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SUMMARY 

Maternal hyperglycemia and untreated gestational diabetes mellitus (GDM) lead to adverse 

perinatal outcomes. There is paucity of information in pregnant women with impaired glucose tolerance 

without gestational diabetes. A study to determine whether there are adverse perinatal outcomes 

amongst groups of women who rule in for abnormal glucose tolerance, but ultimately pass the diagnostic 

test, compared to women who have normal glucose tolerance and women with the diagnosis of GDM was 

carried out via retrospective cohort approach. At the University of Illinois (UIC), 789 women were included 

and classified into four groups based on their degree of glucose intolerance (Group 1 being without 

glucose metabolism abnormality to Group 4 having diagnosis of GDM). Baseline characteristics and 

adverse perinatal outcomes of the four groups were compared. 

 

A progressive, dose-dependent trend was noted, such that with increased glucose intolerance, patients 

were at higher risk of delivering a large-for-gestational (LGA) neonate and increased neonatal birthweight. 

Additionally, those without a confirmed diagnosis of GDM (though with impaired glucose tolerance not 

meeting GDM criteria) had similar adverse pregnancy outcomes as those with GDM. Our study shows that 

these screening results reflect a spectrum of glucose intolerance and these patients may require closer 

surveillance to improve pregnancy outcomes.  
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I. INTRODUCTION 

A. Background 

Affecting 6-9% of pregnancies in the United States, GDM continues to contribute to major 

causes of perinatal morbidity and mortality. Gestational diabetes mellitus is defined as an elevated 

blood glucose (hyperglycemia) associated with a dysfunctional metabolism of glucose during pregnancy 

(Hod et al., 2015). Glucose homeostasis during normal pregnancy is dependent on a physiologic insulin 

resistance, which favors shunting of blood glucose to the developing fetus. Insulin is required for cells to 

metabolize glucose. In GDM, a pathologic decreased production of insulin by the pancreatic beta cells 

coupled with the physiologic insulin resistance of pregnancy leads to an unregulated hyperglycemia, and 

thus, an abnormal glucose load on both the mother and fetus (Bozkurt et al., 2015). Those at risk for 

GDM include women who are obese, live a sedentary lifestyle, have a personal history of GDM, family 

history of diabetes, and are Hispanic, African American, Native American, or Asian (American College of 

Obstetricians and Gynecologists (ACOG), 2013).  

 

B. Diagnosis of Gestational Diabetes Mellitus 

Current guidelines in the US recommend screening for GDM with a two-step approach 

(American College of Obstetricians and Gynecologists, 2013; Coustan, 1991). Between 24-28 weeks of 

gestational age (WGA), a screening test, known as the 1-hour glucose challenge test (1h GCT), is 

administered. The patient orally consumes a 50-gram glucose solution. One hour later, a blood glucose 

sample is collected. If the sample is ≥ 140 mg/dl, this is considered a positive screening, and the patient 

goes on to the diagnostic test, known as the 3-hour oral glucose challenge test (3h OGTT). While fasting, 

a blood glucose sample is collected, followed by the patient receiving a 100-gram oral glucose solution 

load. On post-prandial hours one, two, and three, sequential blood glucose samples are also collected. 

Elevated blood glucose levels are considered to be ≥ 95 mg/dl, 180 mg/dl, 155 mg/dl, and 140 mg/dl for 
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fasting, 1-hour, 2-hour, and 3-hour samples respectively. If two or more of these values are elevated, 

the patient is diagnosed with GDM (ACOG, 2013).  

 

C. Clinical Implications and Significance of the Study 

Maternal complications of GDM include Cesarean section, gestational hypertension, and 

preeclampsia. In addition, women with GDM are at a higher risk of developing diabetes mellitus (DM) 

later in life. Neonatal complications of GDM include macrosomia (birth weight greater than 4000 grams), 

LGA, weight greater than the 90th percentile for a given gestational age), shoulder dystocia, operative 

vaginal delivery, neonatal hypoglycemia, hyperbilirubinemia, birth trauma, and neonatal intensive care 

unit (NICU) admission (ACOG, 2013; Graves et al., 2015).  

Women diagnosed with GDM are currently treated with interventions such as lifestyle 

modification, which include nutrition counseling and exercise, medications, or both, in order to prevent 

adverse outcomes (ACOG, 2013). However, to date, no guidelines exist on the management of women 

who fail to meet the criteria for GDM but who exhibit clinical signs of abnormal glucose tolerance. That 

is, women who screen positive on the 1h GCT, but negative on the diagnostic 3h OGTT, whether that is 

with zero or only one elevated value on the 3h OGTT. These women are considered to have impaired 

glucose tolerance. Studies (Metzger et al., 2008; Farrar et al., 2016; Landon et al., 2011; Gumus and 

Turhan, 2008) have shown that there is a continuous association of abnormal glucose tolerance in 

pregnancy and adverse pregnancy outcomes; however, these studies do not use the two-step screening 

and diagnostic approach used in majority of clinics in the United States, nor is their sampled population 

generalizable to populations who are considered high risk for GDM (Graves et al., 2015; Landon et al., 

2011; Gumus and Turhan, 2008; Rehder et al., 2012). Knowledge of clear thresholds within abnormal 

glucose tolerance for both screening and diagnostic testing, by which to intervene or attribute higher 

risk for adverse pregnancy outcomes also remains unknown (Farrar et al., 2016). The paucity of 
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knowledge on the clinical relevance of women with abnormal glucose tolerance without diagnosis of 

GDM, the course of their pregnancy, subsequent perinatal outcomes, and lack of distinct thresholds on 

which providers should intervene or assess progress should prompt further investigation. 

 

D. Objective  

There is paucity of information in pregnant women with impaired glucose tolerance without 

gestational diabetes. These groups include women who screen positive on the 1h GCT with no elevated 

glucose values on the 3h OGTT, and women who screen positive on the 1h GCT with only one elevated 

glucose value on the 3h OGTT. This study aims to determine whether there are adverse perinatal 

outcomes amongst these groups of women compared to women who have normal glucose tolerance 

(women who screen negative on the 1h GCT) and women with the diagnosis of GDM. We hypothesize 

that there are no differences in the pregnancy outcomes of these groups. It is our hope that this study 

will either validate the current practice of no intervention on women who exhibit impaired glucose 

tolerance or encourage the development of guidelines to address those who fail to meet the criteria of 

GDM but demonstrate the metabolic abnormality.  
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II. METHODS 

A. Design 

This is a retrospective cohort study of women who are screened for GDM from January to 2015 to 

April 2018 at the University of Illinois at Chicago (UIC), which involved a chart review of patients who 

were treated at UIC Medical Center. The protocol was reviewed and approved by the institutional 

review board (IRB #2016-1137), and consent was waived, as the patients were not treated nor 

contacted during the course of the study.  

 

B. Participants 

Records of women with singleton pregnancies, who were screened for GDM from January 2015 to 

April 2018, received all of their prenatal care at UIC, and delivered at UIC, were reviewed. Exclusion 

criteria were those with pre-existing diabetes mellitus, patients who received care outside of the UIC 

medical center, age less than 18 years, inability to complete the GCT or OGTT, multiple pregnancy, or 

male sex.  

