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Background: Data are limited on pregnancy outcomes of normal glucose
tolerant (NGT) women with a low glycemic value measured during the 75g
oral glucose tolerance test (OGTT). Our aim was to evaluate maternal
characteristics and pregnancy outcomes of NGT women with low glycemia
measured at fasting, 1-hour or 2-hour OGTT.

Methods: The Belgian Diabetes in Pregnancy-N study was a multicentric
prospective cohort study with 1841 pregnant women receiving an OGTT to
screen for gestational diabetes (GDM). We compared the characteristics and
pregnancy outcomes in NGT women according to different groups [(<3.9mmol/
L), (3.9-4.2mmol/L), (4.25-4.4mmol/L) and (>4.4mmol/L)] of lowest glycemia
measured during the OGTT. Pregnancy outcomes were adjusted for
confounding factors such as body mass index (BMI) and gestational weight gain.

Results: Of all NGT women, 10.7% (172) had low glycemia (<3.9 mmol/L) during
the OGTT. Women in the lowest glycemic group (<3.9mmol/L) during the OGTT

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2023.1186339/full
https://www.frontiersin.org/articles/10.3389/fendo.2023.1186339/full
https://www.frontiersin.org/articles/10.3389/fendo.2023.1186339/full
https://www.frontiersin.org/articles/10.3389/fendo.2023.1186339/full
https://www.frontiersin.org/articles/10.3389/fendo.2023.1186339/full
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2023.1186339&domain=pdf&date_stamp=2023-06-02
mailto:lore.raets@kuleuven.be
https://doi.org/10.3389/fendo.2023.1186339
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2023.1186339
https://www.frontiersin.org/journals/endocrinology

Raets et al.

10.3389/fendo.2023.1186339

had compared to women in highest glycemic group (>4.4mmol/L, 29.9%, n=482),
a better metabolic profile with a lower BMI, less insulin resistance and better beta-
cell function. However, women in the lowest glycemic group had more often
inadequate gestational weight gain [51.1% (67) vs. 29.5% (123); p<0.001].
Compared to the highest glycemia group, women in the lowest group had
more often a birth weight <2.5Kg [adjusted OR 3.41, 95% CI (1.17-9.92); p=0.025].

Conclusion: Women with a glycemic value <3.9 mmol/L during the OGTT have a
higher risk for a neonate with birth weight < 2.5Kg, which remained significant

after adjustment for BMI and gestational weight gain.

KEYWORDS

low glycemia, normal glucose tolerant, pregnancy outcomes, oral glucose tolerance test,

low birth weight

1 Introduction

In contrast to women with gestational diabetes (GDM) who
have higher glucose levels and an increased risk for large-for-
gestational age (LGA) neonates (1, 2), women with low glycemia
may be at increased risk to deliver neonates with a low birth weight.
It has been demonstrated that infants born with a birth weight
<2.5Kg are at increased risk to develop an adverse metabolic profile
later in life with increased risk to develop type 2 diabetes (T2DM)
and cardiovascular disease (3-6). Low birth weight can be caused by
maternal conditions such as placental dysfunction, malnutrition or
impaired maternal metabolism (7, 8). Glucose diffuses from the
mother to the fetus by placental transport mediated by glucose
transporters (GLUT)-1, GLUT-4 and GLUT-9 {Stanirowski, (9)
#14}. Since the fetus’ blood glucose level is proportional to the blood
glucose level of the mother, hypoglycemia might increase the risk
for various adverse pregnancy outcomes such as low-birth-weight
or small-for-gestational age (SGA) neonates (7, 8, 10, 11).

However, only few studies have focused on the potential
relationship between low glycemia during the oral glucose
tolerance test (OGTT) and the impact on maternal and neonatal
outcomes in normal glucose tolerant (NGT) women. Studies
focused mostly on the effects of reactive hypoglycemia during an
OGTT (7, 8, 12-16) and data are limited on the potential effects of
lower glycemic values in general. In addition, these studies reported
conflicting results concerning the impact on maternal and neonatal
outcomes, especially on neonatal birth weight (7, 12-14). Moreover,
most studies investigated the effects of hypoglycemia in women
with GDM or obesity (12, 14, 16, 17). Data are sparse on pregnancy
outcomes of NGT women with a lower glycemic value measured
during the OGTT between 24-28 weeks of pregnancy.

We aimed therefore to evaluate maternal characteristics and
pregnancy outcomes in a large cohort of NGT women with a low
glycemic value, being less than the American Diabetes Association
(ADA) cut-off for hypoglycemia outside pregnancy (<3.9mmol/L),
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measured at any stage (fasting, 1-hour or 2-hour) during the 75g
OGTT used for screening for GDM during pregnancy (18). In
addition, we also aimed to evaluate maternal characteristics and
pregnancy outcomes across different groups of low glycemia
[stratified according to quartiles of glycemic value (<3.9mmol/L),
(3.9-4.2mmol/L), (4.3-4.4mmol/L) and (>4.4mmol/L)] during
the OGTT.

2 Subjects and methods
2.1 Study design and setting

This is a sub-analysis of the Belgian Diabetes in Pregnancy-
North (BEDIP-N) study. The BEDIP-N study was a multicentric
prospective cohort study to evaluate different screening strategies
for GDM that has previously been described in detail (19-25). The
BEDIP-N study was approved by the Institutional Review Boards of
all participating centers and all investigations have been carried out
in accordance with the principles of the Declaration of Helsinki as
revised in 2008. Before inclusion to the study, informed consent was
obtained. Participants were enrolled between 6 and 14 weeks of
pregnancy, when fasting plasma glucose (FPG) was measured.
Women with impaired fasting glycemia or diabetes in early
pregnancy according to the ADA criteria were excluded (26).
Women without (pre)diabetes received universal screening for
GDM between 24-28 weeks of pregnancy with a non-fasting 50g
glucose challenge test (GCT) followed by a 75g 2-hour OGTT.
Results of the GCT were blinded for participants and health care
providers. All participants received an OGTT irrespective of the
GCT result. Glucose was measured in fluoride-oxalate tubes,
limiting the risk for false low glucose values as fluoride inhibits
glycolysis. The OGTT was performed according to standard
operating procedures provided to each participating center and
blood samples were immediately sent to the laboratory for analyzes.
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The 2013 World Health Organization (WHO) criteria were used for
the diagnosis of GDM (19, 20, 27). The ADA-recommended
glycemic targets were used for the treatment of GDM (27).

According to the ADA, hypoglycemia in pregnancy is defined as
a value <3.5 mmol/L (63 mg/dl), whereas a value <3.9 mmol/L (70
mg/dl) is considered as a low glycemic value or level one
hypoglycemia in pregnancy (18, 28, 29), while a value < 3.0
mmol/L (54 mg/dl) is classified as a level two hypoglycemia (18,
28, 29). In addition, we also divided the cohort into groups of low
glycemia [stratified according to quartiles of the glycemic value
(<3.9mmol/L), (3.9-4.2mmol/L), (4.3-4.4mmol/L) and (>4.4mmol/
L)] during the OGTT to evaluate maternal characteristics and
pregnancy outcomes across these different groups.

In total, 1841 women received an OGTT, of which 12.4%
(n=229) were diagnosed with GDM and 1612 women were NGT.
Because only four women in the GDM-group had low glycemia
(<3.9 mmol/L) at fasting, 1-hour or 2-hour OGTT, we excluded the
GDM-group for further analysis.

2.2 Study visits and measurements

Baseline characteristics and obstetrical history were collected at
first visit (19). Anthropometric measurements were obtained, and
several self-administered questionnaires were completed at first visit
(6-14 weeks of pregnancy) and at the time of the OGTT (26-28
weeks of pregnancy) (19).

