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            Abstract

            
               
Introduction: Pregnancy is a diabetogenic state which places the mother as well as the foetus at high risk for certain complications even
                  though the woman is neither GDM nor overt diabetic. This study aims at estimation of HbA1c value after 24 weeks of pregnancy
                  and its correlation with the pregnancy outcome.
               

               Materials and Methods: The study was done among 60 healthy pregnant women who are between 18-35 years. HbA1c was estimated and they were followed
                  up for assessing pregnancy outcome. Birth weight >90th percentile, primary C-section, neonatal hypoglycaemia, any NICU admissions and neonate’s condition at discharge were assessed.
                  
               

               Results: The mean of haemoglobin, OGTT (fasting, 1-hour and 2-hours) and HbA1c were 11.25mg/dL, 81.73mg/dL, 120.75mg/dL, 104.13mg/dL
                  and 5.24% respectively. The trimester specific HbA1c levels in the second and third trimesters in the present study were found
                  to be 5.11% and 5.27% respectively. Among the study subjects 51 (85%) women had term delivery whereas 9 (15%) women had preterm
                  delivery. 42 women (70%) had normal delivery, 1(1.7%) patient had operative vaginal and the remaining 17(28.3%) patients had
                  emergency caesarean section. It was observed that 5(8.3%) subjects had LBW and 55(91.7%) had normal birth weight neonates. Two
                  neonates among the study subjects had NICU admission for other reasons.
               

               Conclusion: The results obtained by this study showed low or no significant relationship between HbA1c levels estimation during pregnancy
                  and pregnancy as well as foetal outcome, also adverse pregnancy outcomes have multifactorial influences rather than maternal
                  glycaemic status alone.
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               Introduction

            Pregnancy is a period where there will be considerable modifications in the maternal metabolism to adapt for the physical,
               structural, hormonal and psychological adjustments in the process of welcoming a new guest. As there is a continuous rise
               in post-prandial blood sugars during the whole pregnancy and in late pregnancy there will be increased insulin response, normal
               pregnancy is observed as a diabetogenic state.1 
            

            There will be energy stored in the early gestation which can be seen in the form of elevated maternal fat stores and reduction
               in concentration of free fatty acids. Maternal fasting glucose will be progressively decreased as there will be increase in
               fetoplacental utilization of glucose in later weeks of gestation.1 Also there is significantly lower insulin sensitivity during pregnancy when compared to that after delivery.2

            There are two forms of diabetes mellitus during pregnancy: pre-gestational or overt diabetes mellitus and gestational diabetes
               mellitus (GDM).3  Because of this poor glycaemic control preconceptionally in woman with overt diabetes and who is more prone for diabetes
               during her pregnancy, particularly during first trimester, the foetus is placed at a high risk of congenital anomalies especially
               cardiac and neural tube defects.4

            GDM usually appears in the second half of pregnancy and it will generally be resolved after delivery. GDM has greater impact
               on the foetal development and it has got higher risk of the foetus acquiring disorders like diabetes or obesity in the adult
               life. Likewise it may lead to adverse outcome in the mother like increased risk of development of gestational hypertension
               which may lead to pre-eclampsia. GDM itself, along with other associated conditions, is one of the most common causes of operative
               interventions. In India the rate of prevalence of GDM is reported to be ranging between 3.8% and 41%.5 
            

            There are studies showing that women who previously had GDM have increased insulin resistance, reduced capacity of insulin
               secretion or in some cases a combination of these both findings and these pregnant women are more prone to diabetes and other
               medical co-morbidities in the long term.6, 7, 8 Hence prompt diagnosis and appropriate control of the disease may help in reduction of adverse pregnancy and foetal outcomes.
            

            Diabetes mellitus in general population or GDM is conventionally diagnosed by oral glucose tolerance test (OGTT) which is
               considered as the test of choice. Other screening strategies can be used preceding OGTT like fasting glucose levels in the
               plasma (FPG) or a glucose load test.9 OGTT has been standardized for GDM diagnosis for several years. This test detects diabetes more effectively than fasting
               plasma glucose (FPG).10

            But for OGTT or FPG testing the patient requires overnight fasting and she is subjected to glucose intake in bolus which may
               be unpleasant for most of the women. It also requires intense labour, the test is time consuming and the test has low reproducibility.
               The American Diabetes Association, in the year 2010, integrated estimation of glycated haemoglobin (HbA1c) as a diagnostic
               standard for diabetes mellitus in the general population with a cut-off value of 6.5% which was later validated by WHO in
               the year 2011.11, 12 This cut off was found to have high specificity for the diagnosis of diabetes mellitus.13, 14, 15 
            

            Glycated haemoglobin (HbA1c) is a formed by non-enzymatic linkage of haemoglobin with any sugar. When the blood sugar levels
               are increased, which is observed in case of diabetes, it is depicted by elevated levels of glycated haemoglobin in the plasma.
               Therefore this feature can be used as a criterion for the diagnosis of diabetes mellitus. HbA1c is a measure which ascertains
               the average plasma glycemic level for the preceding three months. Hence it can also be used as a test for monitoring and surveillance
               of glycemic control in the diabetics.16 
            

            Hence in this study we are determining the estimation of HbA1c and correlating its value with the maternal and foetal outcome.