 

C. Eligibility  

The study population includes pregnant women who received prenatal care and delivered at UIC 

medical center and who had a screening test for diabetes mellitus in pregnancy. The subjects were 

identified by the PI and Co-investigators using diagnostic code, ICD-10, and laboratory data. The medical 

record numbers, the initials and date of birth of those eligible will be written in a password encrypted 

protected computer, which only the PI and Co-investigator have access to. 

1. Inclusion Criteria 

Patients included in the study were as follows: 

1. Pregnant women who underwent GDM screening with 1h GCT. 

2. Patients who screened negative on 1h GCT, screened positive on 1h GCT with no 

elevated values on 3h OGTT, screened positive on 1h GCT with only one elevated 
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values on 3h OGTT, and women who were diagnosed with GDM (screened positive 

on 1h GCT with two or more elevated values on 3h OGTT) 

3. Patients who both received prenatal care at the Outpatient Clinic Center (OCC) and 

delivered at the UIC medical center. 

2. Exclusion Criteria 

Patients excluded from the study were as follows: 

1. Patients with pre-existing diabetes mellitus (type 1 or 2) 

2. Patients with age less than 18 years 

3.  Patients who received prenatal care and/or delivered outside UIC medical center 

4. Patients who were unable to complete the 1h GCT or 3h OGTT 

5. Patients with multiple gestation pregnancy (twins, triplets, etc.) 

6. Patients of male sex 

3. Excluded or Vulnerable Populations 

This study focused on pregnant women, as a retrospective chart review. It did not involve 

intervention, nor was there direct contact with study participants. Males were excluded. 

 

D. Subject Enrollment  

This was a retrospective, cohort study (IRB approved, #2016-1137) involving a chart review of patients 

who were treated at UIC medical center.  

1. Informed Consent   

Consent was waived, as no patients were treated or contacted during the course of the study. 

2. Subject Confidentiality  

The confidentiality of participants was safeguarded by the use of subject identification numbers 

(ID #) rather than identifiers. Identifiable information was kept in a separate, password protected file on 

the PI’s computer. The link was be kept in a third locked file separate from the data. Any identifiable 

information will only be accessible to the PI. Care was taken in the presentation of data not to include any 

potentially identifying information. Data was be entered into Research Electronic Data Capture (REDCAP) 

and IBM SPSS for analysis without subject identifiers.  
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E. Group Categorization 

Women with a negative screening test, or a 1h GCT that was < 140 mg/dl were in Group 1. Women 

with a positive screening test (GCT ≥ 140 mg/dl) and a negative diagnostic test, 3h OGTT, of zero 

elevated values on the OGTT (zero elevated values of ≥ 95, 180, 155, or 140 mg/dl on the fasting, 1-

hour, 2-hour, or 3-hour blood draws, respectively) were in Group 2. Women with a positive 1h GCT and 

a negative diagnostic test, 3h OGTT, of only one elevated value on the OGTT were in Group 3. Women 

with a positive 1h GCT and a positive diagnostic test, that is, two or more elevated values on the 3h 

OGTT, were considered having GDM, were in Group 4. 

 

F. Outcomes 

The primary outcome is LGA status. Neonatal secondary outcomes include birth weight, presence of 

shoulder dystocia, hypoglycemia, NICU admission, and composite neonatal outcomes. Maternal 

secondary outcomes include preeclampsia, preterm birth, primary Cesarean section, and 3rd or 4th 

degree perineal laceration.  

 

G. Statistical Analysis 

The extracted variables were entered directly into the Research Electronic Data Capture (REDCAP) 

software for data management hosted by the University of Illinois at Chicago (CCTS; UL1TR002003). 

Data analysis was performed using IBM SPSS version 24 (IBM Corp, Armonk, NY, USA) software. 

Frequency tables were generated; mean with two standard deviations were calculated. Comparison of 

categorical data was done using Chi-Square with Yates correlation or Fischer exact test. Bivariate and 

multivariate regression was performed to test for covariance and confounding variables, comparing all 
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groups in the analysis as well as comparing each group-pair. Relative risks and 95% confidence intervals 

were calculated, with a p value less than 0.05 chosen for statistical significant level, without adjustment 

for multiple comparisons. Group-pairs were compared as follows: group 1 was compared to group 2 (G1 

vs G2), group 3 (G1 vs G3), and group 4 (G1 vs G4); group 2 was compared to group 3 (G2 vs G3) and 

group 4 (G2 vs G4); and group 3 was compared to group 4 (G3 vs G4), for a total of six comparison 

group-pairs.  
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 III. RESULTS 

A. Total Cases in Study  

Of the deliveries occurring from January 2015 to April 2018, 789 met the inclusion criteria (Figure I). 

245 were classified as being in Group 1 (negative screening test, or a 1h GCT that is < 140 mg/dl). 206 

were classified as being in Group 2 (positive 1h GCT and a negative diagnostic test with zero elevated 

values on the 3h OGTT). 147 were classified as being in Group 3 (positive 1h GCT and a negative 

diagnostic test with one elevated values on the 3h OGTT). 191 were classified as being in Group 4 

(diagnosed with GDM). 

 

 

Figure I. Number of cases in each study group, N = 789 
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B.  Baseline Characteristics 

Using one-way ANOVA, Chi-square and Fisher exact tests (Table I), age, weight at first prenatal visit, 

BMI, total weight gain in pregnancy, and the gestational age (GA) at which patients underwent the 1-

hour GCT screening differed significantly between the four groups (p value: <0.001, 0.001, <0.001, 

0.001, and 0.001, respectively). Race/ethnicity, presence of chronic hypertension (cHTN) and presence 

of asthma differed significantly between the four groups (p value: <0.001, 0.001, and 0.024, 

respectively).   Gravidity, parity, tobacco use, alcohol use, drug use, history of preeclampsia, presence of 

renal disease, and presence of systemic lupus erythematosus did not differ between the four groups. 

 

C.  Outcomes and Comparisons of Group-Pairs 

The relative risk of developing categorical outcomes was calculated for each of the comparison 

group-pairs. Student’s t-test assessed difference in risk of developing continuous primary and secondary 

outcomes. 

1. Group 1 Compared to Group 2  

Group 2 (positive 1h GCT, no values on 3h OGTT) was compared to Group 1 (negative 1h 

GCT), with Group 1 as the reference group (Table II). Group 2 was more likely to give birth to an 

LGA neonate (RR 1.07, 95% CI 1.02-1.11, p = 0.002) and was more likely to have a neonate with 

greater birthweight (3245.3  587.1 g vs 3099.8  571.0 g, p = 0.008) than Group 1. The mean 

maternal age was higher in Group 2 compared to Group 1 (30.2  6.3 years vs 27.4  6.0, p < 

0.0001) and BMI was higher in Group 2, compared to Group 1 as well (30.3  7.8 kg/m2 vs 28.6  

7.9 kg/m2, p = 0.023). In terms of preterm birth, Group 1 was more likely to deliver a neonate 

prior to 37 weeks of gestation compared to Group 2 (6.0% vs 1.4%, p = 0.017).  Regarding 

secondary neonatal outcomes of gestational age (GA) at delivery, presence of shoulder dystocia 

at birth, 5-minute APGAR < 7, mean umbilical artery (UA) pH, NICU admission, mean stay in 
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NICU, presence of neonatal hypoglycemia, presence of neonatal hyperbilirubinemia, and 

presence of respiratory distress syndrome; these did not differ between Group 1 and Group 2. 

