fixed-effects model (9). In addition, the pooled 
estimate that was based on the fixed-effects model using the 
inverse variance method was presented (10). In order to assess 
the impact on the results of a single study, we conducted a 
sensitivity analysis of each study by excluding each study one 
by one and recalculating the combined estimates on remaining 
studies. We used a funnel plot (11) to visualize the publication 
bias and used Egger’s test (linear regression method) (12) and 
Begg’s test (rank correlation method) (13) to assess potential 
publication bias. The Egger’s test is a linear regression method 
about standard normal deviate and precision of all the studies 
in meta-analysis. The Begg’s test is a rank correlation test for 
inspection of the correlation of effect and sample size. When 
the number of the studies in the meta-analysis is <20, the 
effects of these two methods are low, but the sensitivity of 
the Egger’s test is higher than the Begg’s test. Meta-analysis 
was performed with Stata/SE10.0 (Stata Corp, College Station, 
TX, USA).

Results

In the preliminary literature search, we identified 1377 
unique citations from the electronic databases (Figure 1). 
No supernumerary article was found in the citations by 
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manual search and 145 were rejected because of duplicates. 
711 were rejected because of 687 articles were on bias of 
titles, 6 studies were meta-analysis, and 18 were systematic 
reviews. The remaining 521 full-text articles were selected and 
inspected and then we excluded 507 articles because there 
were 30 reviews and 477 studies which did not meet the 
inclusion criteria of meta-analysis. Finally, we ended up with 14 
observational studies (4,5,14,15,16,17,18,19,20,21,22,23,24, 
25) for our analysis.

The characteristics of these 14 observational studies are 
displayed in Table 1. There were 13 cohort studies and only 
one case–control study. Six of the studies were conducted 
in Europe, 4 in North America, and 4 in Asia. The effect of 
gestational IGT on LGA and the definition of gestational IGT in 
each study are also demonstrated in Table 1.

The ORs of LGA in relation to gestational IGT from each 
study and the overall OR are presented in Figure 2. We 
assembled the OR and 95% CI of the 14 studies which 

were related to the effect of gestational IGT on LGA, the 
homogeneity hypothesis was rejected by the chi-square test 
(p<0.10, I2=70.2%), thus we selected the random-effects 
model and obtained the overall OR, and 95% CI was 2.08 
(1.56, 2.78) (Figure 2).

Table 2 presents the results of subgroup analyses of 
the effects of gestational IGT on LGA. When stratified by 
geographic region, a positive association of gestational IGT and 
LGA was observed in the studies conducted in each region. 
We abstracted the ORs from the 14 studies, the analysis 
of the effects of gestational IGT on LGA yielded an overall 
adjusted OR of 2.36 (1.64, 3.37), but this apparent relationship 
was not observed in the analyses of the unadjusted ORs. The 
definitions of gestational IGT in these studies were different - 
some studies restricted the value of fasting plasma glucose 
(FPG) (4,5,14,15,23,24), the others just formulated the value 
of OGTT (16,17,18,19,20,21,22,25). When stratified by the 
unequal definition, the analysis of the effects of gestational 
IGT with restricted FPG value on LGA yielded an overall 
OR of 1.73 (1.01, 2.99). The definition of gestational IGT 
employed different forms of OGTT as well - for instance, 
some studies used the value of OGTT at 0, 60, 120, and 180 
min (19,20,21,25), some used the value of 2-h 75-g OGTT 
(4,5,14,15,17,18,22,23,24), and one used the value of 1-h 50-g 
OGTT (16). When we stratified by the different forms of OGTT, 
a positive association of gestational IGT and LGA was obtained 
in the studies conducted in unequal definition.

Sensitivity analyses investigating the influence of the 14 
studies individually on the overall risk estimate by excluding 
one study per iteration suggested that the overall risk estimates 
did not substantially change by any single study. The analysis of 
the effects of gestational IGT on LGA was with a range from a 
low of OR 1.7 (95% CI 1.49, 1.95) to a high of OR 2.19 (95% 
CI 1.66, 2.9). The results did not change substantially after 
sensitivity analysis.

Figure 1. Process of literature search in our meta-analysis

Figure 2. The odds ratio of large for gestational age infants in relation 
to gestational impaired glucose tolerance from individual studies and 
the overall odds ratio of these 14 observational studies

Figure 3. A funnel plot to visualize the publication bias of the 14 
studies of this meta-analysis
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Publication Bias

In the funnel plot (Figure 3), we found that the scatters are 
substantially symmetric. There was no evidence of potential 
publication bias with the association of gestational IGT with 
LGA, as suggested by Egger’s test (p=0.314) and Begg’s test 
(p=0.499).

