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Abstract 15 

Background: Standardized screening for neonatal hypoglycemia (NH) in full-term, 16 

appropriate-for-gestational-age (AGA) newborns is lacking. We aimed to develop a bedside 17 

prediction model for early NH (≤24 hours) in this population. 18 

Methods: This retrospective study included 1,543 full-term AGA newborns, randomly split 19 

them into training and testing sets at a ratio of 7:3. From 51 candidate variables, LASSO and 20 

multivariate logistic regression were used to select predictors and construct a nomogram. 21 

Model performance was evaluated via area under the curve (AUC), calibration, and decision 22 

curve analysis (DCA). 23 
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Results: NH occurred in 15.4% (237/1,543) of the cohort. LASSO regression identified nine 24 

core predictive variables: maternal factors (gestational diabetes mellitus, gestational 25 

hypertension, mode of delivery, 1-hour glucose level on the oral glucose tolerance test, total 26 

bile acids, and hemoglobin) and neonatal factors (sex, gestational age, and feeding method). It 27 

demonstrated good discrimination, yielding an AUC of 0.943 (95% CI: 0.919�0.967) in the 28 

training set and 0.934 (95% CI: 0.896�0.971) in the testing set. Calibration curves and DCA 29 

confirmed robust predictive accuracy and high clinical net benefit. 30 

Conclusion: This bedside nomogram enables accurate, early risk stratification of NH in full-31 

term AGA newborns, optimizing targeted screening in a frequently overlooked population. 32 

Keywords: neonatal hypoglycemia; full-term appropriate-for-gestational-age newborns; 33 

prediction model; nomogram; risk factors 34 

 35 

1 Introduction 36 

Neonatal hypoglycemia (NH) is one of the most prevalent metabolic abnormalities in the 37 

early postnatal period. Its incidence in healthy, full-term newborns is approximately 5%�15% 38 

but rises to 50% when high-risk factors, such as preterm birth, maternal gestational diabetes 39 

mellitus (GDM), small-for-gestational-age (SGA) or large-for-gestational-age (LGA) 40 

newborns, are concurrently present[1-3]. Glucose is the primary energy source for the neonatal 41 

brain. Recurrent or persistent NH can impair cerebral energy metabolism and is closely 42 

associated with later neurodevelopmental abnormalities, including cognitive impairment, 43 

learning disabilities, visual-motor integration deficits, and cerebral palsy[4]. Furthermore, NH 44 

imposes substantial burdens on healthcare resources and long-term socioeconomic costs, 45 

including those related to hospitalization, neurological rehabilitation, and reduced quality of 46 

life[5]. Therefore, early identification and timely intervention are significant for improving 47 

neurodevelopmental outcomes and optimizing perinatal care. 48 
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In clinical practice, full-term appropriate-for-gestational-age (AGA) newborns are 49 

typically considered a low-risk population because they lack traditional risk factors and are 50 

therefore not included in routine intensive blood glucose monitoring protocols[6]. However, a 51 

retrospective cohort study reported that approximately 26.3% of healthy newborns met the 52 

screening criteria for NH[3], suggesting that the NH risk in this population may be 53 

underestimated. Currently published prediction models for NH primarily focus on preterm 54 

newborns, newborns born to GDM mothers, or those with established risk factors such as 55 

respiratory distress[7-10]. Specialized prediction tools for full-term AGA newborns remain 56 

lacking. Therefore, it is vital to discern risk factors for NH in this population and develop 57 

effective predictive tools. 58 

Current screening strategies for NH primarily depend on predefined risk factors; however, 59 

they may not adequately account for the cumulative effects of various maternal and neonatal 60 

variables. Consequently, individualized prediction models that incorporate clinical factors 61 

could enhance early risk stratification and facilitate targeted glucose monitoring. In this single-62 

center retrospective study, we developed and validated a prediction model for NH in full-term 63 

AGA newborns within 24 hours after birth, aiming to provide a practical tool for individualized 64 

risk assessment and optimized neonatal glucose management. 65 

2 Methods 66 

2.1 Study Design and Study Population 67 

This retrospective cohort study included full-term AGA newborns delivered at our 68 

hospital between January 2020 and December 2025. The NH group consisted of infants born 69 

in the obstetric department who were diagnosed with NH within 24 hours after birth through 70 

postnatal glucose screening and subsequently transferred to the neonatal department. The non-71 

NH group comprised contemporaneous full-term AGA infants born in the neonatal department 72 

without NH within 24 hours after birth. All data were extracted from the hospital�s electronic 73 
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medical record system, covering obstetric inpatient records, delivery records, neonatal 74 

inpatient records, laboratory test results, and neonatal bedside blood glucose monitoring 75 

records. After standardized processing, a mother-infant paired database was established. This 76 

study protocol was reviewed and approved by the hospital�s Medical Ethics Committee 77 

(Approval No.: XMFHIIT-2026SL 187-01), and informed consent was waived. 78 

Inclusion criteria included: neonatal gestational age of 37⁺⁰ to 41⁺⁶ weeks; AGA defined 79 

as a birth weight falling between the 10th and 90th percentiles on the growth standard curve 80 

for the same gestational age and sex[11]; newborns delivered at this hospital who had 81 

undergone at least one blood glucose measurement within 24 hours of birth; complete clinical 82 

and laboratory data from the mother during pregnancy and delivery, as well as from the early 83 

neonatal period, allowing for the extraction of all candidate variables and outcome measures. 84 

Exclusion criteria included: the presence of major congenital malformations, chromosomal 85 

abnormalities, or confirmed congenital metabolic disorders; postnatal asphyxia, defined as a 1-86 

minute Apgar score ≤ 7; confirmed neonatal infection, sepsis, or a severe medical condition 87 

requiring emergency resuscitation; death, voluntary discharge, or transfer to another hospital 88 

within 24 hours of birth, which precluded outcome assessment. 89 

2.2 Data Collection and Candidate Predictors 90 

Before data collection, a standardized checklist was developed. Two investigators 91 

independently extracted the data and cross-checked their findings. Disagreements were 92 

reviewed and settled by a third researcher. Based on a literature review, clinical consensus, and 93 

data availability, 51 candidate predictors were included, all of which were baseline variables 94 

available before or during delivery. 95 

Maternal factors covered age, pre-pregnancy body mass index (BMI), intrapartum BMI, 96 

weight gain during pregnancy, height, educational level, GDM, insulin use, dietary control, 97 

gestational hypertension (GH), hypothyroidism, days of prenatal hospitalization, Group B 98 



5 

 

Streptococcus (GBS) infection, intrapartum fever, number of pregnancies, parity, and twin 99 

pregnancies. 100 

For laboratory tests, at 24�28 weeks of gestation, the 75-gram oral glucose tolerance test 101 

(OGTT) was performed to measure fasting plasma glucose (0 h), 1-hour post-load glucose (1 102 

h), and 2-hour post-load glucose (2 h). Maternal venous blood was collected during early 103 

pregnancy to measure thyroid-stimulating hormone (TSH) and Treponema pallidum antibodies. 104 

Within 72 hours before delivery, complete blood count was performed, including white blood 105 

cell count (WBC), neutrophil count (NEU), red blood cell count, hemoglobin (Hb), and platelet 106 

count. Liver function, including total bile acids (TBA), total protein (TP), and albumin (ALB), 107 

was examined. Kidney function, including blood urea nitrogen, creatinine, and uric acid, was 108 

examined. Lipid profiles, including total cholesterol, triglycerides, high-density lipoprotein 109 

cholesterol, and low-density lipoprotein cholesterol (LDL-C), were examined. 110 

Delivery-related factors covered mode of delivery, type of anesthesia, premature rupture 111 

of membranes, and meconium-stained amniotic fluid. 112 

Neonatal factors covered sex, gestational age, birth weight, body length, Apgar score, and 113 

feeding method. The feeding method referred to early feeding within 1 hour of birth. This 114 

variable was recorded before or at the time of the first glucose measurement.  115 

2.3 Outcome Variable 116 

The outcome was NH within 24 hours of birth, defined as any bedside glucose 117 

measurement < 47 mg/dL（2.6 mmol/L)[12]. Blood samples were collected from the heel by 118 

trained personnel to examine blood glucose using a Roche AccuChek-V003 blood glucose 119 

meter and corresponding test strips (Switzerland) in the neonatal intensive care unit or the 120 

mother-baby room. Blood glucose values recorded within 24 hours were used as the basis for 121 

analysis. 122 

2.4 Statistical Methods 123 
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2.4.1 Sample Size Estimation 124 

Sample size was estimated based on the Events Per Variable (EPV) principle, with a 125 

minimum threshold of EPV ≥ 15. Typically, the final number of variables included in a model 126 

ranged from 5 to 10. Assuming we ultimately included 10 variables, the training set must 127 

contain at least 150 cases of NH. Previous studies showed that the incidence of NH in healthy 128 

full-term newborns was approximately 5%�15%. Assuming an incidence of 15% for this study, 129 

the training set would ultimately require 1,000 cases. Using a 7:3 split between the training and 130 

test sets, a minimum of 1,429 newborns would be required. 131 

2.4.2 Management of Missing Values 132 

This study strictly adhered to data quality control protocols, verifying the clinical data of 133 

mothers and newborns item by item. When a predictor variable had a missing proportion of 20% 134 

or higher, that variable was excluded; when the missing proportion was below 20%, multiple 135 

imputation methods were applied. Cases with missing outcome variables were eliminated. In 136 

the final dataset included in the analysis, all candidate predictors and outcome variables were 137 

free of missing values. Therefore, multiple imputations were not performed. Data entry errors, 138 

outliers, and logically inconsistent data were all cross-checked against the original medical 139 

records and corrected or excluded based on the review results to ensure data quality. 140 

2.4.3 Descriptive Statistics and Intergroup Comparisons 141 

For continuous variables, the Shapiro-Wilk test was first utilized to determine normality. 142 

Variables with a normal distribution were depicted as mean ± standard deviation (x ± s), and 143 

two-group comparisons were made via the independent samples t-test. Variables with a non-144 

normal distribution were depicted as median and interquartile range [M (Q1, Q3)] and were 145 

compared via the Mann-Whitney U test. Categorical variables were depicted as frequency and 146 

percentage and were compared via the chi-square test or Fisher�s exact test. 147 

2.4.4 Data Splitting and Validation Strategy 148 
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A stratified random sampling method based on outcome (whether NH occurred within 24 149 

hours of birth) was used to split the overall cohort into a training set and a test set in a 7:3 ratio. 150 

