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Background: Maternal fasting blood sugar (FBS) variations within normal range and lower 
than that in diabetes mellitus (DM) may be associated with adverse feto-maternal outcomes.
Objective: To find out if a rise of maternal FBS level above 80 but still below 120 mg/dL 
(group 2) has an influence on feto-maternal outcomes compared with a maternal FBS below 
80 mg/dL (group 1).
Methods: Retrospective cross-sectional study. FBS was measured at the booking visit. 
Subjects whose FBS was measured before 20 weeks were categorized according to their 
FBS (>80 mg/dL or ≤80 mg/dL) and correlation between FBS levels in the two groups with 
several parameters were tested.
Results: Group 1 (130 healthy pregnant women) and group 2 (88 healthy pregnant 
women) did not show a statistical difference in age or BMI. More statistically significant 
cases were diagnosed with GDM in group 2 than in group 1 (39.8% vs 16.9%, P value 
0.000). More cases that needed pharmacological intervention in the form of metformin or 
insulin or both were seen in group 2 than in group 1 (p value 0.007 and 0.061, 
respectively). More but not statistically significant polyhydramnios was seen more in 
group 2 than in group 1 (9.1% vs 3.1%, p value 0.056). There was no statistically 
significant difference between the 2 groups in relation to all other fetomaternal outcome 
parameters that were studied.
Conclusion: Raised maternal fasting blood glucose level (80–120 mg/dL) in healthy 
primigravid women in early pregnancy was associated with significant diagnosis of gesta
tional diabetes mellitus and need for pharmacological intervention. An association was found 
with polyhydramnios but this was not statistically significant. No influence was found on 
preterm birth, fetal weight, mode of delivery or APGAR score. More attention should be 
given to FBS levels early in pregnancy to reduce the risk for later complications.
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Introduction
Maternal hyperglycemia that is still less severe than that in diabetes mellitus (DM) 
may be associated with adverse feto-maternal outcomes. The results of HAPO 
Study Cooperative Research Group, et al1 indicated strong and continuous associa
tions of maternal glucose levels below those diagnostic of diabetes with increased 
birth weight and cord blood C peptide levels. Recently, Farrar et al2 in a meta- 
analysis found that higher maternal sugar levels in mid and late pregnancy were 
related to increased perinatal complications.
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Fetal growth might be already abnormal in women 
diagnosed to have gestational diabetes mellitus (GDM), 
but this was difficult to interpret as maternal glucose levels 
before the diagnosis of GDM were unknown.3,4

Our aim was to find out if a rise of maternal fasting 
blood sugar (FBS) level above 80 but still below 120 mg/ 
dL had an influence on feto-maternal outcomes compared 
with a maternal FBS below 80 mg/dL.

Methods
Subject Selection and FBS Measurement
This was a retrospective cross-sectional study conducted 
on the records of patients who were seen at the 
Gynecology and Obstetric clinics of Jordan University 
Hospital (JUH) in the period between January 2016 and 
December 2020. All primigravid women with FBS that 
were done in early pregnancy, ie, booking visit, before 
they completed 20 weeks of gestation (a total of 218 
subjects) were included in this study. Sample size was 
calculated to be 158 subjects with a 90% power and 0.05 
alpha. Based on patients’ records, more than 80% of our 
patients had their booking visit FBS test before 14 weeks 
of gestation. The standard practice at JUH is to measure 
FBS at the booking visit and to perform oral glucose 
tolerance test (OGTT) at 26–28 weeks for all patients. In 
some exceptional cases with preexisting risk factor(s) such 
as high BMI, thyroid disease, previously born macrosomic 
newborns, previous history of shoulder impaction during 
delivery, OGTT is repeated at 34 weeks. Exclusion criteria 
were known diabetics, multiple pregnancies, thyroid dys
function, patients taking steroids or any other medications 
for chronic illness (s) and those with missing data. We 
have divided the normal range of FBS levels into lower 
normal (<80 mg/dL) and upper normal (80–120 mg/dL) to 
determine whether an early measurement of normal but 
categorized (upper normal or lower normal) FBS levels 
would correlate with fetomaternal outcomes. Based on 
that, patients were divided into 2 groups; group 1 with 
a FBS less than 80 mg/dl and group 2 with a FBS 80– 
120 mg/dl. Pregnancy outcomes were then compared 
between the 2 groups. The 120 mg/dl was chosen as 
those with higher than 120 mg/dl fulfill the criteria of 
a manifest diabetes.5

Gestational age was confirmed by early ultra-sound 
(US) scan before 16 weeks of gestation. All FBS samples 
were measured at our biochemistry laboratory. FBS was 
measured using GLUC3 cassette from Roche, Germany. 