Discussion

The aim of our meta-analysis was to explore the association 
between gestational IGT and LGA. The results of a total of 
14 epidemiologic studies of this meta-analysis showed that 
gestational IGT is an independent risk factor for neonatal LGA. 
Egger’s test and Begg’s test revealed no significant publication 
bias. The overall adjusted OR indicated that gestational IGT is 
an independent risk factor for neonatal LGA, and the overall 
combined OR of the effects of IGT with restricted FPG value 
on LGA also reflected this conclusion. When we stratified IGT 
by the different forms of OGTT, the consequences of analysis 
implied that the different forms of OGTT employed in the studies 
have no effect on our conclusion. When we excluded one study 

per iteration, the range of variation of the overall is also smaller 
suggesting that no one study can significantly alter the findings.

Gestational IGT is associated with postpartum metabolic 
dysfunction. Fetal growth in utero is a complex process and 
involves interactions among mother, placenta, and fetus. Mother’s 
and fetal endocrine statuses, genetic predisposition, and available 
substrates result in fetal growth, all of which also determine birth 
weight. However, since the placenta does not allow transfer 
of insulin to the fetus, a large fraction of maternal glucose 
is metabolized in the fetus, leading to fetal lipogenesis and 
excessive growth (26). Therefore, it is conceivable that gestational 
IGT may contribute to fetal growth and future high birth weight. 

In earlier studies, we found that the achievement of 
glucose control in women with at least one abnormal OGTT 
value decreased adverse neonatal outcomes to near baseline 
levels (27,28,29). In current studies, when we compared 
women with gestational IGT to those with NGT, we found 
that gestational IGT was associated with adverse perinatal 
outcomes (such as preterm birth) as well as with LGA and 
macrosomia (16,18,22,30). We also found that in women 
without gestational diabetes, gestational IGT is an independent 
predictor of having a LGA infant (15).

It has previously been reported that LGA is linearly related to 
maternal plasma glucose levels (31,32). Physicians have always 
been concerned about GDM but were unaware of gestational 
IGT as a pre-GDM condition, and women with gestational IGT 
were being cared for in the same way as normal pregnant 
women. As the results of our meta-analysis have shown, 
gestational IGT is an independent risk factor for neonatal LGA. 
Today, it is known that the monitoring of blood glucose during 
pregnancy is important for the control of the frequency of 
neonatal LGA. At this point, it is worth mentioning that recently, 
clinical studies have demonstrated that early intervention 
can prevent the development of diabetes in women with 
IGT (33). However, intervention trials of gestational IGT have 
not yet been realized in clinical trials. Therefore, if treatment 
suggestions are to be introduced to women with gestational 
IGT, the effects of such suggestions on pregnancy outcomes 
will need to be evaluated, also taking social, cultural, economic, 
and clinical benefits into account.

In conclusion, the results of our meta-analysis have shown 
that maternal gestational IGT increased the risk of LGA infants 
and was an independent predictor for neonatal LGA. Additional 
studies are needed to evaluate whether the monitoring of 
blood glucose and control of blood sugar by means of lifestyle 
programs (e.g. physical activity, diet) are beneficial in reducing 
the risk of neonatal LGA. The use of potentially biased 
evidence was the principal limitation of this study since the 
definition of gestational IGT showed differences among the 
studies. However, the consequences of the subgroup analyses 
implied that the different definition of gestational IGT employed 
in the studies had no effect on our conclusion.

Ethics

Ethics Committee Approval: Retrospective study, Informed 
Consent: Retrospective study.

Table 2. Sensitivity analysis of the effects of impaired glucose 
tolerance on large for gestational age

Group Number 
of studies

OR (95% CI) pheterogeneity I2 (%)

 Total 14 2.09 (1.56, 2.78) <0.001 70.2

By geographic 
area

North America 4 1.78 (1.17, 2.70) 0.04 57.0

Europe 6 2.52 (1.16, 5.47) <0.001 75.7

Asia 4 1.71 (1.42, 2.05) 0.243 28.1

Adjusted OR 9 2.36 (1.64,3.37) <0.001 71.7

Unadjusted OR 5 1.56(0.92,2.65) 0.034 61.5

Definition

a 6 1.73 (1.01, 2.99) <0.001 83.6

b 8 1.80 (1.50, 2.17) 0.105 41.0

c 4 2.89 (1.90, 4.38) 0.142 41.9

d 9 1.90 (1.26, 2.85) <0.001 75.9

e 1 1.60 (1.30, 2.00) - -

a: Definition of impaired glucose tolerance based on restricted fasting plasma glucose 
value; b: definition of impaired glucose tolerance based on non-restricted fasting 
plasma glucose value; c: definition of impaired glucose tolerance based on the value 
of oral glucose tolerance test at 0, 60, 120, and 180 min; d: definition of impaired 
glucose tolerance based on the value of 75-g 2-h oral glucose tolerance test; e: 
definition of impaired glucose tolerance based on the value of 50-g 1-h oral glucose 
tolerance test. OR: odds ratio, CI: confidence interval



269

Wang HQ et al. 
Gestational Impaired Glucose Tolerance and Large-for-Gestational-Age Infants

Peer-review: External and Internal peer-reviewed.

