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Abstract

Background: The treatment of gestational diabetes mellitus (GDM) 
includes medical nutrition therapy (MNT), and insulin if MNT fails to 
achieve glycemic control. Limited data are available on predictors of 
insulin requirement in pregnancy and the difference in obstetric out-
comes between the two treatment groups. This study was conducted 
with the primary objective of identifying predictors of antenatal insu-
lin requirement and the secondary objective of comparing perinatal 
outcomes in MNT-treated versus insulin-treated groups.

Methods: It was a prospective cohort study at a tertiary care institute in 
eastern India. Antenatal women were diagnosed with GDM as per the 
Diabetes in Pregnancy Study Group of India criteria and received MNT 
for 1 - 2 weeks, depending on gestational age, followed by self-moni-
toring of blood glucose. Insulin therapy was added in those who could 
not meet the target blood glucose. Maternal and neonatal outcomes 
were studied in these two groups and an attempt was made to identify 
the predictors of antenatal insulin requirement. The perinatal outcomes 
in MNT-treated versus insulin-treated groups were also compared.

Results: Data of 151 participants were analyzed. Eighty percent were 
controlled with MNT. Gestational age ≥ 33.28 weeks at diagnosis of 
GDM, maternal BMI ≥ 24.7 kg/m2 and 75-gram oral glucose toler-
ance test (75-g OGTT) value ≥ 162 mg/dL were predictors of ante-
natal insulin requirement. The median age, weight, body mass index 
(BMI), value of 75-g OGTT at diagnosis of GDM, number of cesar-
ean deliveries, gestational hypertension and neonatal hyperbilirubine-
mia were significantly higher in the insulin group.

Conclusion: Gestational age at diagnosis of GDM, BMI and value of 
75-g OGTT predicted antenatal insulin requirement. Gestational hy-
pertension, rate of cesarean deliveries and neonatal hyperbilirubine-
mia were significantly higher in the insulin group.

Keywords: Gestational diabetes mellitus; Medical nutrition therapy; 
Insulin; Predictors

Introduction

Gestational diabetes mellitus (GDM) is defined as carbohy-
drate intolerance of variable severity with onset or first recog-
nition during pregnancy [1]. In a worldwide estimate, hyper-
glycemia in pregnancy was noted in 20 million or 16% of all 
live births, of which 84% or one in six births was estimated 
to be due to GDM [2]. In Asia, GDM complicates approxi-
mately 11.5% of all pregnancies [3]. Indians have a higher risk 
for developing GDM, with an estimated prevalence of around 
15.5%, depending on the geographical location and diagnostic 
criteria used [4, 5].

GDM is associated with adverse pregnancy outcomes af-
fecting both mother and fetus [6]. Good glycemic control 
throughout pregnancy can effectively improve adverse fetoma-
ternal outcomes [7-10]. This is achieved initially by medical nu-
trition therapy (MNT) which includes diet modification, glucose 
monitoring and moderate exercise. If MNT fails to achieve gly-
cemic control, pharmacological therapy becomes necessary with 
insulin as the drug of choice. Insulin is usually administered as a 
subcutaneous injection in two or three divided doses daily.

However, the predictors of insulin requirement in preg-
nancy are not well described. There is also paucity of data 
on the difference in perinatal outcomes between women with 
GDM who achieve glycemic control with MNT versus those in 
whom insulin-therapy is warranted. This has implications dur-
ing counselling of women, especially in resource-constrained 
areas. Hence, this prospective cohort study was conducted 
with the primary objective to identify the various parameters 
that predict antenatal insulin requirement. The secondary ob-
jective was to compare the maternal and neonatal outcomes in 
women with GDM treated with MNT versus those treated with 
addition of insulin.
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Materials and Methods

Study design and settings

The study was a prospective observational cohort study con-
ducted in the Department of Obstetrics and Gynaecology of 
a tertiary teaching hospital in Eastern India, after obtaining 
clearance from the Institute Ethics Committee (IEC/AIIMS 
BBSR/PG Thesis/2018-19/24; dated July 06, 2018). The study 
was conducted in compliance with the ethical standards of the 
responsible institution on human subjects as well as with the 
Helsinki Declaration. The study period was 2 years.

