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Abstract

Objective: To assess the clinical significance of a low 180-minute glucose value in a 100gr oral glucose tolerance test (OGTT)

and a single high abnormal value. Design: A retrospective cohort study. Setting: A single outpatient health clinic. Population:

Women with one abnormal high OGTT glucose value. The study group included women with 180-minute plasma glucose levels

of [?]60 mg/dl and one abnormal value in the OGTT. The control group was comprised of women with one abnormal value

in the OGTT and normal 180-minute glucose value. Methods: Pregnancy related outcomes and level of glycemic control of

both groups were compared. Main outcome measures: The primary outcome was glycemic control, defined as fasting blood

glucose measurements>90 mg/dl or post-prandial glucose values >140 mg/dl or 120 md/dl (1-hour and 2-hour post-prandial,

respectively) in>30% of the measurements. Secondary outcomes were the rate of insulin treatment and the perinatal outcome

consisting of birthweight, large-for-gestational-age and polyhydramnios. Results: 301 women were included, of them, 143 in

the study group and 158 in the control group. Pre-pregnancy body mass index, first trimester fasting glucose levels, previous

gestational diabetes mellitus, and familial diabetes were similar for both groups. Suboptimal glycemic control was more prevalent

among the women in the study group (14% vs. 5.1%, respectively, P=0.01). The need for insulin treatment was similar in both

groups (9.8% vs. 4.4%, P=.1). Conclusion: Women with one abnormal value and a 180-minute hypoglycemia in the OGTT are

at increased risk for suboptimal glycemic control.

Introduction

Gestational diabetes mellitus (GDM) developed into a worldwide major concern due to its increasing preva-
lence and clinical implications1. A variety of adverse perinatal outcomes, including macrosomia, shoulder
dystocia, neonatal respiratory and metabolic disorders, and cesarean deliveries2 are associated with high ma-
ternal blood glucose levels. The long-term detrimental effects of GDM on metabolic function in adulthood
have also been investigated and established.3

Detection of GDM is generally based on a two-step approach. The first step (glucose challenge test, GCT)
is utilized to screen pregnant women and detect those at high risk for GDM by having the subjects consume
50 g of glucose and sampling their blood for glucose 1 hour later. Women whose glucose levels meet or
exceed the screening threshold are then subjected to a 3-hour diagnostic oral glucose tolerance test (OGTT)
consisting of a total of 100 g 4. Whether one or two abnormally high values in the OGTT results define GDM
is still under debate5. While some suggest that a single abnormal value is associated with increased risk
of large-for-gestational age (LGA) infants6, cesarean delivery, pre-eclampsia7 and increased risk of Type-2
diabetes later in life, others dispute these associations. 8,910,11. A recent systematic review concluded that
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. hyperglycemia-related adverse perinatal outcomes are similarly found among women with both one or two
abnormal OGTT values12.

The finding of hypoglycemia three hours after consuming 100 g of glucose is not uncommon and may
present with dizziness, nausea, tachycardia, and sweating13. Clinical experience led us to the impression
that women with one abnormal high value in the OGTT and hypoglycemia in the 180-min value have a more
pronounced insulin resistance. Our search of the literature for studies assessing the clinical implications of
such hypoglycemia on glucose control and perinatal outcome among women with a single abnormally high
value yielded no results. In light of the unassessed clinical significance of such a common occurrence, we
were motivated to investigate this clinical quandary. We hypothesized that a 3-hour hypoglycemia finding
may reflect impaired insulin response and may predict suboptimal glycemic control as evidenced on daily
glucose profiles of pregnant women with a single abnormally high OGTT value.

Methods

We conducted a retrospective cohort study at a single outpatient health clinic between 2011 and 2018. The
study group included healthy women at 24-28 weeks of gestation with one abnormally high value on their
OGTT and a low glucose finding for the 3-hour hypoglycemia analysis (<60 mg/dl). The control group was
comprised of women with high or normal 180-minute glucose values with one abnormal value in the OGTT.
Excluded from the study were women with a multiple pregnancy, pre-gestational diabetes, or incomplete
medical or obstetrical records. The Institutional Review Board approved the study and waived informed
consent.

