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Purpose: The objective of this study was to explore whether neck circumference can serve as an early predictor of the risk of
Gestational Diabetes (GDM).

Patients and Methods: A total of 318 singleton pregnant women who underwent routine prenatal examinations at Qinhuangdao
Maternal and Child Health Hospital from September 2017 to September 2020 were selected and categorized into the GDM group and
the normal glucose tolerance group (NGT) based on the results of the oral glucose tolerance test (OGTT) conducted during the second
trimester. The general information and laboratory test results were compared and analyzed. Inter-group comparison was conducted
using the #-test, and multivariate logistic regression analysis was employed to analyze the independent risk factors of GDM. The
predictive threshold of various indicators for GDM occurrence during pregnancy was determined using the subject’s work curve.
Results: The GDM group exhibited significantly higher levels of pre-pregnancy weight, pre-pregnancy BMI, neck circumference,
waist circumference, hip circumference, triglycerides (TG), uric acid (UA), TG/HDL-C ratio, and waist-hip ratio compared to the NGT
group. Additionally, HDL cholesterol (HDL-C) levels were significantly lower in the GDM group, and blood glucose levels at each
point of the OGTT were markedly higher compared to the NGT group (P<0.05). Multivariate logistic regression analysis revealed that
neck circumference (OR=1.239, P<0.001) and early pregnancy TG (OR=1.842, P<0.001) were independent risk factors for GDM. The
receiver operating characteristic analysis demonstrated that the optimal critical value of neck circumference for predicting GDM was
32.6 cm, with a sensitivity of 50% and specificity of 74.3%.

Conclusion: The neck circumference during early pregnancy was found to be related to GDM, and the predictive cutoff point of
32.6 cm for neck circumference could be employed as a simple index to predict GDM in early pregnancy.
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Introduction
Currently, the global standardized prevalence rate of GDM stands at 14.0%, making it one of the most common
complications during pregnancy.' Gestational Diabetes (GDM) not only adversely affects pregnancy outcomes but also
escalates the long-term risk of complications for both mothers and offspring, including obesity, diabetes, cardiovascular
diseases, and other ailments.>*> This situation has placed a significant burden on both individual and public health.
Neck circumference (NC), a straightforward and practical anthropometric measure, offers insights into upper body fat
distribution. Mounting evidence underscores the strong association between NC and metabolic disorders like metabolic
syndrome, diabetes, and fatty liver.* A study has demonstrated a close link between neck circumference and insulin
resistance, predicting the risk of metabolic abnormalities with greater simplicity and less variability than other obesity
indicators.”® Given that obesity is a notable risk factor for GDM, scant research has been conducted on the connection
between neck circumference and Gestational Diabetes, both domestically and internationally. Neck circumference has the
potential to emerge as a traditional obesity assessment parameter surpassing waist circumference and the Waist-Hip
Ratio. Moreover, it presents itself as a novel marker for predicting diabetes risk during pregnancy.” This article
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retrospectively scrutinizes the routine prenatal and clinical data of 318 pregnant women, aiming to unearth the
association between neck circumference and early-pregnancy (8—12 weeks) GDM occurrences. Furthermore, it assesses
the clinical utility of neck circumference as an early predictor of GDM risk.

Materials and Methods

Research Object

A total of 318 pregnant women aged between 21 and 40 years (mean age: 29.12+4.55 years) were selected from
Qinhuangdao Maternal and Child Health Hospital for routine prenatal examinations from September 2017 to
September 2020. Inclusion criteria encompassed single pregnancies with complete first-trimester data, including mea-
surements of neck circumference, waist circumference, hip circumference, as well as results from the 75g oral glucose
tolerance test (OGTT) conducted at 24-28 weeks of gestation. Exclusion criteria comprised autoimmune diseases
(including systemic lupus erythematosus, rheumatoid arthritis, primary Sjégren syndrome), chronic hypertension, heart
diseases, thyroid disorders, diabetes, severe liver or kidney diseases (including intrahepatic cholestasis of pregnancy,
autoimmune hepatitis, nephrotic syndrome chronic, glomerulonephritis, IgA nephropathy), etc. This study was approved
by the Ethics Committee of Qinhuangdao First Hospital and the Ethics Committee of Qinhuangdao Maternal and Child
Health Hospital with the ethics approval number 2021Q088. Patient consent was not required by the Ethics Committee
due to the retrospective nature of the study and the anonymity of the data.

