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Background: The incidence of preterm delivery (<37 weeks’ gestation) is increased due to gestational
diabetes mellitus (GDM). The preterm delivery is the leading cause of death in children. If potential
preterm delivery can be diagnosed early and then prevented, adverse pregnancy outcomes can be improved.
Therefore, effective methods are needed for early prediction of preterm delivery in women with GDM.
Methods: Patients with GDM defined as the presence of at least 1 plasma glucose abnormality at 24—
28 weeks of pregnancy [fasting plasma glucose >5.1 mmol/L, 60-min >10.0 mmol/L, 120-min >8.5 mmol/L
by 75 g oral glucose tolerance test (OGTT)] from the First Affiliated Hospital of Wenzhou Medical
University were enrolled. The data (564 patients) recorded from January 2017 to June 2020 were named
the training cohort, and the data (242 patients) obtained from patients with GDM, from July 2020 to
January 2022, were named the validation cohort. Mann-Whitney U test and chi-square test were used to
compare the skewed distributed and categorical data, respectively. According to the results of univariate
logistic regression analysis, the multivariate logistic regression model was developed in the training cohort.
Then, the nomogram was established. The validation of the nomogram was conducted on the training and
validation cohort.

Results: No significant differences in baseline characteristics were detected between the 2 cohorts (all
P>0.05). The multivariate analysis suggested that maternal age, insulin use, NLR, and monocyte count
were the independent predictors of preterm delivery. A nomogram for predicting the probability of preterm
delivery was developed. The model suggested good discrimination [areas under the curve (AUC) =0.885,
95% confidence interval (95% CI): 0.855-0.910, sensitivity =83.0%, specificity =83.1% in the training
cohort; AUC =0.919, 95% CI: 0.858-0.980, sensitivity =90.6%, specificity =84.8% in the validation cohort]
and good calibration [Hosmer-Lemeshow (HL) test: %’=3.618, P=0.306 in the training cohort; x’=6.012,
P=0.111 in the validation cohort].

Conclusions: The visual nomogram model appears to be a reliable approach for the prediction of preterm
delivery, allowing clinicians to take timely measures to prevent the occurrence of preterm delivery in women

with GDM at the time of GDM diagnosis, and deserves further investigation.
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Introduction

Gestational diabetes mellitus (GDM), a common pregnancy
complication with increasing incidence, is defined as
hyperglycemia that arises during pregnancy (1,2). The
incidence of adverse pregnancy outcomes, such as
preterm delivery (<37 weeks’ gestation), is increased due
to GDM (3,4). To avoid pregnancy complications caused
by hyperglycemia, women with GDM must maintain
strict glycemic control. Lifestyle interventions, including
nutritional therapy and exercise, are first-line treatment,
and if ideal blood glucose levels cannot be achieved,
additional pharmacological treatment is required (2,5).
Insulin is the primary pharmacological treatment of choice
for women whose blood glucose is poorly controlled
by lifestyle interventions (6). Some studies have shown
that after lifestyle interventions alone or with additional
insulin, the incidence of preterm delivery in women with
GDM decreases, however, some women with GDM still
experience preterm delivery (7,8). The health care for
premature infants places a heavy financial burden on
families, and preterm delivery is also the leading cause of
death in children under 5 years old (9). If potential preterm
delivery in patients with GDM can be diagnosed early and
then prevented as soon as possible, not only can adverse
pregnancy outcomes be improved, but the pressure on the
health care system can also be relieved. Therefore, effective
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® The nomogram including data of patient characteristics and
circulating inflammatory cells is an excellent model for predicting
preterm delivery in women with gestational diabetes mellitus
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incidence of preterm delivery in patients with GDM, and visualized
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on preterm delivery through the nomogram model.
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® The nomogram model in this study appears to be a reliable
approach for the prediction of preterm delivery and deserves
further investigation.

© Annals of Translational Medicine. All rights reserved.

Huang et al. Prediction of preterm delivery in patients with GDM

methods are needed for early prediction of preterm delivery
in women with GDM.

