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Abstract

Objectives: To determine 1) whether higher maternal body mass index (BMI) and Cesarean (C) 

Section mode of delivery are associated with neonatal hypoglycemia (NH) and 2) whether timing 

of NH onset differs by risk factors.

Study Design: Retrospective cohort study (n=4602) to determine the odds of NH, NH requiring 

IV dextrose and timing of NH onset among infants with established and plausible (BMI and C-

section) risk factors.

Result: Infants born to class III obese mothers had higher odds of NH (OR 1.3, 95% CI 1.0–1.8) 

and of requiring IV dextrose (OR 2.2, 95% CI 1.2–3.9). Infants born via C-section had higher odds 

of requiring IV dextrose (OR 1.4, 95% CI 1.1–1.9). Infants who were delivered to high BMI 

mothers and by C-section developed NH earlier than the reference group.

Conclusion: Determining the predictors and timing of NH onset may help develop tailored 

evaluation and management strategies for at-risk neonates.

Introduction

Neonatal hypoglycemia (NH) is estimated to affect 10–15% of newborns and is associated 

with neurodevelopmental sequelae (1). NH is easily treatable but identifying prenatal risk 

factors for NH is critical to ensuring appropriate screening and timely treatment. There is a 

normal physiologic transition of glycemic control that occurs in the hours following birth, 

when maternal glucose supply is eliminated. Maternal and infant factors can perturb this 

transition, causing lower than typical neonatal glucose concentrations. Established risk 

factors for NH include maternal factors such as gestational diabetes and maternal use of beta 

blockers and beta agonists (terbutaline). Other established risk factors for NH are infants 

who are small- or large- for gestational age (SGA or LGA), preterm or postdates infants, 
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infants with a history of perinatal stress (pre/eclampsia, birth asphyxia, meconium aspiration 

syndrome, hypothermia), infants with a midline syndrome and a family history of 

hypoglycemia (2). Infants who fall into these categories should receive blood glucose 

screening in the first 24 hours of life and are treated with dextrose and feeding if these 

values are lower than the expected norm for their age.

There has been a rapid upward trend in maternal pre-pregnancy body mass index (BMI) in 

the past 20 years. Currently, one of every three mothers enter pregnancy obese. National 

guidelines do not include maternal obesity as an independent risk factor for NH, although 

there is biologic plausibility and early evidence to suggest that maternal obesity may result 

in subclinical insulin resistance and predispose the infant to NH. Two cohort studies have 

reported that maternal obesity is an independent risk factor for NH, after controlling for 

maternal comorbidities (3,4). Another emerging risk factor is Cesarean section (c-section) 

delivery, which occurs in nearly 31.9% of all births in the United States (5). Infants born by 

c-section may have less time for hormonal transitions to occur than infants who are delivered 

after labor. In addition, postnatal measures to prevent NH such as skin-to-skin and early 

feeding post birth are challenging to initiate in the operating room setting. Lastly, 

lactogenesis can be delayed after c-section, potentially delaying provision of milk (6). 

However, there is minimal available data examining the association between c-section 

delivery and risk of NH.

Understanding the timing of onset and duration of NH is also critical to devise informed 

practice guidelines. Data on the optimal timing for glucose screening initiation is limited. 

Screening guidelines could be improved with data to inform when to initiate glucose 

measurement and how long to continue to screen, based on which prenatal risk factor is 

present. Currently, per the American Academy of Pediatrics (AAP) guidelines, SGA and 

preterm infants are screened for a longer period of time compared to LGA infants and 

infants of diabetic mothers (IDM)(7). For all at-risk infants, NH screening is initiated 30 min 

after the first feed, which should ideally take place within one hour of birth. However, data 

regarding timing of onset NH by risk factor is sparse.

Using a large sample of at-risk infants born at a single, academic, high-volume birth hospital 

in the United States, the objectives of this study were two-fold: 1) to determine whether 

maternal obesity and c-section are independent risk factors for NH and for NH requiring IV 

dextrose treatment, and 2) to assess the relationship between risk factors for NH and timing 

of NH onset.