The training set was applied for selecting variables and building a model, while the test set was 151 

used for internal validation and performance evaluation of the model. 152 

2.4.5 Variable Selection Strategy 153 

Intergroup comparisons were performed on all candidate predictors in the training set. 154 

Variables with P < 0.1 were incorporated into the multivariate logistic regression model, and 155 

forward stepwise regression was used for variable selection. 156 

LASSO (Least Absolute Shrinkage and Selection Operator) logistic regression was 157 

applied for penalized regression screening of candidate variables. Through 10-fold cross-158 

validation, binomial deviance was used as the metric for evaluating model error, and the 159 

optimal penalty parameter λ (i.e., λ_min) was selected based on the minimum error criterion. 160 

Finally, the intersection of the variables selected by both methods was adopted as the final 161 

predictor variables. 162 

2.4.6 Model Development and Evaluation 163 

NH within 24 hours of birth was used as the dependent variable. The final set of predictor 164 

variables was incorporated into a multivariate logistic regression model to develop a prediction 165 

model for NH. Model discriminatory power was examined via the receiver operating 166 

characteristic (ROC) curve, and the area under the curve (AUC), optimal cutoff value, and 167 

corresponding sensitivity, specificity, and precision were calculated. Model calibration was 168 

assessed using calibration curves. Additionally, the model�s clinical utility was tested via 169 

decision curve analysis (DCA). Through comparison of the net benefit at different threshold 170 

probabilities, the model�s clinical utility was further evaluated. 171 

2.4.7 Statistical Analysis 172 
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All data cleaning, variable selection, model construction, and validation were performed 173 

in R (version 4.5.2) mainly using glmnet (LASSO regression), MASS (stepwise regression), 174 

pROC (ROC analysis), rms (calibration curves), ggDCA (decision curves), and ggplot2 175 

(plotting) packages. Two-sided tests were performed. P < 0.05 was considered statistically 176 

significant. Detailed code is available in the Supplementary Materials. 177 

3 Results 178 

3.1 Baseline Features 179 

3.1.1 Baseline Features of the Overall Population 180 

Between January 2020 and December 2025, 10,725 newborns were delivered at our 181 

hospital, including 672 cases of NH. This study enrolled 1,543 full-term AGA newborns, 182 

including 237 (15.4%) in the NH group and 1,306 (84.6%) in the non-NH group. Baseline 183 

features of the NH and non-NH groups are outlined in Table 1. 184 

Compared with non-NH newborns, the NH group had a markedly higher prevalence of 185 

GDM (71.7% vs. 15.2%) and GH (17.3% vs. 4.3%), higher rates of insulin use (8.9% vs. 1.0%) 186 

and dietary control (62.9% vs. 14.5%), and a higher proportion of twin pregnancies (10.5% vs. 187 

3.5%) (all P < 0.001). Maternal age, pre-pregnancy BMI, intrapartum BMI, OGTT glucose 188 

levels at 0 h, 1 h, and 2 h, and TBA levels were also substantially higher (all P < 0.001). 189 

For delivery factors, the cesarean section rate (67.1% vs. 35.8%) and the scheduled 190 

cesarean section rate (64.1% vs. 34.5%) were both substantially higher in the NH group (both 191 

P < 0.001). Regarding neonatal factors, the proportions of female newborns (54.4% vs. 41.3%) 192 

and newborns who had not been fed (58.2% vs. 1.6%) were both markedly higher in the NH 193 

group (both P < 0.001). Gestational age and birth weight were notably lower in the NH group 194 

(both P < 0.001). No statistical differences were identified between the two groups regarding 195 

hypothyroidism, days of prenatal hospitalization, GBS infection, intrapartum fever, type of 196 

analgesia, premature rupture of membranes, or lipid profiles (all P > 0.05). 197 
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3.1.2 Baseline Features of the Training and Test Sets 198 

Baseline features of the training set (n = 1,079) and the test set (n = 464) are outlined in 199 

Table 2. There was no marked difference in NH incidence between the two sets (15.3% vs. 200 

15.5%, P = 0.972), and most clinical variables were well-balanced and comparable between 201 

the two sets (all P > 0.05). Statistical differences were present only for days of prenatal 202 

hospitalization (10.1% vs. 5.0%, P = 0.001), NEU (median 6.59 vs. 6.32, P = 0.033), and LDL-203 

C (median 2.97 vs. 2.80, P = 0.004). 204 

3.2 Selection of Predictor Variables 205 

3.2.1 Between-Group Comparisons and Stepwise Logistic Regression 206 

To identify potential predictor variables for NH in full-term AGA newborns, we conducted 207 

between-group comparisons of all candidate variables in the training set (n = 1,079) (Table 3). 208 

Among the 51 candidate variables, 31 were significantly associated with NH (P < 0.05), 209 

including maternal factors [educational level, GDM, insulin use, dietary control, GH, mode of 210 

delivery (cesarean section), scheduled cesarean section, spinal anesthesia, meconium-stained 211 

amniotic fluid, maternal age, number of deliveries, parity, pre-pregnancy BMI, weight gain 212 

during pregnancy, intrapartum BMI, height, OGTT glucose levels at 0h/1h/2h, twin 213 

pregnancies, prenatal WBC, NEU, Hb, TBA, ALB, and TSH] and neonatal factors (newborn 214 

sex, feeding method, gestational age, birth weight, body length). 215 

Variables that showed statistical significance in the between-group comparisons were 216 

included in a forward stepwise logistic regression model for further screening. The final model 217 

retained 10 variables for multivariate regression analysis (Table 4), including maternal factors 218 

[GDM, mode of delivery (cesarean section), scheduled cesarean section, TBA, 1-hour OGTT, 219 

Hb, and GH] and neonatal factors [sex (male), feeding mode (breastfeeding, formula feeding), 220 

and gestational age]. 221 
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Compared with no feeding, both breastfeeding ([OR, 95% CI]: 0.17, 0.05�0.56, P = 0.004) 222 

and formula feeding (0.01, 0.00�0.01, P < 0.001) notably reduced the NH risk. In addition, 223 

male newborns (0.56, 0.32�0.99, P = 0.047) and scheduled cesarean sections (0.19, 0.04�0.85, 224 

P = 0.030) also demonstrated a protective effect against NH. 225 

GDM (6.40, 3.01�13.61, P < 0.001), cesarean section (13.43, 3.06�59.04, P < 0.001), TBA 226 

(1.11, 1.03�1.19, P = 0.005), 1-hour OGTT (1.23, 1.00�1.50, P = 0.047), and GH (2.43, 1.00�227 

5.91, P = 0.049) were all related to an increased NH risk. Although Hb (0.98, 0.96�1.00, P = 228 

0.086) and gestational age (0.79, 0.59�1.06, P = 0.111) were retained in the multivariable model, 229 

they did not reach statistical significance. 230 

3.2.2 LASSO Regression Screening 231 

This study employed LASSO regression to screen 51 candidate predictors to mitigate 232 

model overfitting and identify features with reliable predictive performance. The results 233 

identified that the optimal penalty parameter was λ_min = 0.008 (Figure 1A), with 18 variables 234 

having non-zero coefficients retained in the model. Additionally, λ_1se = 0.037 was selected 235 

based on the 1 SE criterion to evaluate the model�s simplicity and robustness. The coefficient 236 

path plot (Figure 1B) further illustrates how the coefficients of each variable converge to zero 237 

as the penalty strength increases. 238 

3.2.3 Final Predictor Variables 239 

To enhance the robustness of the variable selection results, this study combined the results 240 

from stepwise logistic regression and LASSO regression, selecting the variables retained by 241 

both methods as the final predictor variables (Figure 2). Nine variables were ultimately 242 

included: at the maternal level�GDM, mode of delivery, TBA, OGTT 1h, GH, and Hb; and at 243 

the neonatal level�neonatal sex, feeding method, and gestational age. A multivariate logistic 244 

regression predictive model was constructed based on these variables. 245 

3.3 Model Construction and Nomogram 246 
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3.3.1 Multivariate Logistic Regression Model 247 

Based on the variables identified through the intersection of LASSO regression and 248 

stepwise regression, the final multivariate logistic regression model included nine predictor 249 

variables (Table 5). Compared with non-feeding, formula feeding ([OR, 95% CI]: 0.006, 250 

0.003�0.014, P < 0.001) and breastfeeding (0.168, 0.050�0.544, P = 0.003) both substantially 251 

reduced NH risk. GDM (6.297, 2.998�13.467, P < 0.001) and cesarean delivery (2.884, 1.607�252 

5.292, P < 0.001) were strongly associated with NH risk. For every 1 μmol/L increase in 253 

maternal TBA, the NH risk rose by 10.8% (1.108, 1.037�1.190, P = 0.005). Male newborns 254 

had a lower risk (0.560, 0.317�0.978, P = 0.043). Although GH (OR = 2.367, P = 0.056), OGTT 255 

1h (OR = 1.214, P = 0.058), Hb (OR = 0.981, P = 0.073), and gestational age (OR = 0.832, P 256 

