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Background: Glucose-lowering treatments are used during pregnancy to reduce the risk for com-
plications in the mother and offspring, yet treatment targets have not been established.

Objective: Our objective was to appraise and summarize the available evidence regarding the
association between different blood glucose targets during pregnancy and fetal and maternal
outcomes.

Methods: We searched Medline, EMBASE, Cochrane Library, Web of Science, Scopus, PsycInfo, and
CINAHL through May 2011 for randomized trials and observational studies that enrolled women with
diabetesduringpregnancyandreportedplannedorachievedglucosetargets.Weusedrandom-effects
meta-regression models to estimate the odds ratio for the association of outcomes of interest and
glucose targets. When possible, we adjusted for diabetes type, trimester, and diabetes treatment.

Results: We included 34 studies enrolling 9433 women. The studies had moderate to high risk of
bias due to evidence of reporting bias and insufficient adjustment for important covariates, par-
ticularly maternal body mass index. A fasting glucose target of �90 mg/dL was the most commonly
reported and the one most strongly associated with reduced risk of macrosomia (odds ratio � 0.53,
95% confidence interval � 0.31–0.90, P � .02) for women with gestational diabetes during the
third trimester. For type 1 and type 2 diabetes, and for pre- and postprandial targets, data were
sparse and inconclusive.

Conclusions: Evidence warranting very low confidence in the estimates suggests that a fasting
glucose target of �90 mg/dL is associated with a lower risk of macrosomia and other outcomes of
different importance in women with gestational diabetes. Whether this target can be extrapolated
to women with pregestational diabetes or whether targets above or below this threshold offer a
better benefit/risk balance remains unclear. (J Clin Endocrinol Metab 98: 4319–4324, 2013)

Increased plasma glucose during pregnancy caused by
gestational diabetes mellitus (GDM), or by preexisting

type 1 (T1DM) or type 2 diabetes mellitus (T2DM), has
been associated with adverse maternal and perinatal out-

comes (macrosomia, shoulder dystocia and birth injury,
hyperbilirubinemia, preterm delivery and primary cesar-
ean delivery, preeclampsia, and increased neonatal mor-
tality). Also, hyperglycemia in utero is associated with
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increased insulin resistance and hyperglycemia in the
fetus (1, 2), which can lead to future obesity and dia-
betes (3, 4). The increasing incidence of pregnant
women with GDM and T2DM as part of the ongoing
epidemic of obesity (5) highlights the importance of
managing hyperglycemia during pregnancy from a clin-
ical and public health perspective.

Although glycemic control in GDM (6, 7) and preex-
isting diabetes (8) has been found to be beneficial, there are
noclearly establishedglucose targets (9, 10). Furthermore,
achieving adequate glucose control during pregnancy con-
tinues to be a great challenge for endocrinologists and
obstetricians (9) and requires a multidisciplinary and in-
dividualized approach that includes nutritional, physical
activity, and pharmacologic interventions. Tight control
may also be associated with more hospital visits, increased
maternal mortality due to severe hypoglycemia as well as
fetal hypoglycemia, exacerbation of diabetic retinopathy
in women with T1DM (11, 12), and intrauterine growth
restriction (13). It is also extremely important to realize
that the treatment burden of interventions aimed at
achieving tight glucose control may overwhelm patients
(14) and have its own inherent adverse effects. Thus, es-
tablishing evidence-based glucose targets that take into
account concerns about benefit, costs, and harm is needed.

An expert panel from The Endocrine Society was
charged with developing a clinical practice guideline for
the management of hyperglycemia during pregnancy. To
aid in the development of the Society guidelines, we con-
ducted this systematic review and meta-analysis.

Materials and Methods

Search and analysis methods, eligibility criteria, and the out-
comes of interest were specified in advance in a protocol devel-
oped by study investigators with input from the expert panel
from The Endocrine Society.

Eligibility criteria
We included randomized controlled trials (RCTs) and obser-

vational studies that enrolled pregnant women with T1DM,
T2DM, and GDM in pregnancy and evaluated the association
between different blood glucose targets achieved during preg-
nancy and maternal and fetal outcomes.