The normal range for this cassette is 70–110 mg/dL. From 
patients’ records we collected data regarding patients’ age, 
body mass index (BMI), FBS early in pregnancy, and any 
complication in the pregnancy or the pregnancy outcome 
including miscarriage (defined as pregnancy loss before 
completed 24 weeks gestation), preterm delivery (defined 
as spontaneous vaginal delivery before completed 37 
weeks gestation), gestational age at delivery, polyhydram
nios (defined as a deepest vertical pocket of ≥8 cm; 
Society for Maternal-Fetal Medicine recommendations), 
congenital abnormality (minor or major), stillbirth, intra- 
uterine fetal death (IUFD), pre-eclamptic toxemia (PET), 
neonatal death and mode of delivery. For those who under
went cesarean section (CS), the indications were also 
identified. Fetal outcome included birth weight; APGAR 
score at 1 minute and APGAR score at 5 minutes. The 
APGAR score was determined by the neonatologists who 
routinely attend deliveries at our hospital.

We also identified those who were diagnosed to have 
gestational diabetes mellitus (GDM) with any intervention 
(metformin or insulin and their dosages). Diagnosis of 
GDM was based on a standard 75 OGTT at 26–28 weeks 
gestation. A normal FBS level is lower than 95 mg/dL, 
one hour lower than 180 mg/dL, two hours lower than 
155 mg/dL, three hours after drinking the glucose solution, 
and a normal blood glucose level is lower than 140 mg/dL. 
Data concerning the primary outcomes such as the diag
nosis of GDM and preterm birth were collected from 
patients’ files (both paper and electronic); antenatal clinic 
appointments, admission notes and delivery records. The 
study flow is shown in Figure 1.

Figure 1 Study flow chart. 
Abbreviations: BMI, body mass index, FBS, fetal bovine serum, GDM, gestational 
diabetes mellitus.
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Statistical Analysis
Statistical analysis was performed using Statistical Package 
for Social Sciences (SPSS) version 16 (Chicago, Illinois, 
USA). Quantitative results were shown as mean ± standard 
deviation (SD). Qualitative results were shown as counts and 
percentages (%). The significance of associations between 
fasting blood sugar category (above 80, or lower than or 
equal to 80) and quantitative variables was tested by analysis 
of variance (ANOVA). The association between fasting 
blood sugar category (above 80, or lower than or equal to 
80) and categorical variables was tested by Chi-square χ2 
test. Results were considered statistically significant when 
P value is less than 0.05. The study sample size was powered 
for the primary outcomes; GDM and preterm birth.

Ethical Approval/Patient Consent
The study obtained approval of the institutional review 
board (IRB) at Jordan University Hospital number; 129/ 
2019, dated 19/03/2019. It was also registered with clin
icaltrials.gov with a unique identifier number; 
NCT04756102. The consent form was waived as the 
study was a retrospective review of the medical files and 
anonymity was maintained all the way during data collec
tion and manuscript writing. This study was conducted in 
accordance with the declaration of Helsinki.

Results
There were 130 women in group 1 and 88 in group 2. No 
statistical difference between the two groups regarding 
maternal age and BMI was detected (Table 1). There 
were more statistically significant cases diagnosed with 
GDM in group 2 than in group 1 (39.8% vs 16.9%, 
P value 0.000). Consequently, there were more cases that 
needed pharmacological intervention in the form of met
formin or insulin or both in group 2 than in group 1 (p 
value 0.007 and 0.061, respectively) (Table 1). Even if 

FBS ≤80 mg/dL, GDM was not excluded but its risk was 
reduced significantly (Table 1). OGTT test was performed 
for all subjects as a routine practice at JUH and it was used 
to diagnose GDM later even in subjects with FBS <80 mg/ 
dL before 20 weeks. A Receiver operating characteristic 
(ROC) curve was drawn on SPSS to find the cut-off value 
of FBS that is associated with GDM and found to be 
75.5 mg/dL (Figure 2).

Polyhydramnios was seen more in group 2 than in 
group 1 but this difference did not reach a statistical sig
nificance (9.1% vs 3.1%, p value 0.056) (Table 2). There 
was no statistically significant difference between the 2 
groups in relation to all other fetomaternal outcome that 
were studied (Table 2). Only 11 women in group 2 
(12.5%) had FBS more than 95 mg/dl.