Authorship Contributions

Concept: Li Li, Design: Li Li, Data Collection or Processing: 
Yi Li, Qi-Fei Liu, Shuang Hu, Analysis or Interpretation: Yi Li, 
Qi-Fei Liu, Shuang Hu, Literature Research: Hai-Qing Wang, 
Han-Lin Lai, Writing: Hai-Qing Wang, Han-Lin Lai.

Financial Disclosure: The authors declared that this study 
received no financial support.

References

1.	 Hanefeld M, Koehler C, Fuecker K, Henkel E, Schaper 
F, Temelkova-Kurktschiev T; Impaired Glucose Tolerance for 
Atherosclerosis and Diabetes study. Insulin secretion and 
insulin sensitivity pattern is different in isolated impaired 
glucose tolerance and impaired fasting glucose: the risk factor 
in Impaired Glucose Tolerance for Atherosclerosis and Diabetes 
study. Diabetes Care 2003;26:868-874.

2.	 Crowther CA, Hiller JE, Moss JR, McPhee AJ, Jeffries WS, 
Robinson JS; Australian Carbohydrate Intolerance Study in 
Pregnant Women (ACHOIS) Trial Group. Effect of treatment of 
gestational diabetes mellitus on pregnancy outcomes. N Engl J 
Med 2005;352:2477-2486. Epub 2005 Jun 12

3.	 Tan YY, Yeo GS. Impaired glucose tolerance in pregnancy--is it of 
consequence? Aust N Z J Obstet Gynaecol 1996;36:248-255.

4.	 Miyakoshi K, Tanaka M, Saisho Y, Shimada A, Minegishi K, Kim 
SH, Asai S, Itoh H, Yoshimura Y. Pancreatic beta-cell function 
and fetal growth in gestational impaired glucose tolerance. Acta 
Obstet Gynecol Scand 2010;89:769-775.

5.	 Black MH, Sacks DA, Xiang AH, Lawrence JM. Clinical 
outcomes of pregnancies complicated by mild gestational 
diabetes mellitus differ by combinations of abnormal oral 
glucose tolerance test values. Diabetes Care 2010;33:2524-
2530. Epub 2010 Sep 15

6.	 Stang A. Critical evaluation of the Newcastle-Ottawa scale for 
the assessment of the quality of nonrandomized studies in 
meta-analyses. Eur J Epidemiol 2010;25:603-605. Epub 2010 
Jul 22

7.	 Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring 
inconsistency in meta-analyses. BMJ 2003;327:557-560.

8.	 Der Simonian R, Laird N. Meta-analysis in clinical trials. 
Controlled Clin Trials 1986;7:177-188.

9.	 Nikolakopoulou A, Mavridis D, Salanti G. How to interpret 
meta-analysis models: fixed effect and random effects meta-
analyses. Evid Based Ment Health 2014;17:64.

10.	Woolf B. On estimating the relation between blood group and 
disease. Ann Hum Genet 1955;19:251-253.

11.	Light RJ, Pillemer DB. Summing Up: The Science Of Reviewing 
Research. Harvard University Press, 1984:191.

12.	Egger M, Davey Smith G, Schneider M, Minder C. Bias in 
meta-analysis detected by a simple, graphical test. BMJ 
1997;315:629-634.

13.	Begg CB, Mazumdar M. Operating characteristics of a rank 
correlation test for publication bias. Biometrics 1994;50:1088-
1101.