The development of GDM is closely related to multiple
patient characteristics including age, body mass index (BMI),
physical activity, smoking history, family history of diabetes
mellitus, and insulin use (10). Specific patient characteristics,
such as age 35 years or older, higher BMI, no insulin use,
and so on, can increase the incidence of GDM (10,11).
Moreover, the positive association between maternal age
and preterm delivery in GDM remained significant, even
after adjusting for relevant confounders (12). It has also been
reported that maternal obesity was related to an increased
risk of preterm delivery, but obese women with diabetes
had an increased risk of preterm delivery, suggesting that
blood glucose also plays a role while BMI affects preterm
delivery (13). A model showed that patient characteristics,
including maternal age, maternal diabetes, smoking history,
and so on, can predict preterm delivery, but with a sensitivity
of only 51.5%, and the model needs to be improved (14).
Some studies have suggested that GDM is associated
with changes in circulating inflammatory cells, including
lymphocyte count, neutrophil count, and others, which are
routinely tested in perinatal health care. These studies also
found that circulating inflammatory cells are involved in
the development of GDM (15-18). Furthermore, Toll-like
receptor (TLR), expressed in certain inflammatory cells, is
a factor contributing to elevated blood glucose in pregnant
women, and is also important in preterm delivery (19).
Based on the above data, we speculate that the combination
of clinical characteristics and circulating inflammatory cells
may better predict preterm delivery in women with GDM.

Therefore, this study aimed to evaluate the patient
characteristics and circulating inflammatory cells of
patients with GDM and to develop a nomogram to help
find novel and practical obstetric biomarkers for predicting
the preterm deliveries, allowing clinicians to take timely
measures to prevent the occurrence of preterm deliveries
in women with GDM at the time of GDM diagnosis.
We present the following article in accordance with the
TRIPOD reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-6223/rc).

Methods
Subjects and study design

This was a retrospective cohort study. From January 2017
to January 2022, 1,008 patients with GDM from the First
Affiliated Hospital of Wenzhou Medical University were
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Figure 1 Summary of patient flow diagram. Step 1: patient screening; Step 2: model construction; Step 3: model validation. GDM,

gestational diabetes mellitus.

consecutively screened in this retrospective study. The
inclusion criteria were as follows: aged >18 years, with GDM
defined as the presence of at least 1 plasma glucose abnormality
at 24-28 weeks of pregnancy [fasting plasma glucose
>5.1 mmol/L, 60-min >10.0 mmol/L, 120-min >8.5 mmol/L
by 75 g oral glucose tolerance test (OGTT)], and singleton
pregnancy. The exclusion criteria were as follows: diabetes
mellitus before pregnancy, multiple pregnancy, history of
preterm deliveries, loss of research information, and serious
complications or comorbidities including kidney disease,
liver disease, or heart disease. Based on the inclusion and
exclusion criteria, 806 patients were involved in this study.
The data (564 patients) recorded from January 2017 to June
2020 were named the training cohort and further assigned
to subgroups (term delivery group and preterm delivery
group), and the data (242 patients) obtained from patients
with GDM, from July 2020 to January 2022, were named
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the validation cohort (Figure I).

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The
Ethics Committee of the First Affiliated Hospital of
Wenzhou Medical University approved this study (No.
KY2022-R201). Data collection was performed after written
informed consents were provided by participants.

Data collection

The data collected in this study included age, BMI before
pregnancy, family history of diabetes, smoking history,
alcohol history, hypertension before pregnancy, parity,
insulin use, OGTT result, lymphocyte count at GDM
diagnosis, neutrophil count at GDM diagnosis, neutrophil-
lymphocyte ratio (NLR) at GDM diagnosis, and monocyte

count.
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Construction of the nomogram

In the training cohort, univariate and multivariate logistic
regression analyses were used to screen the independent
predictors of the preterm deliveries in patients with GDM.
The nomogram was established using the independent
predictors from the multivariate logistic regression model
to predict the risk of the preterm deliveries in patients

with GDM.

Validation of the nomogram

Both the internal and external validation were conducted
using 1,000 bootstrap resamples on the training and
validation cohort, respectively. Concordance index
(C-index) was conducted to internally and externally assess
the discriminative power of the nomogram, respectively.
The Hosmer-Lemeshow (HL) test and decision curve
analysis (DCA) were conducted to internally and externally
assess the calibration and the clinical applicability of the
nomogram, respectively.