Inclusion and exclusion criteria

All antenatal women diagnosed with gestational diabetes mel-
litus according to Diabetes in Pregnancy Study Group in India 
(DIPSI) criteria [11], age between 20 and 35 years and having 
singleton pregnancy at less than 37 weeks of gestation during 
the study period were recruited into the study. Those with overt 
diabetes mellitus, hypertension in pregnancy detected prior to 
diagnosis of GDM, unwilling to give consent for the study and 
those on oral hypoglycemic agents were excluded from the study.

Study protocol

All pregnant women were subjected to 75-gram oral glucose 
tolerance test (75-g OGTT) at their first antenatal visit as per 
DIPSI criteria irrespective of the fasting status or last meal 
[11]. The 75 g glucose was weighed and dissolved in 200 - 300 
mL of water, if required lemon was added for taste. The par-
ticipants were asked to drink this glucose solution within 5 - 10 
min. They were also asked to avoid taking a meal or doing vig-
orous activity for 2 h, until the blood sample was taken. After 
2 h a venous blood sample was taken, and blood glucose level 
was measured. If the participant had vomiting within half an 
hour, the test was repeated the next day. If vomiting occurred 
after 30 min, the test was continued. A cut-off value of ≥ 140 
mg/dL was considered as a positive result and the participant 
was diagnosed to have GDM and recruited into the study. If 
the value was normal, the test was repeated between 24 and 28 
weeks and again at 32 - 34 weeks.

At recruitment, detailed history including participant’s 
age, parity, obstetric score, gestational age at diagnosis of 
GDM and the value of 75-g OGTT were recorded. Thorough 
clinical examination with the measurement of height, weight, 
body mass index (BMI), blood pressure and obstetric exami-
nation was done. The participants diagnosed with GDM were 
advised MNT for 2 weeks (1 week if > 32 weeks gestation). 
MNT was constituted of diet and exercise. Diet was consti-
tuted of carbohydrate 50-60%, proteins 20% and fats 30-40%. 
The caloric requirement was calculated based on pre-preg-
nancy ideal body weight. The total calories calculated were 
divided into nine portions. Every two portions constituted a 
major meal, and every one portion amounted to a snack. A diet 

chart was given to each participant in consultation with dieti-
cian based on the total calories calculated. Participants did 10 
min of exercise (brisk walking or arm exercises) after each 
major meal constituting 30 min/day for at least five times a 
week. Self-monitoring of fasting and 2-h postprandial capil-
lary glucose was done at least twice per week at home using 
glucometer which was bought by the patient.

All participants were monitored for fetal growth and well-
being as per institutional protocol. For women well controlled 
on MNT, induction of labor (IOL) was done at 40 weeks and 
at 38 weeks for women controlled with insulin, if they did not 
go to spontaneous labor earlier, as per institute protocol. Labor 
was also induced for non-GDM-related maternal or fetal indi-
cations like gestational hypertension, preeclampsia, pre-labor 
rupture of membranes, fetal growth restriction, oligohydram-
nios, etc. Cesarean delivery was performed for obstetric indi-
cations only.

Outcome measures

Maternal outcomes considered were development of gestation-
al hypertension, cesarean delivery, instrumental delivery, post-
partum hemorrhage, surgical site infection and uncontrolled 
blood sugars.

Fetal outcomes considered were large for gestational age 
(LGA, birth weight > 90th percentile), neonatal hypocalcemia 
(ionized calcium levels were measured at birth using cord blood, 
a value < 1 mmol/L defined hypocalcemia), cardiac anomalies, 
neonatal hypoglycemia (measured by heel prick, using plasma 
calibrated glucometer, a value < 45 mg/dL defined hypoglyce-
mia in a neonate), neonatal polycythemia (at 6 h of life packed 
cell volume was measured and value > 65% was considered 
abnormal) and neonatal hyperbilirubinemia (all neonates were 
subjected to trans cutaneous bilirubin (TCB) measurement, the 
value of which was plotted on a graph for phototherapy by the 
American Academy of Pediatrics (AAP) and those having value 
above the cut-off underwent serum bilirubin estimation and pho-
totherapy accordingly).

