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Abstract
Objective To study the 24-h glucose profile of patients with mild GDM using the commercially available Abbot Libre con-
tinuous glucose monitoring system (CGMS) and compare them with pregnant women with normoglycemia (gestational age 
comparable).
Methods A case control study conducted between 2019-2020  followed eligible pregnant women diagnosed  with GDM 
according to Diabetes in Pregnancy Study Group India criteria,  after the placement of a CGMS.
Results Twenty-one GDM patients whose mean age was 27.1 ± 3.3 years with gestational age 28 weeks (24–32) and thirty 
pregnant women with normoglycemia whose mean age was 25.7 ± 4.2 years and gestational age 26 weeks (23–34) were 
enrolled in the study. Fasting, pre-breakfast, 2 h post lunch, day time and lowest nocturnal glucose were significantly higher 
in the GDM group than in controls. Glycemic variability indices like standard deviation of blood glucose, J index, and mean 
amplitude of glycemic excursions were also significantly higher in GDM patients. GDM patients spent more time above 
>140 mg/dl than controls.
Conclusion GDM patients, who have mild hyperglycemia but not overt diabetes, also have an abnormal 24 h glucose profile 
as compared to normal pregnancy.

Keywords Continuous glucose monitoring (CGM) · Diabetes in Pregnancy Study Group India (DIPSI) · Gestational 
Diabetes Mellitus (GDM) · Glycemic variability · International Association of the Diabetes and Pregnancy Study Group 
(IADPSG) · Hyperglycemia and adverse pregnancy outcome (HAPO)

Introduction

Gestational diabetes mellitus (GDM) is diabetes diagnosed 
during pregnancy that was not overt prior to gestation. 
Hyperglycemia during pregnancy not only is associated with 

adverse pregnancy outcomes but has major long term meta-
bolic and cardiovascular implications for both the mother 
and the child [1–4]. In utero exposure to excess nutrition 
leads to fetal programming resulting in increased risk of 
obesity, type 2 diabetes, metabolic syndrome and cardio-
vascular disease in adulthood, “theory of fetal origins of 
adult diseases” [5]. To prevent transgenerational transmis-
sion of these metabolic disorders is the major considera-
tion for optimal glycemic control. The treatment goal is to 
achieve normoglycemia as far as possible without causing 
hypoglycemia or marked fluctuations in glucose levels, 
glycemic variability which in itself is a high-risk factor for 
diabetes complications [6, 7]. Diagnostic criteria for GDM 
have evolved with time. The widely followed criterion is by 
the International Association of the Diabetes and Pregnancy 
Study Group (IADPSG) based on the results of Hypergly-
cemia and adverse pregnancy outcome (HAPO) study [8].

Diabetes in Pregnancy Study Group India (DIPSI) fol-
lowed the World Health Organisation 1999 criteria, but 
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using only the 2-h post glucose value >140 mg/dl as GDM 
irrespective of their meal time [9]. It is well understood 
that this low cut off will overdiagnose women, but as has 
been shown in the HAPO study, there is no single cut off 
of glucose level which increases the perinatal risk, rather it 
is a continuum. According to the standard guidelines from 
National Health Mission, in 2014 all pregnant women should 
undergo testing for glucose tolerance abnormality at their 
first antenatal visit and DIPSI criteria are to be followed 
nationally. Seshiah et al. have shown that there is close 
agreement between prevalence of GDM in a community if 
diagnosed by IADPSG or DIPSI criteria [10].

With the lowering of the threshold for diagnosis of GDM, 
prevalence of pregnancies complicated with diabetes has 
markedly increased. The prevalence of GDM in Indians was 
earlier reported as 7–18% [11]. Using the IADPSG criteria, 
prevalence of GDM has been reported as high as 41.9% from 
North India [12] and 38% in South Asians settled outside 
India [13]. In addition, it is likely to classify mild hypergly-
cemia as GDM in a subgroup of women who may have less 
severe metabolic disturbances. Whether these women with 
GDM who have minimal elevation of blood glucose but not 
overt diabetes also have glycemic variability and warrant 
active treatment is unanswered.