Blood pressure (BP) was measured using an automatic BP
monitor. A BMI > 25 kg/m? was defined as overweight and a
BMI > 30 kg/m? was defined as obesity based on the measured BMI
at first prenatal visit. During this visit, a fasting blood test was taken
to measure FPG, insulin, lipid profile [total cholesterol, high density
lipoproteins (HDL), low density lipoproteins (LDL) cholesterol and
triglycerides], and hemoglobin Alc (HbAlc). The homeostasis
model assessment of insulin resistance (HOMA-IR) and beta-cell
function (HOMA-B) were measured in early pregnancy (30). At the
visit with OGTT in pregnancy, a fasting lipid profile, HbAlc and
different indices of beta-cell function [HOMA-B, the insulinogenic
index divided by HOMA-IR and the insulin secretion-sensitivity
index-2 (ISSI-2)] were measured (30, 31). In addition, indices of
insulin sensitivity were measured, such as the Matsuda index, a
measure of whole body insulin sensitivity, and the reciprocal of the
HOMA-IR index (19, 30-34).

At first visit and at the time of the OGTT, a food questionnaire
was used to question servings per week of different important food
categories and beverages (35). Less healthy consumption was
assigned 0 or -1 points. By summing up the points for all 14 food
groups, the diet score could range from -12 to 15. At the time of the
OGTT, the International Physical Activity Questionnaire (IPAQ)
questionnaire (validated for the Belgian population) assessed
physical activity (19, 36). Results of the IPAQ were reported in
categories (low, moderate or high activity levels) as previously
reported (37).
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2.3 Pregnancy and delivery outcome data

Following pregnancy outcomes were collected: gestational age,
preeclampsia (de novo BP >140/90mmHg > 20 weeks with
proteinuria or signs of end-organ dysfunction), gestational
hypertension (de novo BP >140/90mmHg > 20 weeks), type of
labor and type of delivery, macrosomia (>4 kg), LGA defined as
birth weight >90 percentile according to standardized Flemish birth
charts adjusted for sex of the baby and parity (38), SGA defined as
birth weight <10 percentile according to standardized Flemish birth
charts adjusted for sex of the baby and parity (38), low birth weight
defined as a birth weight <2.5kg, preterm delivery (<37 completed
weeks), shoulder dystocia and admission on the neonatal intensive
care unit (NICU) (19). A glycemic value <2.2 mmol/L was
considered as a neonatal hypoglycemia across all centers,
irrespective of the need for intravenous administration of glucose
and admission on the NICU. The difference in weight between first
prenatal visit and the time of the OGTT was calculated as early
weight gain. Total gestational weight gain was calculated as the
difference in weight between first prenatal visit and delivery.
Excessive total gestational weight gain (EGWG) was defined
according to the 2009 National Academy of Medicine [NAM,
former Institute of Medicine (IOM)] guidelines (39).

2.4 Statistical analysis

Descriptive statistics were presented as frequencies and
percentages for categorical variables and means with standard
deviations or medians with interquartile range for continuous
variables. Categorical variables were analyzed using the Chi-
square test or the Fisher exact test in case of low (<5) cell
frequencies, whereas continuous variables were analyzed using the
Kruskal-Wallis test for data with a non-normal distribution or One-
way ANOVA test for data with a normal distribution.

Women were divided into groups according to the lowest
glucose value measured during the 75g OGTT. To estimate crude
and adjusted odds ratios (aORs) of the effects of lowest group of
glycemia (<3.9mmol/L) versus the highest group of glycemia
(>4.4mmol/L) during the 75¢ OGTT on delivery outcomes, a
conditional logistic regression was used for binary outcomes.
Excessive weight gain, inadequate weight gain (less than
recommended weight gain according to NAM guidelines),
induction of labor, caesarean sections (CS) and LGA were
corrected for the following confounding factors: maternal age,
ethnic background, smoking during pregnancy, history of
macrosomia, multiparity, total gestational weight gain and for
early pregnancy BMI, fasting glycemia, fasting insulin, fasting
HDL-cholesterol and fasting LDL-cholesterol. Macrosomia and
emergency CS were corrected for age, ethnic background, total
gestational weight gain, and for early pregnancy BMI, fasting
glycemia, and fasting LDL-cholesterol. Gestational hypertension,
preterm delivery and low weight infants <2.5kg were corrected for

frontiersin.org


https://doi.org/10.3389/fendo.2023.1186339
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Raets et al.

BMI in early pregnancy and total gestational weight gain, while
birth weight baby 24.5Kg was corrected for BMI in early pregnancy.
A Spearman’s correlation test was used to determine the
relationship between birth weight and the lowest glycemia at
fasting, 1-hour or 2-hour during the 75g OGTT. Logistic
regression analysis was performed for the binary outcomes (birth
weight <2.5kg and preterm delivery) and fasting glucose or 2-hour
post load glucose as continuous predictors. Results are presented as
odds ratios with 95% confidence intervals. A p-value <0.05 was
considered significant. In addition, a receiver operating
characteristic (ROC)-analysis was performed with an estimated
area under the curve (AUC) with 95% CI for the binary outcome
as response and the continuous predictor as explanatory variable.
This analysis results in a sensitivity and specificity level associated
with each outcome. The AUC ranges between 0.5 (discrimination
no better than chance) and 1 (perfect discrimination). The optimal
cut-off value can be selected as the best combination of sensitivity
and specificity. If equal importance is given to sensitivity and
specificity, the maximum Youden index indicates the best cut-off
value. The Youden index was calculated as the sum of sensitivity
and specificity minus 1 and ranges from -1 through 1. Analyzes
were performed by statistician A. Laenen using SAS software.

3 Results

Of the total cohort, 1841 women received a 2-hour 75g OGTT
at 26-28 weeks of pregnancy. In the total cohort (NGT and GDM
women combined), 9.6% (176) women had a low glycemic value
(<3.9 mmol/L) at fasting, 1-hour or 2-hour measurement during the
OGTT. Because only four women with GDM had low glycemia
during the OGTT, women with GDM were excluded for further
analysis (Figure 1). Within the NGT-cohort, 10.7% (172) had low
glycemia (<3.9 mmol/L), 2.3% (35) had glycemia <3.5 mmol/L and
0.7% (11) had glycemia <3.0 mmol/L at fasting, 1-hour or 2-hour
OGTT. Most women (71.5%, n=123) had a low glycemia (<3.9
mmol/L) fasting, 9.3% (16) had a low glycemia at the 1 hour and

10.3389/fendo.2023.1186339

27.3% (47) at the 2-hour measurement. Of all NGT women, only
0.6% (10) had a low glycemia at several time points during
the OGTT.

3.1 Characteristics and pregnancy
outcomes of women with low glycemia
(<3.9 mmol/L) during the OGTT

Compared to women with glycemia >3.9 mmol/L (n=1440,
89.3%), women with low glycemia [<3.9 mmol/L, n=172 (10.7%)]
during the OGTT were younger, had a better metabolic profile with
a lower BMI, a lower HOMA-IR in early pregnancy and at the time
of the OGTT, and less impaired beta-cell function [ISSI-2: 3.3 (2.5-
4.0) vs. 2.3 (1.9-2.8); p<0.0001] at the time of the OGTT (Table 1).
Women with low glycemia had more often inadequate gestational
weight gain (less than recommended by NAM) and less labor
inductions compared to women with higher glucose values during
the OGTT (Table 1). There were no differences in diet score or
physical activity between both groups (Table 1). Women with a low
glycemia during the OGTT had also more often low glycemia
(<3.9mmol/L) and hypoglycemia (<3.5 mmol/L) at the non-
fasting glycemia measurement before the GCT at 24-26 weeks of
pregnancy [respectively 19.6% (33) vs. 6.6% (92); p<0.001 and 7.7%
(13) vs. 1.7% (24); p<0.001] (Table 1).

3.2 Characteristics of women with
hypoglycemia (<3.5 mmol/L) during
the OGTT

Women with a value <3.5 mmol/L (2.3%, n=35) during the
OGTT were younger, were more often single and smoked less often
before pregnancy compared to women with a glycemia >3.5 mmol/
L (Appendix I). Women with value <3.5 mmol/L during the OGTT
had also more often low glycemia (<3.9mmol/L) and glycemia
<3.5mmol/L at the non-fasting glycemia measurement before the

Total cohort:
1841 women
received 2-h 75g
OGTT (26-28weeks)

.