= 0.207) did not reach statistical significance, they were retained by both screening methods 257 

and were therefore included in the final prediction model. 258 

3.3.2 Construction of the Nomogram 259 

Based on the variables selected above, a visual nomogram was developed (Figure 3) to 260 

provide a bedside, individualized prediction of NH within 24 hours of birth in full-term AGA 261 

newborns. The scores corresponding to each indicator were added together to obtain a total 262 

score. This total score was then plotted on the risk probability axis, yielding the individualized 263 

predicted probability of NH for that newborn. 264 

3.4 Model Evaluation 265 

Model discriminative power was evaluated using AUC. The prediction model performed 266 

well on the training set (Figure 4A) (AUC = 0.943; 95% CI: 0.919�0.967), with an optimal 267 

cutoff value of 0.103 (sensitivity: 0.891, specificity: 0.882, precision: 0.883). It also maintained 268 

favorable performance on the test set (Figure 4B) (AUC = 0.934; 95% CI: 0.896�0.971), with 269 

a cutoff value of 0.103 (sensitivity: 0.889, specificity: 0.865, precision: 0.869). Overall, the 270 
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model had sound discriminatory power for identifying the risk of NH in full-term AGA 271 

newborns within 24 hours of birth. 272 

The DCA results (Figure 5) demonstrated that, across a wide range of risk thresholds, 273 

from 0.05 to 0.95 for the training set and from 0.05 to 0.9 for the test set, the net benefits for 274 

this prediction model were consistently higher than those for the two extreme strategies, full 275 

intervention and no intervention. This observation indicated that deploying the model for risk 276 

stratification and delivering targeted interventions within this threshold range may translate 277 

into greater net clinical benefit. 278 

Regarding model calibration, the calibration curve for the training set (Figure 6A) closely 279 

followed the ideal diagonal line, indicating high consistency between predicted probabilities 280 

and actual incidence. The calibration curve for the test set (Figure 6B) exhibited a mild S-281 

shaped deviation overall. While slight deviations from the ideal reference line were observed 282 

in the extremely low and extremely high predicted probability ranges, there was high 283 

consistency between predicted probabilities and actual incidence in the clinically critical low-284 

to-medium risk range (0.1�0.6). This indicated that the model exhibited sound overall 285 

calibration performance. 286 

4 Discussion 287 

This study developed and internally validated a prediction model for NH within 24 hours 288 

of birth in full-term AGA newborns. The model was based on routinely accessible maternal 289 

and neonatal indicators. The model incorporated nine predictors, all of which could be rapidly 290 

obtained at birth or shortly thereafter. The constructed model demonstrated relatively good 291 

accuracy and did not require additional invasive procedures or complex laboratory tests. It can 292 

assist healthcare providers in the early identification of high-risk newborns and guide timely 293 

feeding interventions and blood glucose monitoring. 294 

4.1 Clinical Significance and Mechanisms of Key Predictors 295 
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4.1.1 Feeding and Postnatal Metabolic Adaptation in Newborns 296 

Feeding method was identified as a significant predictor in the prediction model of this 297 

study and showed a strong association with NH risk. Multivariate analysis indicated that, 298 

compared with delayed feeding, early feeding�whether with breast milk or formula�notably 299 

reduced the NH risk within the first 24 hours of life. Current findings regarding the effects of 300 

different feeding methods on neonatal blood glucose levels remain inconsistent. 301 

Previous studies indicated no significant difference between breastfeeding and formula 302 

feeding in their effects on neonatal blood glucose levels in the early postnatal period[13]. 303 

Evidence also suggested that early, proper breastfeeding helped maintain blood glucose levels 304 

and effectively reduced the NH incidence[14]. Although blood glucose levels in breastfed 305 

newborns were relatively low, they could provide an alternative energy source for the brain by 306 

increasing ketone bodies. This physiological metabolic adaptation explains why some breastfed 307 

newborns can tolerate lower blood glucose levels without developing significant neurological 308 

damage[15]. Such findings suggest that traditional thresholds for blood glucose intervention 309 

may not be entirely applicable to breastfed newborns. Furthermore, our findings aligned with 310 

previous literature, which identified delayed feeding as an independent risk factor for NH[16]. 311 

This conclusion echoes guidelines from the World Health Organization and the American 312 

Academy of Pediatrics[17, 18], which emphasize initiating breastfeeding within 1 hour of birth 313 

for healthy newborns and within 30 minutes of birth for newborns of mothers with diabetes. 314 

This study further underscores the critical role of early feeding in stabilizing blood glucose 315 

levels. 316 

Notably, there was a certain proportion of newborns who experienced delayed feeding, 317 

insufficient maternal milk production in the early postpartum period, separation from mothers 318 

following cesarean section, and hospitalization that prevented timely breastfeeding. These 319 

practical circumstances limited the proportion of exclusively breastfed infants in this study. 320 
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Therefore, the cohort may not fully reflect the true metabolic characteristics of breastfed 321 

newborns. Furthermore, although early formula feeding can rapidly raise blood glucose levels, 322 

it may have potential implications for the colonization of the neonatal gut microbiota and the 323 

success rate of exclusive breastfeeding. Therefore, prospective studies are needed to further 324 

evaluate the long-term effects of different feeding patterns on neonatal glucose homeostasis 325 

and metabolic health[19]. Overall, this study suggests that initiating feeding as early as possible 326 

after birth may have positive implications for reducing the NH risk in full-term AGA newborns. 327 

For high-risk newborns who are temporarily unable to receive adequate breastfeeding, 328 

appropriate amounts of formula or oral glucose gel should be administered promptly to rapidly 329 

stabilize blood glucose levels, while minimizing the impact on subsequent breastfeeding[13, 330 

20, 21]. 331 

4.1.2 Maternal Metabolic Status and Intrauterine Environment 332 

GDM was identified in the prediction model as a significant factor raising the NH risk 333 

(OR = 6.297, 95% CI: 2.998�13.467). Maternal hyperglycemia can chronically stimulate 334 

excessive proliferation of fetal pancreatic β-cells via the placenta, inducing fetal 335 

hyperinsulinemia. After delivery, the maternal glucose supply is abruptly interrupted, but the 336 

state of hyperinsulinemia persists, leading to a rapid drop in blood glucose levels and 337 

substantially raising NH risk[16]. The present findings align with conclusions from existing 338 

literature[22, 23]. Furthermore, even in cases of GDM managed by dietary control or insulin 339 

therapy, the risk of NH remains markedly higher than in the general pregnant population[24]. 340 

This study further suggests that full-term AGA newborns delivered by GDM women should 341 

receive early routine blood glucose monitoring. 342 

Maternal TBA was identified as a risk factor for NH. For every 1 μmol/L increase in TBA, 343 

the NH risk was elevated by 10.8%. Clinically, mild elevations in TBA are often overlooked, 344 

but they may indicate intrahepatic cholestasis and placental dysfunction in the mother. Bile 345 
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acids, as signaling molecules in energy metabolism, participate in glucose and lipid metabolism 346 

by modulating relevant receptors, thereby directly affecting neonatal glucose homeostasis. 347 

Moreover, abnormal bile acid levels may be involved in the onset and progression of gestational 348 

glucose metabolism disorders[25, 26]. Currently, research on the link between maternal TBA 349 

levels and NH remains limited. Our findings suggest that clinicians should pay close attention 350 

to pregnant women with elevated TBA levels during pregnancy and strengthen early blood 351 

glucose screening and dynamic monitoring for their newborns to facilitate the early 352 

identification and intervention of NH. 353 

The 1-hour OGTT glucose level was included in the prediction model, and elevated 1-354 

hour OGTT levels showed a certain association with an elevated risk of NH. Maternal 1-hour 355 

OGTT glucose levels effectively reflect impaired pancreatic β-cell function and insulin 356 

resistance[27]. Previous studies indicated that newborns born to mothers with impaired glucose 357 

tolerance faced markedly increased risks of NH[28]. Even below the diagnostic threshold for 358 

GDM, elevated 1-hour OGTT glucose levels were linked to a greater risk of NH in LGA 359 

newborns[29]. This study further found that among full-term AGA newborns, elevated 1-hour 360 

OGTT glucose levels were similarly related to an enhanced risk of NH. Such findings suggest 361 

that clinicians should place greater emphasis on women with abnormal 1-hour OGTT glucose 362 

levels during pregnancy and strengthen early postnatal glucose monitoring and assessment for 363 

their offspring. 364 

Maternal Hb was included in the prediction model, suggesting that it may be associated 365 

with the risk of NH. However, its specific role requires further empirical validation. Pal et 366 

al.[30] demonstrated a positive link between maternal Hb and neonatal blood glucose levels. 367 

Maternal anemia can reduce oxygen supply to the placenta and the transport of nutrients, 368 

decrease fetal glycogen reserves, and impair postnatal gluconeogenesis, thereby heightening 369 

the risk of NH. 370 
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4.1.3 Pregnancy Complications and Mode of Delivery 371 

As one of the variables in the prediction model, GH showed a positive association with 372 

NH risk. GH can cause systemic arteriolar spasm, reduce placental blood flow, and result in 373 

chronic intrauterine fetal hypoxia. As a perinatal stressor, GH can elevate fetal catecholamine 374 

release, leading to hyperresponsive secretion by pancreatic β-cells after birth[31]. Meanwhile, 375 

ischemia and hypoxia can suppress glycogen synthase activity, impeding glycogen synthesis, 376 

and thereby elevating the risk of NH[32]. Furthermore, GH coupled with insulin resistance can 377 

disrupt fetal pancreatic endocrine homeostasis[33]. One study revealed that commonly used 378 

clinical beta-blockers, such as labetalol, could cross the placenta and inhibit neonatal 379 

glycogenolysis and gluconeogenesis, thereby raising the risk of NH by 68% (OR = 1.68)[34]. 380 

However, this study did not distinguish between GH subtypes or collect data on 381 

antihypertensive medication use, which may have influenced the assessment of the association 382 

between GH and NH. 383 

Cesarean section was a risk factor for NH (OR = 2.884, 95% CI: 1.607�5.292). During 384 

vaginal delivery, the fetus is exposed to the stress of labor, which stimulates the release of 385 

catecholamines and cortisol, thereby facilitating postnatal endogenous glucose production and 386 

adaptation of glucose metabolism. In contrast, neonates delivered by cesarean section lack this 387 

physiological stress stimulus, which may lead to delayed adaptation of glucose metabolism and 388 

increased susceptibility to NH[35]. Furthermore, routine preoperative fasting, postoperative 389 

separation of mother and infant, and delayed initiation of breastfeeding in women who undergo 390 

cesarean section further heighten the risk of NH[36]. Therefore, our findings suggest that for 391 

full-term AGA newborns delivered via cesarean section, early postnatal blood glucose 392 

monitoring and timely feeding interventions should be prioritized, even in the absence of other 393 

traditional risk factors. 394 

4.1.4 Neonatal Characteristics 395 
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Among full-term AGA newborns, male sex showed a negative association with NH risk 396 

in the prediction model (OR = 0.560, 95% CI: 0.317�0.978). Consistently, Tessema et al.[37] 397 

in their Ethiopian NICU cohort suggested that male newborns faced a lower risk of NH. 398 

However, the existing literature remains controversial on this issue. Some studies suggest that 399 

male newborns have a higher risk of NH[38, 39]. The discrepancies among study results may 400 

be related to differences in ethnic backgrounds, inclusion criteria for study participants, and 401 

their baseline characteristics. As this study included only full-term AGA newborns, it suggested 402 

that the effect of sex on the risk of NH may exhibit significant population-specific heterogeneity. 403 

Further multicenter, large-sample studies are needed to corroborate these findings. 404 

This study indicated that gestational age might be negatively correlated with the risk of 405 