Search methods
An expert reference librarian (L.J.P.), following the protocol,

designed and conducted electronic search strategies (Supplemen-
tal Table 1, published on The Endocrine Society’s Journals On-
line website at http://jcem.endojournals.org) with input from
study investigators with expertise in conducting systematic re-
views (M.H.M. and V.M.M.). We searched electronic databases
Medline, EMBASE and Cochrane Library (through the OVID
interface), Web of Science, Scopus, PsycInfo, and CINAHL, from

inception through May 2011. To identify additional candidate
studies, 2 reviewers (G.J.P. and J.P.D.) reviewed the reference
lists of the eligible primary studies, narrative reviews, and sys-
tematic reviews and queried experts.

Selection of studies
Two reviewers working independently considered the poten-

tial eligibility of each of the abstracts and titles that resulted from
the search strategy. Disagreements in the abstract and title
screening were automatically considered eligible for the full text
review. Eligible studies were reviewed in full text versions (all
available versions of each study). We achieved a substantial
agreement (� � 0.80) during full text screening phase.

Data extraction and management
Using a standardized, piloted, and web-based data extraction

form and working in duplicates, we abstracted the following
descriptive data from each study: full description of participants
enrolled (eg, age, ethnicity, and type of diabetes), interventions
received, monitoring for efficacy and for adherence to the treat-
ment, outcomes, and source of funding.

The outcomes of interest were 1) macrosomia (birth weight
�4000 g); 2) other fetal outcomes such as large for gestational
age (LGA), neonatal mortality, brachial plexus injury, clavicular
fracture, admission to a neonatal intensive care unit (ICU), hy-
poglycemia requiring treatment, hyperbilirubinemia requiring
treatment or admission to an ICU, and respiratory distress syn-
drome; and 3) maternal outcomes such as maternal mortality,
preeclampsia, and gestational hypertension.

Author contact
When data were not available or unclear from the published

papers, repeated efforts were performed to contact the authors.
We contacted the corresponding author of each study twice
within 2 weeks via email or, when email was not available, by
phone or mail. After author contact, studies with data insuffi-
cient for analysis were excluded.

Assessment of risk of bias in included studies
To assess the methodological quality of the included RCTs we

used the Cochrane Collaboration’s Risk of Bias assessment tool
to evaluate randomization performance and methods, allocation
concealment, baseline imbalances, extent of blinding (patients,
caregivers, data collectors, outcome assessors, and data ana-
lysts), rate of loss to follow-up, and monitoring of adherence to
the follow-up and its efficiency. For the observational studies, the
Newcastle-Ottawa scale was used to evaluate how the groups
were selected, the comparability between them, whether there
was adequate follow-up, and how outcomes/exposures were
ascertained.

Statistical analysis
We pooled the effect size as odds ratio (OR) and 95%

confidence interval (CI) across the included studies. The Der-
Simonian and Laird random-effects methods were adopted,
whereas the heterogeneity was estimated using the Mantel-
Haenszel model (15). Random-effects meta-regression models
were constructed after adjusting for diabetes type, trimester,
diabetes treatment, and body mass index (BMI), whenever
possible.
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Heterogeneity across individual studies was assessed using
the Cochran’s Q statistical test. We adopted a more conservative
criterion of P � .10 to suggest heterogeneity. We planned to
assess for publication bias using the Egger regression asymmetry
test and visual inspection using funnel plots (16). However, eval-
uation of publication bias was not feasible due to significant
heterogeneity between the included studies (17). We explored the
possibility of reporting bias by assessing the proportion of stud-
ies reporting the levels of exposure (target glucose level) and
outcomes of interest of the overall number of studies; a low
proportion suggests reporting bias (18). All meta-analyses were
conducted using STATA version 12 software (StataCorp).

Subgroups analysis
We determined several a priori hypotheses to explore sub-

group interactions and give a potential explanation for hetero-
geneity. Subgroup analysis was based on diabetes type (T1DM,
T2DM, or GDM) and trimester (first, second, or third). We
planned to conduct a test of interaction (19) to evaluate the
significance of subgroup analyses and potential correlation be-
tween subgroups and the pooled effect size.

Results

Search results and study description
The literature search identified 1536 potentially eligi-

ble citations, of which 34 original studies met the eligibil-
ity criteria (15 RCTs, 18 cohort studies, and 1 case-control
study) (Figure 1). No unpublished studies were identified.