Statistical analysis

Data were collected manually for all participants and were en-
tered using Microsoft Excel 2019. Statistical analysis was done 
using Statistical Package for the Social Sciences (SPSS) version 
23. The baseline characteristics were tested for their normalcy 
using the Shapiro-Wilk test and all variables were found to be 
not normally distributed. Thus, the data have been summarized as 
median (interquartile range). For continuous variables, Wilcox-
on-Mann-Whitney U test and for categorical data Chi-squared 
test were used to test the difference between two groups and a 
P value of < 0.05 was considered significant. Descriptive analy-
sis of categorical variables like parity, gestational age at diagno-
sis, gestational age at the time of delivery, features of severity in 
hypertensive disorders of pregnancy, and low birth weight was 
presented as frequency (percentage). Chi-squared test was used 
to identify the difference between maternal characteristics (age, 
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parity, gestational age at diagnosis and 75-g OGTT value) in the 
two groups (MNT and insulin). For a similar analysis of BMI, 
Fisher’s exact test was used as more than 20% of the total number 
of cells had an expected count of less than 5. Receiver operating 
characteristic (ROC) curve was used in an attempt to establish the 
cut-off for BMI and value of 75-g OGTT, which would predict 
and identify GDM participants who would require insulin.

Results

A total of 154 women were recruited into the study during the 

study period. One participant had spontaneous first-trimester 
abortion and two were lost to follow-up. Therefore, a total of 
151 participants were analyzed (Fig. 1).

Out of 151 participants, 121 (80.1%) were well controlled 
on MNT. Insulin was required in 30 (19.9%) participants. Ta-
ble 1 depicts the baseline maternal characteristics. The me-
dian age of all participants was 29 years, with a range of 20 
- 35 years. The median age of participants was significantly 
higher in the insulin group as compared to the MNT group 
(30 vs. 27 years, P < 0.001). The median weight of the study 
participants was 58 kg, with a range of 54 - 62 kg. The medi-
an weight of the participants in the insulin group was signifi-

Figure 1. STROBE flow diagram.
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cantly higher than the MNT group (61 vs. 58 kg, P < 0.001). 
The participants in the insulin group also had a significantly 
higher median BMI than the MNT group (24.9 vs. 23.8 kg/
m2, P = 0.003). In the insulin group, the median value of 75-g 
OGTT was significantly higher than the MNT group (165.5 

vs. 157 mg/dL, P = 0.032).
The maternal outcomes in the two groups are depicted in 

Table 2. The development of gestational hypertension (46.7% 
versus 18.2%) and the rates of cesarean delivery (90.0% versus 
69.4%) were significantly higher in the insulin-treated group than 

Table 2.  Maternal Outcomes

Parameters Overall
Group

RR (95% CI) P value
MNT (n = 121) Insulin (n = 30)

Gestational hypertension*, # 36 (23.8%) 22 (18.2%) 14 (46.7%) 0.71 (0.52 - 0.89) 0.001b

GA at diagnosis of gestational hypertension (weeks) - 34.02 ± 4.62** 33.73 ± 3.58** - 0.537a

  20 - 276/7 - 2 (9.1%) 1 (7.1%) - 1.000c

  ≥ 28 20 (90.9%) 13 (92.9%)
Instrumental delivery# 2 (1.3%) 1 (0.8%) 1 (3.3%) 0.62 (0.12 - 1.14) 0.359c

Cesarean delivery*, # 111 (73.5%) 84 (69.4%) 27 (90.0%) 0.82 (0.71 -0.96) 0.022b

PPH# 4 (2.6%) 4 (3.3%) 0 (0.0%) 1.26 (0.64 - 1.38) 0.585c

Surgical site infection# 5 (3.3%) 2 (1.7%) 3 (10.0%) 0.49 (0.14 - 1.95) 0.054c

Indication for CD# - 0.161c

  Previous CD 26 (23.4%) 20 (23.8%) 6 (22.2%)
  Failed induction 20 (18.0%) 15 (17.9%) 5 (18.5%)
  Non-reassuring fetal status 20 (18.0%) 11 (13.1%) 9 (33.3%)
  CDMR 16 (14.4%) 11 (13.1%) 5 (18.5%)
  Dysfunctional labor 9 (8.1%) 9 (10.7%) 0 (0.0%)
  Obstructed labor 8 (7.2%) 8 (9.5%) 0 (0.0%)
  Malpresentation 5 (4.5%) 4 (4.8%) 1 (3.7%)
  APH 2 (1.8%) 2 (2.4%) 0 (0.0%)
  CPD 2 (1.8%) 2 (2.4%) 0 (0.0%)
  Contracted pelvis 1 (0/9%) 1 (1.2%) 0 (0.0%)
  Prolonged PROM 1 (0.9%) 1 (1.2%) 0 (0.0%)
  Uterine anomaly 1 (0.9%) 0 (0.0%) 1 (3.7%)