GDM was diagnosed by a two-step approach consisting of a 1-hour 50 g GCT at 24–28 weeks of pregnancy,
followed by a 3-hour 100 g diagnostic OGTT if the GCT plasma glucose result was [?]140 mg/dL. Women
with risk factors for developing GDM, such as a family history of diabetes in a first-degree relative, previous
GDM, or previous macrosomia, underwent only diagnostic OGTT. GDM was diagnosed when at least one
of the four OGTT glucose values was abnormally high by the Carpenter and Cousten criteria14.

Once diagnosed, all women were instructed to self-measure capillary glucose at least four times daily (fasting
and one or two hours postprandial). The initial clinic visit included counseling by a nurse expert in diabetes,
dietary consultation by a certified dietician, and consultation with a maternal-fetal medicine specialist. The
biweekly visits were scheduled up to 36 weeks of gestation and weekly from that stage to delivery. Each visit
included dietary consultation, blood pressure monitoring, urine dipstick test, review of daily glucose profiles,
and decision-making regarding the need for adjusting therapy. Ultrasound scans for biophysical profiles and
estimation of fetal growth were performed biweekly from 26 weeks of gestation, and non-stress testing was
added at 34 weeks of gestation.

The desired level of glycemic control was defined as mean fasting blood glucose <90 mg/dl and mean one
or two hours postprandial <140 mg/dL or <120 mg/dl, respectively. Women with fewer than 50 glucose
measurements over the two weeks were not included in the final analysis. Women who had more than30%
abnormally high values during a 2-week period of glucose monitoring were considered as having suboptimal
glucose control.15 The detection of suboptimal glucose control led to an intervention aimed at modifying
the diet and encouraging physical activity. Insulin treatment was initiated when fasting glucose levels were
consistently >100 mg after two weeks of observing a strict diet or when suboptimal glucose control, as defined
above, persisted after 2 weeks of dietary modifications and physical activity.

The need for induction of labor was determined by the level of glycemic control and estimated fetal weight.
Induction of labor was offered at 38–39 weeks of gestation if the estimated fetal weight (EFW) was 3600-4000
gr or poor glycemic control was documented [defined as?]. Cesarean section was advised when the EFW was
>4000 gr or for obstetrical indications. If the abovementioned criteria were not fulfilled induction of labor
was advocated at 41 weeks of gestation.

Women with one abnormally high OGTT value were divided into two groups. Women in the study group had
a low 180-minute value defined as a plasma glucose level of [?]60 mg/dl, and those in the control group had
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. a 180-minute glucose value of >60 mg/dl. The following data were extracted from women’s computerized
files and compared between the two groups: maternal demographics and clinical characteristics, periods
of suboptimal glucose control, the need for insulin to achieve desired levels of glycemic control, glycemic
profile, and obstetrical and neonatal outcome measures. The primary outcome was the rate of women
with suboptimal maternal glycemic control. The secondary outcomes were the need for insulin treatment
to achieve desired levels of glycemic control and the presence of obstetrical and neonatal complications,
including mean birthweights, incidence of macrosomia (birthweight more than the 90th percentile or >4000
gr), and polyhydramnios (amniotic fluid index >25 cm or a maximal vertical pocket >8 cm).