NH. Li et al.[40] found in a cohort of preterm newborns that a smaller gestational age was 406 

linked to increased susceptibility to NH. DePuy et al.[41] reported in full-term, non-diabetic 407 

pregnancies that for every additional week of gestational age, the risk of NH dropped by 34% 408 

(OR = 0.66). Taken together, gestational age, as a continuous variable, exerts a protective effect 409 

from preterm birth through late term. This study implied that even within the term range, 410 

differences in gestational age might still influence a newborn�s ability to adapt to glucose 411 

metabolism after birth. 412 

4.2 Clinical Value of the Model 413 

Unlike previous NH prediction models that focused on preterm newborns, newborns born 414 

to mothers with diabetes, or other high-risk newborns[9, 10, 40], this study targeted the low-415 

risk population of full-term AGA newborns. Previous models predominantly included well-416 

defined high-risk factors, such as preterm birth, SGA newborns, LGA newborns, and newborns 417 

born to mothers with diabetes[23, 29, 42, 43], with limited application to the population in this 418 

study. This may lead to inadequate identification of NH and an enhanced risk of missed 419 

diagnoses in this group. In contrast, this study constructed a prediction model based on 420 
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routinely available maternal and neonatal indicators, with no need for additional specialized 421 

tests. Compared with single-factor assessment strategies, the nomogram we developed showed 422 

superior discrimination and clinical applicability by incorporating multiple risk factors. DCA 423 

further indicated that the model may provide greater clinical benefit by supporting 424 

individualized monitoring decisions, rather than relying on routine monitoring based solely on 425 

isolated risk factors. 426 

4.3 Limitations and Future Directions 427 

This study has certain limitations. First, as a single-center retrospective study, it had 428 

inherent selection bias and information bias arising from the single-center diagnostic and 429 

treatment protocols, baseline features of the study population, and the retrospective data. 430 

Consequently, the model�s generalizability to broader settings was limited. External validation 431 

using a multicenter, prospective, large-sample cohort is therefore necessary to adapt the model 432 

to clinical scenarios in different regions. Second, given limitations in data sources, this study 433 

failed to include certain potential risk factors previously reported in the literature that were 434 

closely associated with NH. These factors included prenatal maternal use of beta-blockers[34], 435 

monitoring of apolipoproteins and glycated hemoglobin during pregnancy[44], umbilical cord 436 

blood biomarkers[45], and postnatal mother-infant skin contact[46]. Future research should 437 

integrate additional perinatal and metabolic indicators to optimize the model�s predictive 438 

accuracy. Furthermore, this study focused solely on NH within the first 24 hours after birth and 439 

did not assess delayed NH or long-term neurodevelopmental outcomes through follow-up. 440 

Future long-term longitudinal follow-up studies could be conducted to further refine the risk 441 

prediction and prognostic assessment system. 442 

5. Conclusion 443 

This study develops and internally validates a model for predicting the risk of NH within 444 

24 hours of birth in full-term AGA newborns. Based on routinely accessible clinical indicators, 445 
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the model demonstrates sound discriminatory power, calibration performance, and clinical 446 

utility. It can serve as a bedside tool for individualized risk assessment to support precise 447 

screening and early intervention. This model may reduce unnecessary blood glucose testing 448 

and related procedures, lower healthcare resource consumption, and alleviate parental anxiety, 449 

thereby providing an evidence-based foundation for optimizing NH management strategies in 450 

full-term AGA newborns. 451 

 452 

Declaration 453 

Ethics approval and consent to participate 454 

This study protocol was reviewed and approved by the hospital�s Medical Ethics Committee 455 

(Approval No.: XMFHIIT-2026SL 187-01), and informed consent was waived. 456 

Consent for publication 457 

Not applicable. 458 

Availability of data and materials 459 

The original contributions presented in the study are included in the article, further inquiries 460 

can be directed to the corresponding authors. 461 

Competing interests 462 

The authors declare that they have no competing interests. 463 

Funding 464 

The authors declare that they did not receive any funding from any source. 465 

Author contributions 466 

All authors contributed to the study conception and design. Writing - original draft preparation: 467 

[Tong Liu]; Writing - review and editing: [Tong Liu, Shaoqing Guo]; Conceptualization: [Tong 468 

Liu]; Methodology: [Tong Liu]; Formal analysis and investigation: [Tong Liu, Fei Wu]; 469 



20 

 

Resources: [Shaoqing Guo]; Supervision: [Shaoqing Guo], and all authors commented on 470 

previous versions of the manuscript. All authors read and approved the final manuscript. 471 

Acknowledgments 472 

Not applicable. 473 

Trial registration number 474 

Not applicable. 475 

 476 

References 477 

1. Gupta Basuray R, Painter A, Thakrar SB, Westphal K. Neonatal Hypoglycemia. Pediatr 478 

Clin North Am. 2025;72:597-604. 479 

2. Casertano A, Rossi A, Fecarotta S, Rosanio FM, Moracas C, Di Candia F, et al. An 480 

Overview of Hypoglycemia in Children Including a Comprehensive Practical 481 

Diagnostic Flowchart for Clinical Use. Front Endocrinol (Lausanne). 2021;12:684011. 482 

3. O�Brien M, Gilchrist C, Sadler L, Hegarty JE, Alsweiler JM. Infants Eligible for 483 

Neonatal Hypoglycemia Screening. JAMA Pediatrics. 2023;177. 484 

4. Diggikar S, Trif P, Mudura D, Prasath A, Mazela J, Ognean ML, et al. Neonatal 485 

Hypoglycemia and Neurodevelopmental Outcomes-An Updated Systematic Review 486 

and Meta-Analysis. Life (Basel). 2024;14. 487 

5. Glasgow MJ, Edlin R, Harding JE. Cost burden and net monetary benefit loss of 488 

neonatal hypoglycaemia. BMC Health Serv Res. 2021;21:121. 489 

6. Roeper M, Hoermann H, Kummer S, Meissner T. Neonatal hypoglycemia: lack of 490 

evidence for a safe management. Front Endocrinol (Lausanne). 2023;14:1179102. 491 

7. Wu T, Huang YY, Song W, Redding SR, Huang WP, Ouyang YQ. Development of a 492 



21 

 

prediction model for neonatal hypoglycemia risk factors: a retrospective study. Front 493 

Endocrinol (Lausanne). 2023;14:1199628. 494 

8. Wang LY, Wang LY, Sung MI, Lin IC, Liu CF, Chen CJ. Implementing Explainable 495 

Machine Learning Models for Practical Prediction of Early Neonatal Hypoglycemia. 496 

Diagnostics (Basel). 2024;14. 497 

9. Yang JM, Wang LZ, Zhao XF, Ye QC, Wan C, Li XZ, et al. Construction and validation 498 

of a risk prediction model for hypoglycemia in patients with gestational diabetes 499 

mellitus. BMC Pregnancy Childbirth. 2025;25:613. 500 

10. Betts KS, Kisely S, Alati R. Predicting neonatal respiratory distress syndrome and 501 

hypoglycaemia prior to discharge: Leveraging health administrative data and machine 502 

learning. J Biomed Inform. 2021;114:103651. 503 

11. Fenton TR, Elmrayed S, Alshaikh BN. Fenton Third-Generation Growth Charts of 504 

Preterm Infants Without Abnormal Fetal Growth: A Systematic Review and Meta-505 

Analysis. Paediatr Perinat Epidemiol. 2025;39:543-555. 506 

12. Group of Neonatology PSCMA. Expert consensus on standard clinical management of 507 

neonatal hypoglycemia in China (2021). Zhongguo Dang Dai Er Ke Za Zhi. 2022;24:1-508 

13. 509 

13. Roberts LF, Harding JE, Crowther CA, Watson E, Wang Z, Lin L. Early Feeding for 510 

the Prevention of Neonatal Hypoglycaemia: A Systematic Review and Meta-Analysis. 511 

Neonatology. 2024;121:141-156. 512 

14. Chan D, Chandran S, Chua MC, Zheng RT, Yap F. Breastfeeding and Its Impact on 513 

Glucose Trends and Hypoglycaemia Risk in At-Risk Neonates: A Prospective 514 



22 

 

Observational Study. J Paediatr Child Health. 2025;61:1779-1787. 515 

15. Cornblath M, Hawdon JM, Williams AF, Aynsley-Green A, Ward-Platt MP, Schwartz 516 

R, et al. Controversies regarding definition of neonatal hypoglycemia: suggested 517 

operational thresholds. Pediatrics. 2000;105:1141-1145. 518 

16. Mlawa ZA, Manji KP. Hypoglycemia on admission, associated factors, and early 519 

outcome among neonates admitted to the neonatal unit at Muhimbili National Hospital. 520 

BMC Pediatr. 2026;26. 521 

17. Committee on Fetus and Newborn, Adamkin DH. Postnatal glucose homeostasis in 522 

late-preterm and term infants. Pediatrics. 2011;127:575-579. 523 

18. Arts M, Taqi I, Begin F. Improving the Early Initiation of Breastfeeding: The WHO-524 

UNICEF Breastfeeding Advocacy Initiative. Breastfeed Med. 2017;12:326-327. 525 

19. Yap F, Chan D, Zheng RT, Bos LS, Rajadurai VS, Chandran S. Glucose Levels in At-526 

risk Newborns (GLEAN): a prospective cohort study on glucose profiles in infants at 527 

risk of hypoglycemia. Front Endocrinol (Lausanne). 2025;16:1599366. 528 

20. Levene I, Wilkinson D. Identification and management of neonatal hypoglycaemia in 529 

the full-term infant (British Association of Perinatal Medicine-Framework for Practice). 530 

Arch Dis Child Educ Pract Ed. 2019;104:29-32. 531 

21. Edwards T, Liu G, Battin M, Harris DL, Hegarty JE, Weston PJ, et al. Oral dextrose gel 532 

for the treatment of hypoglycaemia in newborn infants. Cochrane Database Syst Rev. 533 

2022;3:CD011027. 534 

22. Cao Y, Yang Y, Liu L, Ma J. Analysis of risk factors of neonatal hypoglycemia and its 535 

correlation with blood glucose control of gestational diabetes mellitus: A retrospective 536 



23 

 

study. Medicine (Baltimore). 2023;102:e34619. 537 

23. Arimitsu T, Kasuga Y, Ikenoue S, Saisho Y, Hida M, Yoshino J, et al. Risk factors of 538 

neonatal hypoglycemia in neonates born to mothers with gestational diabetes. Endocr 539 