Statistical analysis

The sample size calculation was conducted using PASS 15
(NCSS Statistical Software, Kaysville, UT, USA). According
to the result of sample size calculation with a power of
90%, the sample size was appropriate. Mann-Whitney U
test and chi-square test were used to compare the skewed
distributed (age, BMI before pregnancy, OGTT result,
lymphocyte count at GDM diagnosis, neutrophil count
at GDM diagnosis, NLR at GDM diagnosis, monocyte
count), and categorical data (family history of diabetes,
smoking history, alcohol history, hypertension before
pregnancy, parity, insulin use), respectively. According to
the results of univariate logistic regression analysis, the
multivariate logistic regression model was developed in
the training cohort. Then, the nomogram was established
using the data from multivariate logistic regression model.
The validation of the nomogram was conducted using
1,000 bootstrap resamples on the training and validation
cohort, respectively. The area under the receiver operating
characteristic (ROC) curve (AUC) with 95% confidence
interval (95% CI), as well as the associated specificity and
sensitivity, was used to assess the discrimination of the
nomogram. The discrimination was also assessed with

C-index which is roughly equivalent to the AUC. The
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calibration was evaluated by the calibration curves with the
HL test. In addition, DCA was conducted to evaluate the
clinical utility of nomogram. AUCs calculated from the
ROC curve analyses were used to compare the diagnostic
performances of each independent predictor and predictive
model. Statistical analyses were performed using MedCalc
version 18.2 (MedCalc Software Ltd., Ostend, Belgium) and
R package version 4.2.1 (The R Foundation for Statistical
Computing, Vienna, Austria). P<0.05 was considered
significant, which was two-sided.

Results

In this study, the pregnancies of 71 patients in the training
cohort (12.6%, 71/564) and 32 patients (13.2%, 32/242) in
the validation cohort ended in preterm delivery. Baseline
characteristics of patients in the 2 cohorts are summarized
in Table 1. There were no significant differences in baseline
characteristics, including patient characteristics and
circulating inflammatory cells, between the 2 cohorts (all
P>0.05) (Table I).

Independent predictors for preterm delivery

The results of the univariate and multivariate logistic
analyses used to assess the relationship between potential
factors and preterm delivery in the training cohort are
shown in Tzble 2. On univariate analysis, maternal age,
insulin use, neutrophil count, NLR, and monocyte count
were associated with preterm delivery (P<0.001, P<0.001,
P=0.049, P<0.001, and P<0.001, respectively), which
was confirmed using the Mann-Whitney U test and chi-
square test, respectively (Table S1). The multivariate
analysis suggested that maternal age, insulin use, NLR,
and monocyte count were the independent predictors of
preterm delivery in patients with GDM (P<0.001, P=0.002,
P<0.001, and P<0.001, respectively; Tuble 2).

Nomogram establishment

A nomogram for predicting the probability of preterm
delivery in patients with GDM was developed using the 4
independent predictors (maternal age, insulin use, NLR,
and monocyte count) (Figure 2). For a 35-year-old woman
with GDM who had insulin use during pregnancy, an NLR
of 4, and a monocyte count of 2x10°/L, the total point
count was 124 (22.5+0+54+47.5); the risk was 10%.
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Table 1 Baseline characteristics of patients in the training and validation cohorts

Variables Training cohort (n=564) Validation cohort (n=242) P value

Patient characteristics
Maternal age, years, median (IQR) 28.7 (25.2, 33.9) 28.4 (24.9, 32.8) 0.308*
BMI before pregnancy, kg/m?, median (IQR) 23.5(20.5, 25.8) 23.4 (20.3, 25.9) 0.631*
Family history of diabetes mellitus, n (%) 61 (10.8) 28 (11.6) 0.849*
Smoking history, n (%) 6 (1.1) 2(0.8) 1.000*
Alcohol drinking history, n (%) 66 (11.7) 26 (10.7) 0.786*
History of hypertension, n (%) 36 (6.4) 17 (7.0) 0.856*
Parity =1, n (%) 206 (36.5) 77 (31.8) 0.229*
Insulin use, n (%) 59 (10.5) 29 (12.0) 0.609*
Fasting PG at OGTT =5.1 mmol/L, median (IQR) 5.2 (4.6, 6.0) 5.3 (4.6, 6.0) 0.955"
1-h PG at OGTT =10.0 mmol/L, median (IQR) 11.1 (10.0, 11.9) 10.7 (9.7, 12.1) 0.258"
2-h PG at OGTT =8.5 mmol/L, median (IQR) 10.2 (9.2, 10.8) 10.2 (9.1, 10.9) 0.769"

Circulating inflammatory cells at GDM diagnosis, median (IQR)

Lymphocyte count, x10%L 5.1 (3.1, 6.8) 4.7 (3.0, 6.6) 0.288*
Neutrophil count, x10%L 20.4 (12.3, 27.3) 18.6 (11.9, 25.5) 0.135*
NLR 4.1 (3.6, 4.6) 4.0 (3.4, 4.6) 0.407*
Monocyte count, x10%/L 1.6 (1.3, 1.9) 1.6 (1.3, 1.9) 0.666"

*, for chi-square test; *, for Mann-Whitney U-test. IQR, inter-quartile range; BMI, body mass index; PG, plasma glucose; OGTT, oral
glucose tolerance test; GDM, gestational diabetes mellitus; NLR, neutrophil-lymphocyte ratio.