229 GDM women

|

1.7 % (4) low glycaemia
(<3,9 mmol/L) in GDM
cohort

|

FIGURE 1

| 1612 NGT women |

|

10.7 % (172) low
glycaemia (<3,9 mmol/L)
in NGT cohort

|

Flowchart in- and exclusion criteria. OGTT, oral glucose tolerance test; GDM, gestational diabetes mellitus; NGT, normal glucose tolerant.
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TABLE 1 Comparison of characteristics and pregnancy outcomes between women with glycemia <3.9 mmol/L and women with glycemia >3.9 mmol/
L at fasting, 1h or 2h 75g OGTT in the normal glucose tolerance group.

NGT-group

Glycemia <3.9mmol/L
N=172 (10.7%)

Glycemia >3.9 mmol/L P-value
N=1440 (89.3%)

General
Age (years) 299 £ 39 30.7 +3.9 0.007
% Ethnic minorities 6.4 (11) 8.5 (121) 0.363
% Multiparity 45.3 (78) 46.5 (670) 0.769
6-14 weeks visit
Week first visit with FPG 122+ 15 119+ 1.8 0.024
BMI (Kg/m?) 227 +39 24.6 + 45 <0.001
% BMI <18.5 4.1(7) 2.6 (37)
% BMI 18.5-24.9 76.6 (131) 26.2 (375)
% Overweight 19.3 (33) 37.9 (542) <0.001
% Obesity 5.8 (10) 11.7 (167) 0.022
9% Waist >80cm 62.1 (100) 75.5 (1044) <0.001
Weight gain (first visit till OGTT) (Kg) 6.8 +2.7 72 +34 0.071
Systolic blood pressure (mmHg) 113.6 + 9.8 115.0 + 10.5 0.098
Diastolic blood pressure (mmHg) 682 + 7.1 70.6 + 8.2 <0.001
Fasting glycemia (mmol/L) 4.3 (4.1-4.4) 4.6 (4.3-4.7) <0.001
HOMA-IR 1.0 (0.7-1.4) 1.3 (1.0-1.9 <0.001
HOMA-B 133.7 (92.6-204.3) 131.8 (96.3-183.3) 0.482
HbA1lc (mmol/mol and %) 30 (28-32) 31 (29-32) <0.001
49 (4.7-5.1) 5.0 (4.8-5.1)
Fasting Total cholesterol (mmol/L) 4.6 (4.1-5.2) 4.7 (4.2-5.2) 0.171
Fasting HDL (mmol/L) 1.8 (1.6-2.1) 1.7 (1.5-2.0) 0.011
Fasting LDL (mmol/L) 2.3 (1.9-2.7) 24 (2.0-2.9) 0.006
Fasting TG (mmol/L) 1.0 (0.8-1.1) 1.0 (0.8-1.3) 0.518
Total Score lifestyle 1.0 (0.0-2.0) 1.0 (0.0-2.0) 0.446
Physical activity 2.0 (0.0-5.0) 2.0 (0.0-4.0) 0.215
Diet
24-28 weeks visit
BMI (Kg/m?) 252 +38 272+ 44 <0.001
9% BMI <18.5 12 (2) 0.1 (1)
% BMI 18.5-25 60.6 (100) 36.0 (506)
Systolic blood pressure (mmHg) 1119 + 10.5 113.3 + 10.0 0.092
Diastolic blood pressure (mmHg) 659 + 7.9 67.1+79 0.026
Glucose non-fasting 0 min on GCT (mmol/L) 45+07 49+09 <0.001
% Glucose <3.9 mmol/L non-fasting Omin on GCT 19.6 (33) 6.6 (92) <0.001
% Glucose <3.5 mmol/L non-fasting Omin on GCT 7.7 (13) 1.7 (24) <0.001
Glucose 60 min on GCT (mmol/L) 62+ 14 6.5+ 14 0.002
% Glucose <3.9 mmol/L 60min on GCT 2.3 (4) 1.7 (24) 0.533
% Glucose <3.5 mmol/L 60min on GCT 0.6 (1) 0.7 (10) 1.000
Fasting glycemia (mmol/L) 3.8 (3.7-3.9) 4.3 (4.2-4.6) <0.001
(Continued)
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TABLE 1 Continued

NGT-group

Glycemia <3.9mmol/L
N=172 (10.7%)

10.3389/fendo.2023.1186339

Glycemia =3.9 mmol/L
N=1440 (89.3%)

30 min glucose OGTT (mmol/L) 6.3 (5.6-7.1) 6.9 (6.3-7.7) <0.001
1-hour glucose OGTT (mmol/L) 6.0 (4.8-7.0) 6.9 (6.0-7.9) <0.001
2-hour glucose OGTT (mmol/L) 4.9 (3.8-6.0) 6.0 (5.3-6.9) <0.001
HbAlc 29 (27-30) 30 (29-32) <0.001
(mmol/mol and %) 4.8 (4.6-4.9) 4.9 (4.8-5.1)

Matsuda insulin sensitivity 0.8 (0.6-1.1) 0.6 (0.4-0.8) <0.001
HOMA-IR 1.2 (0.8-1.7) 1.8 (1.3-2.5) <0.001
HOMA-B 409.5 (237.2-619.5) 220.8 (160.7-309.9) <0.001
ISSI-2 3.3 (2.5-4.0) 2.3 (1.9-2.8) <0.001
Insulinogenic index/HOMA-IR 0.5 (0.3-0.7) 0.3 (0.2-0.4) <0.001
Fasting Total cholesterol (mmol/L) 6.2 (5.5-7.2) 6.3 (5.7-7.0) 0.795
Fasting HDL (mmol/L) 2.0 (1.6-2.4) 1.9 (1.6-2.2) 0.057
Fasting LDL (mmol/L) 3.4 (2.8-4.2) 3.4 (2.9-4.2) 0.853
Fasting TG (mmol/L) 1.7 (1.4-2.2) 1.8 (1.4-2.3) 0.147
Total score lifestyle 1.5 (0.0-2.0) 1.0 (0.0-2.0) 0.506
Physical activity 2.0 (0.0-5.0) 2.0 (0.0-4.0) 0.172
Diet

IPAQ low 13.9 (23) 16.6 (229) 0373
Delivery

Total Weight gain (first visit till delivery) (Kg) 113 £ 4.1 123 £ 5.1 0.005
% Excessive weight gain 15.3 (20) 29.7 (363) <0.001
% Inadequate weight gain 51.1 (67) 29.7 (363) <0.001
Gestational age (weeks) 39.0+ 1.7 393+ 1.6 0.011
% Preeclampsia 1.7 (3) 1.8 (26) 1.000
% Gestational hypertension 23 (4) 4.4 (64) 0.232
% Preterm delivery 7.0 (12) 5.2 (74) 0.323
% Induction labor 16.3 (28) 27.1 (388) 0.002
% Caesarean sections (total) 19.2 (33) 20.3 (291) 0.723
Weight baby (g) 3286.3 + 534.4 3411.3 + 505.4 0.004
% Weight baby <2.5 kg 5.8 (10) 3.9 (56) 0.225
% Macrosomia (>4Kg) 6.4 (11) 9.8 (140) 0.149
% LGA 9.9 (17) 13.2 (189) 0.227
% SGA 7.6 (13) 4.8 (68) 0.110
% Shoulder dystocia 0.6 (1) 1.2 (17) 0.712
% Neonatal hypoglycemia <2.2 mmol/L 2.8 (3) 4.1 (38) 0.514
9% NICU admission 8.2 (14) 9.7 (139) 0.528

OGTT, oral glucose tolerance test; GCT, glucose challenge test; GDM, gestational diabetes mellitus; BMI, Body Mass Index; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance;
HOMA-B,, Homeostatic Model Assessment for B-cell secretion; ISSI-2, Insulin Secretion-Sensitivity Index-2 HDL, high-density lipoprotein; LDL, low-density-lipoprotein; TG, triglycerides;
IPAQ, International Physical Activity Questionnaire; LGA, large-for-gestational age infant; SGA, small-for-gestational age infant; NICU, neonatal intensive care unit; IFG, impaired fasting
glycemia; IGT, impaired glucose tolerance; Overweight, BMI >25-29.9 Kg/m?; Obesity, BMI >30 Kg/m. Categorical variables are presented as frequencies %(n); continuous variables are presented
as mean + SD if normally distributed and as median + IQR if not normally distributed; Differences are considered significant at p-value<0.05. Bold means a statistical significant value of p<0.05.
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GCT [respectively 22.9% (8) vs. 7.6% (117); p=0.005 and 11.4% (4)
vs. 2.1% (33); p=0.008]. At the time of the OGTT, these women
were less insulin resistant (lower HOMA-IR), had a less impaired
beta-cell function (higher ISSI-2 index), and had also more often
inadequate gestational weight gain compared to women with
glycemia >3.5 mmol/L. There were no differences in diet score or
physical activity, nor differences in pregnancy outcomes between
both groups (Appendix I).