Methods

Subjects

This was a retrospective study of asymptomatic infants who were screened for NH within 

the first 48 hours of life per institutional NH screening protocol from January 2016 to March 

2018 at Brigham and Women’s Hospital in Boston, MA. Using a data extract report from the 

electronic health record (EHR), we first identified all infants born during this period who 

had a blood glucose measurement within 48 hours of birth. This included infants who did 

and did not develop NH. Timing of all variables were provided by a date and time stamp in 
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this data extract report. Infants were excluded from this analysis if they were less than 35 

weeks gestation at birth, a multiple gestation, received IV dextrose for non-NH related 

conditions, or developed NH after 48 hours of life. This project was undertaken as a quality 

improvement initiative at Brigham and Women’s Hospital and per institutional policy, was 

not formally supervised by the Institutional Review Board.

Summary of clinical NH screening guideline

At our institution, infants are screened for NH if they have one of the following established 

risk factors: infants of diabetic mothers (IDM), SGA or LGA infants, maternal beta blocker 

or terbutaline administration, preterm or post-term infants, infants with perinatal stress 

(Apgar score <7 at 5 min of life, respiratory distress >1hr, family history of hypoglycemia or 

a midline syndrome). If one or more of the screening criteria are met, bedside nurses feed 

the infant and measure a point-of-care blood glucose within the first hour of life. The goal 

blood glucose for infants <48 hours old is ≥ 45mg/dL. Infants are provided dextrose gel up 

to three times and then intravenous (IV) dextrose if their blood sugar concentrations remain 

below the treatment threshold.

Statistical analysis

NH Demographics—Maternal and infant demographic and clinical characteristics were 

summarized overall and by NH status using descriptive statistics that included means and 

standard deviations for continuous variables, and number and percentages for categorical 

variables. Differences among these variables by NH status, as well as by NH with IV 

dextrose status, were assessed using nonparametric Mann Whitney U, given the non-

normality of the data, or χ2 test for continuous and categorical variables, respectively.

Risk factors for NH outcomes—The association between NH outcomes (NH and NH 

with IV dextrose treatment) and both already-established and plausible risk factors for NH 

was examined using multiple logistic regression. The already-established risk factors were 

(1) gestational age (preterm < 37 weeks, term 37 – 41 weeks (reference), postdates > 

41weeks); (2) Infant of a diabetic mother (IDM) vs. no gestational diabetes (reference) (3) 

preeclampsia, as a surrogate for beta blocker exposure (data on maternal medications were 

not available through our data extract report) vs. no preeclampsia (reference); and (4) size 

for gestational age - SGA (<10th percentile), AGA (10th – 90th percentile, reference) and, 

LGA (>90th percentile) - derived using Fenton growth reference curves. Plausible risk 

factors for NH were (1) maternal BMI categorized per WHO guidelines (Normal 18.5–24.9 

kg/m2 (reference), Overweight 25–29.9 kg/m2, Obese Class I 30–34.9 kg/m2, Obese Class II 

35–39.9 kg/m2, Obese Class III ≥40 kg/m2) and (2) mode of delivery (c-section vs. vaginal 

delivery (reference). The multiple logistic regression models included all risk factors as 

categorical variables to provide the odds of NH outcomes for each risk factor (compared to 

its reference group), adjusted for the other NH risk factors. The analytic sample for this 

analysis included all infants in the total sample, n = 4602; those infants having 1 ≤ NH risk 

factor (established or plausible) along with infants having none of the maternal risk factors 

listed but screened for NH given their having non-maternal risk factors for NH, including 

perinatal and respiratory stress, based on Pediatric Endocrine Society recommendations (2).
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Association between risk factors for NH and NH onset: Time to event analysis
—We utilized the Kaplan-Meier survival function estimator to determine the time in minutes 

since birth when infants developed NH for each risk factor. The event of interest was 

determined as the minutes of life since birth when the first dextrose gel was administered 

(i.e. time of first hypoglycemic episode). The Breslow test was used to determine whether 

the survival distribution curves differed. We further explored whether median (in minutes) 

timing of onset of NH differed by risk factor. For survival analyses, the analytic sample was 

based on those infants who received gel 1708 (37.1%).

Established risk factors:  For this analysis, we only included participants among those who 

received gel with one or zero of the established risk factors for NH; subjects with more than 

one risk factor were excluded. The reference, or “none” group for this analysis consisted of 

infants who had glucose screens for reasons other than presence of any of the 

aforementioned risk factors (see Risk factors for NH outcome). We used the Kruskal Wallis 

test, given non-normality of data, followed by post-hoc pairwise comparison with 

Bonferroni correction to determine whether time to first dextrose gel differed by risk factor.

