
Med. J. Cairo Univ., Vol. 90, No. 7, December: 2339-2346, 2022  

www.medicaljournalofcairouniversity.net  

Evaluation of Insulin Resistance among Full Term and Preterm  

Newborn Infants using Homeostasis Model Assessment - Insulin  
Resistance  

DINA M. AKMAL, M.D.*; HEBATALLAH ABOU HUSSIEN, M.D.*; NERMINE M. RIAD, M.D.**;  
MOHAMED MAHMOUD, M.Sc.***; RASHA H. SAYED, M.D.** and IRENE E. BISHAI, M.D.**  

The Departments of Pediatrics & Neonatology*, Clinical & Chemical Pathology**, Faculty of Medicine, Cairo University and  

Department of Pediatrics & Neonatology***, Portfouad Emergency Hospital, Portfouad, Portsaid  

Abstract  

Background:  Insulin resistance (IR) is a key factor in the  
etiology of type 2 diabetes mellitus, dyslipidemia, hypertension,  

vascular diseases and may have a role as well in stroke and  
coronary heart disease. Poor nutrition in fetal and early infant  

life and prematurity affects the development and activity of  

P  cells of islets of Langerhans. Early changes in insulin and  

cortisol hormones levels affect glucose homeostasis and may  

later lead to IR and obesity.  

Aim of Study:  The purpose of this study is to evaluate IR  

using homeostasis model assessment-insulin resistance (HO-
MA-IR) and its relation to gestational age among full term  
(FT) and preterm infants (PT).  

Patients and Methods:  Eighty newborn infants between  
28 and 41 gestational weeks delivered by vaginal delivery  
(VD) or Caesarian Section (CS) were enrolled in this study.  

Three milliliters of umbilical venous blood were obtained  

immediately after birth to measure both insulin and cortisol  

levels by Enzyme-linked Immunosorbent Assay and glucose  

level, HOMA-IR and glucose insulin ratio (GIR) were cal-
culated.  

Results:  In this cross-sectional study, cord blood insulin  

and HOMA-IR levels were significantly higher in PT groups  
than FT groups with p-value <0.001. Other biochemical tests  
such as cord blood glucose, cortisol levels and GIR were  
higher in FT groups than PT groups with p-value: 0.01, <0.001  
and <0.001 respectively. In the study population, An inverse  

relation was found between gestational age with insulin and  

HOMA-IR while a positive one was observed between gesta-
tional age with cortisol and glucose levels. Vaginal delivered  

FT and PT neonates had higher levels of cord blood cortisol  

than delivered by CS. Anthropometric measurements revealed  

highly statistically significant differences between FT and PT  

newborns with p-value <0.001.  

Conclusion:  Increased levels of insulin and HOMA-IR  
in PT newborns signify its role as a risk factor for development  
of diabetes in these newborns later. Elevated level of cortisol  

in FT newborns more than PT reflects its role in fetal matu- 

Correspondence to:  Dr. Irene E. Bishai  
E-Mail: irir@aucegypt.edu  

ration and neonatal adaptation after birth. Cortisol was higher  

in VD newborns as it has a direct relationship with the maternal  
and fetal stress witnessed during delivery as compared to CS.  

The inverse relationship between cortisol and insulin suggests  
the former being responsible for impaired P  cell function and  
insulin sensitivity.  
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Introduction  

TYPE 2  diabetes, vascular diseases, metabolic  
disturbances of lipids have always been strongly  

linked to insulin resistance (IR) [1] . To illustrate,  
insulin sensitivity is always defined as the insulin  

role in decreasing plasma glucose level either by  

decreasing its formation in liver or by increasing  
its uptake by adipocytes and muscles. IR is the  

disturbance in this physiological mechanism or  
other nutrient metabolism such as lipids, protein  
or carbohydrates [2] .  

IR can be assessed by various methods, such  

as the HOMA-IR which is the homoeostasis model  

assessment-insulin resistance that evaluates the ( - 
cell function on one hand and the glucose-insulin  
homeostasis on the other hand [3] . Insulin level  
and basal plasma glucose level are used to find  
out HOMA-IR [4] . Researches too have found an  
association between stage of immaturity and plasma  
insulin level. In other words, in premature infants,  
there is disruption in the insulin signal transduction  
pathway, hence insulin demand rises and the prob-
ability of developing hyperinsulinemia and IR is  

elevated [5] .  