3.3 Characteristics and pregnancy
outcomes of women in the lowest quartile
group (<3.9 mmol/L) compared to the
highest quartile group (>4.4 mmol/L) of
low glucose levels during the OGTT

Women in the lowest quartile group (10.7%, n=172) of glycemia
(<3.9 mmol/L) measured during the OGTT were younger and had
more often a paid job compared to women (29.9%, n=482) in the
highest quartile group (glycemia >4.4 mmol/L) (Table 2). Overview
of the four quartile groups is available in Appendix II. There were
no differences in alcohol consumption or smoking before and
during pregnancy between the lowest and highest quartile groups.
In early pregnancy and at the time of the OGTT, women in the
lowest quartile group had a lower BMI, were less insulin resistant
(lower HOMA-IR) and had a less impaired beta-cell function
(higher ISSI-2 index) compared to the highest quartile group
(Table 2). Of all women in the lowest quartile group, 10.5% (18)
had also a glycemia <3.9 mmol/L in early pregnancy compared to
none of the women in the highest quartile group (p<0.001). Women
in the lowest quartile group had also more often low glycemia (<3.9
mmol/L) and glycemia <3.5 mmol/L at the non-fasting glycemia
measurement before the GCT [respectively 19.6% (33) vs. 2.7%
(13); p<0.001 and 7.7% (13) vs. 0.6% (3); p<0.001] compared to
women in the highest quartile group of glycemia during the OGTT.
There was no difference in gestational weight gain between the first
perinatal visit and the time of the OGTT. However, at the time of
delivery, women in the lowest quartile group had more often less
gestational weight gain than recommended [51.1% (67) vs. 29.5%
(123); p<0.001] compared to women in the highest quartile group.
There were no differences in diet score or physical activity between
both groups (Table 2). Women in the lowest quartile group, had less
often gestational hypertension and less need for labor inductions or
emergency CS, but had more often infants with a birth weight
<2.5Kg [5.8% (10) vs. 1.9% (9); p=0.009] compared to women with
glycaemia >4.4 mmol/L (Table 2). However, within the group with
neonates with low birth weight, there was no difference in rates of
SGA, preterm delivery or intra-uterine growth restriction. The
lower rate of labor inductions [aOR 0.54, 95% CI (0.30-0.96);
p=0.036] and the increased rate of infants with low birth weight
[aOR 3.41, 95% CI (1.17-9.92); p=0.025] remained significant after
adjustments for confounders (Table 3). A birth weight <2.5Kg
occurred also twice as frequently in the 2™ group (27.4%, n=441,
3.9-4.2 mmol/L) and 3" group (32.1%, n=517, 4.25-4.4 mmol/L)
compared to the highest quartile glycemia group [respectively 5.0%
(22) vs. 1.9% (9); p=0.009 and 4.9% (25) vs. 1.9% (9); p=0.010]
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(Appendix II). This remained significant after adjustment for
confounders [respectively, aOR 2.69, 95% CI (1.06-6.80); p=0.037
and aOR 3.25, 95% CI (1.33-7.97); p=0.010] compared to the
highest quartile glycemia group.

There was a weak positive correlation between birth weight and
glycemia during the OGTT [r(1600) = 0.13; p<0.001] (Figure 2). As
fasting glycemia decreased, the risk for a low birth weight increased.
An estimation of the cut-off for fasting glycemia during the OGTT
with best trade-off between sensitivity and specificity (with
maximum Youden index) to predict a low birth weight <2.5Kg,
was seen at a FPG of 4.4mmol/L, with a sensitivity of 84.8% and
specificity of 32.9% (Appendix III). The AUC on the ROC curve for
fasting glycemia as a predictor for low birth weight (<2.5kg) was
0.603 (95% CI 0.534-0.672) (Figure 3).

4 Discussion

We found that 10.7% of NGT women had a low glycemic value
(<3.9 mmol/L) during the 75g OGTT, most often at the fasting
measurement. This is in line with a Turkish study reporting a
prevalence of 11.4%, using the same cut-off of 3.9 mmol/L (ADA
level for hypoglycemia outside pregnancy) measured during a 75g
OGTT (7). In our study, only 2.3% of NGT women had a glycemic
value <3.5 mmol/L during the 75g OGTT. This is less than reported
by other studies (12-14), however cut-offs for hypoglycemia
differed among the different studies.

To the best of our knowledge, we are the first to report that
compared to women with glycemia values >4.4 mmol/L during the
OGTT, women with glycemia <3.9 mmol/L, had a better metabolic
profile with a lower BMI, less insulin resistance, and less impaired
beta-cell function, but higher rates of a birth weight <2.5 Kg with an
aOR of 3.41. Importantly, this increased risk remained significant
after adjustment for confounders such as BMI and total gestational
weight gain since women with low glycemia gained more often less
weight than recommended. In addition, we excluded women with
GDM, which has the advantage that in our study women did not
receive any treatment influencing glycemia. Our results are in line
with the Turkish study, in which they also found a higher rate of
low-birth-weight neonates in women with low glycemia defined as
<3.9 mmol/L (or 70 mg/dL) (7).

An association between a low birth weight and low glycemia or
reactive hypoglycemia has been reported by other studies focusing
on GDM-women, often using different cut-offs for glycemia (for
example <2.8 mmol/L) or a different glucose load for the OGTT (for
example 100g OGTT) (10, 13, 14, 17).

In pregnant women with pregestational diabetes and in women
with GDM, it has been clearly demonstrated that hyperglycemia
increases the risk for macrosomia and LGA infants, since the fetus is
dependent on nutrients of the mother and higher glucose levels in the
fetus lead to fetal hyperinsulinism (40). However, less data are
available on the potential effects of low glycemia on pregnancy
outcomes (40). A study with 334 women with GDM, who were
matched for obesity, race and parity, showed that the rate of SGA was
significantly higher in the low glycemia (<4.8 mmol/L) group
compared to the non-diabetic control group (41). Our results also
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TABLE 2 Comparison of characteristics and pregnancy outcomes between women with glycemia <3.9 mmol/L (lowest quartile) and women with
glycemia >4.4 mmol/L (highest quartile) at fasting, 1h or 2h 75g OGTT in the normal glucose tolerance group.