Nomogram verification

In the training cohort, the C-index was 0.885 (95% CI:
0.836-0.933), suggesting a good discrimination of this
nomogram model, and the HL test (x’=3.618, P=0.306)
revealed a good calibration. Figure 34,3B show the
ROC (AUC =0.885, 95% CI: 0.855-0.910, sensitivity
=83.0%, specificity =83.1%) and calibration curves of this
nomogram used to assess the discrimination and calibration,
respectively. The DCA revealed an obvious clinical net
benefit (Figure 3C). In the validation cohort, the model
also suggested good discrimination (AUC =0.919, 95%
CI: 0.859-0.979) (Figure 3D) and good calibration (HL
test: 1°=6.012, P=0.111). The ROC (AUC =0.919, 95%
CI: 0.858-0.980, sensitivity =90.6%, specificity =84.8%),
calibration and DCA curve were shown in Figure 3E,3F,
respectively.

© Annals of Translational Medicine. All rights reserved.

Predictive performances of each independent predictor and
predictive model

Combined application of maternal age, insulin use, NLR,
and monocyte count showed the highest AUC (AUC
=0.885; 95% CI: 0.855-0.910; sensitivity =83.0%; specificity
=83.1%; Table 3). This indicates that the predictive model
had a better predictive power than the single predictors
(maternal age, insulin use, NLR, and monocyte count)
alone (Figure 4).

Discussion

Through accurate prediction of preterm deliveries in
women with GDM at the time of GDM diagnosis, clinicians
can take effective action to avoid the occurrence of preterm
delivery as early as possible. To solve this problem, we

Ann Transl Med 2023;11(2):70 | https://dx.doi.org/10.21037/atm-22-6223
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Table 2 Univariate and multivariate logistic analyses to determine the independent predictors associated with preterm delivery in the training

cohort
Univariate logistic regression Multivariate logistic regression
Variables
P value OR 95% ClI P value OR 95% ClI
Patient characteristics
Maternal age <0.001 1.088 1.053-1.123 <0.001 1.093 1.049-1.140
BMI before pregnancy 0.332 1.035 0.966-1.109 - - -
Family history of diabetes mellitus 0.896 1.054 0.446-2.206 - - -
Smoking history 0.759 1.27 0.194-4.859 - - -
Alcohol drinking history 0.977 1.008 0.574-1.717 - - -
History of hypertension 0.078 2.109 0.865-4.636 - - -
Parity >1 0.301 0.754 0.434-1.273 - - -
Insulin use <0.001 0.364 0.209-0.617 0.002 0.359 0.181-0.686
Fasting PG at OGTT =5.1 mmol/L 0.221 0.815 0.585-1.128 - - -
1-h PG at OGTT =10.0 mmol/L 0.573 1.065 0.857-1.327 - - -
2-h PG at OGTT =8.5 mmol/L 0.071 1.359 0.977-1.906 - - -
Circulating inflammatory cells at GDM diagnosis
Lymphocyte count 0.495 0.962 0.860-1.075 - - -
Neutrophil count 0.049 1.026 1.000-1.054 0.762 0.995 0.945-1.030
NLR <0.001 4.281 2.828-6.713 <0.001 3.431 2.153-5.762
Monocyte count <0.001 6.352 4.197-9.884 <0.001 6.571 4.100-10.868

BMI, body mass index; PG, plasma glucose; OGTT, oral glucose tolerance test; GDM, gestational diabetes mellitus; NLR, neutrophil-
lymphocyte ratio; OR, odds ratio; Cl, confidence interval.
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Figure 2 Nomogram for predicting preterm delivery in patients with gestational diabetes mellitus. NLR, neutrophil-lymphocyte ratio.
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Figure 3 Nomogram verification [(A-C) for training cohort and (D-F) for validation cohort]. (A,D) ROC curves; (B,E) calibration plots; (C,F)

DCA plots. ROC, receiver operating characteristic; DCA, decision curve analysis.