The included studies (Supplemental Table 2) enrolled
9433 women of mean age 31 (range, 15–44) years, with

different types of diabetes during pregnancy (22 studies of
GDM, 5 of T1DM, and 1 of T2DM; and 6 studies eval-
uated mixed types of diabetes). Included studies were het-
erogeneous in terms of the intervention used for glycemic
control (eg, lifestyle, insulin, or oral agents) and the cri-
teria used for diagnosing GDM.

Thirty of the included studies reported the associa-
tion of outcomes with fasting blood glucose (FBG), 20
studies with 2-hour postprandial glucose, 9 studies with
1-hour postprandial glucose, and 9 studies with pre-
prandial glucose. Most of the studies reported achieved
mean glucose as opposed to targeted mean glucose.
Only 8 of the included studies reported the prepreg-
nancy baseline BMI of the evaluated population.

Author contact
We attempted to contact all the authors of the included

studies for additional information not reported in the pub-
lished manuscript and 1 author to clarify published data.
We received 7 answers; only 2 authors were able to pro-
vide the required information.

Quality assessment
The methodological quality assessment of the included

studies is presented in Supplemental Table 3. Most studies
were at low to moderate risk of bias. Observational studies
for the most part failed to report matching participants
based on clinical characteristics or adjusting their results

accordingly. There was evidence
suggestive of reporting bias mani-
fested by the small proportion of
studies reporting all the outcomes
and tests typically considered impor-
tant and obtainable (18).

Outcomes of interest

Glucose measures and macroso-
mia rate

In a meta-regression model that
controlled for intervention, diabetes
type, and trimester, we compared
different cutoff points for each glu-
cose measure. Only an FBG �90
mg/dL was associated with a pro-
tective effect on the development of
macrosomia (OR � 0.53, 95%
CI � 0.31– 0.90, P � .02). All the
other measures did not show a sta-
tistically significant association for
any of the analyzed cutoff points.
These results are summarized in
Table 1.Figure 1. Flow chart of the inclusion and exclusion of studies.
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Maternal BMI was reported in only 8 studies. Adjust-
ment for BMI was possible only in the analysis of the
2-hour glucose tolerance test and none of the evaluated cut
off points showed a statically significant association
(Table 1).

Subgroup analyses
T1DM and T2DM. Women with T1DM were evaluated in
7 studies and T2DM in 4 studies (in these analyses, sub-
groups of the population of the studies evaluating mixed

populations were included). In both cases, there were in-
sufficient data to determine an association between a cut-
off point of any of the glucose measures and the outcomes
for any trimester. Data are presented in Supplemental
Tables 4 to 9.

Gestational diabetes mellitus. Of the included studies, 26
included women with GDM, making this population the
most commonly evaluated in this systematic review (in
these analyses, subgroups of the population of the studies
evaluating mixed populations were included). All of the 26
included studies performed the screening test during the
third trimester.

Fasting blood glucose. In an unadjusted analysis, FBG
�90 mg/dL was associated with the most reduction in the
risk of macrosomia (OR � 0.39, 95% CI � 0.29–0.52,
P � .01), LGA (OR �0.68, 95% CI � 0.53–0.88, P �

.01), neonatal hypoglycemia (OR � 0.65, 95% CI �

0.49–0.85, P � .01), hyperbilirubinemia (OR � 0.63,
95% CI � 0.43–0.90, P � .01), and preeclampsia (OR �

0.47, 95% CI � 0.31–0.72, P � .01) when it was evalu-
ated for the third trimester (Table 2). Considering that
usually GDM is diagnosed during 24 to 28 weeks, there
was very little information for other trimesters.

Pre- and postprandial measures. Pre- and postprandial
measures were reported less often. The analyses for these
measures were limited by significant statistical heteroge-
neity explained by differences in glucose load/meal type
and glucose measurement timing in relation to the meal/
load. There was also a very small number of events in these
analyses, leading to imprecision.