Secondary maternal outcomes of initial weight, gestational weight gain, presence of 

preeclampsia, primary Cesarean section, vaginal delivery, operative vaginal delivery, and 

presence 3rd or 4th degree laceration did not differ between Group 1 and Group 2. 

2.  Group 1 Compared to Group 3  

Group 3 (positive 1h GCT with one value on 3h OGTT) was compared to Group 1, with Group 

1 as the reference group (Table III). Group 3 was more likely to give birth to an LGA neonate (RR 

1.06, 95% CI 1.01-1.12, p = 0.003) and was more likely to have a neonate with a greater 

birthweight (3278.7  546.6 g vs 3099.8  571.0 g, p = 0.002) than Group 1. Maternal age, initial 

weight, and BMI was greater in Group 3 than in Group 1 (31.7  5.7 years vs 27.4  6.0 years, p < 

0.001; 187.6  64.4 lbs vs 169.1  50.3 lbs, p 0.002; and 32.6  9.3 kg/m2 vs 28.6  7.9 kg/m2, p 

<0.001, respectively). Regarding the other secondary neonatal and maternal outcomes, there 

were no differences between the two groups. 

3. Group 1 Compared to Group 4  

Group 4 (GDM) was compared to Group 1, with Group 1 as the reference group (Table IV). 

Group 4 was more likely to give birth to an LGA neonate (RR 1.10, 95% CI 1.05-1.16, p < 0.001) 

and was more likely to have a neonate with a greater birthweight (3228.0  650.8 g vs 3099.8  

571.0 g, p = 0.028) than Group 1. Group 4 was also more likely to have a neonate with a lower 

UA pH at birth (7.25  0.08 vs 7.27  0.07, p = 0.022). Maternal age, Initial weight, and BMI was 

greater in Group 4 than in Group 1 (32.2  5.5 years vs 27.4  6.0 years, p < 0.001; 186.5  54.5 

lbs vs 169.1  50.3 lbs, p 0.001; 32.7  8.8 kg/m2 vs 28.6  7.9 kg/m2, and p <0.001, respectively). 

Group 4, however, had a reduced gestational weight gain compared to Group 1 (17.9  17.4 lbs 
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vs 23.3  16.5 lbs, p = 0.001). Regarding the other secondary neonatal and maternal outcomes, 

there were no differences between the two groups. 

4. Group 2 Compared to Group 3  

Group 3 was compared to Group 2, with Group 2 as the reference group (Table V). There 

were no differences between the groups in likelihood of delivering an LGA neonate, nor were 

their differences in neonatal birthweight. There were no differences between the groups in the 

other secondary neonatal outcomes. Patients in Group 3 were older and had a greater BMI than 

Group 2 (31.7  5.7 years vs 30.2  6.3 years, p = 0.022; 32.6  9.3 kg/m2 vs 30.3  7.8 kg/m2, p = 

0.013, respectively). The likelihood of preterm birth was also higher in Group 3 compared to 

Group 2 (6.1% vs 1.4%, p = 0.032). No differences occurred between the groups in the other 

secondary maternal outcomes. 

5. Group 2 Compared to Group 4  

Group 4 was compared to Group 2, with Group 2 as the reference group (Table VI). There 

were no differences between the groups in likelihood of delivering an LGA neonate, nor were 

their differences in neonatal birthweight. Group 4 delivered at an earlier gestational age (GA) 

than Group 2 (38.1  2.1 weeks vs 38.5  2.0 weeks, p = 0.002). Group 4 was older, had a greater 

BMI, and a greater likelihood of delivering preterm compared to Group 2 (32.2  5.5 years vs 

30.2   6.3 years, p = 0.001; 32.7  8.8 kg/m2 vs 30.3  7.8 kg/m2, p = 0.005; 6.2% vs 1.4%, p = 

0.016, respectively). Gestational weight gain in Group 4 was less than that of Group 2 (17.9  

17.4 lbs vs 23.6  18.4 lbs, p = 0.001). There were no differences between the groups in the 

other secondary neonatal and maternal outcomes. 

6. Group 3 Compared to Group 4  

Group 4 was compared to Group 3, with Group 3 as the reference group (Table VII). There 

were no differences between the two groups in likelihood of delivering an LGA neonate, nor 
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were their differences in neonatal birthweight. There were also no differences between the 

groups, in terms of secondary maternal and neonatal outcomes. 

 
D. Multiple Logistic Regression, LGA vs All Groups 

A binomial logistic regression was performed to determine the effect of study group on the 

likelihood of developing an LGA neonate, controlling for covariates, which included age, race, BMI, 

weight gained in pregnancy, GA at the 1h GCT, presence of chronic hypertension, and presence of 

asthma (Table VIII). The logistic regression model was statistically significant, X2 (13) = 59.554, p <0.0005. 

The model explained 19.7% (Nagelkerke R2) of the variance in LGA and correctly classified 93.6% of the 

cases. After controlling for confounding variables, the likelihood of developing an LGA neonate 

increased as the severity of glucose intolerance increased. With Group 1 as the reference group, the risk 

of developing LGA was 3.93 (95% CI 1.05 – 14.64), 4.40 (95% CI 1.12 – 17.20), and 6.24 (95% CI 1.70 – 

22.94) times higher in Group 2, Group 3, and Group 4, respectively. 

 

E. Multiple Logistic Regression, LGA vs Group-Pairs 

A binomial logistic regression was also performed to determine the effect of the study group-pairs 

on the likelihood of developing an LGA neonate, controlling for covariates (Table IX). Each logistic 

regression model was statistically significant. Group 2 was 5.30 (95% CI 1.34 – 20.92) times more likely 

to deliver an LGA neonate than Group 1; Group 3 was 5.281 (95% CI 1.10 – 25.32) times more likely to 

deliver an LGA neonate than Group 1; and Group 4 was 6.71 (95% CI 1.61 – 27.92) times more likely to 

deliver an LGA neonate than Group 1. When comparing Group 3 to Group 2, Group 4 to Group 2, and 

Group 4 to Group 3, there was no greater risk of developing an LGA infant as glucose intolerance 

increased (RR 0.946, 95% CI 0.397 – 2.26; RR 1.53, 95% CI 0.72 – 3.29; and RR 1.37, 95% CI 0.61 – 3.09, 

respectively). 
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F. Multiple Linear Regression, Birthweight vs All Groups 

Multiple linear regression was run to determine the effect of study group status on neonatal 

birthweight, while controlling for covariates (Table X). All assumptions were met. The full model of age, 

race, BMI, weight gained in pregnancy, GA at the 1h GCT, presence of chronic hypertension, presence of 

asthma, and study group (Model 2) was statistically significant, R2 = 0.136, F(11,752) = 10.734, p<0.0005, 

adjusted R2 = 0.123. For every one unit increase in study group ascending from Group 1 to Group 4, the 

neonatal birthweight increased by 38.225g (95% CI 3.28 – 73.18g, p<0.05).  

 

G. Multiple Linear Regression, Birthweight vs Group-Pairs 

Multiple linear regression was then analyzed for each group-pair run to determine the effect of 

group-pair status on neonatal birthweight, while controlling for covariates (Table XI). All assumptions 

were met. When comparing Group 3 to Group 1, there was an increase in birthweight of 147.30g (95% 

CI 16.30 – 278.30g). For all other comparison group-pairs, there was no significant differences in 

birthweight.   