*Significant at P-value < 0.05. **Expressed as mean ± SD. #Expressed as frequency (percentage). aWilcoxon-Mann-Whitney U test. bChi-squared 
test. cFisher’s exact test. MNT: medical nutrition therapy; RR: relative risk; 95% CI: 95% confidence interval; U: units; GA: gestational age; PPH: 
postpartum hemorrhage; CD: cesarean delivery; CDMR: cesarean done on maternal request; APH: antepartum hemorrhage; CPD: cephalopelvic 
disproportion; PROM: pre-labor rupture of membranes.

Table 1.  Maternal Baseline Characteristics

Parameters Overall, median (IQR)
Group

P value
MNT (n = 121) Insulin (n = 30)

Age (years)* 29 (25-30) 27 (25 - 30) 30 (29.3 - 32) < 0.001a

Primigravida* 73 (58.3%) 52 (43.0%) 21 (70.0%) 0.008b

Weight (kg)* 58 (54 - 62) 58 (53 - 60) 61 (59.5 - 74.3) < 0.001a

Height (m)* 1.56 (1.52 - 1.6) 1.56 (1.51 - 1.58) 1.58 (1.55 - 1.61) 0.014a

BMI (kg/m2)* 23.8 (22 - 25.8) 23.8 (21.9 - 25.3) 24.9 (23.8 - 27.4) 0.003a

Gestational age at diagnosis of GDM (weeks) 27.8 (20.5 - 32.7) 27 (25 - 30) 30 (29.2 - 32) 0.579a

Blood glucose (after 75-g OGTT) (mg/dL)* 157 (149 - 175) 156 (149 - 168) 165.5 (149.7 - 186.7) 0.032a

Data are expressed as median (IQR), except primigravida expressed as frequency (percentage). *Statistically significant with P-value < 0.05. aWil-
coxon-Mann-Whitney U test. bChi-squared test. MNT: medical nutrition therapy; BMI: body mass index; 75-g OGTT: 75-gram oral glucose tolerance 
test; IQR: interquartile range.
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in the MNT-treated group. However, there was no difference in 
the gestational age at diagnosis of gestational hypertension, rates 
of instrumental delivery, postpartum hemorrhage, surgical site in-
fection and the indications for cesarean delivery in the two groups.

Table 3 depicts the neonatal outcomes in the two study 
groups. The gestational age at delivery was earlier in the insu-
lin-treated group (36.8 versus 38.2 weeks) than in the MNT-
treated group. The overall rate of neonatal hyperbilirubinemia 
was 11.3%, with the rate being significantly higher in the insu-
lin-treated group (26.7% versus 7.4%) than in the MNT-treated 
group. The rates of fetal maturity at delivery (early preterm, 
late preterm and term neonates), LGA babies, hypoglycemia, 
hypocalcemia, polycythemia, neonatal congenital heart dis-
ease and neonatal deaths did not differ between the two groups.

The overall efficacy of MNT treatment was 80.1%, with 
19.9% of individuals requiring additional insulin therapy. Among 
those who required insulin, 83.3% achieved glycemic control, 
while euglycemia could not be achieved in the remaining16.7%.

ROC curve was plotted for predicting antenatal insulin 
requirement (Fig. 2). The cut-off which predicted need for an-
tenatal insulin was gestational age ≥ 33.28 weeks at diagnosis 
of GDM, maternal BMI ≥ 24.7 kg/m2 and 75-g OGTT value 
≥ 162 mg/dL. Of these, both maternal BMI ≥ 24.7 kg/m2 and 
75-g OGTT value ≥ 162 mg/dL had the highest sensitivity of 
63.3% in predicting antenatal insulin requirement (Table 4). 
Gestational age ≥ 33.28 weeks at diagnosis of GDM had the 
highest specificity (80.2%), while BMI ≥ 24.7 kg/m2 had both, 
the highest positive predictive value (PPV) (33.9%) as well as 
the highest negative predictive value (NPV) (88.4%) for pre-
dicting antenatal insulin requirement.