Statistical analysis

Between-group comparisons of the study participants’ characteristics were performed by a 2-tailed Student’s
t test for continuous variables, a Pearson χ2 test for categorical variables, and the Kruskal–Wallis test
for continuous non-normal variables. A P value of less than or equal to .05 was considered significant.
Multivariate logistic regression assessed the association between the various selected variables and suboptimal
maternal glycemic control. Maternal age, parity, EFW, and delivery week were taken as continuous variables
and the remaining variables were taken as categorical. All statistical analyses were performed with R version
3.5.2. (http://www.r-project.org)

RESULTS

Overall, 301 women were enrolled, of them, 143 women in the study group and 158 in the control group.
The groups were similar with regard to demographic and clinical characteristics, including age, parity, and
pre-pregnancy body mass index (BMI) (Table 1). Both groups were similar in the parameters considered as
risk factors for insulin resistance and GDM, such as gestational weight gain, previous GDM, diabetes among
first-degree relatives, glucose values during the first trimester, and GCT result.

The rate of suboptimal glucose control was higher in the study group (14% vs. 5.1% in comparison to the
control group, P =.01) (Table 2). There was no significant group difference in the need for insulin treatment
to achieve desired levels of glycemic control after dietary adjustment and enhanced physical activity. Other
secondary outcome measures, such as birthweight, mode of delivery, and prevalence of hyperglycemia-related
complications (polyhydramnios, macrosomia) were also similar between the study groups (Table 2).

A multiple logistic regression analysis showed that a low glucose value of 100 gr at 3 hours was associated
with a higher incidence of suboptimal glucose control (odds ratio 3.1, confidence interval [CI] 1.35-7.83, P
=.01). The effects of factors that are traditionally considered predictors of insulin resistance on suboptimal
daily glucose profile, such as BMI, first trimester fasting glucose, and weight gain, did not reach a level of
significance (Fig. 1).

Discussion

The current study assessed the clinical implications of a low glucose 180 minutes value at the 3-hour OGTT
among women with a single abnormally high OGTT value. It emerged that a suboptimal daily glucose
profile was more prevalent among the women in the study group compared to women in the control group.

Insulin sensitivity has been shown to decline during pregnancy, triggering an enhanced insulin release that
culminates in euglycemia after consumption of 100 gr glucose during an OGTT16. Kuhl et al. reported
that women with GDM have impaired first-phase insulin response which may result in late occurrence of
peak plasma insulin concentrations during an OGTT17. Women with overly impaired insulin response may
experience a delayed peak in insulin blood levels at 3 hours after glucose consumption and consequent late
hypoglycemia. Thus, hypoglycemia at 3 hours may represent exceedingly impaired glucose tolerance.

Delibas et al. found an association between reactive hypoglycemia during an otherwise normal OGTT and
adverse perinatal outcome measures, such as low Apgar scores, low birth weights, and prenatal admission
to the neonatal intensive care unit. 18 Since only women with a normal OGTT were included, the daily
glucose profile was not assessed. Moreover, the sample size of their study group (pregnant women with
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. reactive hypoglycemia) was relatively low. We were able to demonstrate a possible association between late
hypoglycemia and compromised glucose control since our study group included women with a daily glucose
profile that was investigated due to a single abnormal value.

To the best of our knowledge, this is the first study to describe a possible association between a low glucose
result of a 3-hour 100 g diagnostic OGTT and maternal suboptimal glucose control. Daily glucose control is
affected by multiple factors that are related to insulin resistance, such as fasting glucose levels during the first
trimester, BMI, gestational weight gain, and previous GDM. We carried out a multivariate logistic regression
analysis in order to assess the effect of late hypoglycemia evidenced during an OGTT on the glucose profile.
As shown in Fig. 1, hypoglycemia at 3 hours was the only parameter associated with suboptimal glucose
control with an odds ratio of 3.1 (CI, 1.35-7.83). Earlier studies had found associations between first or
second trimester fasting glucose levels and the need for pharmacological intervention to achieve euglycemia
in women with gestational diabetes19,20. In contrast to those findings, our study assessed women with a
single abnormal value, under strict diet with similar first trimester fasting glucose values in both study and
control groups. Moreover, as mentioned above, fasting glucose was not associated with suboptimal glucose
control.