NGT-group

Glucose <3.9 mmol/L

Glucose >4.4 mmol/L

General
Age (years) 299 +39 311+ 4.1 <0.001
% Ethnic minorities 6.4 (11) 10.9 (52) 0.091
% multiparity 45.3 (78) 50.8 (245) 0.217
% paid job 94.1 (161) 89.0 (427) 0.049
% living without partner 17.1 (29) 20.2 (97) 0.378
% smoking before pregnancy 25.3 (43) 29.2 (140) 0.335
% smoking during pregnancy 2.9 (5) 4.6 (22) 0.350
% Alcohol use before pregnancy 69.5 (119) 66.3 (317) 0.241
% Alcohol use during pregnancy 8.2 (14) 6.3 (30) 0.596
% First degree family history of diabetes 8.8 (14) 10.4 (48) 0.571
% History of GDM* 5.1 (4) 6.6 (16) 0.649
% History of macrosomia >4Kg* 4.1 (7) 7.9 (38) 0.172
6-14 weeks visit
BMI (Kg/m?) 227 +39 259 +5.0 <0.001
% Underweight 4.1 (7) 2.1 (10) 0.162
% Overweight 19.3 (33) 51.7 (246) <0.001
% Obesity 5.8 (10) 17.6 (84) <0.001
% Waist >80cm 62.1 (100) 81.1 (374) <0.001
Systolic blood pressure (mmHg) 113.6 + 9.9 116.0 + 10.8 0.008
Diastolic blood pressure (mmHg) 682+ 7.1 713 + 8.6 <0.001
Fasting glycemia (mmol/L) 4.3 (4.1-4.4) 4.7 (4.6-4.8) <0.001
Fasting glycemia <3.9 mmol/L 10.5 (18) 0 (0) <0.001
HOMA-IR 1.0 (0.7-1.4) 1.6 (1.2-2.2) <0.001
HOMA-B 133.7 (92.6-204.3) 124.8 (93.6-178.4) 0.243
HbAlc (mmol/mol and %) 30 (29-32) 31 (30-33) <0.001
4.9 (4.7-5.1) 5.0 (4.9-5.2)
Fasting Total cholesterol (mmol/L) 4.6 (4.1-5.2) 4.7 (4.2-5.3) 0.042
Fasting HDL (mmol/L) 1.8 (1.5-2.1) 1.7 (1.5-1.9) <0.001
Fasting LDL (mmol/L) 2.3 (1.9-2.7) 2.5 (2.0-2.9) <0.001
Fasting TG (mmol/L) 1.0 (0.8-1.1) 1.0 (0.8-1.3) 0.040
Total Score lifestyle 1.0 (0.0-2.0) 1.0 (0.0-2.0) 0.062
Physical activity 2.0 (0.0-5.0) 2.0 (-1.0-4.0) 0.176
Diet
Weight gain (first visit till OGTT) (Kg) 6.8 +2.7 7.1 +34 0.315
24-28 weeks visit
BMI (Kg/m?) 252 +38 285+ 438 <0.001
Systolic blood pressure (mmHg) 1119 + 10.5 1144 + 104 0.006
Diastolic blood pressure (mmHg) 659 £ 7.9 68.7 £ 7.8 <0.001
(Continued)
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TABLE 2 Continued

NGT-group
Glucose <3.9 mmol/L Glucose >4.4 mmol/L
N= 172 (10.7%) N=482 (29.9%)

Glucose non-fasting 0 min on GCT (mmol/L) 454038 51+09 <0.001
% Glucose <3.9 mmol/L non-fasting Omin on GCT 19.6 (33) 2.7 (13) <0.001
% Glucose <3.5 mmol/L non-fasting Omin on GCT 7.7 (13) 0.6 (3) <0.001
Glucose 60 min on GCT (mmol/L) 62+ 14 6.6+ 1.4 <0.001
% Glucose <3.9 mmol/L 60min on GCT 2.3 (4) 0.8 (4) 0.128
% Glucose <3.5 mmol/L 60min on GCT 0.6 (1) 0.4 (2) 0.785
Fasting glycemia (mmol/L) 3.8 (3.7-3.9) 4.7 (4.6-4.8) <0.001
30 min glucose OGTT (mmol/L) 6.3 (5.6-7.1) 7.2 (6.7-7.9) <0.001
1-hour glucose OGTT (mmol/L) 6.0 (3.8-6.0) 7.3 (6.4-8.3) <0.001
2-hour glucose OGTT (mmol/L) 4.9 (3.8-6.0) 6.3 (5.5-7.1) <0.001
HbAlc 29 (28-30) 31 (29-32) <0.001
(mmol/mol and %) 4.8 (4.6-4.9) 5.0 (4.8-5.1)

Matsuda insulin sensitivity 5.9 (4.1-7.6) 3.1 (24-4.2) <0.001
HOMA-IR 1.2 (0.8-1.7) 2.4 (1.7-3.1) <0.001
HOMA-B 409.5 (237.2-619.5) 189.9 (141.1-260.4) <0.001
ISSI-2 3.3 (2.5-4.0) 1.9 (1.7-2.3) <0.001
Insulinogenic index/HOMA-IR 0.5 (0.3-0.8) 0.2 (0.2-0.3) <0.001
Fasting Total cholesterol (mmol/L) 6.2 (5.5-7.2) 6.3 (5.7-7.1) 0.852
Fasting HDL (mmol/L) 2.0 (1.6-2.4) 1.9 (1.6-2.1) <0.001
Fasting LDL (mmol/L) 3.4 (2.8-4.2) 3.5(2.9-4.2) 0.689
Fasting TG (mmol/L) 1.7 (14-2.2) 1.9 (1.5-2.4) 0.002

Total score lifestyle

Physical activity 1.5 (0.0-2.0) 1.0 (0.0-2.0) 0.226
Diet 2.0 (0.0-5.0) 2.0 (-1.0-4.0) 0.052
% IPAQ low 13.9 (23) 17.1 (79) 0.336
Delivery

Total Weight gain (first visit till delivery) (Kg) 11.3 + 4.1 12.0 + 5.6 0.062
% excessive weight gain 15.3 (20) 33.8 (141) <0.001
% inadequate weight gain 51.1 (67) 29.5 (123) <0.001
Gestational age (weeks) 39.0 + 1.7 394+ 15 0.026
% Preeclampsia 1.7 (3) 2.3 (11) 0.682
% Gestational hypertension 23 (4) 6.8 (33) 0.029
% Preterm delivery 7.0 (12) 4.2 (20) 0.143
% Induction labor 16.3 (28) 32.4 (156) <0.001
% Caesarean sections (total) 19.2 (33) 24.3 (117) 0.127
% Emergency CS (during labor) 7.6 (13) 13.3 (64) 0.045
Weight baby (g) 3286.3 + 534.4 3468.6 + 515.6 <0.001
9% Weight baby <2.5 kg 5.8 (10) 1.9 (9) 0.009
Of which: 60.0 (6) 333 (3) 0.484

(Continued)
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TABLE 2 Continued

NGT-group

Glucose <3.9 mmol/L
N= 172 (10.7%)

10.3389/fendo.2023.1186339

Glucose >4.4 mmol/L
N=482 (29.9%)

% SGA 40.0 (4) 55.6 (5) 0.632
% preterm delivery 0 (0) 0 (0) -

% Intrauterine growth restriction

% Macrosomia (>4Kg) 6.4 (11) 12.7 (61) 0.023
% Weight baby >4.5Kg 06 (1) 23 (11) 0.151
% LGA 9.9 (17) 17.1 (82) 0.026
% SGA 7.6 (13) 4.2 (20) 0.079
%Shoulder dystocia 0.6 (1) 0.8 (4) 0.744
% Neonatal hypoglycemia <2.2 mmol/L 2.8 (3) 4.7 (15) 0.404
% NICU admission 8.2 (14) 9.8 (47) 0.535

OGTT, oral glucose tolerance test; GCT, glucose challenge test; GDM, gestational diabetes mellitus; BMI, Body Mass Index; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance;
HOMA-B,, Homeostatic Model Assessment for B-cell secretion; ISSI-2, Insulin Secretion-Sensitivity Index-2 HDL, high-density lipoprotein; LDL, low-density-lipoprotein; TG, triglycerides;
IPAQ, International Physical Activity Questionnaire; LGA, large-for-gestational age infant; SGA, small-for-gestational age infant; NICU, neonatal intensive care unit; IFG, impaired fasting
glycemia; IGT, impaired glucose tolerance; Overweight, BMI 225-29.9 Kg/m?; Obesity, BMI 230 Kg/m. Categorical variables are presented as frequencies %(n); continuous variables are presented
as mean + SD if normally distributed and as median + IQR if not normally distributed; Differences are considered significant at p-value<0.05. *A history of GDM and a history of a macrosomic

baby were calculated on the number of women with a previous pregnancy. Bold means a statistical significant value of p<0.05.

showed that fasting glycemia during the 75g OGTT can be a predictor
for a low birth weight, as the risk for this outcome increases when
fasting glycemia decreases. Exploratory analysis on our data showed
an AUC of 0.603 (95% CI 0.534-0.672) for a fasting cut-off of 4.4
mmol/L, indicating that this has only a poor predictive value for a low
birth weight. In addition, our logistic regression result suggested a
correlation between a glycaemic value of 3.9 mmol/L and low birth
weight, which is stronger related with the point of 3.5 mmol/L. This is
in line with a recent study in the UK, which showed that fasting
glycemia or a 2-hour postload glycemia <3.5mmol/L during the 75g
OGTT can be a predictor for low birth weight (17). However, this
study focused on a high risk population with GDM, whereas our
study only included NGT women.