Cortisol, as an adrenocortical hormone, may  

play a big role in the development of IR cause it  
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not only disrupts the insulin release in response to  

an elevated plasma glucose stimulus but also im-
pairs 0  cell function [6] . In contrast, cortisol level  
starts to progressively increase only after the thirty's  

of week of gestation cause of its role in terminal  
fetal development and neonatal adapting at birth  

[7,8] . In addition, cortisol is used a stress maker  

denoting any stress condition including mode of  
delivery [9] .  

The aim of the present study is to detect the  

following items:  
• The frequency of IR among enrolled full term  

(FT) and preterm (PT) newborn infants.  

• The correlation between IR and gestational age.  

• The impact of the mode of delivery on develop-
ment of IR.  

• The correlation between cord plasma cortisol  
with HOMA-IR.  

Patients and Methods  

This cross-sectional study was conducted in  

the Obstetrics and Gynecology, Pediatrics and  

Clinical Pathology Departments from November  
2017 to June 2018; Faculty of Medicine, Cairo  
University. All data regarding mother and newborn  
were collected from the files of the hospital. Ap-
proval of the study was obtained from The Ethical  
Committee at the Faculty of Medicine, Cairo Uni-
versity and an informed consent was obtained from  

parents prior to data collection.  

Eighty newborn infants between 28 and 41  

gestational weeks were included in this study and  

were divided into 4 groups: [Group 1 (G1): 20  

term newborn infants delivered by normal vaginal  
delivery, Group 2 (G2): 20 term newborn infants  

delivered by cesarean section, Group 3 (G3): 20  

preterm newborn infants delivered by normal vag-
inal delivery and Group 4 (G4): 20 preterm newborn  

infants delivered by cesarean section]. Infants of  
mothers suffering from any infectious diseases or  

having obstetric complications or on dexametha-
sone before delivery are not included. FT and PT  
newborns with a 5 th-minute Apgar score less than  
8 are also excluded.  

Systemic examination and vital signs and ges-
tational age were assessed after birth. Resuscitation  

was done according to the guidelines of neonatal  
resuscitation program, published by the American  

Academy of Pediatrics and American Heart Asso-
ciation [10] . Finally, Apgar score was done at 1 st  

minute and 5 th  minute Postpartum [11]  and anthro-
pometric measurements of babies were recorded.  

Sample collection:  

Venous cord blood (VCB) was collected under  

aseptic conditions from the umbilical cords of all  
80 newborns immediately after delivery, but prior  

to expulsion of placenta. Three mL blood were  
drawn from the umbilical cord veins and were  

divided into 1 ml on a fluoride vacutainer for meas-
uring plasma glucose level (within 4 hours of  

collection) and 2ml on a plain vacutainer for meas-
uring insulin and cortisol levels.  

Samples were taken to determine blood Glucose  

level (mg/dL) by AU 680 Beckman in addition to  
Insulin (µIU/mL) (DRG catalog number: EIA-
2935, Germany) as well as Cortisol (ng/mL) levels  

(DRG catalog number: EIA-1887, Germany) by  

Enzyme-linked immunosorbent assay (ELISA).  

HOMA-IR Calculation represents insulin resist-
ance (IR) which is HOMA-IR = Fasting insulin  
(µU/mL) x fasting glucose (mg/dL) / 405. Glucose  
insulin ratio (GIR) Calculation represents insulin  

sensitivity (IS), GIR = Fasting glucose / fasting  
insulin.  

Statistical analysis:  
Version 20.0 (SPSS Inc., Chicago, Illinois,  

USA) was used to analyze the recorded data. While  
mean ± standard deviation is used to analyze quan-
titative data, percentage and frequency express  

qualitative ones. This research uses more than one  

test of significance such as Chi-square (X 2) test  
of significance and Pearson's correlation coefficient  

(r) and the t-test of significance. Another tool was  
used to detect the optimum cut off, Receiver oper-
ating characteristic (ROC curve) analysis, this  

analytical curve includes both sensitivity and spe-
cificity.  

p-value was determined, it was considered  

significant if less than 0.05 and highly significant  

if less than 0.001, this conclusion is based on  

confidence interval set to 95% and error margin  
of error set to 5%.  