J. 2023;70:511-517. 540 

24. Voormolen DN, de Wit L, van Rijn BB, DeVries JH, Heringa MP, Franx A, et al. 541 

Neonatal Hypoglycemia Following Diet-Controlled and Insulin-Treated Gestational 542 

Diabetes Mellitus. Diabetes Care. 2018;41:1385-1390. 543 

25. Fan HM, Mitchell AL, Williamson C. ENDOCRINOLOGY IN PREGNANCY: 544 

Metabolic impact of bile acids in gestation. Eur J Endocrinol. 2021;184:R69-R83. 545 

26. Martineau MG, Raker C, Dixon PH, Chambers J, Machirori M, King NM, et al. The 546 

metabolic profile of intrahepatic cholestasis of pregnancy is associated with impaired 547 

glucose tolerance, dyslipidemia, and increased fetal growth. Diabetes Care. 548 

2015;38:243-248. 549 

27. Succurro E, Fraticelli F, Franzago M, Fiorentino TV, Andreozzi F, Vitacolonna E, et al. 550 

Hyperglycemia at 1h-OGTT in Pregnancy: A Reliable Predictor of Metabolic Outcomes? 551 

Front Endocrinol (Lausanne). 2021;12:612829. 552 

28. Andrews C, Maya J, Schulte CCM, Hsu S, Thaweethai T, James KE, et al. Risk of 553 

Neonatal Hypoglycemia in Infants of Mothers With Gestational Glucose Intolerance. 554 

Diabetes Care. 2024;47:1194-1201. 555 

29. Schaefer-Graf UM, Rossi R, Buhrer C, Siebert G, Kjos SL, Dudenhausen JW, et al. 556 

Rate and risk factors of hypoglycemia in large-for-gestational-age newborn infants of 557 

nondiabetic mothers. Am J Obstet Gynecol. 2002;187:913-917. 558 



24 

 

30. Pal DK, Manandhar DS, Rajbhandari S, Land JM, Patel N, de LCAM. Neonatal 559 

hypoglycaemia in Nepal 1. Prevalence and risk factors. Arch Dis Child Fetal Neonatal 560 

Ed. 2000;82:F46-51. 561 

31. Hoermann H, van Faassen M, Roeper M, Hagenbeck C, Herebian D, Muller Kobold 562 

AC, et al. Association of Fetal Catecholamines With Neonatal Hypoglycemia. JAMA 563 

Pediatr. 2024;178:577-585. 564 

32. Wang D, Zhou X, Ning J, He F, Shi J, Jin X. Risk factors for neonatal hypoglycemia: a 565 

meta-analysis. BMC Endocr Disord. 2024;24:166. 566 

33. Carpenter MW. Gestational diabetes, pregnancy hypertension, and late vascular disease. 567 

Diabetes Care. 2007;30 Suppl 2:S246-250. 568 

34. Bateman BT, Patorno E, Desai RJ, Seely EW, Mogun H, Maeda A, et al. Late Pregnancy 569 

beta Blocker Exposure and Risks of Neonatal Hypoglycemia and Bradycardia. 570 

Pediatrics. 2016;138. 571 

35. Bulska M, Szczesniak P, Pieta-Dolinska A, Dorobek P, Parafiniuk J, Oszukowski P, et 572 

al. Different modes of delivery and hormonal stress response. Ginekol Pol. 573 

2021;92:481-486. 574 

36. Marom R, Dollberg S, Mimouni FB, Berger I, Mordechayev N, Ochshorn Y, et al. 575 

Neonatal blood glucose concentrations in caesarean and vaginally delivered term 576 

infants. Acta Paediatr. 2010;99:1474-1477. 577 

37. Tessema SA, Assele DD, Kebede HB, Mohammed YE. Incidence and risk factors of 578 

neonatal hypoglycemia at Hawassa University Comprehensive Specialized Hospital. 579 

PLoS One. 2025;20:e0332495. 580 



25 

 

38. Newman C, Alvarez-Iglesias A, Eyers K, McEvoy RP, O'Shea PM, Gillespie P, et al. 581 

The role of male foetal sex on maternal and neonatal outcomes in pregnancies 582 

complicated by gestational diabetes-secondary analysis of a randomised placebo 583 

controlled clinical trial of metformin in gestational diabetes (EMERGE). BMC Med. 584 

2026;24. 585 

39. Cidade-Rodrigues C, Chaves C, Melo A, Novais-Araujo A, Figueiredo O, Gomes V, et 586 

al. Association between foetal sex and adverse neonatal outcomes in women with 587 

gestational diabetes. Arch Gynecol Obstet. 2024;309:1287-1294. 588 

40. Li R, He C, Luo M, Situ M, Li Z, Xie Q. Development and validation of a risk prediction 589 

model for early-onset hypoglycemia in preterm infants. J Matern Fetal Neonatal Med. 590 

2026;39:2620827. 591 

41. DePuy AM, Coassolo KM, Som DA, Smulian JC. Neonatal hypoglycemia in term, 592 

nondiabetic pregnancies. Am J Obstet Gynecol. 2009;200:e45-51. 593 

42. Chen YS, Ho CH, Lin SJ, Tsai WH. Identifying additional risk factors for early 594 

asymptomatic neonatal hypoglycemia in term and late preterm babies. Pediatr Neonatol. 595 

2022;63:625-632. 596 

43. Wang LY, Wang LY, Wang YL, Ho CH. Early neonatal hypoglycemia in term and late 597 

preterm small for gestational age newborns. Pediatr Neonatol. 2023;64:538-546. 598 

44. Zhang M, Huang X, Lin S, Liu B. Association between maternal blood lipids and 599 

neonatal hypoglycaemia in pregnancy with gestational diabetes mellitus: a cohort study. 600 

Lipids Health Dis. 2024;23:170. 601 

45. Battarbee AN, Sandoval GJ, Gyamfi-Bannerman C, Blackwell SC, Tita ATN, Reddy 602 



26 

 

UM, et al. Mechanism of neonatal hypoglycemia after late preterm steroids: are fetal 603 

metabolic effects responsible? Am J Obstet Gynecol. 2022;227:347-349 e344. 604 

46. Lord LG, Harding JE, Crowther CA, Lin L. Skin-to-skin contact for the prevention of 605 

neonatal hypoglycaemia: a systematic review and meta-analysis. BMC Pregnancy 606 

Childbirth. 2023;23:744. 607 

 608 

Figure legends: 609 

Figure 1. Variable selection results from LASSO regression. (A) Cross-validation curve: The 610 

x-axis represents log(λ), and the y-axis represents the binomial bias. The numbers at the top 611 

indicate the number of non-zero coefficients in the model at the corresponding λ value. The 612 

dashed line on the left represents log(λ) corresponding to the minimum deviance, and the 613 

dashed line on the right represents log(λ) corresponding to the 1 SE criterion. (B) Coefficient 614 

path diagram: The x-axis represents log(λ), and the y-axis represents the standardized 615 

coefficients of each variable. Each curve represents a variable; as λ increases, the coefficients 616 

converge to zero. 617 

Figure 2. The Venn diagram illustrates the screening of candidate variables in the training set 618 

using stepwise regression (based on the AIC criterion) and LASSO regression (10-fold cross-619 

validation, 1 SE criterion). 620 

Figure 3. Nomogram for predicting the risk of neonatal hypoglycemia in full-term 621 

appropriate-for-gestational-age newborns. Each predictor is assigned a specific score. The 622 

total score is calculated by summing the scores of all predictors, and the total score 623 

corresponds to the predicted probability shown below. 624 
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Figure 4. Area under the ROC curve (AUC) for the prediction model on the (A) training set 625 

and (B) test set. The x-axis represents 1-specificity, and the y-axis represents sensitivity. 626 

Figure 5. Decision curve analysis. The x-axis represents the threshold probability, and the y-627 

axis represents the net benefit. Black horizontal line: no intervention; gray diagonal line: full 628 

intervention; red curve: training set; blue curve: test set. 629 

Figure 6. Calibration curves of the prediction model. (A) Logistic calibration curve for the 630 

training set. The x-axis represents the model�s predicted probability of neonatal 631 

hypoglycemia, and the y-axis represents the observed probability. (B) Logistic calibration 632 

curve for the test set. The x-axis represents the model�s predicted probability of neonatal 633 

hypoglycemia, and the y-axis represents the observed probability. 634 

 635 



Table 1 Comparison of baseline characteristics between the neonatal hypoglycemia group and the non-hypoglycemia group in the overall population 

Variable Level Overall (n=1543) 
Non-hypoglycemia Group 

(n=1306) 

Hypoglycemia Group 

(n=237) 
p 

MATERNAL      

Education (%) 
Primary or below/Junior 

high/Senior high 
291 (18.9) 229 (17.5) 62 (26.2) 0.003 

 Technical school 441 (28.6) 369 (28.3) 72 (30.4)  

 College 702 (45.5) 617 (47.2) 85 (35.9)  

 Bachelor or above 109 (7.1) 91 (7.0) 18 (7.6)  

Gestational Diabetes Mellitus (%) No 1174 (76.1) 1107 (84.8) 67 (28.3) <0.001 

  Yes 369 (23.9) 199 (15.2) 170 (71.7)  

Insulin Use (%) No 1509 (97.8) 1293 (99.0) 216 (91.1) <0.001 

 Yes 34 (2.2) 13 (1.0) 21 (8.9)  

Diet Control (%) No 1205 (78.1) 1117 (85.5) 88 (37.1) <0.001 

 Yes 338 (21.9) 189 (14.5) 149 (62.9)  

Gestational Hypertension (%) No 1446 (93.7) 1250 (95.7) 196 (82.7) <0.001 

 Yes 97 (6.3) 56 (4.3) 41 (17.3)  

Hypothyroidism (%) No 1405 (91.1) 1190 (91.1) 215 (90.7) 0.94 

 Yes 138 (8.9) 116 (8.9) 22 (9.3)  

Antenatal Length of Stay (%) No 1411 (91.4) 1197 (91.7) 214 (90.3) 0.574 

 Yes 132 (8.6) 109 (8.3) 23 (9.7)  

Group B Streptococcus Colonization (%) 
 

No 1415 (91.7) 1201 (92.0) 214 (90.3) 0.467 

 Yes 128 (8.3) 105 (8.0) 23 (9.7)  

