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Abstract 

Title 

Assessment of Glucose Kinetics with Real-Time Continuous Glucose Monitoring 

during Labor 

Aim: Changes in glucose levels during labor have not been sufficiently investigated in 

pregnant women. Using real-time continuous glucose monitoring, we aimed to assess 

glucose kinetics during labor among pregnant women with gestational diabetes 

mellitus (PwGDM), and those with normal glucose tolerance (PwNGT). 

Methods: Japanese PwGDM and PwNGT who had planned a transvaginal delivery at 

Okayama University Hospital were enrolled. The correlation between changes in 

glucose levels during labor among the PwGDM and PwNGT groups at four time 

periods was assessed: (i) active phase of 1st stage of labor; (ii) 2nd stage of labor; (iii) 

postpartum 0–12h; and (iv) postpartum 12-48h. 

Results: In total, 18 and 22 PwGDM and PwNGT, respectively, were enrolled. During 

labor, both groups had similar changes in glucose levels over time, which peaked during 

period 3. The main effect of glucose level changes was the labor period (P<0.001), not 

the presence of gestational diabetes mellitus. Furthermore, differences in glucose levels 

in the PwGDM group were observed between periods 1 and 2 (P=0.037), 1 and 3 
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(P=0.024), 3 and 4 (P=0.005); differences in glucose levels in the PwNGT group were 

observed between periods 3 and 4 (P=0.024). 

Conclusions: During labor, both PwGDM and PwNGT groups showed similar changes 

in glucose levels over time. During delivery, the PwGDM who regularly measured their 

own glucose levels could be managed using the same nutritional management methods 

as those for PwNGT. 

 

Keywords: continuous glucose monitoring; during labor; gestational diabetes mellitus; 

glucose level; pregnancy 
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Introduction 

According to the International Association of Diabetes and Pregnancy Study Groups 

(IADPSG), the frequency of gestational diabetes mellitus (GDM) has increased by 

fourfold in Japan since 2011 and has increased by 19.4% in the United States.[1, 2] As 

such, the management of patients with GDM during pregnancy and labor has become an 

imperative issue in healthcare. Both the Japanese and American guidelines recommend 

that the blood glucose (BG) levels of pregnant women with GDM (PwGDM) be 

maintained at 70–110mg/dL during pregnancy or at 120mg/dL during labor. [3, 4] 

As continuous glucose monitoring (CGM) levels can be recorded on a device every 

5min, changes in glycemic trends, such as hyperglycemia and hypoglycemia, which 

may have been previously overlooked during self-monitoring of blood glucose 

(SMBG), can now be assessed. Furthermore, changes in the mother's glucose levels 

(GL) can be improved during pregnancy using CGM; such improvements can reduce 

the risk of maternal-fetal complications.[5–7] Sensor glucose (SG) measures GL from 

the interstitial fluid surrounding the subcutaneous tissue cells so that it is possible to 

detect differences in the accuracy between the SG and the SMBG levels.[8] However, 

changes in GL during labor have not been sufficiently investigated in PwGDM or 
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pregnant women with normal glucose tolerance (PwNGT). Therefore, this study aimed 

to clarify the changes in GL during labor in PwGDM and PwNGT. 

 

Methods 

Ethical Statements  

This study was approved by the ethics committee of Okayama University (April 2016, 

approval number 1604-035) and conforms to the provisions of the Declaration of 

Helsinki, as revised in Fortaleza, Brazil on October 2013. Informed consent was 

obtained from all patients. 

 

Study Design, Patients, and Data  

In this case–control study, Japanese PwGDM (all cases) and PwNGT (random 

cases) who had planned a transvaginal delivery from May 2016 to March 2018 at 

Okayama University Hospital were enrolled. Pregnant women whose babies were 

delivered before data collection began, whose delivery method was changed to 

cesarean section during measurement, or who were not attached to any measurement 

device because of in sufficient measuring devices during over lapping deliveries were 

excluded. Pregnant women who were taking any psychotic medication or steroids up 
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until delivery, had labor complications, or for whom there were other reasons they 

were unable to undergo examinations, and who were already on continuous insulin 

treatment during pregnancy, were also excluded. Patient characteristics, such as age, 

height, pre-pregnancy weight, body mass index (BMI), pre-delivery weight, total 

weight gain during pregnancy, body temperature on admission, time of first or second 

labor stages, age of gestation at delivery, and effacement, station, and Bishop score at 

device installation were collected. Additionally, data were collected on primiparity, 

family history of diabetes, vacuum extraction, the use of epidural anesthesia for 

delivery, and the induction of labor. The patient selection flowchart is shown in 