 

H. Multiple Linear Regression, 1h GCT vs All Groups 

One-way ANOVA was run to compare means of the values of the screening 1h GCT (Table XII). The 

mean (SD) 1h GCT values for each group were 104.84 mg/dl (16.97 mg/dl), 151.48 mg/dl (19.51 mg/dl), 

158.06 mg/dl (15.03 mg/dl), and 165.60 mg/dl (20.80 mg/dl) for Group 1, Group 2, Group 3, and Group 

4, respectively. Differences between each group was significant, with a p value of <0.001.  Multiple 

regression then was run to determine the effect of study group status on the value of 1h GCT, while 

controlling for covariates (Table XII). All assumptions were met. The model was statistically significant. 

For every one unit increase in study group ascending from Group 1 to Group 4, the 1-hr GCT value 

increased by 17.67mg/dl (95% CI 16.37 – 18.97mg/dl).  
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I. Multiple Linear Regression, 1h GCT vs Group-Pairs 

Multiple regression was then run for each group-pair to determine the effect of each group-pair 

status on 1h GCT value, while controlling for covariates (Table XIII). All assumptions were met and all 

models were statistically significant. When comparing Group 2 to Group 1 (as reference), there was 

an increase in 1h GCT value of 45.41 mg/dl (95% CI 42.40 – 48.41 mg/dl). When comparing Group 3 

to Group 1 (as reference), there was an increase in 1h GCT value of 49.52 mg/dl (95% CI 45.78 – 

53.26 mg/dl). Comparing Group 4 to Group 1 (as reference), there was an increase in 1h GCT value 

of 56.15 mg/dl (95% CI 52.28 – 60.02 mg/dl). Comparing Group 3 to Group 2 (as reference), there 

was an increase in GCT value of 3.83 mg/dl (95% CI 0.750 – 6.90 mg/dl). Comparing Group 4 to 

Group 2 (as reference), there was an increase in GCT value of 11.69 mg/dl (95% CI 8.37 – 15.01 

mg/dl). Lastly, comparing Group 4 to Group 3 (as reference), there was an increase in GCT value of 

7.78 mg/dl (95% CI 3.93 – 11.64 mg/dl). 
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Group 1 Group 2 Group 3 Group 4 p value

Age (y), m (SD) 27.4 (6.0) 30.2 (6.3) 31.7 (5.7) 32.2 (5.5) <0.001

Weight (lbs), m (SD) 169.1 (50.3) 176.7 (51.1) 187.6 (64.4) 186.5 (54.6) 0.001

BMI (kg/m2), m (SD) 28.6 (7.9) 30.3 (7.8) 32.6 (9.3) 32.7 (8.8) <0.001

Total Weight Gain (lbs), m (SD) 23.3 (16.5) 23.6 (18.4) 20.1 (14.0) 17.9 (17.4) 0.001

GA at 1hr GCT (wks), m (SD) 25.4 (6.3) 28.1 (15.1) 24.2 (7.3) 25.4 (11.1) 0.001

Gravidity, n (%) 0.584

1 to 2 125 (50.8) 103 (51.9) 68 (46.3) 88 (45.1)

3 to 4 76 (30.1) 66 (31.7) 43 (29.3) 70 (35.9)

5 to 6 27 (11.0) 28 (13.5) 27 (18.4) 28 (14.4)

7 or greater 18 (7.3) 11 (5.3) 9 (6.1) 9 (4.6)

Parity, n (%) 0.701

0 85 (34.6) 77 (37.0) 49 (33.3) 64 (32.8)

1 to 2 121 (49.2) 95 (45.7) 72 (49.0) 91 (46.7)

3 to 4 30 (12.2) 29 (13.9) 19 (13.0) 36 (18.5)

5 or greater 10 (4.1) 7 (3.4) 7 (4.8) 4 (2.1)

Race/Ethnicity, n (%) <0.001

Black 155 (63.0) 69 (33.2) 54 (36.7) 62 (31.8)

Hispanic 14 (5.7) 25 (12.0) 22 (15.0) 29 (14.9)

White 4 (1.6) 36 (17.3) 30 (20.4) 34 (17.4)

Asian 48 (19.5) 16 (7.7) 16 (10.9) 28 (14.4)

Other 25 (10.2) 62 (29.8) 25 (17.0) 41 (21.0)

Tobacco Use, n (%) 41 (16.7) 34 (16.3) 24 (16.3) 39 (20.1) 0.719

Alcohol Use, n (%) 50 (20.8) 49 (24.0) 30 (20.7) 54 (28.4) 0.243

Drug Use, n (%) 25 (10.6) 16 (8.0) 10 (6.9) 11 (5.8) 0.295

Chronic Hypertension, n (%) 13 (5.3) 15 (7.2) 24 (16.3) 26 (10.5) 0.001

History of Preeclampsia, n (%) 13 (5.3) 20 (9.7) 12 (8.2) 19 (9.7) 0.259

Asthma, n (%) 40 (16.2) 19 (9.2) 19 (12.9) 15 (7.7) 0.024

Renal Disease, n (%) 2 (0.8) 1 (0.5) 2 (1.4) 6 (3.1) 0.115

Systemic Lupus Erythematosus, n (%) 1 (0.4) 1 (0.5) 1 (0.7) 1 (0.5) 0.987

Group 1 = neg GCT, Group 2 = pos GCT, no values elevated on OGTT, Group 3 = pos GCT, one elevated value on OGTT, Group 4 = GDM

a b c d 

TABLE I 
BASELINE CHARACTERISTICS 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 
 

 
 

 

a Negative GCT 
b Positive GCT, no values elevated on OGTT 
c Positive GCT, one elevated value on OGTT 
d GDM 
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PRIMARY OUTCOME: Group 2 Group 1 (REF) RR (95% CI) p value

LGA, n (%) 16 (7.7) 4 (1.6) 1.07 (1.02-1.11) 0.002

SECONDARY NEONATAL OUTCOME:

Birthweight (g), m (SD) 3245.3 (587.1) 3099.8 (571.0) 0.008

GA at delivery (wks), m(SD) 38.5 (2.0) 38.6 (2.1) 0.606

Shoulder Dystocia, n (%) 2 (1.5) 4 (2.3) 0.99 (0.96-1.02) 0.699

5min APGAR < 7, n (%) 1 (0.5) 1 (0.4) 0.85 (0.05-13.43) 0.905

Mean UA pH, m (SD) 7.26 (0.08) 7.27 (0.07) 0.453

NICU Admission, n (%) 49 (23.7) 58 (23.7) 1 (0.90-1.11) 1

Mean NICU stay (d), m (SD) 11.7 (14.2) 12.3 (15.7) 0.849

Neonatal Hypoglycemia, n (%) 14 (15.6) 16 (19.0) 0.96 (0.84-1.10) 0.542

Neonatal Hyperbilirubinemia, n (%) 39 (19.6) 40 (16.3) 1.04 (0.95-1.14) 0.37

RDS, n (%) 22 (10.6) 15 (6.1) 1.05 (0.99-1.11) 0.082

SECONDARY MATERNAL OUTCOME:

Mean Maternal Age (y), m (SD) 30.2 (6.3) 27.4 (6.0) <0.001

Mean Initial Weight (lbs), m (SD) 176.7 (51.1) 169.1 (50.3) 0.111

Mean BMI (kg/m2), m (SD) 30.3 (7.8) 28.6 (7.9) 0.023

Mean Gestational Weight Gain (lbs), m (SD) 23.6 (18.4) 23.3 (16.5) 0.85

Preterm Birth, n (%) 3 (1.4) 14 (6.0) 0.017

Preeclampsia, n (%) 26 (12.5) 24 (9.8) 1.03 (0.97-1.10) 0.352

Primary C-section, n (%) 39 (22.3) 37 (17.5) 1.06 (0.96-1.18) 0.234

Vaginal Delivery, n (%) 131 (63.0) 169 (68.7) 0.85 (0.65-1.09) 0.2

Operative Vaginal Delivery, n (%) 5 (3.7) 6 (3.4) 1 (0.96-1.05) 0.907

3rd or 4th Degree Laceration, n (%) 6 (8.0) 9 (8.8) 0.99 (0.91-1.08) 0.846

PRIMARY OUTCOME: Group 3 Group 1 (REF) RR (95% CI) p value

LGA, n (%) 11 (7.5) 4 (1.6) 1.06 (1.01-1.12) 0.003

SECONDARY NEONATAL OUTCOME:

Birthweight (g), m (SD) 3278.7 (546.6) 3099.8 (571.0) 0.002

GA at delivery (wks), m (SD) 38.4 (1.6) 38.6 (2.1) 0.101

Shoulder Dystocia, n (%) 0 (0) 4 (2.3) 0.98 (0.96-1.00) 0.137

5min APGAR < 7, n (%) 1 (0.7) 1 (0.4) 1 (0.99-1.02) 0.712

Mean UA pH, m (SD) 7.26 (0.08) 7.27 (0.07) 0.206

NICU Admission, n (%) 37 (25.5) 58 (23.7) 1.03 (0.91-1.15) 0.682

Mean NICU stay (d), m (SD) 11.8 (23.1) 12.3 (15.7) 0.909

Neonatal Hypoglycemia, n (%) 8 (11.9) 16 (19.0) 0.92 (0.80-1.05) 0.235

Neonatal Hyperbilirubinemia, n (%) 34 (24.1) 40 (16.3) 1.1 (0.99-1.23) 0.61

RDS, n (%) 17 (11.6) 15 (6.1) 1.06 (0.99-1.14) 0.055

SECONDARY MATERNAL OUTCOME:

Mean Maternal Age (y), m (SD) 31.7 (5.7) 27.4 (6.0) <0.001

Mean Initial Weight (lbs), m (SD) 187.6 (64.4) 169.1 (50.3) 0.002

Mean BMI (kg/m2), m (SD) 32.6 (9.3) 28.6 (7.9) <0.001

Mean Gestational Weight Gain (lbs), m (SD) 20.1 (14.0) 23.3 (16.5) 0.053

Preterm Birth 9 (6.1) 14 (6.0) 0.861

Preeclampsia, n (%) 20 (13.6) 24 (9.8) 1.05 (0.97-1.13) 0.242

Primary C-section, n (%) 26 (21.1) 37 (17.5) 1.05 (0.94-1.17) 0.405

Vaginal Delivery, n (%) 93 (63.3) 169 (68.7) 0.85 (0.64-1.13) 0.269

Operative Vaginal Delivery, n (%) 4 (4.1) 6 (3.4) 1 (0.96-1.06) 0.77

3rd or 4th Degree Laceration, n (%) 3 (5.9) 9 (8.8) 0.97 (0.88-1.06) 0.524

TABLE II 
PRIMARY AND SECONDARY OUTCOMES OF GROUP-PAIR 1 AND 2 

 

 

 

 

 

 

 

 

 

 

 

 
 

TABLE III 
PRIMARY AND SECONDARY OUTCOMES OF GROUP-PAIR 1 AND 3 
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PRIMARY OUTCOME: Group 4 Group 1 (REF) RR (95% CI) p value

LGA, n (%) 21 (10.8) 4 (1.6) 1.10 (1.05-1.16) <0.001

SECONDARY NEONATAL OUTCOME:

Birthweight (g), m (SD) 3228.0 (650.8) 3099.8 (571.0) 0.028

GA at delivery (wks), m (SD) 38.1 (2.1) 38.6 (2.1) 0.001

Shoulder Dystocia, n (%) 5 (4.3) 4 (2.3) 1.02 (0.98-1.07) 0.492

5min APGAR < 7, n (%) 5 (2.6) 1 (0.4) 1.02 (1.00-1.05) 0.052

Mean UA pH, m (SD) 7.25 (0.08) 7.27 (0.07) 0.022

NICU Admission, n (%) 60 (31.3) 58 (23.7) 1.11 (0.99-1.25) 0.077

Mean NICU stay (d), m (SD) 12.6 (24.7) 12.3 (15.7) 0.943

Neonatal Hypoglycemia, n (%) 43 (22.6) 16 (19.0) 1.05 (0.92-1.19) 0.506

Neonatal Hyperbilirubinemia, n (%) 43 (22.9) 40 (16.3) 1.09 (0.99-1.19) 0.086

RDS, n (%) 31 (15.9) 15 (6.1) 1.12 (1.04-1.20) 0.001

SECONDARY MATERNAL OUTCOME:

Mean Maternal Age (y), m (SD) 32.2 (5.5) 27.4 (6.0) <0.001

Mean Initial Weight (lbs), m (SD) 186.5 (54.5) 169.1 (50.3) 0.001

Mean BMI (kg/m2), m (SD) 32.7 (8.8) 28.6 (7.9) <0.001

Mean Gestational Weight Gain (lbs), m (SD) 17.9 (17.4) 23.3 (16.5) 0.001

Preterm Birth 12 (6.2) 14 (6.0) 0.838

Preeclampsia, n (%) 21 (10.8) 24 (9.8) 1.01 (0.95-1.08) 0.727

Primary C-section, n (%) 33 (21.4) 37 (17.5) 1.05 (0.95-1.17) 0.34

Vaginal Delivery, n (%) 117 (60.0) 169 (68.7) 0.78 (0.61-1.00) 0.57

Operative Vaginal Delivery, n (%) 4 (3.3) 6 (3.4) 1.00 (0.96-1.04) 1

3rd or 4th Degree Laceration, n (%) 5 (7.7) 9 (8.8) 0.99 (0.90-1.08) 0.797

PRIMARY OUTCOME: Group 3 Group 2 (REF) RR (95% CI) p value

LGA, n (%) 11 (7.5) 16 (7.7) 1.00 (0.94-1.06) 0.931

SECONDARY NEONATAL OUTCOME:

Birthweight (g), m (SD) 3278.7 (546.6) 3245.3 (587.1) 0.587

GA at delivery (wks), m (SD) 38.4 (1.6) 38.5 (2.0) 0.215

Shoulder Dystocia, n (%) 0 (0) 2 (1.5) 0.99 (0.97-1.01) 0.513

5min APGAR < 7, n (%) 1 (0.7) 1 (0.5) 1.00 (0.99-1.02) 0.805

Mean UA pH, m (SD) 7.26 (0.08) 7.26 (0.08) 0.619

NICU Admission, n (%) 37 (25.5) 49 (23.7) 1.03 (0.91-1.16) 0.692

Mean NICU stay (d), m (SD) 11.8 (23.1) 11.7 (14.2) 0.98

Neonatal Hypoglycemia, n (%) 8 (11.9) 14 (15.6) 0.96 (0.85-1.09) 0.519

Neonatal Hyperbilirubinemia, n (%) 34 (24.1) 39 (19.6) 1.06 (0.94-1.19) 0.318

RDS, n (%) 17 (11.6) 22 (10.6) 1.01 (0.94-1.09) 0.769

SECONDARY MATERNAL OUTCOME:

Mean Maternal Age (y), m (SD) 31.7 (5.7) 30.2 (6.3) 0.022

Mean Initial Weight (lbs), m (SD) 187.6 (64.4) 176.7 (51.1) 0.077

Mean BMI (kg/m2), m (SD) 32.6 (9.3) 30.3 (7.8) 0.013

Mean Gestational Weight Gain (lbs), m (SD) 20.1 (14.0) 23.6 (18.4) 0.054

Preterm Birth 9 (6.1) 3 (1.4) 1.05 (1.01-1.10) 0.032

Preeclampsia, n (%) 24 (9.8) 26 (12.5) 1.01 (0.93-1.10) 0.76

Primary C-section, n (%) 37 (17.5) 39 (22.3) 0.99 (0.87-1.11) 0.813

Vaginal Delivery, n (%) 169 (68.7) 131 (63.0) 1.01 (0.76-1.33) 0.956

Operative Vaginal Delivery, n (%) 6 (3.4) 5 (3.7) 1.01 (0.95-1.06) 1

3rd or 4th Degree Laceration, n (%) 9 (8.8) 6 (8.0) 0.98 (0.89-1.77) 0.738

TABLE IV 
PRIMARY AND SECONDARY OUTCOMES OF GROUP-PAIR 1 AND 4 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

TABLE V 
PRIMARY AND SECONDARY OUTCOMES OF GROUP-PAIR 2 AND 3 
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PRIMARY OUTCOME: Group 4 Group 2 (REF) RR (95% CI) p value

LGA, n (%) 21 (10.8) 16 (7.7) 1.03 (0.97-1.01) 0.292

SECONDARY NEONATAL OUTCOME:

Birthweight (g), m (SD) 3228.0 (650.8) 3245.3 (587.1) 0.779

GA at delivery (wks), m (SD) 38.1 (2.1) 38.5 (2.0) 0.002

Shoulder Dystocia, n (%) 5 (4.3) 2 (1.5) 1.03 (0.99-1.08) 0.255

5min APGAR < 7, n (%) 5 (2.6) 1 (0.5) 1.02 (1.00-1.05) 0.112

Mean UA pH, m (SD) 7.25 (0.08) 7.26 (0.08) 0.172

NICU Admission, n (%) 60 (31.3) 49 (23.7) 1.11 (0.98-1.25) 0.09

Mean NICU stay (d), m (SD) 12.6 (24.7) 11.7 (14.2) 0.835

Neonatal Hypoglycemia, n (%) 43 (22.6) 14 (15.6) 1.09 (0.97-1.23) 0.17

Neonatal Hyperbilirubinemia, n (%) 43 (22.9) 39 (19.6) 1.04 (0.94-1.16) 0.431

RDS, n (%) 31 (15.9) 22 (10.6) 1.06 (0.99-1.15) 0.114

SECONDARY MATERNAL OUTCOME:

Mean Maternal Age (y), m (SD) 32.2 (5.5) 30.2 (6.3) 0.001

Mean Initial Weight (lbs), m (SD) 186.5 (54.5) 176.7 (51.1) 0.066

Mean BMI (kg/m2), m (SD) 32.7 (8.8) 30.3 (7.8) 0.005

Mean Gestational Weight Gain (lbs), m (SD) 17.9 (17.4) 23.6 (18.4) 0.001

Preterm Birth 12 (6.2) 3 (1.4) 1.05 (1.01-1.09) 0.016

Preeclampsia, n (%) 21 (10.8) 26 (12.5) 0.98 (0.91-1.05) 0.589

Primary C-section, n (%) 33 (21.4) 39 (22.3) 0.99 (0.88-1.11) 0.851

Vaginal Delivery, n (%) 117 (60.0) 131 (63.0) 0.93 (0.72-1.19) 0.539

Operative Vaginal Delivery, n (%) 4 (3.3) 5 (3.7) 1.00 (0.95-1.04) 1

3rd or 4th Degree Laceration, n (%) 5 (7.7) 6 (8.0) 1.00 (0.91-1.10) 1

PRIMARY OUTCOME: Group 4 Group 3 (REF) RR (95% CI) p value

LGA, n (%) 21 (10.8) 11 (7.5) 1.04 (0.97-1.10) 0.302

SECONDARY NEONATAL OUTCOME:

Birthweight (g), m (SD) 3228.0 (650.8) 3278.7 (546.6) 0.446

GA at delivery (wks), m (SD) 38.1 (2.1) 38.4 (1.6) 0.097

Shoulder Dystocia, n (%) 5 (4.3) 0 (0) 1.05 (1.00-1.09) 0.066

5min APGAR < 7, n (%) 5 (2.6) 1 (0.7) 1.02 (0.99-1.05) 0.242

Mean UA pH, m (SD) 7.25 (0.08) 7.26 (0.08) 0.444

NICU Admission, n (%) 60 (31.3) 37 (25.5) 1.08 (0.95-1.24) 0.25

Mean NICU stay (d), m (SD) 12.6 (24.7) 11.8 (23.1) 0.885

Neonatal Hypoglycemia, n (%) 43 (22.6) 8 (11.9) 1.14 (1.00-1.28) 0.059

Neonatal Hyperbilirubinemia, n (%) 43 (22.9) 34 (24.1) 0.98 (0.87-1.11) 0.792

RDS, n (%) 31 (15.9) 17 (11.6) 1.05 (0.97-1.14) 0.253

SECONDARY MATERNAL OUTCOME:

Mean Maternal Age (y), m (SD) 32.2 (5.5) 27.4 (6.0) 0.391

Mean Initial Weight (lbs), m (SD) 186.5 (54.5) 169.1 (50.3) 0.856

Mean BMI (kg/m2), m (SD) 32.7 (8.8) 28.6 (7.9) 0.952

Mean Gestational Weight Gain (lbs), m (SD) 17.9 (17.4) 23.3 (16.5) 0.2

Preterm Birth 12 (6.2) 9 (6.1) 1.00 (0.95-1.06) 0.99

Preeclampsia, n (%) 21 (10.8) 24 (9.8) 0.97 (0.89-1.05) 0.424

Primary C-section, n (%) 33 (21.4) 37 (17.5) 1.00 (0.89-1.14) 0.953

Vaginal Delivery, n (%) 117 (60.0) 169 (68.7) 0.92 (0.70-1.21) 0.539

Operative Vaginal Delivery, n (%) 4 (3.3) 6 (3.4) 0.99 (0.94-1.05) 1

3rd or 4th Degree Laceration, n (%) 5 (7.7) 9 (8.8) 1.02 (0.92-1.13) 1

TABLE VI 
PRIMARY AND SECONDARY OUTCOMES OF GROUP-PAIR 2 AND 4 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE VII 
PRIMARY AND SECONDARY OUTCOMES OF GROUP-PAIR GROUP 3 AND 4 
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Column1 B SE Wald df p value RR 95% CI