         

         
               Materials and Methods

            This prospective cohort study was conducted in a multispecialty tertiary care hospital catering to both rural and semi-urban
               population during September 2018 to June 2020. Healthy antenatal women who are neither previously overt diabetic nor having
               gestational diabetes in the previous pregnancies were selected. A total of 60 antenatal mothers between the age group of 18
               and 35 years and with gestational period more than or equal to 24 weeks, who were willing to participate were included in
               the study after getting proper informed and written consent. 
            

            All the pregnant women who are obese (with BMI ≥ 30), who had history of previous delivery by cesarean section or delivered
               an anomalous baby were excluded. Those patients with multiple pregnancy or those with anomalous baby (confirmed by anomaly
               scan), those who have other medical and pregnancy related complications like anemia, hypertension, pre-eclampsia, previous
               bad obstetric history and associated surgical complications or if the patient has conceived by ART/IVF techniques in the index
               pregnancy were also not included in the study. Those who were immune -compromised e.g. infection with HIV or Hepatitis B or
               C were also not taken in the study.
            

            The institutional ethical committee approval was taken before starting the study. General, physical and antenatal examinations
               were done for all the study subjects. Routine blood investigations along with an obstetric ultrasonography were done for these
               patients. About five milliliter of blood sample is collected and was given for HbA1c assessment by high performance liquid
               chromatography which was done on the same day of OGTT. Then the antenatal mothers were followed up till their delivery and
               the details of the delivery and newborn were collected at the time of delivery as follows: 1) type of delivery, 2) gestational
               age at the time of delivery, 3) newborn plasma glucose levels estimated as soon as possible after delivery and 4) Neonatal
               Intensive Care Unit (NICU) admission of the newborn with number of days (if any) and the reason for admission are recorded.
               The above mentioned parameters were studied separately and correlated with the HbA1c values.
            

         

         
               Results

            Different parameters were recorded for all the 60 patients and analyzed by studying them under various headings and the following
               variables:
            

            
                  
                  	
                      HbA1c

                  

                  	
                      Period of gestation at the time of delivery

                  

                  	
                      Type of delivery

                  

                  	
                      Birth weight of the newborn

                  

                  	
                      Glycemic status of the newborn

                  

                  	
                      NICU admission of the newborn and number of days of admission (if any)

                  

               

            

            

            
                  
                  Table 1

                  Distribution of HbA1c among the study subjects

               

               
                     
                        
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            Mean

                           
                        
                        	
                              
                           
                            Median

                           
                        
                        	
                              
                           
                            Mode

                           
                        
                        	
                              
                           
                            Standard deviation

                           
                        
                        	
                              
                           
                            Minimum

                           
                        
                        	
                              
                           
                            Maximum

                           
                        
                     

                     
                           	
                              
                           
                            HbA1c

                           
                        
                        	
                              
                           
                            5.24

                           
                        
                        	
                              
                           
                            5.20

                           
                        
                        	
                              
                           
                            5.00

                           
                        
                        	
                              
                           
                            0.38

                           
                        
                        	
                              
                           
                            4.32

                           
                        
                        	
                              
                           
                            6.20

                           
                        
                     

                  
               

            

            A total of 60 non diabetic pregnant were taken in the study. The mean age of the population was 24.17 years. All of them were
               belonging more or less to same socioeconomic status. The majority of participants presented in their 2nd trimester and few in third trimester. Congenital anomalies were ruled out by anomaly scan. At the time of sample collection
               for HbA1c all the foetuses of the participating mothers were in cephalic presentation and the liquor was adequate on clinical
               examination.
            

            The mean Hba1c was found to be 5.24%.

            The gross period of gestation at the time of delivery is shown in the Table  2.
            