Self-monitoring of blood glucose by finger stick deter-
mines glucose at that specific point and is unable to depict 
the glucose profile for the whole day. Continuous glucose 
monitor system (CGMS) is a wearable body sensor that 
automatically measures glucose at regular intervals (rang-
ing from every 5 to 15 min) from interstitial fluid and ena-
bles us to study glucose profiles in detail, helping to unmask 
differences otherwise not detected by the finger stick glu-
cose determinations. There is paucity of literature on use 
of CGMS in women GDM who have minimal elevation of 
blood glucose but not overt diabetes. Previous studies have 
used CGMS for 3 days and also variability index of glyce-
mia in GDM has not been studied in detail. With this back-
ground, the present study was designed to evaluate glycemic 
patterns and variability in women with mild GDM diagnosed 
by DIPSI criteria and compare them with controls (pregnant 
women with normal OGTT) with similar gestational age.

Material and methods

Study design

A case control study conducted in the outpatient clinics 
of a tertiary care hospital from North India from January 
2019 to December 2020. The study was approved by the 
institutional ethics committee (Reference no. IEC code-
2019-108-IMP-109). All women who fulfilled the inclusion 

criteria were informed about the study and the consenting 
participants were enrolled.

Inclusion criteria include age 18 to 35 years, single-
ton pregnancy, natural conception and not after assisted 
reproduction therapy, GDM according to DIPSI criteria 
[8]. Diagnosis of GDM is made if the 2-h post 75 g oral 
glucose load which is given irrespective of the last meal 
is ≥140 mg/dl.

Women who were > 35 years or had previous history 
of GDM, HbA1c > 7%, overt diabetes, or needed treat-
ment with oral hypoglycemic agent or insulin for control 
of glycemia, had multiple pregnancy, pregnancy induced 
hypertension or any other complication of pregnancy, bad 
obstetric history or used drugs that affect glucose metabo-
lism were excluded from the study.

Detailed questionnaire was completed for each partici-
pant, documenting demographic details, obstetric history 
and family history of diabetes mellitus. The details of 
anthropometric measurements (weight, height, body mass 
index BMI), blood pressure were noted. Hemoglobin, 
glycosylated hemoglobin (HbA1c), lipid profile and liver 
enzymes were estimated in a fasting sample.

Free Style Libre Pro flash continuous glucose moni-
toring system (Abbott Diabetes Care Ltd, Oxon UK) was 
implanted on the non-dominant arm as per standard inser-
tion guidelines. All participants were advised to write the 
timing of their three major meals for all days the CGMS 
was inserted. Sensor data was accepted if the sensor 
recorded for >70% of the time of application, at least 
for 10 of the 14 days of use. All GDM patients received 
appropriate dietary advice and monitored blood glucose 
as per their treating physician’s advice.

CGMS parameters

The readings from the device were read by the CGMS reader 
and transferred to an EXCEL spreadsheet. The parameters 
calculated from the 14-day records were mean glucose, 
mean values of each meal-related parameter (pre-prandial, 
1-h and 2-h post-prandial glucose values, peak glucose value 
and time to peak value, time in target range, hypoglycemia 
(<60) and above target >140 mg/dl as described below-

• FBG — Glucose value after at least 8 h of fasting
• Pre-prandial BG — Glucose value directly before break-

fast, lunch, and dinner meal
• 1-h PP BG — Glucose value 1 h after the meal start time
• 2-h PP BG — Glucose value 2 h after the meal start time
• Mean 24-h BG — Mean of all measures in 24 h
• Mean daytime BG — Mean of all measures between 6 

am to 12 am
• Mean nocturnal BG — Mean of all measures between 12 

am to 6 am
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• Lowest nocturnal — Lowest glucose value between 12 
am to 6 am

• Peak PP BG — Highest PP glucose within 2 h of meal 
start time

• Time to PP peak — Time from meal start to peak PP BG

Glycemic variability indices which were calculated from 
the CGMS readings are as follows — (Details in Table 1).

The standard deviation (SD) of mean glycemia 
of CGM data is the simplest tool for assessment of glyce-
mic variability.

J index [14]— It is a measure of quality of glycemic con-
trol dependent on the combination of information from the 
mean and SD calculated as 0.001 × (mean + SD)2

Continuous overall net glycemic action (CONGA) is 
identical to SD but assesses glucose variability within a pre-
determined time window. The estimation of this parameter 
is based on the measurement of the discrepancies between 
glucose values measured at regular time intervals than on 
the SD of these differences [15].

The mean amplitude of glucose excursion (MAGE) was 
designed to capture mealtime-related glucose excursions. 
Measurement based on the arithmetic mean of differences 
between successive peaks and nadirs of differences greater 
than one SD of mean glycemia. It is meant to major glucose 
swings and exclude minor ones [16].