Figure1. BG dynamics during parturition were extrapolated on the assumption that it 

continued until after parturition. Based on previously published studies, [9–11] the 

estimated mean BG levels during parturition in the PwGDM and PwNGT groups 

were 90 and 110mg/dL, respectively. Based on published data, [10,11] we used α of 

0.05 and β of 0.20. Additionally, we used 20mg/dL as the standard deviation for each 

group. Thus, 17 cases, in each group, were required for the statistical test. Integrated 

statistics software STATA (Stata Corp LLC) was used for the analysis. 

Diagnosis and Management of GDM  
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Patients underwent a 2-h 75-g oral glucose tolerance test (OGTT) as recommended by 

the Japan Society of Obstetrics and Gynecology.[12] GDM was defined according to 

the criteria outlined by the IADPSG, and the OGTT results were used to identify 

women with GDM as recommended by the Japanese Society of Diabetes and Pregnancy 

(JSDP). [13] All pregnant women in the study were followed up according to a routine 

pregnancy care program: hospital visits every 4weeks until 26 weeks, every 2 weeks 

until 36 weeks and weekly after 36weeks of pregnancy. During the first week after 

diagnosis of GDM, self-monitored plasma glucose measurements were recommended 

4–7 times daily according to the risk of GDM (e.g., four times daily meant before 

breakfast and 2 h after each main meal, whiles even times daily included additional 

checks before lunch and dinner, and at bedtime). Additionally, nutritional guidance was 

provided every 4weeks, while insulin doses were adjusted with the assistance of an 

experienced diabetologist every 2 or 4weeks. 

 

Real-Time CGM and SMBG 

Medtronic Minimed 620G (CGM transmitter, Enlite Glucose Sensor; Care-link Pro) was 

used for real-time CGM measurements, while the Glutest Neo Super (Sanwa Kagaku 

Kenkyusho) was used for SMBG.[9, 14, 15] These devices are ISO certified, and thus, 
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the measurements were presumed to be highly accurate. Moreover, SG levels comparable 

to BG levels can be obtained using these devices.[16] CGM levels were measured via SG. 

The SG monitor was fitted on the upper, outer arm where, with greater amounts of 

subcutaneous fat, interference with the delivery would be unlikely. SMBG was performed 

using the arm on which the device was fixed. For all cases, the device was fitted on the 

patient during hospitalization, after contractions began, and once the rupture of 

membranes had been confirmed, or if labor was induced. SG was calibrated using BG 

levels obtained from SMBG as follows. In all cases, the first calibration was performed 

when the alarm rang, approximately 2 h after the CGM device was fitted. Thereafter, from 

the beginning of labor until the delivery of the baby, BG levels were measure data fixed 

time, at least 4 times daily, using SMBG. Once the baby was born and the postpartum 

procedures were completed, BG calibrations were taken at least two times daily. Changes 

in GL for the PwGDM and PwNGT groups were measured from the commencement of 

contractions until 48h after parturition. A sample of the CGM levels for one patient is 

shown in Figure2. Changes in GL from the 

activelaborphaseto48hafterparturitionforthePwGDMandPwNGTgroupsarerepresentedby

theaverage GL for each period. 

SG Measurements and Factors for Analysis  



 10 

The 48-h period following parturition was divided into four time periods as follows: (i) 

active phase of 1st stage of labor (i.e., the active phase); (ii) 2nd stage of labor; (iii) 

postpartum 0–12h; and (iv) postpartum 12–48h. The active labor phase was defined as 

the time when the cervix was dilated by more than 4cm,100% effaced, and at −2 stations 

or more.[17] 

GL dynamics were compared between the two groups by determining the mean GL for 

each group in each time window. 