Discussion
Our findings showed a significant association between FBS 
level between 80 and 120 mg/dl in pregnant women and the 
development of GDM (group 2, 39.8% vs group 1, 16.9%, 
P value 0.000) with a statistically significant need for pharma
cological intervention, either metformin, insulin or both, in 
group 2 than in group 1 (p value 0.007 and 0.061, respectively). 
Twenty-two subjects in group 1 developed GDM later in 
pregnancy and they were diagnosed in reference to the results 
of OGTT test that is routinely performed for all patients at 26– 
28 weeks of gestation. Other factors that might have contrib
uted to this including family history and/or BMI, which was 
elevated on average in this group (Table 1). The elevation in 
FBS in group 2 increased polyhydramnios but not significantly 
(group 2, 9.1% vs group 1, 3.1%, p value 0.056). In our study, 
the difference in BMI between the two groups was not statis
tically significant (P value 0.504). This excluded the influence 
of weight on the difference in the risk of glucose intolerance 
and development of GDM between group 1 and 2. However, 
the mean BMI was 28.9±6.4 and 29.4±5.2 in group 1 and 2, 

Table 1 Clinical Characteristics of Subjects Based on Their Fasting Blood Sugar Level

Clinical Characteristics Group 1 N=130 Group 2 N=88 P

FBS 73.0±5.0 88.4±8.5 0.000
Age 31.5±4.7 31.9±4.9 0.497

BMI 28.9±6.4 29.4±5.2 0.504

Diagnosed with GDM 22 (16.9) 35 (39.8) 0.000
Intervention Metformin 20 (15.4) 27 (30.7) 0.007

Insulin 6 (4.6) 10 (11.4) 0.061

Notes: Qualitative data was represented as counts and (percentages). Quantitative data was represented as mean + standard deviation. P value less than 0.05 was 
considered significant. 
Abbreviations: BMI, body mass index; FBS, fasting blood sugar; GDM, gestational diabetes mellitus.
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respectively. Studies from other research groups showed that 
obese women were 3 to 5.5 times more likely to develop GDM 
than normal weight women.6 Both groups were not known to 
have thyroid disease. Thyroid disorders and diabetes were 
known to be associated and the prevalence of specific thyroid 
disorders in diabetic subjects was found to be two times 
higher.7,8 Our patients were not receiving medications like 
steroids that could cause elevated blood glucose levels.9 Both 
groups also had no previous miscarriages. We found more 
cases of polyhydramnios in the second group but this finding 
did not reach a statistical significance. There was no significant 
difference in preterm birth or gestational age at delivery. In 
a retrospective cohort study10 comparing fetomaternal out
comes in gestational diabetes and lesser glucose intolerance 
degrees, an increased risk of pre-eclampsia and macrosomia 
was found in both the GDM and impaired fasting glucose. 
They also found an increased risk of polyhydramnios similar to 
our finding. In our study, there was no significant difference in 
development of PET or macrosomia. Mild gestational diabetes 
was associated with perinatal morbidity through an increased 
GDM diagnosis.11 We found a statistically significant increase 
in the diagnosis of GDM and the need for pharmacological 
intervention in group two (P value 0.00). This indicated the 
need to scrutinize those pregnant patients with impaired fasting 
glucose. As it was done in our study within the context of 
booking tests, FBS could serve as an easy to do and affordable 
potential laboratory test in early pregnancy. Yoffe et al12 

suggested that circulating microRNAs were potential biomar
kers and could be a novel early non-invasive diagnostic tool for 
GDM. Correa et al13 used fasting blood glucose in addition to 
other first trimester maternal biomarkers for early prediction of 
GDM. Other investigators also used different biomarkers for 
early diagnosis of GDM.14–17

There were no statistically significant differences 
between the 2 groups in relation to congenital anomalies, 
PET, IUFD, stillbirth, birth weight and cesarean delivery. 
Stogianni et al18 in a similar population size to our study 
found that GDM did not increase risk of cesarean section, 
preterm delivery and large for gestational age (LGA) 
compared with pre-gestational diabetes patients.

In a large study, GDM that necessitated insulin therapy 
was found by Billionnet et al19 to be associated with 
a moderately increased risk of adverse perinatal outcomes. 
This influence was not seen in our study since the number of 
women in our study who were diagnosed with GDM and 
required insulin treatment in group 2 was only 10. Around 
one-third of our patients who were diagnosed with GDM in 
group 2 were given metformin. This might have contributed 
to the absence of any case of PET in this group. Metformin 
might play a role in the prevention of preeclampsia through 
reducing the production of antiangiogenic factors and the 
improvement of endothelial dysfunction.20

There were no cases of fetal macrosomia in our study as 
even cases that subsequently developed GDM were treated 
and controlled. Kc et al21 found that fetal macrosomia was 
a common adverse sequel of unrecognized and untreated 
GDM. Hartling et al22 in their review found that treatment 
of GDM resulted in less preeclampsia and macrosomia. 
There was no significant difference in cesarean delivery 
rate among the 2 groups in our study. Nakabuye et al23 in 
their prospective cohort found that macrosomia was the only 
obstetric outcome that was significantly associated with 
hyperglycemia with no difference in neonatal outcome. 
The HAPO Study Cooperative Research Group found 
strong, continuous associations of maternal glucose levels 
below those diagnostic of diabetes with increased birth 
weight and increased cord-blood serum C-peptide levels.1 