Plausible risk factors:  These analyses were based on infants who received gel with one or 

more risk factors, since infants were not screened solely based on the plausible risk factors 

of interest (maternal BMI and mode of delivery). To determine whether maternal BMI and 

mode of delivery affected time to NH, we used Mann Whitney U test for comparison by 

maternal BMI (<30 (ref) vs ≥30 kg/m2) and by mode of delivery (vaginal (ref) vs. c-section). 

Given the higher risk of c-section among obese women (3), as an exploratory analysis, we 

further assessed the modification by maternal BMI on the relationship between mode of 

delivery and NH onset by evaluating the survival functions of four groups: (1) vaginal 

delivery and BMI < 30 (reference), (2) vaginal delivery and BMI ≥30, (3) caesarean delivery 

and BMI < 30, (4) caesarean delivery and BMI ≥30. For this analysis, we defined BMI<30 

kg/m2 and vaginal delivery as the reference group because this group was considered the 

least at risk for NH. We also used the Kruskal Wallis test, given non-normality of data, 

followed by post-hoc pairwise comparison with Bonferroni correction to determine whether 

time to first dextrose gel differed by delivery method and BMI group.

We conducted all analyses with SPSS Statistical Software version 24. Statistical significance 

was designated to be p< 0.05.

Results

Participant characteristics

Out of the 4602 infants who were screened for NH, 40.1% (n=1846) experienced NH and 

4.9% (n=227) received IV dextrose to treat NH. In univariate analyses, infants who were 

preterm, SGA, LGA, born via C-section, whose mothers had a BMI ≥30kg/m2 were more 

likely to develop NH and require IV dextrose for NH treatment (p<0.005). Infants whose 

mothers had gestational diabetes (GDM) were more likely to develop NH only, and those 

with preeclampsia were more likely to require IV dextrose only (Table 1, p<0.005).
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Risk factors for a hypoglycemic event

In the adjusted model, IDM, preterm, SGA, and LGA infants had higher odds than the 

respective reference groups of developing NH (Table 2). In addition to these established risk 

factors, infants born to mothers with Class III obesity (BMI ≥40 kg/m2) also had higher odds 

of developing NH than infants born to normal BMI mothers (18.5 ≤ BMI < 25 kg/m2), after 

adjustment for other risk factors (Table 2).

Risk factors for IV dextrose for NH treatment

In the adjusted model, infants had higher odds of requiring IV dextrose to treat NH if they 

were born preterm, SGA, or LGA compared to the respective reference groups (Table 2). 

Infants also had higher odds of requiring IV dextrose to treat NH if they were born to 

mothers with Class III obesity (BMI ≥40kg/m2) compared to infants born to normal BMI 

mothers (18.5 ≤ BMI < 25 kg/m2) or if they were born via C-section compared to those born 

vaginally (Table 2).

Time to event analysis

Established risk factors: We first examined if established risk factors differentially 

influenced the timing of NH onset. Timing of NH onset was not equal among the risk factor 

groups in this analysis (Breslow p<0.001) (Figure 1a). Infants who were born to mothers 

with GDM, preterm or LGA developed NH sooner (median onset between one and two 

hours of life; Table 3) than the reference group (no established risk factors, or “none”, 

p<0.001). Infants who were SGA, postdates or born to mothers with preeclampsia did not 

have a significant difference in the timing of NH onset compared to the reference group and 

developed NH later with median onset, after two hours of life (Table 3).

Plausible risk factors: Infants at-risk for NH delivered via C-section (Figure 1b) had 

earlier onset of NH compared to those delivered via vaginal delivery (p<0.001; Table 3). 

Similarly, infants at-risk for NH born to mothers with a BMI ≥30kg/m2 (Figure 1c) had 

earlier onset of NH than those born to mothers with BMI<30kg/m2 (p=0.013; Table 3). Both 

plausible risk factors were associated with development of NH, with median onset 90 min 

earlier than their reference groups (i.e., normal BMI and vaginal delivery, respectively) 

(Table 3). When further stratified by both mode of delivery and maternal BMI, compared to 

infants born vaginally to mothers with a BMI <30kg/m2, infants born via c-section to 

mothers with a BMI ≥30 kg/m2 had the earliest onset of NH followed by infants born via c-

section to mothers with BMI <30 kg/m2 (Table 3). Infants born via vaginal delivery to a 

mother with a BMI≥30kg/m2 and infants born via vaginal delivery to mothers with 

BMI<30kg/m2 (Breslow p<0.001 Figure 1d) followed these first two groups. Infants 

delivered via c-section to a mother with a BMI ≥ 30 kg/m2 developed NH at a median onset 

of 105.5 minutes of life, compared to 225 minutes for an infant born via vaginal delivery to a 

mother with a BMI<30kg/m2 (p<0.001; Table 3).