Data Collection

Data were collected, including maternal age, height, pre-pregnancy weight, systolic and diastolic blood pressure, neck
circumference, waist circumference, hip circumference, and levels of alanine aminotransferase (ALT), aspartate amino-
transferase (AST), gamma-glutamyl transpeptidase (GGT), uric acid (UA), total cholesterol (TC), triglycerides (TG),
high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) during the first trimester
(8-12 weeks of gestation). Pre-pregnancy body mass index (BMI) was calculated. Blood glucose results from OGTT at 0
hours, 1 hour, and 2 hours during the second trimester (2428 weeks of gestation) were recorded.

Diagnostic Criteria and Grouping
In accordance with the diagnostic criteria established by the International Association of Diabetes and Pregnancy Study
Groups (IADPSG),* GDM was diagnosed among pregnant women who had not received a diabetes diagnosis prior to or
during the first trimester of pregnancy. The 75g oral glucose tolerance test (OGTT) was conducted during the period of
24-28 weeks of gestation. Blood glucose levels were measured during fasting and at 1 hour and 2 hours after glucose
administration. Specifically, GDM diagnosis was confirmed if any of the following criteria were met: fasting blood
glucose level (FPG) >5.1 mmol/L, blood glucose level at 1 hour after glucose administration (1hPG) >10.0 mmol/L, or
blood glucose level at 2 hours after glucose administration (2hPG) >8.5 mmol/L.

The study population was divided based on OGTT outcomes into two groups: (1) the normal glucose tolerance
gestation (NGT) group, 218 people; and (2) the gestational diabetes mellitus (GDM) group, which comprised patients
whose blood glucose levels met the aforementioned diagnostic criteria for GDM, 100 people.

Statistical Analysis

Statistical analysis was performed using SPSS 25.0 software. Normally distributed measurement data were presented as
X + s. The t-test was utilized for inter-group comparisons of continuous variables, while the »* test was employed for
categorical data. Multivariate logistic regression analysis, with no observed multicollinearity among included indepen-
dent variables, was conducted to identify independent risk factors for GDM. The predictive capacity of neck circumfer-
ence in relation to GDM was evaluated using the receiver operating characteristic (ROC) curve, with the area under the
curve (AUC) calculated. The optimal predictive threshold was established based on the maximal Youden index.
A significance level of P < 0.05 was considered statistically significant.
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Results

Comparison of the Clinical Data in the Various Groups

Table 1 illustrates the comparison of clinical data among different groups. No statistically significant differences were
observed in age, systolic blood pressure, diastolic blood pressure, ALT, AST, GGT, TC, and LDL-C between the two
groups (P>0.05).

Pregnant women in the GDM group exhibited significantly higher values for pre-pregnancy weight, pre-pregnancy
BMI, waist circumference, hip circumference, neck circumference, and waist-to-hip circumference ratio when compared
to the NGT group (P<0.05). Additionally, levels of TG, HDL-C, TG/HDL-C ratio, and UA were notably elevated in the
GDM group relative to the NGT group (P<0.05). Furthermore, levels of OGTT at 0 hours, 1 hour, and 2 hours in
the second trimester were markedly higher in the GDM group with statistical significance (P<0.05).