Delivery of PwGDM 

This study adhered to the American College of Obstetricians and Gynecologists 

(ACOG) and JSDP management methods for deliveries among pregnant women with 

abnormal glucose metabolism.[16] Therefore, regarding the timing or amount of food 

eaten, PwGDM were allowed to eat or drink during labor within the limits of caloric 

management provided by the hospital. Subcutaneous in jection of fast-acting insulin 

was administered directly before food consumption (as directed by the doctor in charge) 

during the latent phase of labor or after the commencement of labor. Pre-meal insulin 

was discontinued following the active phase. 

GL control was achieved before eating and drinking, using an insulin sliding scale, in 

line with hospital regulations. Hypoglycemia was defined as a GL <60mg/dL. In such 
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cases, the patient was either given food containing 5–10g of glucose or 150–200mL of 

soda. GL ≥70mg/dL but ≤150mg/dL required no treatment, while 1 unit of fast-acting 

insulin was administered subcutaneously for GL >150mg/dL. Thereafter, for each GL 

increase of 50mg/dL, 1 unit of fast-acting insulin was administered subcutaneously. The 

intravenous drips used for inducing labor and for newborn resuscitation at this hospital 

contained extracellular fluid (glucose content: 0%); thus, glucose was not loaded. For 

the PwGDM group, SMBG was continued during the postpartum period before and 2h 

after meals, and all insulin doses were then discontinued after 48h. 

Statistical Analysis 

The patient characteristics were compared using Fisher's exact test for categorical 

variables and the Mann–Whitney U test for continuous variables, when appropriate. 

Continuous variables were reported as medians (ranges). Missing values in CGM 

data were replaced with the peripheral average values based on the levels at 5, 10 and 

15min (30min in total) before and after the missing value. The GL differences during 

the progression of labor were examined using split-plot analysis of variance and post 

hoc tests (tests of within-subject effects) in the PwGDM and PwNGT groups. For the 

post hoc tests, unpaired and paired ttests were corrected using Bonferroni's method. 

The level of significance was set at 5%. All statistical analyses were performed using 
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IBM spss statistics version 23.0 (IBM Corp.), and a two-sided P-value <0.05 was 

considered statistically significant. A third-party organization, Suzuki Iryō Tōkei 

Services (Suzuki medical statistics services, https://medicalslide.jimdo.com/) used the 

data from this study for the above statistical analysis. The analysis was certified by 

Editage × Stagen (Supporting Information S1). 

Results 

Among the 93 pregnant women initially enrolled, 42 (45.1%) were excluded. Of the 51 

women who had transvaginal deliveries, 25 (26.9%) and 26 (28.0%) were included in 

the PwGDM and PwNGT groups, respectively. In total, 8 of 93 (8.6%) women were 

further excluded due to missing data as well as two cases of overt diabetes during 

pregnancy and a case of diagnosis of type 1 diabetes after delivery. Finally, 40 patients 

(18 [19.4%] and 22 [23.6%] in the PwGDM and PwNGT groups, respectively) were 

included in the analysis (Figure.1). The patient characteristics as well as the newborn 

characteristics, including birth weight, height, chest measurement, umbilical cord blood 

gas, and the first blood sugar level, are shown in Table1. The prepregnancy body weight 

and BMI of women in the PwGDM were higher than those in the PwNGT group 

(P=0.047, 0.066). Total weight gain during pregnancy of women in the PwNGT were 

higher than those in the PwGDM group (P=0.0075). Among infants, the average first 
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BG measurement was significantly lower among infants whose mothers were in the 

PwGDM group, although it was above the cut-off for hypoglycemic GL (<50mg/dL). 

No significant difference was observed between the PwGDM and PwNGT groups in 

any of the other characteristics investigated. 

In total, two (11.1%) patients required insulin during the latent phase of labor (before 

period 1); this decreased to zero patients after the active labor phase (period 1). No 

patient received insulin after period 2. Hence, the total amount of insulin used among all 

patients decreased from 14 units to 0 between the latent and the active phase. The 

details of the two cases that required insulin treatment after the initiation of labor pains 

are shown in Table 2. 