Table 1. Comparison of Test Cutoff Points on
Macrosomia Ratea

Tests and
Cutoffs, mg/dL

OR for Glucose
Value < Cutoff 95% CI

P
Value

FBGa

�90 0.53 0.31–0.90 .02
�100 1.08 0.67–1.72 .75
�110 0.87 0.36–2.08 .75

1-h GTTa

�120 0.71 0.30–1.69 .24
�130 0.65 0.39–1.08 .07

2-h GTTa

�110 0.80 0.48–1.35 .39
�120 0.95 0.57–1.59 .85
�130 1.47 0.99–2.17 .06

Preprandiala

�90 0.69 0.17–2.94 .58
�100 0.57 0.23–1.37 .18
2-h GTTb

�110 1.02 0.51–2.04 .95
�120 2.00 0.66–5.88 .19
�130 2.78 0.56–14.29 .18

Abbreviation: GTT, glucose tolerance test.
a Random-effects meta-regression models were used (controlling for
intervention, diabetes type, and trimester).
b Random-effects meta-regression models were used (controlling for
intervention, diabetes type, trimester, and BMI).

Table 2. GDM in Third Trimester: Comparisons of Test Cutoffs on Fetal-Maternal Outcomes

Tests and

Cutoffs,

mg/dL

Macrosomia LGA Hypoglycemia

n OR (95% CI) P

Heterogeneity

P Valuea Pb n OR (95% CI) P

Heterogeneity

P Valuea Pb n OR (95% CI) P

Heterogeneity

P Valuea Pb

FBG .01 .96 .86
90 3 0.39 (0.29–0.52) �.01 �.01 4 0.68 (0.53–0.88) 0.01 �.01 2 0.65 (0.49–0.85) .03 �.01
100 3 0.73 (0.51–1.04) .08 .11 1 0.69 (0.52–0.91) 0.02 �.01 2 0.68 (0.48–0.96) .05 .03
110 0 NA NA NA 0 NA NA NA 0 NA NA NA

1-h GTT .81 NA .19
120 2 0.70 (0.42–1.19) .19 .28 1 0.88 (0.45–1.69) 0–77 NA 2 0.81 (0.73- 2.09) .49 .44
130 2 0.65 (0.42–1.01) .05 .15 0 NA NA NA 2 0.70 (0.44- 1.12) .24 .14
140 0 NA NA NA 0 NA NA NA 0 NA NA NA

2-h GTT .05 1.00 1.00
110 3 0.47 (0.35–0.63) �.01 �.01 1 2.08 (1.56–2.85) 0.02 NA 1 0.75 (0.56- 0.98) .05 NA
120 3 0.90 (0.84- 1.48) .47 0.48 1 2.08 (1.56–2.85) 0.02 NA 1 0.75 (0.56- 0.98) .05 NA
130 3 0.74 (0.55- 3.35) .51 .52 0 NA NA NA 0 NA NA NA

Preprandial 1.00 NA NA
90 2 0.88 (0.30- 2.57) .82 .82 0 NA NA NA 0 NA NA NA
100 2 0.88 (0.30- 2.57) .82 .82 0 NA NA NA 0 NA NA NA

Abbreviation: GTT, glucose tolerance test; NA, not applicable.
a Heterogeneity P values were calculated between groups by �2 test.
b P values for interaction test are based on ANOVA test (P � .05 implies statistically significant difference across the subgroups).
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Both pre- and postprandial glucose targets were not
associated with a clear decreased risk of fetal maternal
outcomes. CIs for postprandial ORs were wider, and con-
fidence in these estimates was lowerthanthat forpreprandial
glucose targets (Table 2).

There was insufficient information to determine an as-
sociation between a cutoff point of any of the glucose
measures and the outcomes of neonatal mortality, neona-
tal ICU admission, respiratory distress syndrome, and ges-
tational hypertension during the third trimester.

Discussion
Defining gestational diabetes as well as establishing the

goalsof treatment forhyperglycemia inpregnancyhavebeen
the subject of much controversy. Although treatment of
marked hyperglycemia is clearly associated with benefit in
improving maternal fetal outcomes, treatment with glucose-
lowering agents is associated with increased risk of hypogly-
cemia and exposure to potentially teratogenic agents. More-
over, there is a significant treatment burden associated with
such interventions. Balancing these disadvantages against
the benefits of treatment is fairly straightforward in the set-
tingofuncontrolled, symptomatichyperglycemia.Theprob-
lem that this systematic review seeks to address is to better
define the point at which treatment is beneficial, thereby
avoiding unnecessary over- or undertreatment.