Regression Analysis of Risk Factors for GDM

To comprehensively assess risk factors associated with GDM, both with and without GDM as the dependent variable, the
statistically significant factors identified in Table 1—namely, pre-pregnancy weight, pre-pregnancy BMI, neck circum-
ference, waist circumference, hip circumference, waist-to-hip ratio, FPG, 1hPG, 2hPG, TG, UA, and HDL-C—were
considered as independent variables. Univariate logistic regression analysis was conducted, revealing that pre-pregnancy
BMI, neck circumference, waist circumference, hip circumference, waist-to-hip ratio, TG, HDL-C, TG/HDL-C ratio, and
UA emerged as risk factors for GDM (P<0.05, Table 2).

To discern the independent risk factors for GDM, the presence or absence of GDM was designated as the dependent
variable. Subsequently, the statistically significant risk factors (pre-pregnancy BMI, neck circumference, waist-to-hip
ratio, UA, TG, HDL-C, TG/HDL-C ratio) from Table 2, which were identified through diagnosis of multicollinearity,
were included in a multivariate logistic regression analysis. Based on the P<0.05 criteria, only neck circumference
(OR=1.223, P=0.000) and early pregnancy TG (OR=1.889, P=0.000) were confirmed as independent risk factors for
GDM (refer to Table 3).

Table | Comparison of Baseline Characteristics of Subjects in the GDM and NGT
Groups [X £ 5]

NGT (218) GDM (100) t P
Age(year) 28.92 +4.53 29.68+4.66 —-1.382 0.168
Weight(Kg) 58.99+10.10 61.55+10.28 —2.084 0.038
BMI((kg/m2)) 22.16+3.76 22.16+3.76 —2.559 0.011
WC(cm) 85.33+8.73 90.01£10.53 —4.155 <0.001
HC(cm) 97.91+8.30 101.39£11.80 —2.659 0.009
WHR 0.87+0.07 0.89+0.08 -2217 0.027
NC(cm) 31.37£2.10 32.53+2.44 —4.102 <0.001
SBP(mmHg) 119.68£10.711 118.49+11.54 0.897 0.371
DBP(mmHg) 72.36+8.71 73.04+10.15 —0.609 0.543
ALT(mmol/L) 17.26+18.87 16.98+16.78 0.126 0.900
AST(mmol/L) 18.104£9.07 18.57+7.65 —0.446 0.656
GGT(mmol/L) 11.8948.89 18.57+7.65 —1.574 0.117
TG(mmol/L) 1.50+0.59 1.911.10 -3.515 0.001
TC(mmol/L) 4.86+0.91 4.71%1.06 1.222 1.222
HDL-C(mmol/L) 2.06+0.62 1.88+0.56 2.494 0.013
LDL-C(mmol/L) 2.1440.68 2.03+0.86 1.130 0.260
TG/HDL-C 0.8310.73 1.11£0.77 —-3.157 0.002
UA(mmol/L) 193.50+53.73 210.85+60.15 -2.574 0.011
FBG(mmol/L) 4.541+0.32 5.30+0.46 =17.119 <0.001
Ih BG(mmol/L) 7.10£1.17 9.29+1.85 -10.868 <0.001
2h BG(mmol/L) 6.05+0.88 7.78+1.84 —-8.98l <0.001
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Table 2 Univariate Logistic Regression Analysis of the Risk Factors
Associated with GDM

p P OR 95% ClI
BMI 0.079 0.012 1.082 1.017-1.152
NC 0.227 <0.001 1.255 1.126-1.400
wC 0.052 <0.001 1.054 1.026-1.082
HC 0.037 0.004 1.038 1.012-1.064
WHR 0.390 0.029 1.477 1.041-2.095
TG 0.644 <0.001 1.903 1.369-2.645
HDL-C —0.647 0.014 0.524 0.313-0.875
TG/HDL-C 0.540 0.006 1.716 1.168-2.520
UA 0.005 0.012 1.005 1.001-1.010

Table 3 Results of Binary Logistic Regression Analysis of
Different Influencing Factors and GDM Relationships

B P OR 95% ClI
NC 0214 <0.001 1.239 1.109-1.385
TG 0.6l1 <0.001 1.842 1.312-2.586

Prediction Cut-off Point of Neck Circumference in the Assessment of Diabetes in
Pregnancy