Changes in GL from the active labor phase to 48h after parturition for the PwGDM 

and PwNGT groups are represented by the average GL for each period (Figure.3). The 

mean ± standard deviation (SD) GL of the PwGDM and PwNGT groups at the various 

periods were as follows: period 1, 102.5±27.26 mg/dL and 99.9±22.81 mg/dL; period 2, 

115.9±34.15 mg/dL and 105.1±27.27 mg/dL; period 3, 127.9±28.37 mg/dL and 

115.4±23.37 mg/dL; period 4, 106.9±15.77 mg/dL and 99.05±14.33 mg/dL, 

respectively. During labor, the PwGDM and PwNGT groups had similar changes in GL 

over time. GL peaked in both the PwGDM and PwNGT groups in period 3. A 
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significant difference was observed in the main effect during the labor period 

[F(2.12,80.51) = 9.484, P=0.00014], but not for the presence of GDM [F(1,38) = 2.069, 

P=0.159] or in their interaction [F(2.12,80.51) = 0.512, P=0.612]. During labor, both 

groups had similar changes in GL over time, which peaked during period 3. 

Furthermore, differences in GL in the PwGDM group were observed between periods 1 

and 2 (P=0.037), 1 and 3 (P=0.024), and 3 and 4 (P=0.005), as well as in the PwNGT 

group between periods 3 and 4 (P=0.024). For the PwNGT group, a significant 

difference was observed between periods3 and 4 (P<0.05). However, as ignificant 

difference was not observed in period4 for both the PwGDM and PwNGT groups 

(P=0.109) (Figure.3). 

Discussion 

Hyperglycemia during labor is associated with adverse infant condition ssuch as non-

reassuring fetal status, birth asphyxia and neonatal hypoglycemia. Maintaining an 

appropriate BG level in mothers during labor is associated with the prevention of 

newborn and infant complications. [18–21] However, no standard strategies for 

controlling GL during labor have been established. Adequate energy intake for 

PwGDM during labor plays an important role in avoiding adverse events from glucose 

metabolism disorders. ACOG recommends that mothers fast during labor, and GL are 
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then measured after the consumption of glucose during the latent and active labor 

phases. For a 60-kg pregnant woman, a continuous administration of 1.4–

2.1mg/kg/min of 5% intravenous glucose infusion is recommended. [1] In Japan, the 

strategy used for the control of GL during labor is similar to that stipulated in the 

ACOG guidelines.[4] However, changes in GL during labor among PwGDM have not 

been sufficiently investigated. To the best of our knowledge, this study is the first to 

evaluate the changes in GL during labor among PwGDM and PwNGT. 

There sults from this study revealed no significant difference in the average GL 

among PwGDM and PwNGT between periods 1 to 4. A significant difference was 

observed in the main effect during the labor period, but not for the presence of GDM. 

The mother's activity between the active labor phase and period 2 is considered to be 

strenuous, and energy is expended to maintain this level of intense exercise. Hence, 

the available glucose must be increased as the body supplies the required amount of 

glucose during childbirth. [22] However, during the labor period, labor pain makes it 

difficult for the mother to freely eat or drink. Why did GL increase as parturition 

neared? Cortisol is a diabetogenic hormone that causes increased GL. Research has 

shown that pregnant women had high levels of cortisol during the last stage of 

parturition because it was crucial for fetal respiratory function.[23–25] In this study, 
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although glucose was not administered continuously, GL gradually increased 

throughout the delivery, with the average GL peak for both the PwGDM and PwNGT 

groups occurring in period 3 directly after parturition. Although levels of cortisol were 

not determined in this study, from the above explanation, it was considered that 

cortisol levels may explain the increase in GL from parturition until postpartum. 

The glucose concentrations of PwGDM and PwNGT decreased gradually as they 

moved towards period 4. In this study, a significant difference was observed in GL 

between time periods 3 and 4 in both PwNGT and PwGDM groups. Pathologically, 

the required insulin level for PwGDM should rapidly decrease directly after the 

placental expulsion, at least to the amount that was required before pregnancy.[26, 27] 

The decrease in the average GL in the transition period between time periods 3 and 4 

for PwGDM and PwNGT was so profound that it resulted in a significant difference. 