Results  

Demographic data and Anthropometric meas-
urements for full-term (FT) and preterm (PT)  

newborns showed highly statistically significant  

differences with p-value less than 0.001 (Table 1).  
On the other hand, neither demographic data nor  

Anthropometric measurements showed statistically  
significant differences between G1 & G2 or be-
tween G3 & G4 groups regarding sex, gestational  
age (GA) and anthropometric measurements ( p-
value >0.05 for all parameters).  
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Table (1): Comparison between FT (G1 & G2) and PT (G3  

& G4) newborns according to sex, gestational age  
and anthropometric measurements.  

FT (N=40)  
(G1 & G2)  

PT (N=40)  
(G3 & G4)  

p- 
value  

Sex:  
Male  16 (40%)  19 (47.5%)  0.499  
Female  24 (60%)  21 (52.5%)  

Mean ± SD  Mean ± SD  

GA/weeks  38.50±0.96  32.65±2.46  <0.001**  
Birth weight (kg)  3.32±0.42  1.95±0.46  <0.001**  
Length (cm)  49.74±1.76  46.01±1.82  <0.001**  
Head circumference (cm)  35.74±1.34  32.58±2.04  <0.001**  
Chest circumference (cm)  35.26±1.37  30.84±1.43  <0.001**  
Mid arm circumference (cm)  12.21±0.68  9.30±0.79  <0.001**  

*p-value <0.05 Significant.  
**p-value <0.001 Highly Significant.  
cm  : Centimeter.  
GA 

 
: Gestational age. 

kg.  : Kilogram. 
N 
 

: Number. 
SD 

 

: Standard deviation.  

With respective to biochemical parameters and  

insulin resistance (IR) markers; Glucose level,  
cortisol level and Glucose insulin ratio (GIR) were  
significantly higher in FT groups compared to PT  
groups (p-value 0.010, <0.001 and <0.001 respec-
tively) (Table 2). On the other hand, the insulin  
level and HOMA-IR were significantly higher in  
PT groups than FT groups (p-value: <0.001 for  
both), the mean values of the former were almost  
double those of the latter group (Table 2).  

Table (2): Comparison between FT (G1 & G2) and PT (G3  

& G4) newborns according to biochemical param-
eter and IR markers.  

Biochemical parameters & FT (N=40)  
IR markers (G1 & G2)  

PT (N=40)  
(G3 & G4)  

p- 
value  

Mean ± SD  Mean ± SD  

Glucose (mg/dL)  84.08±17.36  74.00±16.80  0.010*  
Insulin (mIU/mL)  9.56±5.11  18.01±5.84  <0.001**  
Cortisol (ng/mL)  362.15±91.57  218.65±37.59  <0.001**  
HOMA-IR  1.97±1.14  3.16±0.98  <0.001**  
GIR  11.49±6.56  4.82±2.45  <0.001**  

*p-value <0.05 S.  
**p-value <0.001 HS.  
GIR 

 

: HOMA-IR, Homeostasis model assessment-insulin resistance. 
N 
 

: Number. 
SD 
 

: Standard deviation. 
FT 
 

: Full term. 
PT 
 

: Pre-term.  

In FT, comparison between (G1) VD and (G2)  
CS regarding the biochemical parameters and IR  
markers, there were statistically significant differ-
ences between them in glucose and cortisol levels.  
The former levels were higher in (G1) than (G2),  
with p-value: 0.022 and the latter levels were  

markedly higher in (G 1) than (G2), with p-value  
<0.001 as per Table (3). However, there were no  
statistically significant differences between (G1)  
and (G2) neither in Insulin levels, HOMA-IR and  

GIR nor with sex, GA and anthropometric meas-
urements (p-value >0.05 for all parameters).  

Table (3): Comparison between FT, VD (G1) and FT, CS (G2)  

according to biochemical parameters and IR mark-
ers.  

Biochemical  
parameters &  
IR markers  

FT, VD  
(N=40)  

(G1)  

FT, CD  
(N=20)  

(G2)  

p - 
value  

Mean ± SD  Mean ± SD  

Glucose (mg/dL)  90.25±13.57  77.90±18.81  0.022*  

Insulin (mIU/mL)  9.73±5.23  9.39±5.13  0.837  

Cortisol (ng/mL)  424.65±85.14  299.65±41.72  <0.001**  

HOMA-IR  2.20±1.33  1.73±0.89  0.198  

GIR  11.86±6.13  11.12±7.11  0.726  

p-value >0.05 NS. FT 
 

: Full-term.  
*p-value <0.05 S. G 

 
: Group.  

**p-value <0.001 HS. GA 
 
: Gestational age.  