The assessment of GDM utilized a ROC curve analysis, where gestational diabetes constituted the outcome variable, and
neck circumference served as the test variable. The area under the ROC curve for neck circumference was computed as
0.636 (95% CI: 0.569 ~ 0.704). The optimal threshold for neck circumference was established at 32.60 cm, demonstrat-
ing a sensitivity of 50% and a specificity of 74.3% (Figure 1).

sensitivity

00 02 04 06 038 10

1 - specificity

Figure | The ROC curve of NC for predicting GDM risk.
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Discussion

The diagnosis of gestational diabetes mellitus relies on the oral glucose tolerance test (OGTT) administered during the
24-28 weeks of the second trimester. However, prior to OGTT screening, pregnant women at a high risk of GDM often
display elevated blood glucose trends.” Moreover, the timing of GDM diagnosis is closely proximate to delivery,
affording minimal opportunity for intervention in at-risk pregnant women. Early interventions such as dietary adjust-
ments and exercise can significantly mitigate GDM risk.'® Therefore, it becomes pivotal to identify GDM high-risk
groups using accessible and efficacious indicators. Swift and effective interventions can then be initiated at the onset of
medical care during pregnancy. Considering the physiological transformations during pregnancy, conventional metrics
like BMI, waist circumference, and waist-to-hip ratio might not be apt for prognosticating the risk of gestational obesity
and GDM. Notably, overseas studies'' have demonstrated that pregnant women with a neck circumference exceeding
33.5cm exhibit elevated odds of developing GDM, with neck circumference emerging as an autonomous predictor of
GDM. A meta-analysis of literature underscores that an augmented neck circumference corresponds to a markedly
increased likelihood of gestational diabetes mellitus (GDM). The neck circumference of GDM-afflicted patients
surpasses that of the control cohort, and neck circumference maintains a substantial association with adverse pregnancy
outcomes.'? In our investigation, we ascertained that the neck circumference of the gestational diabetes mellitus group
markedly exceeded that of the normal control group (P < 0.01). Regression analysis unveiled pre-pregnancy BMI, neck
circumference, waist circumference, hip circumference, waist-to-hip ratio, TG, HDL-C, TG/HDL-C ratio, and UA as
GDM risk factors (P < 0.05). Multivariate regression analysis further elucidated that solely neck circumference and TG
stood as independent risk factors for GDM. This implies that neck circumference holds its own regardless of BMI, waist
circumference, and waist-to-hip ratio. Notably, the dynamic modifications in waist circumference and waist-to-hip ratio,
often adopted obesity indicators, throughout pregnancy due to increased uterine size could potentially distort the
assessment of obesity or overweight during gestation.