Constant -7.826 1.655 22.358 1 0.0005 - -

Group 1 (ref) 7.819 3 0.05 1

Group 2 1.368 0.671 4.151 1 0.042 3.928 1.053 - 14.644

Group 3 1.481 0.696 4.523 1 0.033 4.396 1.123 - 17.202

Group 4 1.831 0.664 7.591 1 0.006 6.237 1.696 - 22.937

 B = unstandardized regression coefficient, df = degrees of freedom, RR = relative risk

Binary Logistic Regression Predicting Likelihood of LGA* Column1 Column2 Column3

RR of LGA 95% CI p value

Group 2 compared to Group 1 (REF) 5.294 1.34 - 20.92 0.013

Group 3 compared to Group 1 (REF) 5.281 1.101 - 25.319 0.037

Group 4 compared to Group 1 (REF) 6.708 1.612 - 27.921 0.009

Group 3 compared to Group 2 (REF) 0.946 0.397 - 2.255 0.901

Group 4 compared to Group 2 (REF) 1.532 0.714 - 3.286 0.273

Group 4 compared to Group 3 (REF) 1.368 0.605 - 3.094 0.452

*Covariates controlled (age, race, initial BMI, total weight gain in pregnancy, gestational age at GCT, cHTN, asthma)  

Group 1 = neg GCT, Group 2 = pos GCT, no values elevated on OGTT, Group 3 = pos GCT, one elevated value on OGTT, Group 4 = GDM

 
 

TABLE VIII 
MULTIPLE LOGISTIC REGRESSION, LGA VS ALL GROUPS 

 

 

 

 

 

 

 
TABLE IX 

MULTIPLE LOGISTIC REGRESSION, LGA VS GROUP-PAIRSa 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a Covariates controlled (age, race, initial BMI, total weight gain in pregnancy, gestational 

age at GCT, cHTN, asthma) 

  

 



 

 

20 

Sequential Multiple Regression Predicting Birthweight*

Column5 Column1 Column2 Column3 Column4

B (95% CI) SEbeta beta p value

Group 2 compared to Group 1 (REF) 40.65 ( -70.16 - 151.46) 56.38 0.037 0.471

Group 3 compared to Group 1 (REF) 147.30 (16.30 - 278.30) 66.62 0.13 0.028

Group 4 compared to Group 1 (REF) 99.14 (-20.68 - 218.95) 60.95 0.09 0.105

Group 3 compared to Group 2 (REF) 82.51 (-33.12 - 198.13) 58.78 0.075 0.161

Group 4 compared to Group 2 (REF) 65.23 (-41.25 - 171.71) 54.15 0.06 0.229

Group 4 compared to Group 3 (REF) - 35.19 (-150.37 -79.98) 58.54 -0.032 0.548

*Covariates controlled (age, race, initial BMI, total weight gain in pregnancy, gestational age at GCT, cHTN, asthma)  

B = unstandardized regression coefficient, SEbeta = SE of coefficient, beta = standardized coefficient  

Group 1 = neg GCT, Group 2 = pos GCT, no values elevated on OGTT, Group 3 = pos GCT, one elevated value on OGTT, Group 4 = GDM

Column1 Model 1 Column2 Column3 Model 2 Column4Column5

Variable B (95% CI) Sebeta b B SEbeta b

Constant 2312.45** 143.19 2294.43** 143.09

Age -0.66 3.188 -0.008 -2.106 3.251 -0.024

BMI 18.236** 2.571 0.284 17.41** 2.593 0.271

Weight Gained 8.133** 1.147 0.253 8.305** 1.147 0.258

GA at 1h GCT 4.262* 1.825 0.081 4.449* 1.822 0.084

Afr American

White 227.84** 60.548 0.141 197.132* 62.074 0.122

Hispanic 146.5* 63.718 0.085 124.5 64.386 0.072

Asian 184.404* 63.444 0.117 171.14* 63.593 0.108

Other 168.849* 52.784 0.123 151.51* 53.273 0.11

Chronic HTN -192.72* 67.768 -0.104 -199.7* 67.68 -0.108

Asthma -141.731* 60.387 -0.083 135.612* 60.31 -0.079

Study Group 38.225 (3.275 - 73.175) * 17.803 0.081

*p<0.05, **p<0.001, B = unstandardized regression coefficient, SEb = standard error of the coefficient, beta = standardized coefficient

 

TABLE X 
MULTIPLE LINEAR REGRESSION, BIRTHWEIGHT VS ALL GROUPS 

 

 

 

 

 

 

 

 

 

 

TABLE XI 
MULTIPLE LINEAR REGRESSION, BIRTHWEIGHT VS GROUP-PAIRSa 

 

 

 

 

 

 

 

 

 

  

 
 

*p < 0.005, ** < 0.001 

a Covariates controlled (age, race, initial BMI, total weight gain in pregnancy, gestational 

age at GCT, cHTN, asthma) 
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Column1 Column2 Column3 Column4 Column5 Column6

Group 1 Group 2 Group 3 Group 4 p value

1h GCT value (mg/dl), m(SD) 104.8 (17.0) 151.5 (19.5) 158.1 (15.0) 165.6 (20.8) <0.001

B (95% CI) Sebeta beta p value

Study Group 17.7 (16.4 - 19.0) 0.663 0.657 <0.001

Covariates controlled (age, race, initial BMI, total weight gain in pregnancy, gestational age at GCT, cHTN, asthma)  

B = unstandardized regression coefficient, SEbeta = SE of coefficient, beta = standardized coefficient  

Group 1 = neg GCT, Group 2 = pos GCT, no values elevated on OGTT, Group 3 = pos GCT, one elevated value on OGTT, Group 4 = GDM

Multiple Regression Predicting 1hr GCT value*

Column5 Column1 Column2 Column3 Column4

B (95% CI) SEbeta beta p value

Group 2 compared to Group 1 (REF) 45.41 (42.40 - 48.41) 1.53 0.765 <0.001

Group 3 compared to Group 1 (REF) 49.52 (45.78 - 53.26) 1.9 0.789 <0.001

Group 4 compared to Group 1 (REF) 56.15 (52.28 - 60.02) 1.97 0.786 <0.001

Group 3 compared to Group 2 (REF) 3.83 (0.750 - 6.90) 1.56 0.105 0.015

Group 4 compared to Group 2 (REF) 11.69 (8.37 - 15.01) 1.69 0.275 <0.001

Group 4 compared to Group 3 (REF) 7.78 (3.93 - 11.64) 1.96 0.206 <0.001

*Covariates controlled (age, race, initial BMI, total weight gain in pregnancy, gestational age at GCT, cHTN, asthma)  

B = unstandardized regression coefficient, SEbeta = SE of coefficient, beta = standardized coefficient  

Group 1 = neg GCT, Group 2 = pos GCT, no values elevated on OGTT, Group 3 = pos GCT, one elevated value on OGTT, Group 4 = GDM

 
TABLE XII 

MULTIPLE LINEAR REGRESSION, 1H GCT VS ALL GROUPSa 
 

 

 

 

 

 

 

 

 

TABLE XIII 
MULTIPLE LINEAR REGRESSION, 1H GCT VS GROUP-PAIRSa 

 

 

 

 

 

 

 

 

 

  

a Covariates controlled (age, race, initial BMI, total weight gain in pregnancy, gestational 

age at GCT, cHTN, asthma) 

a Covariates controlled (age, race, initial BMI, total weight gain in pregnancy, gestational 

age at GCT, cHTN, asthma) 
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IV. DISCUSSION  