GIR: Glucose insulin ratio.  
HOMA-IR: Homeostasis model assessment-insulin resistance.  

N : Number.  
SD: Standard deviation.  

In PT, comparison between VD (G3) and CS  
(G4), there were statistically significant differences  

between them according to cord blood cortisol  
levels and HOMA-IR. Cortisol levels were mark-
edly higher in (G3) than (G4) with p-value <0.001  
and HOMA-IR was higher in (G4) than (G3) with  

p-value 0.003 (Table 4). Nevertheless, there were  

no statistically significant differences between  

(G3) and (G4) regarding neither glucose, Insulin  

levels and GIR nor sex, GA and anthropometric  
measurements (p-value >0.05 for all parameters).  

Table (4): Comparison between PT, VD (G3) and PT, CS (G4)  

according to biochemical parameters and IR mark-
ers.  

Biochemical  
parameters &  
IR markers  

Mean± SD Mean± SD  

Glucose (mg/dL) 71.80±18.84 76.20±14.63 0.415  

Insulin (mIU/mL) 16.58±6.38 19.45±5.00 0.122  

Cortisol (ng/mL) 247.05±28.21 190.25±20.16 <0.001**  

HOMA-IR 2.72±0.74 3.61±1.01 0.003*  

GIR 5.38±2.99 4.26±1.65 0.152  

p-value >0.05 NS. FT 
 

: Full-term. 
*p-value <0.05 S. G 

 

: Group. 
**p-value <0.001 HS. GIR 

 

: Glucose insulin ratio.  
HOMA-IR: Homeostasis model assessment-insulin resistance.  

N : Number. VD: Vaginal delivery.  
SD: Standard deviation. CS : Cesarian section.  

PT, VD (G3) PT, CS (G4) p - 
(N=20) (N=20) value  
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The research is extended to study different  

biochemical parameters and their correlations with  
FT and PT newborns. In FT, significant positive  
correlations were revealed between cortisol &  
glucose, HOMA-IR & insulin (Fig. 1) and GIR &  
cord blood glucose. On the other hand, there were  

negative significant correlations between GIR and  
both cord blood insulin & HOMA-IR. In PT, similar  
positive significant association were noticed, how-
ever, negative significant association were revealed  

between HOMA-IR & cortisol and between insulin  
and both glucose & cortisol.  
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Fig. (1): Scatter plot between HOMA-IR and insulin.  

Diagnostic Performance of HOMA-IR:  

The sensitivity of HOMA-IR in discrimination  
of pre-term and full term in terms of specificity,  

sensitivity and predictive value was studied. Re-
ceiver operating characteristics (ROC) curve was  

used to define the best cut off value of HOMA-
IR, between FT and PT, newborns. The cut off  
value was > 1.8 1, with sensitivity of 95% specificity  

of 65% positive predictive value of 73%, negative  
predictive value of 93% with diagnostic accuracy  

of 81% as per Table (5) and Fig. (2).  

Table (5): Diagnostic Performance of HOMA-IR in Discrim-
ination of GA weeks.  

GA  Cut-off  Sen.  Spe.  PPV  NPV  Accuracy  

28wks  >2.47  100%  53.8%  5.3%  100%  65.4%  
29wks  >2.73  100%  57.3%  8.6%  100%  65.1%  
30wks  >4.28  60%  95.7%  50%  97.1%  81.1%  
31wks  >3.05  100%  74.6%  15%  100%  80.1%  
32wks  >2. 11  100%  51.5%  11.1%  100%  66.1%  
33wks  >2.76  100%  71.9%  27.3%  27.3%  100%  
34wks  >1.68  100%  47.3%  21.6%  100%  62.7%  
35wks  >2.47  100%  73.9%  20%  100%  78.3%  
36wks  >1.81  100%  63.4%  25%  100%  84.6%  
37wks  >1.18  100%  33.3%  26.7%  100%  64.8%  
3 8wks  >1.65  58.3%  61.9%  46.7%  72.2%  54.4%  
39wks  >1.21  53.3%  66.7%  80%  36.4%  51.1%  
40wks  >1.21  53.3%  66.7%  80%  36.4%  51.1%  

GA : Gestational age. Sen: Sensitivity.  
NPV: Negative predictive value. Spe: Specificity.  
PPV: Positive predictive value.  