The precise etiology of GDM remains elusive; however, it is widely acknowledged that insulin resistance coupled
with diminished functionality of islet beta cells constitutes the principal pathophysiological foundation. Novel research
by Pries et al® has revealed that neck circumference, examined in non-pregnant individuals, has the potential to mirror the
subcutaneous adipose tissue of the upper body. This adipose reservoir could be distinctive and is associated with insulin
resistance and cardiovascular risk. Concurrently, Scovronec et al'® discovered a positive correlation between neck
circumference and fasting insulin concentration, C-peptide concentration, as well as insulin resistance index (HOMA-
IR) assessed via the homeostasis model. Remarkably, among obese patients, neck circumference emerged as a more
potent predictor of insulin resistance compared to standard anthropometric indicators. Another investigation14 under-
scored the positive association between neck circumference and insulin resistance in women with polycystic ovary
syndrome (PCOS), thus suggesting the potential utility of neck circumference in forecasting insulin resistance risk in
PCOS patients. Substantial evidence suggests that overweight and obesity autonomously heighten the risk of GDM.
Furthermore, pre-pregnancy overweight and obesity accentuate insulin resistance, thereby elevating the susceptibility to
GDM." Our investigation exhibited significant disparities in neck circumference, pre-pregnancy weight, BMI, waist
circumference, and waist-to-hip ratio between the GDM and NGT groups. Consonantly, a separate study'® unveiled
positive correlations between neck circumference and body weight, waist circumference, and body mass index.
Employing ROC curve analysis, our study ascertained a critical neck circumference value of 35.70 cm for predicting
GDM, accompanied by a sensitivity of 51.4% and specificity of 81.2%. This underpins the reliability and efficacy of neck
circumference at 16 weeks as an indicator for predicting gestational diabetes mellitus. Indeed, neck circumference serves
as a novel marker for assessing GDM risk. Research conducted in southern China'’ has demonstrated that escalating
neck circumference independently contributes to GDM risk early in pregnancy. A neck circumference >33.8 cm emerges
as the optimal threshold for identifying GDM, with a sensitivity of 68.04% and specificity of 59.12%. In a foreign
context,'® neck circumference >34.3 cm forecasts GDM in Iranian pregnant women, with a sensitivity of 53% and
specificity of 66%. Our findings, establishing a predictive threshold of 32.6 cm for neck circumference in early
pregnancy, mirror a sensitivity of 52% and specificity of 75%. This signifies the capacity of neck circumference to
reasonably anticipate GDM risk. Our outcomes align with both domestic and international studies, reflecting congruence
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in sensitivity and specificity. It’s noteworthy that the optimal definition of neck circumference for GDM prediction varies
across nations and ethnicities, potentially owing to inter-group differences in body proportions within the same ethnicity.
Hence, the most suitable neck circumference criterion for GDM prognosis should be calibrated based on the racial
specificity.

Insulin resistance (IR) significantly contributes to the onset and progression of GDM. The hyperinsulinemic euglycemic
clamp (HEC), while considered the gold standard for IR assessment, remains primarily suited for fundamental research due
to its cost and time intensiveness. Similarly, the Homeostasis Insulin Model Assessment of Insulin Resistance Index
(HOMA-IR), contingent on fasting insulin levels, lacks suitability for extensive population application. In recent years,
simpler IR evaluation indicators like TG/HDL-C and the triglyceride-glucose index (TyG) have presented diversified
options for IR assessment. Multiple studies'**° have affirmed that metrics such as TG/HDL-C and the TyG index aptly
identify high-risk cohorts for metabolic disorders including IR and diabetes. Research outcomes®' have further affirmed the
effectiveness of the TG/HDL-C ratio prior to 24 weeks of pregnancy as an indicator for GDM risk identification. Chinese
research indicates that TG/HDL-C and TyG in early pregnancy stand as robust indicators for predicting GDM, amenable to
early assessment.>? Notably, our study revealed markedly elevated TG/HDL-C in the GDM group, suggesting exacerbated
IR within the GDM cohort. These insights accentuate that neck circumference could potentially surpass waist circumfer-
ence and waist-to-hip ratio as an IR indicator during pregnancy. Consequently, we infer that neck circumference offers
a fresh and efficacious avenue for early pregnancy screening of GDM high-risk groups.

Conclusions

Several limitations warrant consideration in our study. Insulin levels were not assessed, and the steady-state insulin
model could not be utilized for IR index evaluation. Although neck circumference was considered, the study did not
undertake an assessment of insulin resistance and islet beta cell function during pregnancy. Furthermore, the study
sample was derived from a single hospital, with the limited case numbers constituting another study drawback.

Neck circumference, a straightforward measure of obesity, holds simplicity and minimal variability, rendering it an effective
clinical screening and GDM prediction indicator. It capacitates early identification of GDM high-risk groups, thereby facilitating
proactive and rational dietary and exercise management during pregnancy. This intervention effectively forestalls GDM
incidence, promotes positive maternal and infant outcomes, and mitigates various adversities. In conclusion, the application of
neck circumference to predict GDM is of great significance for early identification of high-risk groups of GDM, improvement of
long-term outcomes of mothers and offspring, strengthening of early life management, and reduction of adult chronic diseases.
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