Intrapartum Fever (%) No 1512 (98.0) 1278 (97.9) 234 (98.7) 0.612 

 Yes 31 (2.0) 28 (2.1) 3 (1.3)  

Treponema Pallidum Antibody (%) 
 

No 1505 (97.5) 1269 (97.2) 236 (99.6) 0.022 

 Yes 38 (2.5) 37 (2.8) 1 (0.4)  

Mode of Delivery (%) 

 

Vaginal delivery 916 (59.4) 838 (64.2) 78 (32.9) <0.001 

 Cesarean section 627 (40.6) 468 (35.8) 159 (67.1)  



Elective Cesarean Section (%) 
 

No 940 (60.9) 855 (65.5) 85 (35.9) <0.001 

 Yes 603 (39.1) 451 (34.5) 152 (64.1)  

Emergency Cesarean Section (%) 
 

No 1519 (98.4) 1289 (98.7) 230 (97.0) 0.108 

 Yes 24 (1.6) 17 (1.3) 7 (3.0)  

Spinal Anesthesia (%) 
 

No 957 (62.0) 871 (66.7) 86 (36.3) <0.001 

 Yes 586 (38.0) 435 (33.3) 151 (63.7)  

General Anesthesia (%) 
 

No 1502 (97.3) 1273 (97.5) 229 (96.6) 0.598 

 Yes 41 (2.7) 33 (2.5) 8 (3.4)  

Premature Rupture of Membranes (%) 
 

No 1378 (89.3) 1172 (89.7) 206 (86.9) 0.239 

 Yes 165 (10.7) 134 (10.3) 31 (13.1)  

Meconium-stained Amniotic Fluid (%) 
 

No 1426 (92.4) 1196 (91.6) 230 (97.0) 0.005 

 Yes 117 (7.6) 110 (8.4) 7 (3.0)  

Neonatal Sex (%) Female 668 (43.3) 539 (41.3) 129 (54.4) <0.001 

 Male 875 (56.7) 767 (58.7) 108 (45.6)  

Gravida (%) 
 

1 625 (40.5) 554 (42.4) 71 (30.0) <0.001 

 2 439 (28.5) 376 (28.8) 63 (26.6)  

 3 249 (16.1) 196 (15.0) 53 (22.4)  

 4 or above 230 (14.9) 180 (13.8) 50 (21.1)  

 Parity (median [IQR]) 

  
 1.00 [1.00, 2.00] 1.00 [1.00, 2.00] 2.00 [1.00, 2.00] <0.001 

Twin Pregnancy (%) 
 

No 1472 (95.4) 1260 (96.5) 212 (89.5) <0.001 

 Yes 71 (4.6) 46 (3.5) 25 (10.5)  

Feeding Mode (%) None 159 (10.3) 21 (1.6) 138 (58.2) <0.001 

 Breastfeeding 42 (2.7) 18 (1.4) 24 (10.1)  

 Formula feeding 1342 (87.0) 1267 (97.0) 75 (31.6)  

Maternal Age (median [IQR]) 
 

 32.00 [29.00, 35.00] 31.00 [29.00, 34.00] 33.00 [30.00, 37.00] <0.001 

Pre-pregnancy Body Mass Index (median 

[IQR]) 
 

21.10 [19.36, 23.54] 20.94 [19.23, 23.31] 22.32 [20.43, 24.89] <0.001 

Gestational Weight Gain (median [IQR]) 
 

 12.00 [10.00, 15.00] 12.20 [10.00, 15.00] 11.00 [9.20, 14.50] 0.002 

Delivery Body Mass Index (median 

[IQR]) 
 

 26.17 [24.19, 28.60] 26.05 [24.04, 28.44] 26.83 [24.78, 30.00] <0.001 



Maternal Height (median [IQR]) 
 

 160.00 [157.00, 163.00] 160.00 [157.00, 163.00] 159.00 [156.00, 163.00] 0.004 

Oral Glucose Tolerance Test, 0 hour 

(median [IQR]) 
 

 4.35 [4.12, 4.63] 4.33 [4.11, 4.58] 4.58 [4.28, 4.94] <0.001 

Oral Glucose Tolerance Test, 1 hour 

(median [IQR]) 
 

 8.07 [6.87, 9.26] 7.82 [6.68, 8.92] 9.72 [8.45, 10.67] <0.001 

Oral Glucose Tolerance Test, 2 hours 

(median [IQR]) 
 

 6.68 [5.76, 7.81] 6.51 [5.68, 7.50] 8.17 [6.88, 9.21] <0.001 

Pre-delivery WBC (median [IQR])  8.91 [7.51, 10.80] 9.04 [7.59, 10.86] 8.34 [7.13, 10.12] 0.001 

NEU (median [IQR])  6.51 [5.28, 8.22] 6.61 [5.35, 8.27] 5.98 [4.98, 7.94] 0.002 

RBC (median [IQR])  4.04 [3.79, 4.32] 4.05 [3.80, 4.32] 4.00 [3.75, 4.32] 0.414 

Hb (median [IQR])  125.00 [116.00, 132.00] 125.00 [117.00, 132.00] 123.00 [115.00, 131.00] 0.088 

PLT (median [IQR])  204.00 [170.00, 240.00] 205.00 [172.00, 240.00] 198.00 [164.00, 239.00] 0.272 

TBA (median [IQR])  2.60 [1.90, 4.10] 2.60 [1.90, 4.00] 3.00 [2.00, 4.70] 0.011 

TP (median [IQR])  63.80 [60.90, 67.00] 64.00 [61.10, 67.10] 63.00 [59.90, 66.50] 0.002 

ALB (median [IQR])  35.60 [33.80, 37.30] 35.70 [33.92, 37.40] 34.90 [32.50, 37.00] <0.001 

BUN (median [IQR])  3.39 [2.82, 4.09] 3.36 [2.81, 4.05] 3.64 [2.85, 4.47] 0.003 

Cr (median [IQR])  47.00 [41.00, 53.00] 47.00 [41.00, 52.00] 46.00 [41.00, 54.00] 0.755 

UA (median [IQR])  316.00 [269.00, 370.00] 314.00 [268.00, 367.00] 331.00 [273.00, 382.00] 0.04 

TC (median [IQR])  6.22 [5.32, 7.04] 6.26 [5.34, 7.09] 5.99 [5.20, 6.90] 0.07 

TG (median [IQR])  2.94 [2.28, 3.91] 2.96 [2.28, 3.90] 2.86 [2.24, 3.96] 0.883 

HDL-C (median [IQR])  2.00 [1.74, 2.28] 2.00 [1.75, 2.29] 1.97 [1.69, 2.23] 0.311 

LDL-C (median [IQR])  2.91 [2.35, 3.56] 2.94 [2.35, 3.58] 2.74 [2.35, 3.45] 0.04 

TSH (median [IQR])  1.55 [1.21, 2.20] 1.58 [1.23, 2.20] 1.38 [1.02, 2.19] 0.011 

NEONATAL      

Gestational Age (median [IQR]) 
 

 39.00 [38.00, 39.79] 39.00 [38.14, 39.86] 38.43 [37.57, 39.00] <0.001 

Birth Weight (median [IQR]) 
 

 3180.00 [2970.00, 3400.00] 3200.00 [2990.00, 3400.00] 3095.00 [2900.00, 3345.00] <0.001 

Birth Length (median [IQR]) 
 

 50.00 [49.00, 51.00] 50.00 [49.00, 51.00] 50.00 [48.00, 50.00] <0.001 

Apgar 1min (median [IQR])  1.00 [1.00, 1.00] 1.00 [1.00, 1.00] 1.00 [1.00, 1.00] 0.262 

Apgar 5min (median [IQR])  1.00 [1.00, 1.00] 1.00 [1.00, 1.00] 1.00 [1.00, 1.00] 0.182 



WBC, white blood cell count; NEU, neutrophil count; RBC, red blood cell count; Hb, hemoglobin; PLT, platelet count; TBA, total bile acid; TP, total protein; ALB, albumin; 

BUN, blood urea nitrogen; Cr, creatinine; UA, uric acid; TC, total cholesterol; TG, triglyceride; HDL C, high-density lipoprotein cholesterol; LDL C, low-density lipoprotein 

cholesterol; TSH, thyroid-stimulating hormone 



Table 2 Comparison of baseline Characteristics between the training set and the test set 

Variable Level 
Overall 

(n=1543) 

Test 

(464) 

Train 

(n=1079) 
p 

MATERNAL      

Hypoglycemia (%) No 1306 (84.6) 392 (84.5) 914 (84.7) 0.972 

 Yes 237 (15.4) 72 (15.5) 165 (15.3)  

Education (%) 
Primary or below/Junior 

high/Senior high 
291 (18.9) 102 (22.0) 189 (17.5) 0.213 

 Technical school 441 (28.6) 131 (28.2) 310 (28.7)  

 College 702 (45.5) 201 (43.3) 501 (46.4)  

 Bachelor or above 109 (7.1) 30 (6.5) 79 (7.3)  

Gestational Diabetes Mellitus (%) No 1174 (76.1) 356 (76.7) 818 (75.8) 0.749 

 Yes 369 (23.9) 108 (23.3) 261 (24.2)  

Insulin Use (%) No 1509 (97.8) 452 (97.4) 1057 (98.0) 0.629 

 Yes 34 (2.2) 12 (2.6) 22 (2.0)  

Diet Control (%) No 1205 (78.1) 367 (79.1) 838 (77.7) 0.578 

 Yes 338 (21.9) 97 (20.9) 241 (22.3)  

Gestational Hypertension (%) No 1446 (93.7) 432 (93.1) 1014 (94.0) 0.594 

 Yes 97 (6.3) 32 (6.9) 65 (6.0)  

Hypothyroidism (%) No 1405 (91.1) 429 (92.5) 976 (90.5) 0.243 

 Yes 138 (8.9) 35 (7.5) 103 (9.5)  

Antenatal Length of Stay (%) No 1411 (91.4) 441 (95.0) 970 (89.9) 0.001 

 Yes 132 (8.6) 23 (5.0) 109 (10.1)  

Group B Streptococcus Colonization (%) 
 

No 1415 (91.7) 427 (92.0) 988 (91.6) 0.842 

 Yes 128 (8.3) 37 (8.0) 91 (8.4)  

Intrapartum Fever (%) No 1512 (98.0) 453 (97.6) 1059 (98.1) 0.641 

 Yes 31 (2.0) 11 (2.4) 20 (1.9)  