Discussion

Our study shows that the median age, weight, BMI and value 

of 75-g OGTT at diagnosis of GDM were significantly higher 
in the insulin group as compared to the MNT group (30 vs. 
27 years, 61 vs. 58 kg, 24.9 vs. 23.8 kg/m2 and 165.5 vs. 157 
mg/dL). Previous studies have reported positive family his-
tory of diabetes mellitus, multiple abnormal values or single 
elevated 1-h value in OGTT and value of glycated hemoglobin 
(HbA1c) at diagnosis of GDM as independent predictors of 
antenatal insulin requirement [12-14]. In our study, following 
DIPSI protocols [11], we have done universal screening for 
GDM, used 75-g OGTT and tested for HbA1c only in those 
who were diagnosed with GDM in the first trimester.

Predictors of antenatal insulin requirement

In this study, we have attempted to identify the predictors of 
insulin requirement during pregnancy. Antenatal insulin was 
required in 19.9% cases in our study. Others have reported the 
requirement of insulin in women with GDM at around 10.0% 
[12].

Women with GDM requiring insulin had significantly 
higher BMI and a greater value of 75-g OGTT at diagno-
sis. The area under the ROC curve (AUROC) for predictive 
ability of 75-g OGTT value regarding the need for insulin 
was 0.627 (95% confidence interval (CI): 0.507 - 0.747). The 
similar AUROC for BMI was found to be 0.673 (95% CI: 
0.569 - 0.777). Although statistically significant, both dem-
onstrated poor diagnostic performance. AUROC was also 
calculated for gestational age at diagnosis, which showed 
insignificant results. We determined that the cut-off value 
which predicted need for antenatal insulin was gestational 
age ≥ 33.28 weeks at diagnosis of GDM, maternal BMI ≥ 
24.7 kg/m2 and 75-g OGTT value ≥ 162 mg/dL. Therefore, 
this subset of women should be advised for strict follow-up 
and adherence to MNT and also should also be counselled 

Table 3.  Neonatal Outcomes

Parameters Overall
Group

P-value
MNT (n = 121) Insulin (n = 30)

Gestational age at delivery (weeks)* 37.95 ± 1.57** 38.21 ± 1.42** 36.88 ± 1.70** < 0.001a

Fetal maturity 0.075c

  Early preterm 2 (1.3%) 1 (0.8%) 1 (3.3%)
  Late preterm 19 (12.6%) 12 (9.9%) 7 (23.3%)
  Term 130 (86.1%) 108 (89.3%) 22 (73.3%)
LGA 9 (6.0%) 9 (7.4%) 0 (0.0%) 0.206c

Hypoglycemia 3 (2.0%) 2 (1.7%) 1 (3.3%) 0.488c

Hypocalcemia 0 (0.0%) 0 (0.0%) 0 (0.0%) 1.000b

Polycythemia 11 (7.3%) 7 (5.8%) 4 (13.3%) 0.230c

Hyperbilirubinemia* 17 (11.3%) 9 (7.4%) 8 (26.7%) 0.007c

Heart disease 2 (1.3%) 2 (1.7%) 0 (0.0%) 1.000c

Death 5 (3.3%) 5 (4.1%) 0 (0.0%) 0.583c

*Statistically significant at P-value < 0.05. **Expressed as mean ± SD. aWilcoxon-Mann-Whitney U test. bChi-squared test. cFisher’s exact test. MNT: 
medical nutrition therapy; LGA: large for gestational age.
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that they may go on to require insulin.

Perinatal outcomes

In our study, maternal and neonatal outcomes in women with 

GDM were comparable across the two treatment groups of 
MNT and insulin except for rates of development of gestational 
hypertension (46.7% versus 18.2%), cesarean delivery (90.0% 
versus 69.4%) and neonatal hyperbilirubinemia (26.7% versus 
7.4%), all of which were significantly higher in the insulin-
treated group than in the MNT group. This suggests that the 

Figure 2. ROC curve showing diagnostic performance of predictors for antenatal insulin requirement. ROC: receiver operating 
characteristic.