Our results also indicate that women with low glycemia during
the OGTT, had significantly more often already low glycemia in
early pregnancy and a low non-fasting glycemia in the weeks before
the OGTT, suggesting that these women have more often a lower
glycemia throughout pregnancy. Previous studies have reported
associations between hypoglycemia on the 50g GCT and SGA
infants (42, 43). This association was mainly seen on the 1-hour
GCT value, which is in contrast to our results since we only found
an association with the non-fasting random glucose measured
before the GCT. Our results also indicate that the increased risk
for a low birth weight is independent of confounders such as BMI
and inadequate gestational weight gain. In addition, there were also
no differences in diet nor in physical activity between the different

TABLE 3 Adjusted odds ratios for pregnancy outcomes comparing the lowest quartile of low glycemia (<3.9mmol/L) with the highest quartile of low

glycemia (>4.4mmol/L) during the 75g OGTT.

Outcome Crude OR 95%Cl P-value Adjusted OR 95%Cl P-value
% Excessive weight gain* 0.35 0.21-0.59 <0.001 0.65 0.21-1.99 0.451
% Inadequate weight gain* 2.50 1.67-3.74 <0.001 1.00 0.37-2.71 0.995
% Gestational hypertension*** 0.33 0.11-0.9. 0.037 0.41 0.12-1.40 0.155
% Preterm delivery*** 1.72 0.82-3.61 0.148 1.734 0.73-4.09 0.208
% Labor induction * 0.40 0.26-0.63 <0.001 0.64 0.30-0.96 0.036
% Emergency CS ** 0.53 0.29-0.99 0.048 0.45 0.18-1.16 0.099
% Weight baby <2.5 kg** 3.22 1.29-8.07 0.012 341 1.17-9.92 0.025
% Macrosomia (>4Kg)** 0.47 0.24-0.91 0.026 0.68 0.29-1.63 0.392
% LGA* 0.54 0.31-0.93 0.027 0.81 0.38-1.74 0.589

OR: odds ratio; CI: confidence interval; LGA: large-for-gestational age infant. Differences are considered significant at p-value<0.05.

* Adjusted for age, ethnic minority background, smoking during pregnancy, history of macrosomia, multiparity, BMI in early pregnancy, fasting glycemia in early pregnancy, fasting insulin in
early pregnancy, fasting HDL)cholesterol in early pregnancy, fasting LDL-cholesterol in early pregnancy and total gestational weight gain.

** Adjusted for age, ethnic minority, BMI in early pregnancy, fasting glycemia in early pregnancy, fasting LDL-cholesterol in early pregnancy and total gestational weight gain.

*** Adjusted for BMI in early pregnancy and total gestational weight gain. Bold means a statistical significant value of p<0.05.
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The association between the weight of the neonate and the lowest glycemia value measured at fasting, 1- or 2-hour measurement of the 75g

OGTT. Weight neonate in gram, glycemia in mmol/L.

groups in our study. This suggests that a low glycemia during
pregnancy might be a marker of placental insufficiency (7, 8). It is
known that less severe deficiencies in arterial remodeling of the
placenta result in SGA infants (44, 45). In addition, if maternal
blood glucose decreases, less glucose is transferred to the fetus,
leading to lower insulin production by the fetus, which might lead
to growth restriction (4).However, there is currently no evidence
from intervention studies that a more strict follow-up or different
management strategy for women with low glycemia during the
OGTT, might reduce the risk to deliver an infant with low birth
weight. In addition, not only prevention of SGA infants is
important, as infants with a low birth weight (<2.5 Kg) as such
are also at increased risk to develop T2DM and cardiovascular
disease later in life. This increased risk for an adverse metabolic
profile later in life, might be related to adaptations by the fetus
induced by the lower glucose levels, leading to abnormal pancreatic
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beta-cell function and reduced capacity to secrete insulin extending
into adult life (4). Additionally, insulin secretion and insulin
resistance might also be genetically determined and as such affect
intrauterine growth (3, 4).

A major strength of our study is the large multicentric prospective
cohort with a large, detailed dataset containing broad demographic,
clinical and obstetrical outcomes. We provide the first data on the
association between both maternal and neonatal outcomes in NGT
women with low glycemia measured fasting or at the 1-hour or 2-hour
time point during a 75g OGTT. Data on the risk for adverse pregnancy
outcomes were adjusted for important confounders. In addition,
women with GDM were excluded, so that we could evaluate
pregnancy outcomes in a non-treated population. We used fluoride-
oxalate tubes to collect blood samples for the analyses of glucose,
limiting the risk for false low glucose values as fluoride inhibits
glycolysis. The blood samples were also sent immediately to the

AUC=0.603 (95%CI:0.534-0.672)
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FIGURE 3

ROC curve for fasting glycemia during 75g OGTT as a predictor for a birth weight <2.5 kg. AUC, area under the curve; ROC, receiver-operating curve.
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laboratory for analyzes. Furthermore, glycemia was analyzed at
different time points during pregnancy (at 11 weeks, 24-26 weeks
and 26-28 weeks). A limitation of the study is the mainly Caucasian
population in our cohort. In addition, we had no detailed data on
nutrition from food diaries and we had no follow-up data on the
evolution of glycemia after the OGTT in pregnancy. As the group with
low postload glycemia was small, differences in pregnancy outcomes
between women with low fasting glycemia and women with low
postload glycemia could not be adequately evaluated. We had also
no data on placental blood flow to evaluate placental insufficiency.

5 Conclusion

In conclusion, our results suggest that women with a glycemic
value (<3.9 mmol/L) during the 75g OGTT are at increased risk to
deliver an infant with a low birth weight (<2.5Kg). Importantly, this
increased risk remained significant after adjustment for
confounders such as BMI and low gestational weight gain.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by University Hospitals Leuven, Leuven, Belgium. The
patients/participants provided their written informed consent to
participate in this study.

Author contributions

KB conceived the sub-analysis. LR and LD prepared the data
and ALa did the statistical analysis. LR did the literature review. LR
and KB wrote the first draft of the manuscript. All authors
contributed to the article and approved the submitted version.
The corresponding author LR had full access to all the data in the
study and had final responsibility for the contents of the article and
the decision to submit for publication.

References

1. Crowther CA, Hiller JE, Moss JR, McPhee AJ, Jeffries WS, Robinson JS. Effect of
treatment of gestational diabetes mellitus on pregnancy outcomes. New Engl ] Med
(2005) 352(24):2477-86. doi: 10.1056/NEJMo0a042973

2. Landon MB, Spong CY, Thom E, Carpenter MW, Ramin SM, Casey B, et al. A
multicenter, randomized trial of treatment for mild gestational diabetes. New Engl |
Med (2009) 361(14):1339-48. doi: 10.1056/NEJM0a0902430

3. Hattersley AT, Tooke JE. The fetal insulin hypothesis: an alternative explanation
of the association of low birthweight with diabetes and vascular disease. Lancet (1999)
353(9166):1789-92. doi: 10.1016/S0140-6736(98)07546-1

Frontiers in Endocrinology

10.3389/fendo.2023.1186339

Funding

This investigator-initiated study was funded by the Belgian
National Lottery, the Fund of the Academic studies of UZ
Leuven, and the Fund Yvonne and Jacques Frangois-de Meurs of
the King Boudewijn Foundation.