Treponema Pallidum Antibody (%) 
 

No 1505 (97.5) 455 (98.1) 1050 (97.3) 0.49 

 Yes 38 (2.5) 9 (1.9) 29 (2.7)  

Mode of Delivery (%) 
 

Vaginal delivery 916 (59.4) 270 (58.2) 646 (59.9) 0.576 



 Cesarean section 627 (40.6) 194 (41.8) 433 (40.1)  

Elective Cesarean Section (%) 

  
No 940 (60.9) 276 (59.5) 664 (61.5) 0.483 

 Yes 603 (39.1) 188 (40.5) 415 (38.5)  

Emergency Cesarean Section (%) 
 

No 1519 (98.4) 458 (98.7) 1061 (98.3) 0.748 

 Yes 24 (1.6) 6 (1.3) 18 (1.7)  

Spinal Anesthesia (%) 
 

No 957 (62.0) 282 (60.8) 675 (62.6) 0.546 

 Yes 586 (38.0) 182 (39.2) 404 (37.4)  

General Anesthesia (%) 

  
No 1502 (97.3) 452 (97.4) 1050 (97.3) 

>0.99

9 

 Yes 41 (2.7) 12 (2.6) 29 (2.7)  

Premature Rupture of Membranes (%) 
 

No 1378 (89.3) 407 (87.7) 971 (90.0) 0.216 

 Yes 165 (10.7) 57 (12.3) 108 (10.0)  

Meconium-stained Amniotic Fluid (%) 
 

No 1426 (92.4) 437 (94.2) 989 (91.7) 0.107 

 Yes 117 (7.6) 27 (5.8) 90 (8.3)  

Neonatal Sex (%) Female 668 (43.3) 192 (41.4) 476 (44.1) 0.348 

 Male 875 (56.7) 272 (58.6) 603 (55.9)  

Gravida (%) 
 

1 625 (40.5) 172 (37.1) 453 (42.0) 0.133 

 2 439 (28.5) 129 (27.8) 310 (28.7)  

 3 249 (16.1) 85 (18.3) 164 (15.2)  

 4 or above 230 (14.9) 78 (16.8) 152 (14.1)  

 Parity (median [IQR]) 

  
 1.00 [1.00, 2.00] 1.00 [1.00, 2.00] 1.00 [1.00, 2.00] 0.11 

Twin Pregnancy (%) 
 

No 1472 (95.4) 445 (95.9) 1027 (95.2) 0.624 

 Yes 71 (4.6) 19 (4.1) 52 (4.8)  

Feeding Mode (%) None 159 (10.3) 50 (10.8) 109 (10.1) 0.819 

 Breastfeeding 42 (2.7) 14 (3.0) 28 (2.6)  

 Formula feeding 1342 (87.0) 400 (86.2) 942 (87.3)  

Maternal Age (median [IQR]) 
 

 32.00 [29.00, 35.00] 32.00 [29.00, 35.00] 32.00 [29.00, 35.00] 0.143 

Pre-pregnancy Body Mass Index (median 

[IQR]) 
 

 21.10 [19.36, 23.54] 21.01 [19.19, 23.33] 21.21 [19.44, 23.64] 0.236 



Gestational Weight Gain (median [IQR]) 
 

 12.00 [10.00, 15.00] 12.00 [10.00, 15.00] 12.00 [10.00, 15.00] 0.964 

Delivery Body Mass Index (median [IQR])  26.17 [24.19, 28.60] 25.89 [23.98, 28.49] 26.26 [24.29, 28.60] 0.122 

Maternal Height (median [IQR]) 
 

 160.00 [157.00, 163.00] 160.00 [157.00, 163.00] 160.00 [157.00, 163.00] 0.201 

Oral Glucose Tolerance Test, 0 hour 

(median [IQR]) 
 

 4.35 [4.12, 4.63] 4.36 [4.13, 4.65] 4.35 [4.12, 4.62] 0.482 

Oral Glucose Tolerance Test, 1 hour 

(median [IQR]) 
 

 8.07 [6.87, 9.26] 7.98 [6.85, 9.13] 8.11 [6.90, 9.29] 0.553 

Oral Glucose Tolerance Test, 2 hours 

(median [IQR]) 
 

 6.68 [5.76, 7.81] 6.68 [5.82, 7.77] 6.68 [5.75, 7.82] 0.92 

Pre-delivery WBC (median [IQR])  8.91 [7.51, 10.80] 8.71 [7.34, 10.58] 9.03 [7.58, 10.88] 0.053 

NEU (median [IQR])  6.51 [5.28, 8.22] 6.32 [5.19, 7.99] 6.59 [5.36, 8.30] 0.033 

RBC (median [IQR])  4.04 [3.79, 4.32] 4.02 [3.77, 4.29] 4.05 [3.80, 4.33] 0.345 

Hb (median [IQR])  125.00 [116.00, 132.00] 125.00 [116.00, 131.00] 124.00 [117.00, 132.00] 0.68 

PLT (median [IQR])  204.00 [170.00, 240.00] 200.50 [166.00, 237.00] 205.00 [173.00, 242.00] 0.087 

TBA (median [IQR])  2.60 [1.90, 4.10] 2.80 [2.00, 4.23] 2.60 [1.90, 4.00] 0.085 

TP (median [IQR])  63.80 [60.90, 67.00] 63.75 [60.60, 66.93] 63.90 [61.00, 67.00] 0.469 

ALB (median [IQR])  35.60 [33.80, 37.30] 35.60 [33.77, 37.32] 35.60 [33.80, 37.30] 0.893 

BUN (median [IQR])  3.39 [2.82, 4.09] 3.49 [2.86, 4.16] 3.36 [2.80, 4.07] 0.165 

Cr (median [IQR])  47.00 [41.00, 53.00] 47.00 [41.00, 53.00] 47.00 [42.00, 53.00] 0.594 

UA (median [IQR])  316.00 [269.00, 370.00] 313.00 [270.75, 364.00] 318.00 [267.00, 375.00] 0.807 

TC (median [IQR])  6.22 [5.32, 7.04] 6.00 [5.23, 7.00] 6.30 [5.36, 7.06] 0.073 

TG (median [IQR])  2.94 [2.28, 3.91] 2.98 [2.28, 3.96] 2.93 [2.28, 3.88] 0.571 

HDL_C (median [IQR])  2.00 [1.74, 2.28] 2.00 [1.73, 2.26] 2.00 [1.74, 2.29] 0.425 

LDL_C (median [IQR])  2.91 [2.35, 3.56] 2.80 [2.25, 3.50] 2.97 [2.40, 3.60] 0.004 

TSH (median [IQR])  1.55 [1.21, 2.20] 1.52 [1.21, 2.14] 1.56 [1.21, 2.22] 0.57 

NEONATAL      

Gestational Age (median [IQR]) 
 

 39.00 [38.00, 39.79] 39.00 [38.00, 39.86] 39.00 [38.00, 39.71] 0.912 

Birth Weight (median [IQR]) 
 

 3180.00 [2970.00, 3400.00] 3180.00 [2970.00, 3392.50] 3185.00 [2975.00, 3400.00] 0.906 

Birth Length (median [IQR]) 
 

 50.00 [49.00, 51.00] 50.00 [49.00, 51.00] 50.00 [49.00, 51.00] 0.832 

Apgar 1min (median [IQR])  1.00 [1.00, 1.00] 1.00 [1.00, 1.00] 1.00 [1.00, 1.00] 0.834 

Apgar 5min (median [IQR])  1.00 [1.00, 1.00] 1.00 [1.00, 1.00] 1.00 [1.00, 1.00] 0.643 
 



Table 3 Comparison of baseline characteristics between the neonatal hypoglycemia group and the non-hypoglycemia group in the training set 

Variable Level 
Overall 

(n=1079) 

Non-hypoglycemia 

Group(n=914) 

Hypoglycemia 

Group(n=165) 
p 

MATERNAL      

Education (%) 
Primary or below/Junior 

high/Senior high 
189 (17.5) 151 (16.5) 38 (23.0) 0.014 

 Technical school 310 (28.7) 256 (28.0) 54 (32.7)  

 College 501 (46.4) 443 (48.5) 58 (35.2)  

 Bachelor or above 79 (7.3) 64 (7.0) 15 (9.1)  

Gestational Diabetes Mellitus (%) No 818 (75.8) 771 (84.4) 47 (28.5) <0.001 

 Yes 261 (24.2) 143 (15.6) 118 (71.5)  

Insulin Use (%) No 1057 (98.0) 905 (99.0) 152 (92.1) <0.001 

 Yes 22 (2.0) 9 (1.0) 13 (7.9)  

Diet Control (%) No 838 (77.7) 778 (85.1) 60 (36.4) <0.001 

 Yes 241 (22.3) 136 (14.9) 105 (63.6)  

Gestational Hypertension (%) No 1014 (94.0) 875 (95.7) 139 (84.2) <0.001 

 Yes 65 (6.0) 39 (4.3) 26 (15.8)  

Hypothyroidism (%) No 976 (90.5) 826 (90.4) 150 (90.9) 0.942 

 Yes 103 (9.5) 88 (9.6) 15 (9.1)  

Antenatal Length of Stay (%) No 970 (89.9) 825 (90.3) 145 (87.9) 0.427 

 Yes 109 (10.1) 89 (9.7) 20 (12.1)  

Group B Streptococcus Colonization (%) No 988 (91.6) 840 (91.9) 148 (89.7) 0.432 

 Yes 91 (8.4) 74 (8.1) 17 (10.3)  

Intrapartum Fever (%) No 1059 (98.1) 895 (97.9) 164 (99.4) 0.343 

 Yes 20 (1.9) 19 (2.1) 1 (0.6)  

Treponema Pallidum Antibody (%) No 1050 (97.3) 886 (96.9) 164 (99.4) 0.11 

 Yes 29 (2.7) 28 (3.1) 1 (0.6)  

Mode of Delivery (%) Vaginal delivery 646 (59.9) 592 (64.8) 54 (32.7) <0.001 

 Cesarean section 433 (40.1) 322 (35.2) 111 (67.3)  

Elective Cesarean Section (%) No 664 (61.5) 606 (66.3) 58 (35.2) <0.001 



 Yes 415 (38.5) 308 (33.7) 107 (64.8)  

Emergency Cesarean Section (%) No 1061 (98.3) 900 (98.5) 161 (97.6) 0.503 

 Yes 18 (1.7) 14 (1.5) 4 (2.4)  