Lability index (LI) was calculated based on the change 
in glucose levels over time and compared with a clinical 
assessment of glycemic lability [17].

Validity of CGM data is acceptable, CGM-derived glu-
cose measurements correlate well with venous glucose levels 
[18–20].

Statistics analysis

IBM SPSS Statistics 27 was used for statistical analy-
ses. Shapiro–Wilk test was used to assess normality of 

quantitative variables. Chi-square and Fisher exact test were 
used for categorical variable. Student’s t test for independent 
samples and Mann–Whitney U test were used to compare 
variables which were normally or not normally distributed, 
respectively in two groups. Data are presented as n (%), 
mean ± SD or median (quartile [q] 25–q75). p value of 
<0.05 was considered statistically significant.

Results

Baseline data

Twenty-one GDM patients, mean age of 27 .1 ± 3.3 years 
with gestational age 28 weeks (24–32) and the control group 
of thirty pregnant women with normoglycemia, mean age of 
25.7 ± 4.2 years with gestational age 26 weeks (23–34) were 
enrolled in the study. The mean BMI of GDM patients was 
25.5± 2.9 kg/m2 and of the control group was 24.7±3.8 kg/
m2. GDM group had significantly higher glucose value at 2 
h in the OGTT 155 (143–181) mg/dl vs 106 (92–121) mg/
dl in control (p value = 0.000), HbA1c of the GDM group 
was 5.3% (5–5.7) and 5% (4.8–5.2) in the control group (p 
value = 0.003). Serum triglyceride was higher in the GDM 
group 261(233–286) mg/dl as compared to the controls 208 
(156–257) mg/dl (p value = 0.003). Family history of dia-
betes was similar in both the groups.

Comparison of CGMS-based glycemic data between 
GDM and controls is shown in Table 2. Readings in the sen-
sors were available for 93% of the time they were applied, 13 
of the 14 days used. Fasting glucose was significantly higher 
in GDM group 75.47 ± 11.8 mg/dl as compared to 67.34± 
8.7 mg/dl in control group and (p value = 0.007).

Of the CGM parameters, pre-breakfast glucose was signif-
icantly higher 79± 15.7 mg/dl in the GDM group vs controls 
71± 8.3mg/dl (p value=0.042) and 2 h post-lunch glucose 
was significantly higher 98.2(91.5–119.5) mg/dl in the GDM 

Table 1  Measures of glycemic 
variability with the equations 
for glucose measurements

CONGA, continuous overall net glycemic action; MAGE, mean amplitude of glucose excursion, LI, Lability 
index

Measure Formulae Variable

J Index J = 0.001 · (MBG+ SD)2 MBG= mean glucose levels
SD = SD of glucose levels

CONGA
CONGA =

�

∑tk

t=t1

�

Dt−D

�2

k−1

D =

∑tk

t=t1
Dt

k
D

t
= G

t
−G

t−m

k = number of observations with an observation
n x 60 min ago
m= n x60
G= glucose measured

MAGE MAGE =Σλ/x
if k > v

λ= blood glucose changes from peak to nadir
x = number of valid observations
v = 1 SD of mean glucose for a 24-h period

LI
LI =

∑N−1

n=1

(Gn−Gn+1)
2

(tn+1−tn)

G= glucose measured
N= total number of readings in a week
t = time
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group vs controls 91.7(87.2–98.8) mg/dl (p value=0.028). 
GDM women spent significantly more time above >140 
mg% glucose than control women (0.87% (0–7.6%) in GDM 
versus 0(0–0.57%) in control group, p =0.015). Day time 
glucose and lowest nocturnal glucose also was significantly 
higher in GDM group than control (p value < 0.05).

CGMS data for glycemic variability

Other calculated indices of glycemic variability including, 
SD, J index, CONGA, LI, and MAGE were also signifi-
cantly higher in the GDM group as compared to controls 
p value< 0.05 (Table 3).

Taking the group as a whole, HbA1c showed a moderate 
correlation with mean sugar (Pearson correlation 0.619), 
fasting sugar (Pearson correlation 0.585), and indices of 
glycemic variability like SD (Pearson correlation 0.583), 
CONGA (Pearson correlation 0.496), LI (Pearson correla-
tion 0.616), J index (Pearson correlation 0.648), MAGE 
(Pearson correlation 0.593) and lowest sugar (Pearson cor-
relation 0.596) but had no correlation with time in range.