            
                  
                  Table 2

                  Distribution of period of gestation in the participants

               

               
                     
                        
                           	
                              
                           
                            Variable

                           
                        
                        	
                              
                           
                            Frequency

                           
                        
                        	
                              
                           
                            %

                           
                        
                     

                     
                           	
                              
                           
                            Term

                           
                        
                        	
                              
                           
                            51

                           
                        
                        	
                              
                           
                            85.0

                           
                        
                     

                     
                           	
                              
                           
                            Preterm

                           
                        
                        	
                              
                           
                            9

                           
                        
                        	
                              
                           
                            15.0

                           
                        
                     

                  
               

            

            

            Among the study population 42(70%) had normal vaginal delivery, 1(1.7%) had forceps assisted vaginal delivery and the remaining
               17(28.3%) had caesarean section for various reasons. 59(98.3%) of the study subjects came with labour pains, 2(3.3%) among
               them had foetal distress and meconium stained liquor each respectively for which they were taken up for emergency caesarean
               section. Remaining 1(1.7%) antenatal mother had oligohyramnios during her last trimester. She was closely followed up with
               medical and supportive treatment but was finally taken up for elective caesarean section at term in view of unresponsive severe
               oligohydramnios.
            

            The birth weight and glycaemic status of the newborn were recorded and are found to be as Table  3.
            

            
                  
                  Table 3

                  Birth weight category distribution

               

               
                     
                        
                           	
                              
                           
                            Variable

                           
                        
                        	
                              
                           
                            Frequency

                           
                        
                        	
                              
                           
                            %

                           
                        
                     

                     
                           	
                              
                           
                            ≤ 2.5 kg

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            8.3

                           
                        
                     

                     
                           	
                              
                           
                            >2.5 kg

                           
                        
                        	
                              
                           
                            55

                           
                        
                        	
                              
                           
                            91.7

                           
                        
                     

                  
               

            

            

            
                  
                  Table 4

                  Distribution of glycaemic status of the new-born immediately after delivery

               

               
                     
                        
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            Mean

                           
                        
                        	
                              
                           
                            Median

                           
                        
                        	
                              
                           
                            Mode

                           
                        
                        	
                              
                           
                            Standard deviation

                           
                        
                        	
                              
                           
                            Minimum

                           
                        
                        	
                              
                           
                            Maximum

                           
                        
                     

                     
                           	
                              
                           
                           
                              Glycaemic status (in mg/dL)
                              
                           

                           
                        
                        	
                              
                           
                            56.75

                           
                        
                        	
                              
                           
                            57.00

                           
                        
                        	
                              
                           
                            49

                           
                        
                        	
                              
                           
                            6.78

                           
                        
                        	
                              
                           
                            42

                           
                        
                        	
                              
                           
                            72

                           
                        
                     

                  
               

            

            As seen from the Table  4  about 91.7% participants had normal birth weight babies and the mean glycaemic status of the neonate was 56.75 mg/dL.
            

            Among the subjects 2 new-borns (3.3%) had NICU admission, one for 1 day for phototherapy and the other was born with congenital
               icthyosis for which the baby was admitted and was on continuous monitoring. Later the mother refused further management and
               was discharged at request and so lost for follow-up.
            

         

         
               Discussion

            Estimation of HbA1c value in healthy pregnant women after 24 weeks of pregnancy and its correlation with the delivery and
               foetal outcomes at the time of delivery was the main objective of the study.
            

            In our study we found that the mean HbA1c was 5.24% among all the study subjects. The minimum and the maximum values of HbA1c
               estimated from our patients were found to be 4.32% and 6.20% respectively. In our study 12 (20%) of women were in their second
               trimester and estimated mean HbA1c was 5.11%, whereas the mean HbA1c of the remaining 48 (80%) women belong to third trimester
               was 5.27%.
            

            The mean HbA1c value in our study was found to be 5.24%. This value when compared with the values of mean HbA1c from other
               similar studies is shown in Table  5.
            

            
                  
                  Table 5

                  The comparison of HbA1c values from various related studies
                  

               

               
                     
                        
                           	
                              
                           
                           
                              Studies with non-diabetic pregnant women as participants
                              
                           

                           
                        
                        	
                              
                           
                            Mean of HbA1c (in %)

                           
                        
                     

                     
                           	
                              
                           
                            Present study

                           
                        
                        	
                              
                           
                            5.24

                           
                        
                     

                     
                           	
                              
                           
                            Shobha et al17

                           
                        
                        	
                              
                           
                            5.29

                           
                        
                     

                     
                           	
                              
                           
                            Nielsen et al18

                           
                        
                        	
                              
                           
                            5.0

                           
                        
                     

                     
                           	
                              
                           
                            Yu et al19

                           
                        
                        	
                              
                           
                            5.0

                           
                        
                     

                     
                           	
                              
                           
                            Bhavadharani et al20

                           
                        
                        	
                              
                           
                            4.9

                           
                        
                     

                     
                           	
                              
                           
                            Versantvoort et al21

                           
                        
                        	
                              
                           
                            4.9

                           
                        
                     

                  
               

            

            Mean HbA1c value determined by our study was more or less comparable with all the above mentioned studies. The difference
               noticed may be due to difference in time of assessment, haemoglobin statuses or mild unnoticed haemoglobinopathies.
            