Characteristics for the reference group can be found in Supplemental Table 1
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Discussion

In our population, we found that in addition to the established risk factors, high maternal 

BMI and c-section delivery were associated with increased odds of developing NH and 

needing IV dextrose for the treatment of NH compared with infants of mom with normal 

BMI and delivered vaginally, respectively. Infants at risk for NH born to mothers with high 

BMI and/or via c-section delivery were also more likely to develop NH earlier compared to 

infants of mothers with normal BMI and delivered vaginally, respectively.

We report that high maternal BMI is a risk factor for NH, after adjustment for other 

comorbid risk factors often associated with maternal BMI. Other studies have had similar 

findings. In 2016, Suk et al reported in a retrospective cohort study of 1,736 infants that 

infants of mothers with high BMI were more likely to be admitted to the NICU for NH, 

independent of maternal diabetes diagnosis (4). Similarly, Neumann et al conducted a 

retrospective cohort study of 11,939 mother-infant dyads between 2001–2011 and reported 

that maternal obesity was a risk factor for NH (OR 1.8, 95% CI 1.0, 3.0) (3). This population 

had a much lower prevalence of obesity (approximately 10%) than the general U.S. 

population and thus, was not able to examine maternal obesity sub-classes. These studies did 

not adjust for infant characteristics such as gestational age and fetal growth status, which are 

known to be associated with BMI and NH risk. Furthermore, neither study examined the 

interaction of maternal BMI with mode of delivery. Given that high BMI women are more 

likely to deliver by C-section, an understanding of both factors allows for a more complete 

understanding of NH risk.

Obesity before and during pregnancy is characterized by insulin resistance, inflammation 

and dyslipidemia (8). Insulin sensitivity decreases over the course of a healthy pregnancy. 

Overweight and obese women have decreased insulin sensitivity as compared with lean or 

average weight women throughout pregnancy, but particularly in the third trimester (8). 

Obese women are 2.6 times more likely to be diagnosed with GDM than lean women, but 

the vast majority (up to 95%) of obese women do not meet the clinical threshold for 

diagnosis of GDM during pregnancy (9,10). Maternal metabolic dysregulation, characterized 

by elevated pro-inflammatory cytokines and lipid concentrations, is also associated with the 

longitudinal changes in insulin sensitivity in pregnant women (11–13). Physiologically, 

obesity is associated with increased inflammation and dyslipidemia, which have been shown 

to cumulatively contribute to adverse fetal outcomes, such as macrosomia (14). Current 

screening criteria during pregnancy only include one component of metabolic dysregulation, 

namely overt glucose intolerance. There is biologic plausibility that sub-clinical metabolic 

dysregulation in pregnant women with high BMI may be on the causative pathway of NH.

Evidence linking C-section delivery to NH is sparse. There are no published studies that we 

could find that address the risk of NH by mode of delivery. However, there is reason to 

suspect that infants delivered via C-section are at increased risk for NH. Potential 

mechanisms that might mediate this association include delayed lactogenesis, delayed skin-

to-skin and impaired thermoregulation (6,15,16). These results lay the groundwork for future 

studies to better understand the factors that link C-section delivery to NH and more 

importantly, studies that will test interventions aimed at preventing NH following c-section 

Turner et al. Page 6

J Perinatol. Author manuscript; available in PMC 2019 December 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



delivery. In short, these results could also inform future practice during the immediate post-

delivery care of infants delivered via C-section.

The timing of onset of NH differed based on risk category. IDM and LGA infants, whose 

NH physiology is characterized by hyperinsulinemia paired with truncated supply of 

maternal glucose at birth, seemed to develop NH earlier (2,7,17). SGA infants and infants 

exposed to beta blockers (i.e. maternal pre-eclampsia) developed NH later. They are at risk 

for NH due to low glycogen stores or inability to mobilize these stores, respectively 

(2,17,18). The underlying physiology of NH may contribute to the timing of onset yet, there 

is no published information that describes the difference in NH onset based on risk factor. 