In contrast, the decrease was less for PwGDM. In the very early stages of the 

postpartum period (directly after and up until 48h after parturition), other factors may 

cause increase in GL among PwGDM, including insulin resistance caused by 

pregnancy. Moreover, in mouse experiments, oxytocin was shown to be involved in 

gluconeogenesis.[28] It is becoming clear that oxytocin regulates glucose metabolism 

in the body,[29] perhaps through a mechanism that leads to some blood sugar 
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stabilization. Further studies are needed to clarify the factors affecting glucose 

kinetics during labor. 

From this study, it was found that PwGDM cases can be managed using the same 

management as for PwNGT cases, because the presence or absence of GDM did not 

affect GL. Furthermore, it was found that with the increase in GL, there was no 

influence on perinatal and neonatal prognosis, due to the time period. According 

toMaritza et al., these data suggest that apolicy for routine insulin infusion in women 

with GDM, or in women with GDM prescribed with insulin, is not necessary. 

Furthermore, the use of a dextrose/ insulin infusion during labor and prior to delivery 

was not associated with a lower risk of neonatal hypoglycemia. When maternal GL 

were examined, we also did not find that infusions modified the risk of neonatal 

hypoglycemia.[30] Thus, these CGM-based findings of glucose kinetics during labor 

may provide the basis for reviewing and revising the current management methods 

that may be required for expectant mothers. 

Our study was subject to some limitations. The number of patients was relatively 

small, and the investigation was performed at a single facility. Thus, selection bias 

may have occurred. Furthermore, a comparative study was not carried out between 

groups allowed to freely eat or drink or those under the current management system 



 18 

involving fasting and intravenous infusion. In addition, in this study, all women with 

GDM did not receive insulin treatment between the active labor phase and 

postpartum. Women with GDM requiring insulin might be treated with a different 

protocol during delivery. 

Further multicentered prospective studies involving more patients would provide more 

definitive data to clarify the significance of our findings. 

Inconclusion, we clarified glucose kinetics during labor for both PwGDM and 

PwNGT. Interestingly, during labor, both the PwGDM and PwNGT groups showed 

similar changes in GL over time. GL peaked in period 3 directly after parturition in 

both the PwGDM and PwNGT groups. During delivery, PwGDM who regularly 

measured their own GL could be managed using the same nutritional management 

methods as those for PwNGT. 

Acknowledgments 

This work was supported by the Japan Society for the Promotion of Science 

KAKENHI (grant number JP17K16852) from 2017 to 2019. The paper was submitted 

to Editage (www.editage.jp) for English language editing (Supporting Information S2). 

We would like to express our thanks to Suzuki Iryō Tōkei Services (Suzuki Medical 



 19 

Statistics Services, https://medicalslide.jimdo.com/) for conducting the statistical 

analysis. 

Disclosure 

J. M. received a research grant from the Japan Society for the Promotion of Science 

(JSPS KAKENHI) from 2017 to 2019. This work was supported by JSPS KAKENHI 

(grant number JP17K16852) in equipment procurement; collection, analysis, and 

interpretation of data; the writing of the report; and the decision to submit the article for 

publication. Except for J. M., other authors have no potential conflict of interest. 

 

References  

[1] International Association of Diabetes and Pregnancy Study Groups Consensus 

Panel. International Association of Diabetes and Pregnancy Study Groups 

recommendations on the diagnosis and classification of hyperglycemia in 

pregnancy. Diabetes Care 2010; 33:676–682. 

[2] Black MH, Sacks DA, Xiang AH, Lawrence JM. Clinical outcomes of pregnancies 

complicated by mild gestational diabetes mellitus differ by combinations of 

abnormal oral glucose tolerance test values. Diabetes Care 2010; 33:2524–2530. 



 20 

[3] Committee ACOG. On practice bulletins: ACOG practice bulletin. Clinical 

management guidelines for obstetrician–Gynecologist. Number 60, March 2005. 

Pregestational diabetes mellitus. Obstet Gynecol 2005; 105:675–685. 

[4] Minakami H, Maeda T, Fujii T et al. Guidelines for obstetrical practice in Japan: 

Japan Society of Obstetrics and Gynecology (JSOG) and Japan Association of 

Obstetricians and Gynecologists (JAOG), 2014 edition. J Obstet Gynaecol 

Res2014; 40:1469–1499. 