Table 3 Comparison for the ROC curves generated based on each independent factor and predictive model

Parameters AUC (95% ClI) Sensitivity (%) Specificity (%) P value
Maternal age 0.735 (0.696-0.771) 80.3 69.2 <0.001
Insulin use 0.620 (0.578-0.660) 70.4 53.5 <0.001
NLR 0.752 (0.714-0.787) 36.6 98.2 <0.001
Monocyte count 0.846 (0.813-0.874) 69.0 91.7 <0.001
Predictive model 0.885 (0.855-0.910) 83.0 83.1 <0.001

AUC, area under the curves; Cl, confidence interval; NLR, neutrophil-lymphocyte ratio; ROC, receiver operating characteristic.

constructed a nomogram using the 4 independent predictors
(maternal age, insulin use, NLR, and monocyte count) to
predict preterm deliveries in women with GDM at the
time of GDM diagnosis. This nomogram model showed
excellent performance and apparent clinical net benefit,
suggesting that it might be a very good screening tool for
preterm deliveries in women with GDM.

Over the past decades, delayed childbearing has

© Annals of Translational Medicine. All rights reserved.

developed an increasing trend worldwide (20). In China,
pregnancies in women older than 35 years have increased
by more than 10% over the past 10 years and account
for approximately 30% of all pregnancies (21). Several
studies have supported that advancing maternal age is an
independent risk factor for the development of GDM, with
a meta-analysis revealing that women aged 35-39 years
had about twice the risk and those aged more than 40 years
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about 4 times the risk of women aged <35 years (20,22-25).
In addition, a large study found an absolute risk of preterm
delivery of 1.4% for women aged 35-39 and preterm
delivery <34 weeks’ gestation of 2.0% (26). On the basis of
previous studies, our study further confirmed that maternal
age was an independent risk factor for preterm delivery in
women with GDM, and visualized the effect of maternal age
on preterm delivery through the nomogram model, which
plays an important role in helping patients and clinicians to
accurately assess pregnancy outcomes.

Women with GDM must maintain strict glycemic
control to prevent pregnancy complications due to
hyperglycemia (27). Insulin is regarded as the standard
treatment for managing GDM when lifestyle interventions
fail to achieve adequate glucose levels (28). A previous study
revealed that the proportion of patients receiving insulin
was significantly related to the proportion of patients
experiencing adverse pregnancy outcomes, including
preterm delivery (29). Our results showed that insulin use
was an independent predictor for preterm delivery [odds
ratio (OR) =0.359, P=0.002], consistent with the results of
previous research, which might be caused by the positive
correlation between the concentration of blood glucose and
the incidence of adverse outcomes of pregnancy (29).

The development of GDM is complex. In addition to

© Annals of Translational Medicine. All rights reserved.
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the impairment of the secretion of insulin, some studies
have revealed that inflammation also plays a crucial role
in the pathogenesis of GDM (15-18). As a subclinical
inflammatory marker, the NLR demonstrates the state
of inflammation and immune regulation. Decreased
lymphocyte count and an abnormal inflammatory state
may be responsible for increased NLR in diabetic patients
(30,31). Currently, research on the association between
NLR and pregnancy outcome is rare. This study confirmed
that there was a significant increased risk of preterm
delivery in women with GDM when NLR was increased
(OR =3.431, P=0.000), explained by the fact that the higher
level of inflammation is accompanied by the higher level
of NLR.

Moreover, monocytes are an important marker of the
inflammatory response and early prediction of GDM. An
increased monocyte count was reported in pregnant women
at different weeks of gestation (32-34). The importance
of induction of insulin resistance via monocyte-secreted
monocyte chemoattractant protein-1 (MCP-1) in the
development of GDM has been reported (35). However,
no studies have shown the relationship between monocytes
and the pregnancy outcomes. In preclinical studies, toll-like
receptor-4 (TLR-4), present in the monocytes, stimulated
the release of inflammatory cytokines that caused the
development of preterm delivery (36). To further confirm
the conclusion of preclinical study in clinical practice, we
observed the effect of monocytes on preterm delivery and
found that monocyte counts were significantly associated
with the incidence of preterm delivery in patients with GDM.

This study has 2 limitations. First, because the study was
retrospective, information was partially missing for some
patients. Second, all enrolled patients were from a single
region, so studies involving patients in other regions need
to be performed.

Conclusions

The visual nomogram including data of patient
characteristics and circulating inflammatory cells is an
excellent model for predicting preterm deliveries in women
with GDM at the time of GDM diagnosis. This model
appears to be a reliable approach for the prediction of
preterm delivery and deserves further investigation.
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