Acknowledgments

KB and RD are the recipient of a ‘Fundamenteel Klinisch
Navorserschap FWO Vlaanderen’. We thank Dr. Inge Beckstedde
from the UZA site and Dr. Sylva Van Imschoot from the AZ St. Jan
Brugge site for their help with the recruitment and study
assessments. We thank the research assistants, paramedics, and
physicians of all participating centers for their support, and we
thank all women who participated in the study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fendo.2023.1186339/
full#supplementary-material

4. Hughes AE, Hattersley AT, Flanagan SE, Freathy RM. Two decades since the fetal
insulin hypothesis: what have we learned from genetics? Diabetologia (2021) 64
(4):717-26. doi: 10.1007/s00125-021-05386-7

5. Mericq V, Martinez-Aguayo A, Uauy R, Ifiguez G, van der Steen M, Hokken-
Koelega A. Long-term metabolic risk among children born premature or small for
gestational age. Nat Rev Endocrinol (2017) 13(1):50-62. doi: 10.1038/
nrendo.2016.127

6. Hong YH, Chung S. Small for gestational age and obesity related comorbidities.
Ann Pediatr Endocrinol Metab (2018) 23(1):4-8. doi: 10.6065/apem.2018.23.1.4

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2023.1186339/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2023.1186339/full#supplementary-material
https://doi.org/10.1056/NEJMoa042973
https://doi.org/10.1056/NEJMoa0902430
https://doi.org/10.1016/S0140-6736(98)07546-1
https://doi.org/10.1007/s00125-021-05386-7
https://doi.org/10.1038/nrendo.2016.127
https://doi.org/10.1038/nrendo.2016.127
https://doi.org/10.6065/apem.2018.23.1.4
https://doi.org/10.3389/fendo.2023.1186339
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Raets et al.

7. Bayraktar B, Balikoglu M, Kanmaz AG. Pregnancy outcomes of women with
hypoglycemia in the oral glucose tolerance test. ] Gynecol Obstet Hum Reprod (2020) 49
(4):101703. doi: 10.1016/j.jogoh.2020.101703

8. Scholl TO, Sowers M, Chen X, Lenders C. Maternal glucose concentration
influences fetal growth, gestation, and pregnancy complications. Am ] Epidemiol
(2001) 154(6):514-20. doi: 10.1093/aje/154.6.514

9. Stanirowski PJ, Szukiewicz D, Pyzlak M, Abdalla N, Sawicki W, Cendrowski K.
Impact of pre-gestational and gestational diabetes mellitus on the expression of glucose
transporters GLUT-1, GLUT-4 and GLUT-9 in human term placenta. Endocrine
(2017) 55(3):799-808. doi: 10.1007/s12020-016-1202-4

10. LengJ, Hay J, Liu G, Zhang J, Wang J, Liu H, et al. Small-for-gestational age and
its association with maternal blood glucose, body mass index and stature: a perinatal
cohort study among Chinese women. BM] Open (2016) 6(9):010984. doi: 10.1136/
bmjopen-2015-010984

11. Caruso A, Paradisi G, Ferrazzani S, Lucchese A, Moretti S, Fulghesu AM. Effect
of maternal carbohydrate metabolism on fetal growth. Obstet Gynecol (1998) 92(1):8-
12. doi: 10.1016/50029-7844(98)00138-0

12. Raviv S, Wilkof-Segev R, Maor-Sagie E, Naeh A, Yoeli Y, Hallak M, et al.
Hypoglycemia during the oral glucose tolerance test in pregnancy-maternal
characteristics and neonatal outcomes. Int ] Gynaecol Obstet (2021) 158(3):585-91.
doi: 10.1002/ijgo.14037

13. Weissman A, Solt I, Zloczower M, Jakobi P. Hypoglycemia during the 100-g oral
glucose tolerance test: incidence and perinatal significance. Obstet Gynecol (2005) 105
(6):1424-8. doi: 10.1097/01.A0G.0000159577.28448.f9

14. Delibas IB, Tanriverdi S, Cakmak B. Does reactive hypoglycemia during the 100
g oral glucose tolerance test adversely affect perinatal outcomes? Ginekol Pol (2018) 89
(1):25-9. doi: 10.5603/GP.a2018.0005

15. Yuen L, Bontempo S, Wong VW, Russell H. Hypoglycaemia on an oral glucose
tolerance test in pregnancy - is it clinically significant? Diabetes Res Clin Pract (2019)
147:111-7. doi: 10.1016/j.diabres.2018.11.018

16. Lv X, Fang K, Hao W, Han Y, Yang N, Yu Q. Identification of reactive hypoglycemia
with different basic BMI and its causes by prolonged oral glucose tolerance test. Diabetes
Metab Syndr Obes (2020) 13:4717-26. doi: 10.2147/DMS0.5280084

17. Nayak AU, Vijay AMA, Indusekhar R, Kalidindi S, Katreddy VM, Varadhan L.
Association of hypoglycaemia in screening oral glucose tolerance test in pregnancy with
low birth weight fetus. World J Diabetes (2019) 10(5):304-10. doi: 10.4239/
wjd.v10.i5.304

18. Association AD. 6. glycemic targets: standards of medical care in diabetes-2019.
Diabetes Care (2018) 42(Supplement_1):S61-70. doi: 10.2337/dc19-S006

19. Benhalima K, Van Crombrugge P, Verhaeghe J, Vandeginste S, Verlaenen H,
Vercammen C, et al. The Belgian diabetes in pregnancy study (BEDIP-n), a multi-
centric prospective cohort study on screening for diabetes in pregnancy and gestational
diabetes: methodology and design. BMC Pregnancy Childbirth (2014) 14(1):226.
doi: 10.1186/1471-2393-14-226

20. Benhalima K, Van Crombrugge P, Moyson C, Verhaeghe J, Vandeginste S,
Verlaenen H, et al. The sensitivity and specificity of the glucose challenge test in a
universal two-step screening strategy for gestational diabetes mellitus using the 2013
world health organization criteria. Diabetes Care (2018) 41(7):e111-e2. doi: 10.2337/
dc18-0556

21. Benhalima K, Van Crombrugge P, Moyson C, Verhaeghe J, Vandeginste S,
Verlaenen H, et al. A modified two-step screening strategy for gestational diabetes
mellitus based on the 2013 WHO criteria by combining the glucose challenge test and
clinical risk factors. J Clin Med (2018) 7(10):351. doi: 10.3390/jcm7100351

22. Benhalima K, Van Crombrugge P, Moyson C, Verhaeghe J, Vandeginste S,
Verlaenen H, et al. Characteristics and pregnancy outcomes across gestational diabetes
mellitus subtypes based on insulin resistance. Diabetologia (2019) 62(11):2118-28.
doi: 10.1007/s00125-019-4961-7

23. Benhalima K, Van Crombrugge P, Moysonl C, Verhaeghe J, Vandeginste S,
Verlaenen H, et al. Estimating the risk of gestational diabetes mellitus based on the 2013
WHO criteria: a prediction model based on clinical and biochemical variables in early
pregnancy. Acta Diabetol (2020) 57(6):661-71. doi: 10.1007/s00592-019-01469-5

24. Beunen K, Neys A, Van Crombrugge P, Moyson C, Verhaeghe J, Vandeginste S,
et al. Fasting plasma glucose level to guide the need for an OGTT to screen for
gestational diabetes mellitus. Acta Diabetol (2022) 59(3):381-94. doi: 10.1007/s00592-
021-01812-9

25. Raets L, Vandewinkel M, Van Crombrugge P, Moyson C, Verhaeghe J,
Vandeginste S, et al. Preference of women for gestational diabetes screening method
according to tolerance of tests and population characteristics. Front Endocrinol (2021)
12. doi: 10.3389/fendo.2021.781384

Frontiers in Endocrinology

13

10.3389/fendo.2023.1186339

26. American Diabetes A. 2. classification and diagnosis of diabetes: standards of
medical care in diabetes-2020. Diabetes Care (2020) 43(Supplement 1):S14. doi:
10.2337/dc20-S002

27. Diagnostic criteria and classification of hyperglycaemia first detected in
pregnancy: a world health organization guideline. Diabetes Res Clin Pract (2014) 103
(3):341-63. doi: 10.1016/j.diabres.2013.10.012

28. Wyckoff JA, Brown FM. Time in range in pregnancy: is there a role? Diabetes
Spectr (2021) 34(2):119-32. doi: 10.2337/ds20-0103