Main findings
We conducted a systematic review and meta-analysis to

establish the optimal glucose target in pregnant women
with T1DM, T2DM, and GDM. Evidence showed that
FBG �90 mg/dL is associated with reduction in the risk of
macrosomia, neonatal hypoglycemia, and maternal pre-
eclampsia in GDM during the third trimester (no infor-

mation available for previous trimesters). Of note, the
quality of this evidence is low. For women with T1DM or
T2DM before pregnancy, the evidence was inconclusive.
Data regarding pre- or postprandial blood glucose targets
were sparse, and the quality of such evidence is very low.

The literature is limited by its paucity, heterogeneity
(different diagnostic criteria for GDM, different glucose
targets, different outcomes of interest, and different study
methods), lack of patient-important outcomes, high like-
lihood of reporting bias, inconsistency in results across
studies, and lack of adjustment for maternal BMI.

Limitations and strengths
The strengths of this review are related to the compre-

hensive nature of the literature search and the measures
undertaken to reduce the effect of bias and error: pre-
defined protocol-driven work, duplicate review, and at-
tempts to contact authors for missing data. The body of
evidence, on the other hand, has some key limitations. The
ideal study design to determine the best glucose threshold
would be a randomized trial comparing 2 or more thresh-
olds and their impact on critical patient-important bene-
fits, harms, and inconveniences. Such a study does not
exist. This review therefore summarizes studies that can
only partly inform the question. In addition, most of the
studies evaluated women diagnosed with GDM. Hence,
this evidence indirectly informs recommendations to be
made in women with T1DM or T2DM. Evidence of po-
tential reporting and publication bias and of inconsistency
should markedly reduce the readers’ confidence in the
pooled estimates reported here.

The estimates reported in this systematic review, de-
spite their limitations, are the best available evidence at the

Table 2. Continued

Hyperbilirubinemia Preeclampsia

n OR (95% CI) P

Heterogeneity

P Valuea Pb n OR (95% CI) P

Heterogeneity

P Valuea Pb

.70 .37
2 0.63 (0.43–0.91) .04 .01 2 0.47 (0.31–0.73) .02 0.01
2 0.70 (0.44–1.11) .18 .13 2 0.65 (0.40–1.05) .14 0.08
0 NA NA NA 0 NA NA NA

.05 NA
2 1.02 (0.59–1.79) .93 .98 0 NA NA NA
2 2.86 (1.61–5) .04 �.01 0 NA NA NA
0 NA NA NA 0 NA NA NA

NA .05
1 0.74 (0.51–1.09) .22 NA 2 0.46 (0.29–0.71) .02 �.01
1 0.74 (0.51–1.09) .22 NA 2 0.46 (0.29–0.71) .02 �.01
0 NA NA NA 2 0.31 (0.12–0.76) .05 0.01

NA 1.00
0 NA NA NA 1 1.00 (0.24–4.16) 1.00 NA
0 NA NA NA 1 1.00 (0.24–4.16) 1.00 NA
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present time. The Endocrine Society guideline developers
will incorporate this evidence with patients’ values, pref-
erences, and clinical context and provide recommenda-
tions and suggestions to help clinicians and patients in
managing glycemia during pregnancy. These estimates
should be considered as a starting point in the planning of
new research. There are no well-conducted large RCTs of
women with GDM or with diabetes before pregnancy
comparing different glucose targets and their impact on
fetal-maternal benefits and harms of importance to pa-
tients. The results from such studies would be most infor-
mative for the formulation of clinical practice guidelines.
It is clear that the extant evidence is insufficient to do so
with confidence. Future observational research must eval-
uate the role of obesity in the incidence of fetal-maternal
outcomes in women with and without GDM. Obesity per
se has been associated with pregnancy complications for
mother and fetus (20). This association and the epidemic
of obesity even among young fertile women highlight the
importance of this question.

Conclusions
Evidence warranting very low confidence in the esti-

mates suggests that a fasting glucose target of �90 mg/dL
is associated with a lower risk of macrosomia and other
outcomes of different importance in women with gesta-
tional diabetes. Whether these targets can be extrapolated
to women with diabetes before pregnancy or whether tar-
gets above or below this threshold offer a better benefit/
risk balance remains unclear.
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