HOMA-IR  
100  

80  

60  

40  

20  

0  

0 20 40 60 80 100  
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Fig. (2): Receiver-operating characteristic (ROC) curve,  

diagnostic Performance of HOMA-IR in Discrim-
ination different GA.  

Discussion  

The intrauterine environment and the first few  

minutes after birth are commonly considered as  

major risks of diseases later in life. For example,  
abnormal intrauterine conditions, resulting in rel-
atively low birth weight, often increase the risk of  
many adult onset diseases such as cardiovascular  

and coronary diseases, hypertension and type 2  

diabetes mellitus [12] . According to Charles et al.,  
the poor infant and fetal nutrition always have  

negative impact on the activity of 0  cells of islets  
of Langerhans [13] . Such early changes in cortisol  
and insulin levels result in disruption in the glucose  

homeostasis and eventually more liable to obesity  
and insulin resistance later in adulthood [14] . In  
other words, this high PT level of IR persists into  
adulthood. For example, early poor intrauterine  

nutrition results in low insulin requirement, conse-
quently any abnormal or sudden state of a balanced  

or over nutrition provoke the resting phase of islets  
cells to secrete insulin leading to hyperinsulinemia  
and eventually diabetes [15] .  

Cortisol is an adrenocortical hormone, which  

has a major regulatory action in terminal maturation  

of the fetus and neonatal adaptation at birth. It also  

has a stress responsive action so it can be used as  
a stress marker at delivery room in relation to mode  

of delivery [9] . In our study, comparison between  

FT and PT groups showed that glucose level, cor-
tisol level and GIR were significantly higher in  
the FT groups (p-value: 0.0 10, <0.00 1 and <0.00 1  
respectively). In contrast, the insulin level and  

HOMA-IR were significantly higher in PT groups  
than FT groups (p-value: less than 0.001 for both).  
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In agreement, Bagnoli et al.'s research revealed  

that both insulin levels and HOMA-IR were higher  

in PT than FT infants [16] . This can be explained  
by the anabolic role of insulin and its increase need  
in PT newborns for fetal growth and development  
[17].  

While Insulin has a direct relation with HOMA-
IR, cortisol was negatively associated with HOMA-
IR in both FT and PT newborns. In agreement to  
our research, Ahmad et al., noticed that the mean  

cord blood glucose and cortisol levels in FT new-
borns were significantly higher than those in PT  

infants, while HOMA-IR and Insulin levels were  

found more in PT newborns than in FT newborns  

[18].Therefore, the disruption of the insulin signal  
transduction leads to hyperinsulinemia and insulin  
resistance [5,19] .  

On the other hand, in our research the high  
levels of cortisol in FT groups than PT groups can  
be explained by cortisol regulatory action for fetal  
terminal maturation and eventually adaptation at  
birth [9,20] . By the second trimester, the activity  
of 11 β -hydroxy steroid oxidoreductase increases,  
therefore lower level of cortisol detected in PT  
newborns in comparison to FT [21] . Bagnoli et al.,  
found positive significant correlation between GA  
with ACTH and cord blood cortisol [7] . He also  
noticed that cord blood cortisol level was higher  
in FT and PT groups that delivered vaginally than  
delivered by CS. The higher cord blood glucose  
levels observed in our study in FT can be explained  
by the inverse correlation between insulin and  
cortisol and reduced insulin release in response to  
a glucose stimulus [6] .  

Receiver operating characteristics (ROC) curve  
was used to define the best cut off value of HOMA  
IR, over preterm and full-term newborns, which  
was 1.81, with sensitivity of 95%, specificity of  
65%. Another ROC curves were used to define the  
best cut off value of HOMA-IR at different gesta-
tional ages which showed increasing cut off values  
with decreasing GA till 30 weeks of gestation  
where the highest cut off value of HOMA-IR >4.28.  
The cut off values decreased in 28 and 29 weeks  
of gestation but still more than the cut off value  
1.81 that diagnose IR. This relatively decreased  
values can be explained by the limited number of  
cases at this age included in our study hence further  
studies is needed to evaluate cut off value of HO-
MA-IR in newborns delivered at 28 and 29 weeks  
of gestation. Bagnoli et al., noticed that the cord  
blood insulin and HOMA-IR values were highest  
at very PT neonates with GA less than 30 weeks,  
but cut off value of HOMA-IR at this age group  
wasn't defined [16] .  