This data can help provide individualized screening and feeding practice recommendations 

for infants based on risk factor and should be considered in the development of screening 

and treatment guidelines.

Our study had several strengths. Given the prevalence of high maternal BMI and C-sections 

in our population, we were able to stratify by maternal BMI class and examine the 

intersection of maternal BMI and mode of delivery. We had detailed information on 

treatment timing and maternal and infant characteristics. We were limited by the measure of 

maternal BMI at delivery and the lack of detailed early pregnancy information. Thus, we 

were not able to examine weight gain during pregnancy as a covariate in this analysis. We 

also did not have information on maternal beta blocker usage and utilized maternal 

preeclampsia as a surrogate for this. Given that this analysis was conducted within a quality 

improvement project, we screened infants based on the established risk factors, i.e., we were 

not able to examine the role of the plausible risk factors alone in the absence of the 

established risk factors. However, we conducted thorough statistical adjustment to account 

for confounding, although there is always the possibility to residual confounding. Future 

studies should prospectively enroll participants to understand the independent role of the 

plausible risk factors (maternal BMI and C-section delivery) on odds of NH.

Here we report that both high maternal BMI and delivery by C-section are associated with 

higher odds of developing NH than lower BMI and vaginal delivery. This lays the 

groundwork for future investigation of these potential risk factors, which affect over one-

third of US infants. In addition, we describe that the timing of NH onset differs by risk 

factor, which may be useful for clinical guideline development.
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Figure 1: 
Timing of NH by established and plausible risk factors. 1a. Timing on NH onset for infants 

with non-overlapping established risk factors. The “none” group had blood glucose 

measurements for perinatal stress or respiratory distress. 1b. Timing of NH onset for infants 

delivered vaginally and by c-section. 1c. Timing of NH onset for infants born to non-obese 

(BMI <30kg/m2) and obese mothers (BMI ≥30kg/m2). 1d. Timing of NH onset for infants 

categorized by delivery method and maternal BMI.
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Table 1.

Maternal and Infant Characteristics among 4602 at-risk infants for NH

Maternal Characteristics All (n=4602) Hypoglycemic Event (n=1846) No Hypoglycemic Event (n=2756) p-value

Parity: n(%) 0.491

Primiparity 2251 (49.0) 892 (48.4) 1359 (49.4)

Multiparity 2341 (51.0) 951 (51.6) 1390 (50.6)

Race: n(%) 0.574

White 2397 (52.1) 972 (52.7) 1425 (51.7)

Asian 507 (11.0) 188 (10.2) 319 (11.6)

Black/African American 771 (16.7) 306 (16.6) 465 (16.9)

Hispanic/Latino 321 (7.0) 127 (6.9) 194 (7.0)

Other 606 (13.2) 253 (13.7) 353 (12.8)

Delivery BMI: n(%) 0.003*

Normal (18.5–24.9 kg/m2) 506 (12.4) 200 (12.2) 306 (12.5)

Overweight (25–29.9 kg/m2) 1477 (36.1) 553 (33.7) 924 (37.7)

Obese, Class I (30–34.9 kg/m2) 1140 (27.9) 455 (27.7) 685 (28.0)

Obese, Class II (35–39.9 kg/m2) 567 (13.9) 243 (14.8) 324 (13.2)

Obese, Class III (≥40 kg/m2) 403 (9.8) 192 (11.7) 211 (8.6)

Preeclampsia: n(%) 0.112*

Yes 121(2.6) 57 (3.1) 64 (2.3)

No 4481 (97.4) 1789 (96.9) 2692 (97.7)

Gestational Diabetes: n(%) <0.001

Yes 623 (13.5) 299 (16.2) 324 (11.8)

No 3979 (86.5) 1547 (83.8) 2432 (88.2)

Mode of Delivery: n(%) 0.003*

Vaginal Delivery 2914 (63.3) 1122 (60.8) 1792 (65.0)

C-section 1688 (36.7) 724 (39.2) 964 (35.0)

Infant Characteristics

Birth Weight: mean (SD) 3279.0 (631.2) 3226.3 (684.9) 3314.4 (589.9) <0.001

Sex: n(%) 0.041*

Female 2156 (46.8) 831 (45.0) 1325 (48.1)

Male 2446 (53.2) 1015 (55.0) 1431 (51.9)

Gestational Age: n(%) <0.001*

Late Preterm (35–36.9) 603 (13.1) 340 (18.4) 263 (9.6)