BMI had a weak correlation with fasting sugar and the 
lowest sugar value but did not correlate with other glycemic 
variability parameters.

Newborn or delivery outcomes were similar in both 
groups and no GDM mother delivered large gestational age 
(LGA) baby.

Discussion

CGMS data of GDM patients who have minimal elevation 
of blood glucose but not overt diabetes in our study showed 
that the overall glucose exposure was similar in the GDM 
patients and pregnant women of similar gestational age with 
normoglycemia. However, GDM patients were spending sig-
nificantly higher amount of time with blood glucose >140 
mg/dl and had significantly higher glycemic variability as 
compared to women with normoglycemia.

In our study, all glycemic variability indices SD, J index, 
CONGA, LI and MAGE were significantly higher in the GDM 
group as compared to controls. Using a 72-h glucose profile, 
Carriero et al. [21] also found similar results in 33 patients of 
mild GDM. Glycemic variability (GV) includes both upward 
(post prandial) and downward (mostly in between meals) vari-
ation in blood glucose. There is enough evidence in literature 
that GV plays an important role in diabetic complications and 
has more deleterious effect than sustained hyperglycemia [6]. 
MAGE is considered as the gold standard index of GV. Su 
et al. [22] found significantly higher GV indices especially 
MAGE in women with GDM as compared to pregnant women 
with normoglycemia and non-pregnant control women. In 
their study, early phase insulin secretion was the strongest 
independent contributor to MAGE in the GDM group.

Current recommendations for women with GDM is to 
monitor blood sugar by finger stick method 4 times a day 

Table 2  Comparison of 
CGMS-based glycemic data 
between pregnant women with 
normoglycemia and GDM

CGMS, continuous glucose monitoring system; GDM, gestational diabetes mellitus

Variable Pregnant women with 
normoglycemia(n=30)

GDM (n=21) p value

Fasting glucose (mg/dl) 67.34± 8.7 75.47 ± 11.8 0.007
Breakfast -
Pre-prandial (mg/dl) 71± 8.3 79± 15.7 0.042
1-h post-prandial (mg/dl) 90.3(79.8–87.5) 95.2(78.5–126.3) 0.405
2-h post-prandial (mg/dl) 82(78.7–87.5) 86.4(78.4–101.9) 0.106
Peak value (mg/dl) 101.2(93–111.13) 112.6(95.8–137.6) 0.061
Time to peak (min) 64±16.17 64.4±14.9 0.949
Lunch -
Pre-prandial (mg/dl) 77.6(71.7–85.4) 79.4(74.6–86.8) 0.509
1-h post-prandial (mg/dl) 97.7(88.8–104.9) 104.3(90.5–12.3.4) 0.098
2-h post-prandial (mg/dl) 91.7(87.2–98.8) 98.2(91.5–119.5) 0.028
Peak value (mg/dl) 110.3(98.8–118.5) 113.9(102.9–139.4) 0.141
Time to peak (min) 67±10.9 71±16 0.333
Dinner-
Pre-prandial (mg/dl) 79.7(74.5–84.6) 80.2(74.9–96.7) 0.339
1-h post-prandial (mg/dl) 97.16(90.2–105.5) 101(90–119.3) 0.213
2-h post-prandial (mg/dl) 95.75(86.5–104.6) 102.15(90.4–129) 0.143
Peak value (mg/dl) 111.6(98.9–119.67) 116.5(103.3–137.1) 0.104
Time to peak (min) 67.65±14.2 72.3 ±18.8 0.320
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and targets of glycemic control are fasting glucose targets of 
≤5.3 mmol/L (≤95.4 mg/dL) and 1-h postmeal glucose ≤7.8 
mmol/L (≤140.4 mg/dL). However, women who achieve 
these targets still have adverse outcomes including large 
for gestational babies. Law et al.[23] using functional data 
analysis on the CGMS readings showed that mean glucose 
was significantly higher in mothers who delivered large for 
gestational babies and the higher mean glucose was driven 
by a significantly higher glucose for 6 h overnight, which is 
unlikely to be detected by the standard finger prick testing 
method. Intermittent capillary glucose monitoring obviously 
has its inherent limitations; glucose abnormality will not be 
picked up at times other than when it has been recommended. 
CGMS giving a temporal profile highlights this limitation.