14.	Disse E, Graeppi-Dulac J, Joncour-Mills G, Dupuis O, Thivolet 
C. Heterogeneity of pregnancy outcomes and risk of LGA 
neonates in Caucasian females according to IADPSG criteria 
for gestational diabetes mellitus. Diabetes Metab 2013;39:132-
138. Epub 2012 Nov 22

15.	Ryan EA. Diagnostic criteria for gestational diabetes: who 
decides? CMAJ 2012;184:1341-1342. Epub 2012 May 22

16.	Melamed N, Hiersch L, Hod M, Chen R, Wiznitzer A, Yogev 
Y. Is abnormal 50-g glucose-challenge testing an independent 

predictor of adverse pregnancy outcome? J Matern Fetal 
Neonatal Med 2012;25:2583-2587. Epub 2012 Aug 27

17.	Anderberg E, Kallen K, Berntorp K. The impact of gestational 
diabetes mellitus on pregnancy outcome comparing different 
cut-off criteria for abnormal glucose tolerance. Acta Obstet 
Gynecol Scand 2010;89:1532-1537. Epub 2010 Nov 5

18.	Retnakaran R, Qi Y, Sermer M, Connelly PW, Hanley AJ, 
Zinman B. An abnormal screening glucose challenge test in 
pregnancy predicts postpartum metabolic dysfunction, even 
when the antepartum oral glucose tolerance test is normal. Clin 
Endocrinol (Oxf) 2009;71:208-214. Epub 2008 Oct 21

19.	Lapolla A, Dalfra MG, Bonomo M, Castiglioni MT, Di Cianni G, 
Masin M, Mion E, Paleari R, Schievano C, Songini M, Tocco 
G, Volpe L, Mosca A. Can plasma glucose and HbA1c predict 
fetal growth in mothers with different glucose tolerance levels? 
Diabetes Res Clin Pract 2007;77:465-470. Epub 2007 Mar 9

20.	Chico A, Lopez-Rodo V, Rodriguez-Vaca D, Novials A. Features 
and outcome of pregnancies complicated by impaired glucose 
tolerance and gestational diabetes diagnosed using different 
criteria in a Spanish population. Diabetes Res Clin Pract 
2005;68:141-146.

21.	Saldana TM, Siega-Riz AM, Adair LS, Savitz DA, Thorp JM 
Jr. The association between impaired glucose tolerance and 
birth weight among black and white women in central North 
Carolina. Diabetes Care 2003;26:656-661.

22.	Yang X, Hsu-Hage B, Zhang H, Zhang C, Zhang Y, Zhang C. 
Women with impaired glucose tolerance during pregnancy 
have significantly poor pregnancy outcomes. Diabetes Care 
2002;25:1619-1624.

23.	Ostlund I, Hanson U, Björklund A, Hjertberg R, Eva N, Nordlander 
E, Swahn ML, Wager J. Maternal and fetal outcomes if 
gestational impaired glucose tolerance is not treated. Diabetes 
Care 2003;26:2107-2111.

24.	Lao TT, Wong KY. Perinatal outcome in large-for-gestational-
age infants. Is it influenced by gestational impaired glucose 
tolerance? J Reprod Med 2002;47:497-502.

25.	Graves E, Hill DJ, Evers S, Van Aarsen K, Yama B, Yuan S, 
Campbell MK. The impact of abnormal glucose tolerance and 
obesity on fetal growth. J Diabetes Res 2015;2015:847674. 
Epub 2015 Apr 22

26.	Segregur J, Bukovic D, Milinovic D, Oreskovic S, Pavelic J, Zupic 
T, Persec J, Pavic M. Fetal macrosomia in pregnant women with 
gestational diabetes. Coll Antropol 2009;33:1121-1127.

27.	Vambergue A, Nuttens MC, Verier-Mine O, Dognin C, Cappoen 
JP, Fontaine P. Is mild gestational hyperglycaemia associated 
with maternal and neonatal complications? The Diagest Study. 
Diabet Med 2000;17:203-208.

28.	Berkus MD, Langer O. Glucose tolerance test: degree of 
glucose abnormality correlates with neonatal outcome. Obstet 
Gynecol 1993;81:344-348.

29.	Lindsay MK, Graves W, Klein L. The relationship of one abnormal 
glucose tolerance test value and pregnancy complications. 
Obstet Gynecol 1989;73:103-106.

30.	Zhang H, Zhao D, Shen J, Zhou X, Chen W, Jiang S. Evaluation 
of oral glucose tolerance test, beta-cell function and adverse 
obstetric outcomes. Biomed Rep 2013;1:807-811. Epub 2013 
Jul 16

31.	 Innes KE, Byers TE, Marshall JA, Baron A, Orleans M, 
Hamman RF. Association of a woman’s own birth weight with 
subsequent risk for gestational diabetes. JAMA 2002;287:2534-
2541.

32.	Ogonowski J, Miazgowski T, Engel K, Celewicz Z. Birth weight 
predicts the risk of gestational diabetes mellitus and pregravid 
obesity. Nutrition 2014;30:39-43.

33.	Kawanami D, Utsunomiya K. [The clinical significance of early 
intervention for impaired glucose tolerance]. Nihon Rinsho 
2010;68:797-802. 