Term (37–41) 3453 (75.0) 1316 (71.3) 2137 (77.5)

Post Dates (>41) 546 (11.9) 190 (10.3) 356 (12.9)

Centile: n(%) <0.001*

SGA (<10%) 717 (15.7) 360 (19.6) 357 (13.1)

AGA 32153 (70.3) 1164 (63.3) 2049 (75.0)

LGA (>90%) 642 (14.0) 315 (17.1) 327 (12.0)
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Maternal Characteristics All (n=4602) Hypoglycemic Event (n=1846) No Hypoglycemic Event (n=2756) p-value

Received Dextrose Gel: n(%) <0.001*

Yes 1708 (37.1) 1708 (92.5) 0 (0.0)

No 2894 (62.9) 138 (7.5) 2756(100.0)

Received Dextrose IV: n(%) <0.001

Yes 227 (4.9) 227 (12.3) 0 (0.0)

No 4375 (95.1) 1619 (87.7) 2756 (100)

*
indicates characteristics that differed in infants who received IV dextrose for NH treatment
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Table 2.

Pregnancy and delivery risk factors associated with infant hypoglycemia among 4066* infants at-risk for NH

Pregnancy and Delivery Characteristics Hypoglycemia ORADJ (95% CI)
1

IV Dextrose ORADJ (95% CI)
1

Gestational Diabetes 1.7 (1.4–2.1) 1.2 (0.8–1.8)

Preeclampsia 0.9 (0.6–1.4) 1.6 (0.8–3.0)

Gestational Age (term as ref)

Preterm 2.4 (2.0–2.9) 2.4 (1.7–3.4)

Post-Date 1.1(0.9–1.4) 0.6 (0.3–1.2)

Size for Gestational Age (appropriate for gestational age as ref)

Small for Gestational Age, SGA 2.1 (1.7–2.5) 2.6 (1.8–3.8)

Large for Gestational Age, LGA 2.0 (1.7–2.5) 2.7 (1.9–3.9)

Delivery BMI, Maternal (Normal (18.5 < 25) as ref)

Overweight (25< 30) 1.0 (0.8–1.2) 0.8 (0.4–1.3)

Obese, Class I (30 < 35) 1.1 (0.9–1.3) 1.3 (0.8–2.2)

Obese, Class II (35< 40) 1.2 (0.9–1.5) 1.4 (0.8–2.5)

Obese, Class III and above (≥40) 1.3 (1.0–1.8) 2.2 (1.2–3.9)

Delivery Method, C-section (vaginal as ref) 1.1 (0.9–1.2) 1.4 (1.1–1.9)

1
Estimates are based on multiple logistic regression models for NH and NH requiring IV dextrose. Models include all maternal risk factors 

identified from univariate analysis as significant risk factors for infant hypoglycemia and/or IV dextrose administration.

*
Due to missing data for 536 infants, the total analytic sample for this analysis is 4066.
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Table 3.

Time to first gel by risk factor among 1708 infants who received gel

Established Risk Factors
+

N Time to First Gel Median (IQR) p-value*

None (ref)** 455 189 (323) 1

Large for gestational age 225 89 (172) 0.000

Preterm 218 95 (207) 0.000

Gestation diabetes 199 105 (183) 0.000

Small for gestational age 242 247 (322) 0.575

Postdates 141 259 (270) 0.165

Preeclampsia 14 267 (277) 0.259

Adjunct Risk Factors
++

Delivery Method

Vaginal Delivery (ref) 1043 205 (250) 1

C-section 642 111.5 (221) 0.000

Maternal BMI

Under 30 kg/m2(ref) 675 201 (269) 1

Over 30 kg/m2 818 123 (218) 0.013

Adjunct Risk Factors Grouped by Maternal BMI and Delivery Method
++

Under 30 and Vaginal Delivery (ref) 475 225 (245) 1

Under 30 and C-Section 200 141 (343) 0.034

Over 30 and Vaginal Delivery 454 176 (224) 0.135

Over 30 and C-Section 364 105.5 (209) 0.000

+
Subjects in the established risk factor analysis only had one or zero risk factors (≤ 1) of interest

++
Subjects in these analyses had one or more risk factors

*
p value determined by Kruskal-Wallis Test or Mann-Whitney U test.

**
The none group is comprised of babies who were screened for non-maternal indications such as perinatal stress and respiratory distress, based on 

Pediatric Endocrine Society recommendations (2).
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