29. Association AD. 14. management of diabetes in pregnancy: standards of
medical care in diabetes-2020. Diabetes Care (2019) 43(Supplement_1):S183-592.
doi: 10.2337/dc20-S014

30. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin resistance and beta-cell function from fasting
plasma glucose and insulin concentrations in man. Diabetologia (1985) 28(7):412-9.
doi: 10.1007/BF00280883

31. Kahn SE. The relative contributions of insulin resistance and beta-cell
dysfunction to the pathophysiology of type 2 diabetes. Diabetologia (2003) 46(1):3—
19. doi: 10.1007/s00125-002-1009-0

32. Matsuda M, DeFronzo RA. Insulin sensitivity indices obtained from oral glucose
tolerance testing: comparison with the euglycemic insulin clamp. Diabetes Care (1999)
22(9):1462-70. doi: 10.2337/diacare.22.9.1462

33. Kirwan JP, Huston-Presley L, Kalhan SC, Catalano PM. Clinically useful
estimates of insulin sensitivity during pregnancy: validation studies in women with
normal glucose tolerance and gestational diabetes mellitus. Diabetes Care (2001) 24
(9):1602-7. doi: 10.2337/diacare.24.9.1602

34. Retnakaran R, Qi Y, Goran MI, Hamilton JK. Evaluation of proposed oral
disposition index measures in relation to the actual disposition index. Diabetic Med
(2009) 26(12):1198-203. doi: 10.1111/j.1464-5491.2009.02841.x

35. DurAN A, MartIN P, Runkle I, PERez N, Abad R, FernANdez M, et al. Benefits
of self-monitoring blood glucose in the management of new-onset type 2 diabetes
mellitus: the St carlos study, a prospective randomized clinic-based interventional study
with parallel groups. J Diabetes (2010) 2(3):203-11. doi: 10.1111/j.1753-0407.2010.
00081.x

36. Harrison CL, Thompson RG, Teede HJ, Lombard CB. Measuring physical
activity during pregnancy. Int | Behav Nutr Phys Act. (2011) 8(1):19-. doi: 10.1186/
1479-5868-8-19

37. Minschart C, De Weerdt K, Elegeert A, Van Crombrugge P, Moyson C,
Verhaeghe J, et al. Antenatal depression and risk of gestational diabetes, adverse
pregnancy outcomes and postpartum quality of life. ] Clin Endocrinol Metab (2021) 106
(8):€3110-24. doi: 10.1210/clinem/dgab156

38. Bekaert A, Devlieger H, Eeckels R, Martens G. Standaarden van
geboortegewicht-voor-zwangerschapsduur voor de vlaamse boreling. Tijdschrift voor
geneeskunde (2000). doi: 10.2143/TVG.56.1.5000625

39. Institute of M and National Research Council Committee to Reexamine
IOMPWG. The national academies collection: reports funded by national institutes
of health. In: Rasmussen KM, Yaktine AL, editors. Weight gain during pregnancy:
reexamining the guidelines. Washington (DC: National Academies Press (US)
Copyright © 2009, National Academy of Sciences (2009).

40. ter Braak EW, Evers IM, Willem Erkelens D, Visser GH. Maternal hypoglycemia
during pregnancy in type 1 diabetes: maternal and fetal consequences. Diabetes Metab
Res Rev (2002) 18(2):96-105. doi: 10.1002/dmrr.271

41. Langer O, Levy ], Brustman L, Anyaegbunam A, Merkatz R, Divon M. Glycemic
control in gestational diabetes mellitus-how tight is tight enough: small for gestational
age versus large for gestational age? Am ] Obstet Gynecol (1989) 161(3):646-53.
doi: 10.1016/0002-9378(89)90371-2

42. Mitta M, Sanchez-Ramos L, Roeckner JT, Bennett S, Kovacs A, Kaunitz AM. A
low 50-gram, 1-hour glucose challenge test value predicts neonatal birth weight less
than the 10th percentile: a systematic review and meta-analysis. Am ] Perinatol (2021)
38(8):841-7. doi: 10.1055/5-0039-3402749

43. Kwon H, Lee ], Lee BW, Kwon JY, Kim YH. The association between low 50 g
glucose challenge test values and adverse pregnancy outcomes. | Womens Health
(Larchmt) (2018) 27(6):801-7. doi: 10.1089/jwh.2017.6579

44. Hillman SL, Kubba T, Williams DJ. Delivery of small-for-gestational-age
neonate and association with early-onset impaired maternal endothelial function.
Ultrasound Obstetrics Gynecol (2017) 49(1):150-4. doi: 10.1002/uog.17342

45. Burton GJ, Jauniaux E. Pathophysiology of placental-derived fetal growth
restriction. Am ] Obstetrics Gynecol (2018) 218(2):S745-S61. doi: 10.1016/
j.ajog.2017.11.577

frontiersin.org


https://doi.org/10.1016/j.jogoh.2020.101703
https://doi.org/10.1093/aje/154.6.514
https://doi.org/10.1007/s12020-016-1202-4
https://doi.org/10.1136/bmjopen-2015-010984
https://doi.org/10.1136/bmjopen-2015-010984
https://doi.org/10.1016/S0029-7844(98)00138-0
https://doi.org/10.1002/ijgo.14037
https://doi.org/10.1097/01.AOG.0000159577.28448.f9
https://doi.org/10.5603/GP.a2018.0005
https://doi.org/10.1016/j.diabres.2018.11.018
https://doi.org/10.2147/DMSO.S280084
https://doi.org/10.4239/wjd.v10.i5.304
https://doi.org/10.4239/wjd.v10.i5.304
https://doi.org/10.2337/dc19-S006
https://doi.org/10.1186/1471-2393-14-226
https://doi.org/10.2337/dc18-0556
https://doi.org/10.2337/dc18-0556
https://doi.org/10.3390/jcm7100351
https://doi.org/10.1007/s00125-019-4961-7
https://doi.org/10.1007/s00592-019-01469-5
https://doi.org/10.1007/s00592-021-01812-9
https://doi.org/10.1007/s00592-021-01812-9
https://doi.org/10.3389/fendo.2021.781384
https://doi.org/10.2337/dc20-S002
https://doi.org/10.1016/j.diabres.2013.10.012
https://doi.org/10.2337/ds20-0103
https://doi.org/10.2337/dc20-S014
https://doi.org/10.1007/BF00280883
https://doi.org/10.1007/s00125-002-1009-0
https://doi.org/10.2337/diacare.22.9.1462
https://doi.org/10.2337/diacare.24.9.1602
https://doi.org/10.1111/j.1464-5491.2009.02841.x
https://doi.org/10.1111/j.1753-0407.2010.00081.x
https://doi.org/10.1111/j.1753-0407.2010.00081.x
https://doi.org/10.1186/1479-5868-8-19
https://doi.org/10.1186/1479-5868-8-19
https://doi.org/10.1210/clinem/dgab156
https://doi.org/10.2143/TVG.56.1.5000625
https://doi.org/10.1002/dmrr.271
https://doi.org/10.1016/0002-9378(89)90371-2
https://doi.org/10.1055/s-0039-3402749
https://doi.org/10.1089/jwh.2017.6579
https://doi.org/10.1002/uog.17342
https://doi.org/10.1016/j.ajog.2017.11.577
https://doi.org/10.1016/j.ajog.2017.11.577
https://doi.org/10.3389/fendo.2023.1186339
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Normal glucose tolerant women with low glycemia during the oral glucose tolerance test have a higher risk to deliver a low birth weight infant
	1 Introduction
	2 Subjects and methods
	2.1 Study design and setting
	2.2 Study visits and measurements
	2.3 Pregnancy and delivery outcome data
	2.4 Statistical analysis

	3 Results
	3.1 Characteristics and pregnancy outcomes of women with low glycemia (&lt;3.9 mmol/L) during the OGTT
	3.2 Characteristics of women with hypoglycemia (&lt;3.5 mmol/L) during the OGTT
	3.3 Characteristics and pregnancy outcomes of women in the lowest quartile group (&lt;3.9 mmol/L) compared to the highest quartile group (&gt;4.4 mmol/L) of low glucose levels during the OGTT

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References