In our study, comparison between full term  
groups G1 (VD) and G2 (CS) revealed statistically  
significant differences between them in cortisol  

levels. Cortisol levels were markedly higher in G1  
than G2, with p-value less than 0.001. In agreement  
to our study, Vogl et al., detected an association  

between the mode of delivery and maternal & fetal  

endocrine stress response in 103 FT neonates [22] .  
His research revealed lower levels of CS cord  
blood epinephrine, norepinephrine and cortisol  
than those delivered by simple VD, VD with epi-
dural anesthesia and ventouse extraction. Further-
more, in a prospective study with 280 newborns  
enclosed at 3 Swiss university hospitals by Schuller  
et al., he found that newborns delivered vaginally  
show higher levels of cord blood cortisol than  
those delivered by elective CS [23] . In agreement,  
Sano et al., showed significant positive correlations  
between cord blood cortisol level and delivery  
duration being higher during VD [24] . Therefore,  
the relatively high stress in VD than CS explains  
the elevated cord blood cortisol in G1 than G2 in  

our research [25] .  

In our study, another comparison was done  
between G1 and G2 that revealed statistically  
significant differences between them with respec-
tive to glucose levels. Glucose levels were higher  
in G1 than G2, with p-value 0.022. Hussein et al.,  
at Khartoum Hospital, and Marom et al. and Melkie  
et al., found that cord blood glucose level was  
significantly higher in vaginally delivered than  
cesarean delivered neonates [26-28] . These results  
can be explained by the negative relation that was  
noticed between insulin and cortisol, which indicate  
an association between high cortisol with a decrease  
in 0  cell function and decrease insulin release in  
response to a glucose stimulus [6] . Alternatively,  
the elevated cord blood glucose concentration  
among VD could also be due to glycogenolysis  
aggravated by stress hormones such as cortisol and  
catecholamines [29] . Hence, glycogen stores might  
be rather decreased in VD infants when compared  
to those of CS infants resulting in the blood glucose  
differences observed at 2h of life between these  
two groups of babies [30,31] . Finally, there were  
no statistically significant differences between  
(G1) and (G2) in sex, GA and anthropometric  
measurements (p-value >0.05 for all parameters).  

In our study, we further analyzed and compared  
the HOMA-IR and cortisol levels with respective  
to mode of delivery in PT groups. To start with,  
for PT infants delivered by VD (G3) and CS (G4),  
HOMA-IR was statistically significantly higher  
in (G4) than (G3) with p-value 0.003. In contrast,  
there was no correlation between mode of delivery  
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and HOMA-IR in FT groups. Cortisol levels were  

markedly higher in (G3) than (G4) with p-value  
less than 0.001, denoting a significant difference  

between them due to the stress of labor that in-
creases both the maternal and fetal cortisol and  

catecholamines. Scientists believe that at full term,  

there is full maturation in the hypothalamic pitu-
itary axis, however, PT newborns response to  
different stressful conditions is quantitatively less,  

hence denoting immaturity [32] . Nevertheless,  
there were no statistically significant differences  

between (G3) and (G4) regarding sex, GA and  
anthropometric measurements ( p-value >0.05 for  
all parameters).  

Conclusion and Recommendation:  
In conclusion, our study describes the trend of  

glucose, insulin, cortisol, HOMA-IR and GIR  
levels in cord blood of newborns with different  

gestational ages and different modes of delivery.  
Higher insulin and HOMA-IR levels were found  

in PT newborns as compared to FT newborns that  

could be responsible for development of metabolic  

diseases like diabetes and its complications in adult  

life due to high IR in this group of infants.  

Higher cortisol level was found in FT than PT  

newborns as a result of its major regulatory action  
in terminal maturation of the fetus and neonatal  

adaptation at birth. In addition, higher cortisol  
level was found in groups that delivered vaginally  

than delivered by CS as the former exhibits high  

maternal and fetal stress during delivery. However,  

Sex, GA and anthropometric measurements were  
not affected by mode of delivery. On the other  

hand, although HOMA-IR is not affected by the  

mode of delivery in FT groups, we noticed that it  
was higher in PT infant born by CS, who may have  
higher IR. This phenomenon requires more inves-
tigation to explain this relation.  

Finally, Since PT are at higher risk of develop-
ing hyperglycemia due to high IR, close monitoring  
is needed for blood glucose level and follow-up  
for development of metabolic diseases. Further  

studies are needed with larger population to deter-
mine the cut off value of HOMA-IR in the popu-
lation at 28, 29 weeks of pregnancy.  
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