We anticipated that suboptimal glucose values would be reflected in the number of women requiring phar-
macological treatment to lower their blood glucose levels, but the difference between the study and control
groups failed to reach a level of significance. About 10% of the women in the study group needed insulin
compared to 4.4% of the control group (P =.1). This may be explained by efficient interventions, such as
diet modification and enhanced physical activity, that allowed us to spare many women with suboptimal
glucose control from the need for treatment. Our study has some limitations that bear mention. First,
its retrospective nature makes it susceptible to selection bias, potential recording errors, and difficulty in
controlling for exposures and outcomes. This limitation precluded us from arriving at any definitive con-
clusion about the impact of late hypoglycemia during the OGTT on perinatal parameters, we found no
significant difference between the groups in neonatal outcomes, including Apgar scores at 5 and 10 minutes
and prevalence of NICU admission. Additionally, the study was performed in a single center that treats a
relatively homogenous population of characteristically young and multiparous women, thus generalization of
the findings may be open to question. Finally, the relatively low numbers of participants prevented us from
demonstrating the effect of late hypoglycemia on the need for pharmacological treatment.

This study revealed a significant association between hypoglycemia at 3 hours after glucose consumption
during an OGTT and suboptimal maternal glycemic control among women with a single abnormally high
value in their OGTT. Stringent follow-up and meticulous glucose control may be essential for this subgroup
of women.
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Table 1. Demographic, Clinical and Obstetrical Characteristics

P

Study group

(n = 143)

Control group

(n = 158)

Characteristic

0.52

28.3±5.7

28.7±5.4

Maternal age (years)

0.26

47 (32.9%)

44 (27.8%)

Nulliparous

0.59

23.3±1.8

23.5±1.7

Pre-pregnancy BMI (kg/m2)

0.88

28.35±2.1

28.3±2

BMI at OGTT (kg/m2)

0.38

12.1±3.9

11.7±3.6

Gestational weight gain (kg)

0.8

22 (15.4%)

27 (17.1%)

Diabetes mellitus in the familya

1

33 (23.1%)
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. 37 (23.4%)

GDM in previous pregnancies

0.26

154.6±17.6

152.7±18.2

Glucose challenge test (mg/dl)

0.18

86.7±7.5

87.9±8.2

Fasting glucose in 1st trimester (mg/dl)

Data are presented as mean±standard deviation or n (%)

OGTT, oral glucose challenge test; BMI, body mass index; GDM, gestational diabetes mellitus.

aDefined as diabetes mellitus in a first-degree relative

Table 2. Primary, Secondary, and Obstetrical Outcome Measures

P
Study group (n =
143)

Control group (n =
158) Characteristic

Primary outcome
Women with
suboptimal glucose
controla

0.01 20 (14%) 8 (5.1%)
Secondary outcome

0.1 14 (9.8%) 7 (4.4%) Women needing insulin

treatmentb

0.18 3138±807 3005±900 Birthweight (grams)
0.63 14 (9.8%) 12 (7.6%) Birthweight >90th

percentile
0.18 15 (10.5%) 9 (5.7%) Polyhydramnios
1 8 (5.6%) 8 (5.1%) Preeclampsia
0.64 9 (6.3%) 7 (4.4%) 5 minutes Apgar <7
0.46 39.2±1.2 39.1±1.3 Gestational age at

delivery (weeks)
1 22 (15.4%) 24 (15.2%) Cesarean delivery

aWomen with >30% of weekly glucose measurements defined as hyperglycemic under diet.

bNumber of women needing insulin to achieve desired glucose control after diet modification and physical
activity have failed to do so.

Data are presented as mean±standard deviation or n (%)

OGTT, oral glucose challenge test; LGA, large-for-gestational age (>90% of population-based birth weight).

Fig. 1. Logistic regression plot of odds ratios and 95% confidence intervals for variables predicting suboptimal
glucose control.
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