Cautious judgement has to be made of these findings as 
GDM patients who were managed with only medical nutri-
tional therapy were included in both the studies; all those 
women who required pharmacological treatment were 
excluded.

Majority of our women had fasting blood glucose <92 mg/
dl according to their CGMS data, similar to what has been 
reported by Nigam et al. [24] (all GDM women had values 
<92 mg/dl) and Carreiro et al. [18] (82% of their popula-
tion). Nigam et al.[24] also used DIPSI criteria for diagnosis 
of GDM. All pre and post meal blood glucose values at all 
time points were significantly higher in the GDM women as 
compared to healthy pregnant subjects in their study (Nigam 
et al.), in contrast, in our study all the values were higher but 
only the 2-h post lunch value was statistically significant. It 
seems logical also as lunch is the heaviest meal rich in carbo-
hydrates in Indians. Significantly higher blood glucose values 
post breakfast and post dinner were reported by Carreiro et al. 
as well. It is important to note that the glucose values in all 

the three studies were below the therapeutic targets advised 
for good control in GDM patients.

CGMS data shows that women with GDM who have min-
imal elevation of blood glucose but not overt diabetes also 
show significant GV and spend a significant amount of time 
(0.20 h) with blood glucose >140 mg/dl. If we had included 
all women who had GDM meaning even those women who 
required pharmacological therapy for glycemic control 
but not overt diabetes, the difference from normoglycemic 
women was likely to have been more.

A major limitation is the small study number and larger 
data set is needed to validate our results. Secondly as the 
number was small, we could not analyse the pregnancy 
outcomes which is of importance as it would highlight the 
importance or relevance of glycemic variability when the 
absolute values of blood sugar are less than the target set for 
glycemic control in GDM. In the hypoglycemic range reli-
ability of CGMS readings are a limitation. Simultaneous cap-
illary blood glucose values were not available in our study.

In the future, studies adequately powered need to be 
planned with the aim of using CGMS in women with GDM 
who have minimal elevation of blood glucose but not overt 
diabetes to improve glycemic variability and to study its 
effect of pregnancy outcomes.

GDM was diagnosed according to DIPSI criteria and not the 
IADPSG but this cannot be a major limitation as these are the 
national guidelines and followed by obstetricians in India. More-
over, the study was not designed to validate the DIPSI criteria.

Strength of the study: This is the first study that offered 
insight into 10 to 14 days use of CGM in women with 
GDM who have minimal elevation of blood glucose but not 
overt diabetes to calculate the various glycemic variability 
parameters.

Table 3  Comparison of CGMS-
based other glycemic variability 
indices pregnant women with 
normoglycemia and GDM

CGMS, continuous glucose monitoring system; GDM, gestational diabetes mellitus; SD-BG, standard devi-
ation of blood glucose, CONGA, continuous overall net glycemic action, LI, Lability index, Mean ampli-
tude of glucose excursion

Variable Pregnant women with 
normoglycemia(n=30)

GDM (n=21) p value

Glycemic variability -
SD-BG 14.9(12.9–17.8) 17.34(15.2–22.4) 0.02
CONGA 68.1±7.2 73.8±10.2 0.03
LI 378.8(309.4–641) 632.7(416.1–987.9) 0.012
J Index 3197.3(2789–3549.5) 3657.4(3022.1–5160.8) 0.032
MAGE 38.1(33.9–43.5) 43.9(37.4–55) 0.022
Time in range (60–140 mg%) 94 (84.7–97.9) 92.6 (81.2–96.1) 0.405
Time below 60 % 5.2(1.4–8.7) 3(0.6–6.6) 0.247
Time above 140% 0(0–0.57) 0.87(0–7.6%) 0.015
24-h Mean glucose (mg/dl) 82.7(76.7–86.5) 87.2(79.5–101.6) 0.058
Day time glucose (mg/dl) 83.4(79–88.9) 88.5(80.8–110.14) 0.043
Night time glucose (mg/dl) 75.13(72.3–85.2) 78.11(72.9–91.8) 0.171
Lowest nocturnal glucose (mg/dl) 63(56.7–67.3) 65.9(60.5–77.6) 0.043
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Conclusion

GDM patients who have mild hyperglycemia but not overt 
diabetes also have an abnormal 24-h glucose profile with 
increased glycemic variability and spend more time above 
140 mg/dl, as compared to pregnant women of similar age 
and gestational age with normoglycemia.
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