Table 4.  Performance of Primary Diagnostic Parameters for Prediction of Antenatal Insulin Requirement

Variable Sensitivity Specificity PPV NPV Diagnostic 
accuracy

Gestational age at diagnosis of GDM 
(weeks) (cutoff: 33.286 by ROC)

30.0% (15 - 49) 80.2% (72 - 87) 27.3% (13 - 46) 82.2% (74 - 89) 70.2% (62 - 77)

BMI (kg/m2) (cutoff: 24.7 by ROC) 63.3% (44 - 80) 69.4% (60 - 77) 33.9% (22 - 48) 88.4% (80 - 94) 68.2% (60 - 76)
BMI (kg/m2) (cutoff: ≥ 25) 50.0% (31 - 69) 73.6% (65 - 81) 31.9% (19 - 47) 85.6% (77 - 92) 68.9% (61 - 76)
Blood glucose (after 75-g OGTT) 
(mg/dL) (cutoff: 162 by ROC)

63.3% (44 - 80) 67.8% (59 - 76) 32.8% (21 - 46) 88.2% (80 - 94) 66.9% (59 - 74)

PPV: positive predictive value; NPV: negative predictive value; GDM: gestational diabetes mellitus; BMI: body mass index; 75-g OGTT: 75-gram oral 
glucose tolerance test; ROC: receiver operating characteristic.
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addition of insulin is not protective for the development of ad-
verse perinatal outcomes. Mothers receiving insulin should be 
counselled regarding greater risk of hyperbilirubinemia in her 
newborn, which might require phototherapy, admission to neo-
natal intensive care unit (NICU) and prolonged hospital stay. 
There were no stillbirths in any of the groups.

In a review by Mastrogiannis et al, the relationship between 
GDM and gestational hypertension was ascertained [14]. This 
relationship was hypothesized to be due to insulin resistance. 
It was also stated that this risk was far greater in obese women 
and in the third trimester. In our study, the higher incidence of 
gestational hypertension in the insulin group can be partly ex-
plained by the significant proportion of obese individuals in the 
same group. Other researchers have reported either no differ-
ence in maternal and neonatal complications in GDM women 
with and without insulin therapy [15], or have found nulliparity 
and cesarean delivery to be associated with neonatal morbidity 
in women with GDM [16]. A recent meta-analysis found that 
insulin use had a significant increase in the risk of preeclamp-
sia, NICU admission, neonatal hypoglycemia and macrosomia 
compared to metformin use antenatally [17]. In our study, we 
did not use either metformin or glyburide for glycemic control.

The three commonest indications of cesarean delivery in 
our study were women with previous cesarean delivery not 
willing for trial of labor, non-reassuring fetal heart status and 
failed induction. A Cochrane review also supports higher ce-
sarean rates with the use of continuous fetal monitoring [18]. 
In addition to this, there were a significantly higher number of 
primigravida in the insulin group (70.0% versus 43.0%) who 
either refused for induction of labor or had failed induction 
contributing to 37% cases. Moreover, it was seen that the mean 
gestational age in the insulin-treated group was 36 weeks, thus 
increasing the chances of failed induction.

Strengths of the study

Ours was a prospective study, unlike previous studies, many of 
which were retrospective in nature. Due to this, missing data 
for maternal and neonatal outcomes were minimized. Also, we 
have followed the recommended DIPSI criteria for diagnosis 
of GDM, which is single step and is more feasible to perform 
in a developing country like ours. Apart from this, parameters 
predictive for initiation of insulin requirement were also stud-
ied prospectively.

Limitations of the study

The sample size was limited in our study due to the disrup-
tions in services caused by the COVID-19 pandemic. Also, we 
monitored the compliance to MNT as per the words of the par-
ticipants, with no home visits. We have not considered the type 
of insulin used by women in this study.

Future research

Future research should focus on establishing national registry 

of women with GDM, so that more data are available for pre-
dicting the requirement of insulin, as well as quantifying the 
adverse perinatal outcomes.

To conclude, this prospective observational cohort study 
was conducted on 151 women with GDM with the primary 
objective of identifying parameters that predict antenatal in-
sulin requirement. The secondary objective was to compare 
the perinatal outcomes in MNT-treated versus insulin-treated 
groups. Our study showed that gestational age ≥ 33.28 weeks 
at diagnosis of GDM, maternal BMI ≥ 24.7 kg/m2 and 75-g 
OGTT value ≥ 162 mg/dL were predictors of insulin require-
ment in pregnancy. The median age, weight, BMI, value of 
75-g OGTT at diagnosis of GDM, rate of cesarean deliver-
ies, gestational hypertension and neonatal hyperbilirubinemia 
were significantly higher in the insulin-treated group than in 
the MNT group.
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