A. Principal Findings 

Our study shows that with increased severity of abnormal glucose tolerance, risk for development of 

an LGA neonate and a neonate of greater birthweight increased. In addition, our study shows that there 

are differences in the screening 1h GCT value between each of the four study groups, indicating that 

both the screening data as well as perinatal outcomes differ between these groups. However, this 

relationship does not exist between Groups 3 and 4. While there are differences in the 1h GCT value 

between Group 3 and Group 4, there are no differences in outcomes between these two groups. This 

suggests that although Group 3 is not diagnosed with GDM, patients with this severity of glucose 

tolerance have very similar outcomes to those that were diagnosed with GDM. In agreement with the 

HAPO study6, our study confirms that the risk of developing an LGA neonate and increased birth weight 

was associated with the severity of glucose tolerance in a dose-response manner. When comparing 

group-pair outcomes of LGA and birthweight for the group-pairs G2 v G1, G3 v G1, and G4 v G1, the 

relationship remained, even after controlling for confounders. The severity of maternal glycemia on the 

screening 1h GCT increased with each group. This relationship held also after controlling for 

confounding variables. The incidence of LGA and increased birthweight was significantly associated with 

group status, as the severity of impaired glucose tolerance increased from Group 1 to Group 4.   

 

B. Results 

With regards to the demographic data of the participants, there was an increase in age, BMI, and 

total weight during pregnancy that correlated with severity of abnormal glucose tolerance. This was 

expected, as we know that major risk factors for developing GDM include advanced age, weight greater 

than ideal body weight as well as greater than average weight gain in gestation. African American 

patients outnumbered all other race/ethnicity groups in each study group, which is consistent with the 
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patient population that is served at the University of Illinois Hospital. Gravidity and parity did not differ 

between study groups.  

When comparing Group 2 to Group 1, Group 3 to Group 1, and Group 4 to Group 1 on primary and 

secondary outcomes, LGA status and birthweight increased in a dose-dependent manner. When 

comparing age, BMI, and total weight gain in pregnancy between each group-pair, the group with the 

more impaired glucose tolerance tended to be older, weigh more, and gained the most weight. 

However, some of these patterns did not hold for each group-pair. For example, when comparing Group 

4 to Group 1 and Group 4 to Group 2, Group 4 had a mean less total gestation weight gain than Group 1 

and Group 2. This is likely due to the fact that women diagnosed with GDM (Group 4), were counseled 

on diet and lifestyle modifications, which could have translated into less weight gain than the negative 

screening group (Group 1) or the positive screen group with negative OGTT (Group 2). When comparing 

perinatal outcomes between Group 3 and Group 4, there were no significant differences. This could 

imply that Groups 3 and 4 are quite similar, and that their level abnormal glucose tolerance leads to 

similar implications, both maternally and for the neonate.  This observation was also noted when 

analyzing the logistic regression, with the dependent variable as LGA and the independent variable as 

each study group-pair. A dose-dependent response in relative risk (RR) was demonstrated when 

analyzing all study groups in terms of the outcome of LGA (Group 1 (ref): 1.00, Group 2: 3.93, Group 3: 

4.40, Group 4: 6.24); however, when comparing group-pairs, no difference in RR was observed between 

group-pair G3 v G2, G4 v G2, or G4 v G3. Again, when comparing these groups to the negative screening 

group (Group 1), it is clear that maternal hyperglycemia plays a role in the development of LGA and 

birthweight; however, when comparing severity of hyperglycemia between the groups with more severe 

glucose intolerance, the relationship becomes less concrete, after controlling for confounding variables. 

In terms of birthweight, with increased severity of glucose intolerance, birthweight increased by 38.23g 

for each unit increase in group assignment, as demonstrated by the multiple regression analysis which 
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considered all groups as the independent variable. When analyzing multiple regression for each group-

pair, there was a significant difference in birthweight for Group 3 compared to Group 1 (p 0.028). There 

was no difference when comparing group-pair Group 4 to Group 1. As mentioned before, women 

diagnosed with GDM (Group 4), tend to be counseled and treated with lifestyle and diet modifications in 

addition to medications. They also are induced at 39 weeks for labor, given their medical condition. This 

could be a reason why Group 4 had neonates that had a birthweight that did not differ from Group 1. 

Our study highlights an important observation; Group 3 is a potential group of women that could benefit 

from counseling on diet on lifestyle changes, which could potentially lead to neonates who have 

birthweights and weight-for-gestational age similar to those of the negative screening group (Group 1). 

 

C. Clinical Implications 

There is presently no recommendation on treating women who fail to meet the criteria for diagnosis 

of GDM but demonstrate abnormal glucose tolerance. An important clinical implication of our study is to 

offer early intervention (i.e. diet and lifestyle modification, medication, and 3rd trimester growth 

ultrasound) on these groups of women (Groups 2 and 3). Our study demonstrates that Group 4 (GDM) 

gained less gestational weight and also had neonates that weighed less than those in other groups; 

given that both of these outcomes increase risks associated with GDM, early interventions may reduce 

the risks of LGA, increased birthweight, and other adverse perinatal outcomes in women who have 

abnormal glucose tolerance. 

 

D. Strengths and Limitations 

A strength of the study is that it is one of the only studies that investigates glucose intolerance with 

the use of the two-step approach of diagnosing GDM3,4 with the 1h GCT and 3h OGTT compared to the 

one-step approach used in the HAPO study6 (2h, 75-gram OGTT), making this more generalizable to high-
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risk populations in the United States. This study also has relatively larger sample sizes than other studies 

and is the first to analyze differences in 1h GCT values between each study group. 

 

This study is not without limitations. This was a retrospective cohort study in a single institution. It 

does not provide enough evidence to universally recommend interventions/treatment in women with 

abnormal glucose tolerance, not diagnosed with GDM. Nonetheless, the outcomes of this study provide 

evidence that counseling and intervention in women with abnormal glucose tolerance, especially those 

with only one elevated value on the 3h OGTT, could be helpful in a case-by-case basis in preventing 

perinatal adverse outcomes, namely LGA neonates and neonates with elevated birthweight compared 

to average. Prospective cohort studies which focus on providing intervention to these groups with 

impaired glucose tolerance and assessing their perinatal outcomes compared to both negative screening 

and GDM groups is warranted. 
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V. CONCLUSION 

Our study shows that the severity of glucose impairment in pregnancy increases the risk of LGA 

and increased birthweight in a dose-response manner. After controlling for confounders, this 

relationship remains significant. The results also show that these screening results reflect a spectrum of 

glucose intolerance in a high-risk population, as related to both the primary and secondary outcomes, 

and that these outcomes are similar to those of other important studies, including the HAPO study5,8-10. 

Patients with an abnormal 1h GCT, and patients with an abnormal 1h GCT in addition to one elevated 

value on 3h GTT can suffer similar adverse pregnancy outcomes as those with GDM.  Negative long-term 

implications on both the neonate and the mother can result from LGA status, including higher risk for 

GDM in future pregnancy, shoulder dystocia, greater risk for cardiovascular disease, and others. Our 

study shows that these 1h GCT screening results reflect a spectrum of glucose intolerance and these 

patients who are not diagnosed with GDM may require closer surveillance, such as lifestyle and/or diet 

modification, 3rd trimester ultrasound, or medications to improve pregnancy outcomes. 
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