            In our study trimester specific mean HbA1c values for second trimester was 5.11% whereas it was 5.27% for third trimester.

            Trimester specific reference ranges of HbA1c observed in various studies are tabulated as given in Table  6.
            

            
                  
                  Table 6

               

               
                     
                        
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            Second trimester mean HbA1c

                           
                        
                        	
                              
                           
                            Third trimester mean HbA1c

                           
                        
                     

                     
                           	
                              
                           
                            Present study 

                           
                        
                        	
                              
                           
                            5.11%

                           
                        
                        	
                              
                           
                            5.27%

                           
                        
                     

                     
                           	
                              
                           
                            O’Conner et al22

                           
                        
                        	
                              
                           
                            4.4%-5.4%

                           
                        
                        	
                              
                           
                            4.7%-5.4%

                           
                        
                     

                     
                           	
                              
                           
                            O’Kane et al23

                           
                        
                        	
                              
                           
                            4.9%

                           
                        
                        	
                              
                           
                            5%

                           
                        
                     

                     
                           	
                              
                           
                            Versantvoort et al21

                           
                        
                        	
                              
                           
                            4.6%

                           
                        
                        	
                              
                           
                            4.9%

                           
                        
                     

                     
                           	
                              
                           
                            Gunter HH et al24

                           
                        
                        	
                              
                           
                            4.38%

                           
                        
                        	
                              
                           
                            4.33%

                           
                        
                     

                  
               

            

            In our present study the HbA1c value and parameters like birth weight of the baby, glycemic status of the newborn and NICU
               admission showed no significant association.
            

            In our study, complications during delivery and foetal complications showed no association with the HbA1c value. We found
               no association between body mass index(BMI) and HbA1c and foetal birth weight in different groups of women which is similar
               to study conducted by Radder et al.25  Versantvoort et al.21 found no correlation between trimester specific HbA1c value and birth weight percentile. 
            

            In a study conducted by Bhavadharani et al.,20 it is observed in groups with HbA1c ≥ 5% and < 5%, except for macrosomia there were no differences in maternal and neonatal
               complications. But in a study conducted by Shobha et al.17 they found that there was a possible association between the birth weight of the baby with that of maternal HbA1c value.
               
            

            In a study conducted by Mane et al.26 the incidence of macrosomia in the newborns was found to be raised (16.7% from 5.9%) in the participants with HbA1c of ≥5.9%
               also they found that they had an elevated risk of pre-eclampsia (9.32% vs. 3.9%). In our present study we did not include
               variables like macrosomia or preeclampsia but, HbA1c value ≥5.15% has sensitivity for predicting type of delivery (caesarean
               section), gestational age (preterm) and birth weight of baby (low birth weight) as 63%, 67% and 58% respectively whereas specificity
               of the same variables were found to be 59%, 47% and 60% respectively
            

            In a study conducted by Ribero et al.27 in 2018 to calculate the increased maternal HbA1c levels and evaluate its relation with that of the infant’s low birth weight,
               they found that there was no significant association between glycated haemoglobin and low birth weight in any of the groups
               even after adjusting the possible confounding factors.
            

            In the study conducted by Bhavadharani et al.20 there was considerably higher rate of normal vaginal delivery among the pregnant women who has <5% HbA1c value. According
               to a study conducted by Zheng et al.28 the prevalence of primary caesarean section was higher in GDM mothers when compared to non-diabetic pregnant women, whereas
               HAPO,29 a multicenter study, showed there were less number of primary caesarean deliveries with increasing maternal sugar levels.
               Mane et al.26 also showed that the specificity and sensitivity for predicting the type of delivery especially primary caesarean section
               were 59% and 63% respectively. But in our study there is no significant association between type of delivery and maternal
               HbA1c value. 
            

            In a study conducted by Yi Ran Ho et al.30 to assess the relationship between mid-pregnancy HbA1c and the risk of unfavorable pregnancy outcome in non-diabetic pregnant
               women they found that there was significant association of elevated mid pregnancy HbA1c levels when compared to lower levels
               of <5%, with elevated risk of obstetric complications like pre-eclampsia, gestational hypertension, pre-term delivery and
               neonatal complications like macrosomia, sometimes low birth weight and elevated chances of intensive care unit admissions
               for the newborn.
            

         

         
               Conclusion

            Our study showed no significant association between the maternal HbA1c levels in non diabetic mothers and the adverse pregnancy
               outcome. This shows that all the confounding factors and possible variables should be taken into consideration while estimating
               the HbA1c level and correlating its effect on maternal and foetal outcomes.
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