[5] Yu F, Lv L, Liang Z et al. Continuous glucose monitoring effects on maternal 

glycemic control and pregnancy outcomes in patients with gestational diabetes 

mellitus: A prospective cohort study.J Clin Endocrinol Metab2014; 99:4674–

4682. 

[6] Bergenstal RM, Tamborlane WV, Ahmann A et al. STAR 3 Study Group: 

Effectiveness of sensor augmented insulin-pump therapy in type 1 diabetes.N 

Engl J Med2010; 363:311–320. 

[7] Petrovski G, Dimitrovski C, Bogoev M, Milenkovic T, Ahmeti I, Bitovska I. Is there 

a difference in pregnancy and glycemic outcome in patients with type 1 diabetes 

on insulin pump with constant or intermittent glucose monitoring? A pilot study. 

Diabetes Technol Ther 2011; 13:1109–1113. 



 21 

[8] Kusunoki Y, Katsuno T, Nakae R et al. Evaluation of blood glucose fluctuation in 

patients with Japanese type 1 diabetes mellitus by self-monitoring of blood 

glucose and continuous glucose monitoring. Diabetes Res Clin Pract 2015; 

108:342–349. 

[9] Luijf YM, Avogaro A, Benesch C et al. Continuous glucose monitoring accuracy 

results vary between assessment at home and assessment at the clinical research 

center. J Diabetes Sci Technol2012; 6: 1103–1106. 

[10] Yogev Y, Ben-Haroush A, Chen R, Rosenn B, Hod M, Langer O. Diurnal 

glycemic profile in obese and normal weight nondiabetic pregnant women. Am J 

Obstet Gynecol 2004; 191:949–953. 

[11] Secher AL, Ringholm L, Andersen HU, Damm P, Mathiesen ER. The effect of 

real-time continuous glucose monitoring in pregnant women with diabetes: A 

randomized controlled trial. Diabetes Care 2013; 36:1877–1883. 

[12] Minakami H, Hiramatsu Y, Koresawa M et al. Guidelines for obstetrical practice in 

Japan: Japan Society of Obstetrics and Gynecology (JSOG) and Japan Association 

of Obstetricians and Gynecologists (JAOG) 2011 edition. J Obstet Gynaecol 

Res2011; 37:1174–1197. 



 22 

[13] American Diabetes Association. Executive summary: Standards of medical care in 

diabetes-2014. Diabetes Care 2014; 37:S5–S13. 

[14] Boyne MS, Silver DM, Kaplan J, Saudek CD. Timing of changes in interstitial and 

venous blood glucose measured with a continuous subcutaneous glucose sensor. 

Diabetes 2003; 52:2790–2794. 

[15] Kropff J, Bruttomesso D, Doll W et al. Accuracy of two continuous glucose 

monitoring systems: A head-to-head comparison under clinical research centre 

and daily life conditions. Diabetes Obes Metab 2015; 17:343–349. 

[16] Kusunoki Y, Katsuno T, Nakae R et al. Comparison of numerical accuracy of 

personal and professional continuous glucose monitors. J Japan Diab Soc2015; 

58:715–720. 

[17] American College of Obstetrics and Gynecology Committee on Practice Bulletins-

Obstetrics. ACOG Practice Bulletin, Number 49, December 2003: Dystocia and 

augmentation of labor. Obstet Gynecol 2003; 102:1445–1454. 

[18] Mimouni F, Miodovnik M, Siddiqi TA, Khoury J, Tsang RC. Perinatal asphyxia in 

infants of insulin-dependent diabetic mother. J Pediatr1988; 113:345–353. 



 23 

[19] Curet LB, Izquierdo LA, Gilson GJ, Schneider JM, Perelman R, Converse J. 

Relative effects of antepartum and intrapartum maternal blood glucose levels on 

incidence of neonatal hypoglycemia. J Perinatol 1997; 17:113–115. 

[20] Brown SC, Kyne-Grzebalski D, Mwangi B, Taylor R. Effect of management policy 

upon 120 type 1 diabetic pregnancies; policy decisions in practice. Diabet Med 

1999; 16:573–578. 