Spinal Anesthesia (%) No 675 (62.6) 615 (67.3) 60 (36.4) <0.001 

 Yes 404 (37.4) 299 (32.7) 105 (63.6)  

General Anesthesia (%) No 1050 (97.3) 891 (97.5) 159 (96.4) 0.577 

 Yes 29 (2.7) 23 (2.5) 6 (3.6)  

Premature Rupture of Membranes (%) No 971 (90.0) 826 (90.4) 145 (87.9) 0.4 

 Yes 108 (10.0) 88 (9.6) 20 (12.1)  

Meconium-stained Amniotic Fluid (%) 
 

No 989 (91.7) 829 (90.7) 160 (97.0) 0.011 

 Yes 90 (8.3) 85 (9.3) 5 (3.0)  

Neonatal Sex (%) Female 476 (44.1) 390 (42.7) 86 (52.1) 0.03 

 Male 603 (55.9) 524 (57.3) 79 (47.9)  

Gravida (%) 1 453 (42.0) 401 (43.9) 52 (31.5) 0.003 

 2 310 (28.7) 264 (28.9) 46 (27.9)  

 3 164 (15.2) 128 (14.0) 36 (21.8)  

 4 or above 152 (14.1) 121 (13.2) 31 (18.8)  

Parity (median [IQR])  1.00 [1.00, 2.00] 1.00 [1.00, 2.00] 2.00 [1.00, 2.00] <0.001 

Twin Pregnancy (%) 
 

No 1027 (95.2) 880 (96.3) 147 (89.1) <0.001 

 Yes 52 (4.8) 34 (3.7) 18 (10.9)  

Feeding Mode (%) None 109 (10.1) 10 (1.1) 99 (60.0) <0.001 

 Breastfeeding 28 (2.6) 13 (1.4) 15 (9.1)  

 Formula feeding 942 (87.3) 891 (97.5) 51 (30.9)  

Maternal Age (median [IQR])  32.00 [29.00, 35.00] 31.00 [29.00, 34.00] 33.00 [31.00, 36.00] <0.001 

Pre-pregnancy Body Mass Index (median 

[IQR]) 
 21.21 [19.44, 23.64] 21.08 [19.35, 23.43] 22.07 [20.31, 24.43] <0.001 

Gestational Weight Gain (median [IQR])  12.00 [10.00, 15.00] 12.10 [10.00, 15.00] 11.00 [10.00, 14.00] 0.007 

Delivery Body Mass Index (median 

[IQR]) 
 26.26 [24.29, 28.60] 26.20 [24.24, 28.52] 26.72 [24.63, 29.73] 0.025 

Delivery Body Mass Index (median 

[IQR]) 
 160.00 [157.00, 163.00] 160.00 [157.00, 164.00] 160.00 [157.00, 162.00] 0.025 



Oral Glucose Tolerance Test, 0 hour 

(median [IQR]) 
 

 4.35 [4.12, 4.62] 4.31 [4.11, 4.56] 4.59 [4.28, 4.84] <0.001 

Oral Glucose Tolerance Test, 1 hour 

(median [IQR]) 
 

 8.11 [6.90, 9.29] 7.84 [6.69, 8.96] 9.69 [8.51, 10.60] <0.001 

Oral Glucose Tolerance Test, 2 hours 

(median [IQR]) 
 

 6.68 [5.75, 7.82] 6.50 [5.66, 7.51] 8.19 [7.00, 9.13] <0.001 

Pre-delivery WBC (median [IQR])  9.03 [7.58, 10.88] 9.18 [7.65, 10.93] 8.40 [7.13, 10.11] 0.003 

NEU (median [IQR])  6.59 [5.36, 8.30] 6.70 [5.42, 8.35] 6.07 [5.00, 8.00] 0.014 

RBC (median [IQR])  4.05 [3.80, 4.33] 4.07 [3.81, 4.33] 3.99 [3.65, 4.32] 0.133 

Hb (median [IQR])  124.00 [117.00, 132.00] 125.00 [117.00, 132.00] 123.00 [113.00, 130.00] 0.035 

PLT (median [IQR])  205.00 [173.00, 242.00] 206.00 [174.00, 242.00] 199.00 [164.00, 242.00] 0.366 

TBA (median [IQR])  2.60 [1.90, 4.00] 2.50 [1.90, 3.98] 3.00 [2.00, 4.30] 0.049 

TP (median [IQR])  63.90 [61.00, 67.00] 64.00 [61.20, 67.00] 63.20 [60.00, 66.90] 0.064 

ALB (median [IQR])  35.60 [33.80, 37.30] 35.70 [33.90, 37.40] 35.20 [33.00, 37.00] 0.011 

BUN (median [IQR])  3.36 [2.80, 4.07] 3.35 [2.81, 4.05] 3.48 [2.72, 4.26] 0.294 

Cr (median [IQR])  47.00 [42.00, 53.00] 47.00 [42.00, 53.00] 46.00 [41.00, 53.00] 0.379 

UA (median [IQR])  318.00 [267.00, 375.00] 317.00 [268.00, 373.00] 329.00 [265.00, 381.00] 0.461 

TC (median [IQR])  6.30 [5.36, 7.06] 6.30 [5.38, 7.09] 6.18 [5.21, 6.97] 0.325 

TG (median [IQR])  2.93 [2.28, 3.88] 2.95 [2.27, 3.87] 2.84 [2.29, 3.91] 0.927 

HDL_C (median [IQR])  2.00 [1.74, 2.29] 2.01 [1.75, 2.30] 1.94 [1.67, 2.22] 0.096 

LDL_C (median [IQR])  2.97 [2.40, 3.60] 2.99 [2.41, 3.60] 2.81 [2.38, 3.56] 0.216 

TSH (median [IQR])  1.56 [1.21, 2.22] 1.58 [1.23, 2.22] 1.36 [1.02, 2.19] 0.035 

NEONATAL      

Gestational Age (median [IQR]) 
 

 39.00 [38.00, 39.71] 39.00 [38.14, 39.86] 38.43 [37.57, 39.00] <0.001 

Birth Weight (median [IQR]) 
 

 3185.00 [2975.00, 3400.00] 3200.00 [2980.00, 3400.00] 3120.00 [2900.00, 3370.00] 0.01 

Birth Length (median [IQR]) 
 

 50.00 [49.00, 51.00] 50.00 [49.00, 51.00] 50.00 [48.00, 50.00] <0.001 

Apgar 1min (median [IQR])  1.00 [1.00, 1.00] 1.00 [1.00, 1.00] 1.00 [1.00, 1.00] 0.162 

Apgar 5min (median [IQR])  1.00 [1.00, 1.00] 1.00 [1.00, 1.00] 1.00 [1.00, 1.00] 0.074 

 



Table 4 Results of univariate and multivariate logistic regression analysis of the training set 

Dependent: 

hypoglycemia  

Non-hypoglycemia 

Group (n=914) 

Hypoglycemia Group 

(n=165) 

OR 

(univariable) 

OR 

(multivariable) 

Feeding_Mode None 10 (1.1%) 99 (60%) - - 

 Breastfeeding 13 (1.4%) 15 (9.1%) 0.12 (0.04-0.31, p<.001) 0.17 (0.05-0.56, p=.004) 

 Formula feeding 891 (97.5%) 51 (30.9%) 0.01 (0.00-0.01, p<.001) 0.01 (0.00-0.01, p<.001) 

Gestational Diabetes Mellitus No 771 (84.4%) 47 (28.5%) - - 

 Yes 143 (15.6%) 118 (71.5%) 13.54 (9.24-19.84, p<.001) 6.40 (3.01-13.61, p<.001) 

Mode of Delivery Vaginal delivery 592 (64.8%) 54 (32.7%) - - 

 Cesarean section 322 (35.2%) 111 (67.3%) 3.78 (2.66-5.38, p<.001) 13.43 (3.06-59.04, p<.001) 

TBA Mean ± SD 3.4 ± 2.8 4.7 ± 8.0 1.06 (1.02-1.10, p=.002) 1.11 (1.03-1.19, p=.005) 

Oral Glucose Tolerance Test, 

1 hour Mean ± SD 7.9 ± 1.6 9.6 ± 1.7 1.84 (1.64-2.06, p<.001) 1.23 (1.00-1.50, p=.047) 

Gestational Hypertension  No 875 (95.7%) 139 (84.2%) - - 

 Yes 39 (4.3%) 26 (15.8%) 4.20 (2.48-7.11, p<.001) 2.43 (1.00-5.91, p=.049) 

Neonatal_Sex Female 390 (42.7%) 86 (52.1%) - - 

 Male 524 (57.3%) 79 (47.9%) 0.68 (0.49-0.95, p=.025) 0.56 (0.32-0.99, p=.047) 

Hb Mean ± SD 124.2 ± 12.4 122.2 ± 12.5 0.99 (0.97-1.00, p=.056) 0.98 (0.96-1.00, p=.086) 

Elective Cesarean Section No 606 (66.3%) 58 (35.2%) - - 

 Yes 308 (33.7%) 107 (64.8%) 3.63 (2.56-5.14, p<.001) 0.19 (0.04-0.85, p=.030) 

Gestational Age Mean ± SD 39.0 ± 1.1 38.4 ± 0.9 0.57 (0.49-0.68, p<.001) 0.79 (0.59-1.06, p=.111) 

TBA, total bile acid; Hb, hemoglobin 

 



Table 5 Multivariate logistic regression model 

Variable OR LCL UCL P_value 

(Intercept) 5465.410 0.064 613676572.748 0.141 

Feeding_Mode 

(Breastfeeding) 
0.168 0.050 0.544 0.003 

Feeding_Mode 

(Formula feeding) 
0.006 0.003 0.014 <0.001 

Gestational Diabetes Mellitus 

(Yes) 
6.297 2.998 13.467 <0.001 

Mode of Delivery 

(Cesarean section) 
2.884 1.607 5.292 <0.001 

TBA 1.108 1.037 1.190 0.005 

Oral Glucose Tolerance Test, 1 hour 1.214 0.996 1.490 0.058 

Gestational Hypertension 

(Yes) 
2.367 0.954 5.611 0.056 

Neonatal_Sex 

(Male) 
0.560 0.317 0.978 0.043 

Hb 0.981 0.960 1.002 0.073 

Gestational Age 0.832 0.623 1.105 0.207 

TBA, total bile acid; Hb, hemoglobin 
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