Unfortunately, they did not study the effect on APGAR 
scores. APGAR scores were not significantly different in 
our patients. In GDM patients who were untreated, Maryns 
et al24 found that there were more cases of pre-eclampsia 
and more neonatal admissions than in the treated group. In 
addition, pregnancy duration was shorter and APGAR score 
at five minutes was significantly lower in the untreated than 
the treated group.

Figure 2 Receiver operating characteristic (ROC) curve. 
Note: Threshold point is marked with an arrow and is equivalent to 75.5 mg/dL 
fasting blood sugar level.
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Our study findings could be used to encourage follow- 
up of those with hyperglycemia and those who were diag
nosed with GDM. Dalfrà et al25 concluded that postpartum 
follow-up and adherence factors of those with GDM were 
important. Moreover, ongoing glucose screening was 
found to be indicated for all women with GDM.26

The strengths of this study were an adequate sample 
size and controlling for multiple confounding factors such 
as age, multiple deliveries and BMI. The main aim of 

this study was to find out whether normal FBS levels at 
an early time during pregnancy might act as an early 
alarm that implicated certain risks and effects on fetoma
ternal outcome. Although our sample was adequate, repe
tition of this study in multi-racial populations with 
a larger sample size may show a clearer influence on 
fetomaternal outcome. Retrospective nature of our study 
was a limitation. We recommend prospectively repeating 
such a study.

Table 2 Pregnancy, Delivery and New-Born Data of Subjects Based on Their Fasting Blood Sugar Level

Delivery and New-Born Data Group 1 N=130 Group 2 N=88 P

History of miscarriage 0 (0) 0 (0) -

Preterm delivery 19 (14.6) 17 (19.3) 0.361

Mode of delivery (NVD:CS) 72:58 (55.4:44.6) 43:45 (48.9:51.1) 0.346

CS indications (elective: urgent) 68:33 (67.3:32.7) 41:17 (70.7:29.3) 27:16 (62.8:37.2) 0.408

Elective Maternal request 5 4
Breech 1 2

LGA 1 1

Previa 0 0
Others 33 21

Urgent FD 5 3
FTP 0 3

APH 1 0
PET 2 1

Abruption 0 0

Cord collapse 0 0
Failed vacuum or forceps 0 0

Others 9 8

GA at delivery 38.1±1.7 37.8±1.5 0.332

Polyhydramnios 4 (3.1) 8 (9.1) 0.056

PET 1 (0.8) 0 (0) 0.412

Birth weight 3.0±0.7 3.0±0.4 0.924

Twins 5 (3.8) 2 (2.3) 0.520

Stillbirth 0 (0) 0 (0) -

Congenital abnormality 0 (0) 2 (2.3) 0.084

Neonatal death 1 (0.8) 0 (0) 0.412

IUFD 1 (0.8) 0 (0) 0.412

APGAR score at 1 minute 7.90±0.8 7.94±0.4 0.407

APGAR score at 5 minute 8.92±0.6 8.99±0.2 0.348

Notes: Qualitative data was represented as counts and (percentages). Quantitative data was represented as mean + standard deviation. P value less than 0.05 was 
considered significant. 
Abbreviations: APGAR, appearance, pulse, grimace, activity, and respiration; APH, Antepartum haemorrhage; CS, Caesarean section; FBS, fasting blood sugar; FD, fetal 
distress; FTP, failure to progress; GA, gestational age; IUFD, intrauterine fetal death; LGA, large for gestational age; NVD, normal vaginal delivery; PET; pre-eclamptic 
toxaemia.
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Conclusions
Elevated early pregnancy maternal fasting blood glucose 
levels (before 20 weeks of gestation) to 80 mg/dL-120 mg/ 
dL are associated with a higher risk for GDM development 
when compared to values <80 mg/dL. However, a high 
proportion of primigravidas with FBS <80 mg/dL before 
20 weeks of gestation are overweight, thereby, the risk for 
GDM cannot be excluded in these subjects and the FBS 
test, therefore, cannot replace the 26–28 weeks OGTT in 
this population. When considering other parameters, an 
association of FBS level with polyhydramnios was 
found, though insignificant. No influence was detected on 
preterm birth, fetal weight, mode of delivery or APGAR 
score. Clinicians should give more attention to FBS levels 
early in pregnancy as a preventive step to decrease the risk 
for later complications.
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