[21] Kitzmiller JL, Jovanovic L.Insulin therapy in pregnancy. In: Hod M,Jovanovic 

L,Di Renzo GCet al. (eds). Textbook of Diabetes and Pregnancy. London: Martin 

Dunitz, 2003;359–378. 

[22] Landon MB, Catalano PM, Gabbe SG. Diabetes mellitus complicating pregnancy. 

In:Gabbe SG, Niebyl JR,Simpson JL et al. (eds).Obstetrics: Normal and Problem 

Pregnancies,6thedn. Philadelphia: Elsevier Saunders, 2012. 

[23] Nagel C, Aurich J, Trenk L et al. Stress response and cardiac activity of term and 

preterm calves in the perinatal period. Theriogenology 2016; 86:1498–1505. 

[24] Kindahl H, Kornmatitsuk B, Königsson K, Gustafsson H. Endocrine changes in 

late bovine pregnancy with special emphasis on fetal well-being. Domest Anim 

Endocrinol 2002; 23:321–328. 



 24 

[25] Risberg A, Sjöquist M, Wedenberg K, Larsson A. Elevated glucose levels in early 

puerperium, and association with high cortisol levels during parturition.Scand J 

Clin Lab Invest 2016; 76:309–312. 

[26] Gabbe SG, Carpenter LB, Garrison EA. New strategies for glucose control in 

patients with type 1 and type 2 diabetes mellitus in pregnancy.Clin Obstet 

Gynecol 2007; 50: 1014–1024. 

[27] Conway DL, Catalano PM. Management of delivery. In: Kitzmiller JL, Jovanovic 

L,Brown F et al. (eds).Managing Preexisting Diabetes and Pregnancy: Technical 

Reviews and Consensus Recommendations for Care. Alexandria: American 

Diabetes Association, 2008;584–601. 

[28] Watanabe S, Wei FY, Matsunaga T, Matsunaga N, Kaitsuka T, Tomizawa K. 

Oxytocin protects against stress-induced cell death in murine pancreatic beta-

cells. Sci Rep 2016; 6:25185. 

29 Maejima Y, Iwasaki Y, Yamahara Y, Kodaira M, Sedbazar U, Yada T. Peripheral 

oxytocin treatment ameliorates obesity by reducing food intake and visceral fat 

mass. Aging (Albany NY). 2011: 1169–1177. http://doi.org/10. 

18632/aging.100408 



 25 

30 Maritza T.F, Kathryn W, Malcolm B, William M.H, and Janet A.R. The use of 

dextrose/insulin infusions during labour and delivery in women with gestational 

diabetes mellitus: Is there any point? Aust N Z J Obstet Gynaecol. 2017; 378-

380. http://doi.org/10.1111/ajo.12518 

 

Figure legends 

Figure 1. Study enrollment flow chart of pregnant women with gestational 

diabetes mellitus and normal glucose tolerance. 

PwGDM: Pregnant women with gestational diabetes mellitus during labor; PwNGT: 

pregnant women with normal glucose tolerance 

Figure 2. Continuous glucose monitoring levels during labor for one pregnant 

woman with gestational diabetes mellitus. 

PwGDM: Pregnant women with gestational diabetes mellitus, GL: Glucose Levels, 

SG: Sensor glucose, BG: blood glucose, GDM: gestational diabetes mellitus, SMBG: 

self-monitoring of blood glucose, 

Figure 3. Assessment of glucose kinetics via real-time continuous glucose monitoring 

during labor for 18 pregnant women with gestational diabetes mellitus and 22 pregnant 

women with normal glucose tolerance at four time points. Mean: 95% CI; main effect: 
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period F(2.12,80.51)=9.484; P=0.00014; main effect: DMF(1,38) = 2.069, P=0.159. CI, 

confidence interval; PwGDM, pregnant women with gestational diabetes mellitus; 

PwNGT, pregnant women with normal glucose tolerance; SG, sensor glucose. 

 

Supporting information legends 

Supporting Document 1. Document specifying that statistical analyses in the 

present manuscript have been reviewed and revised, if necessary, by a 

professional data scientist with a doctorate in statistical science in StaGen Co. 

LTD. 

 

Supporting Document 2. Certification showing that the present manuscript has 

been edited by a professional English language editing service. 

 

 


