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Introduction
Preterm Birth is a major complication and a leading cause of global 
neonatal morbidity and mortality. An estimated 15 million babies 
each year are born preterm worldwide. Among 184 countries, 
rates of preterm birth ranged from 5 to 18% [1]. Many screening 
modalities are available for prediction of spontaneous preterm 
birth including prior spontaneous preterm birth, cervical length 
measurement or biochemical marker tests as the fetal fibronectin 
test. However, these methods have poor efficacy in identifying 
women destined to deliver preterm. 

Preterm labor (PTL) has a multifactorial etiology including 
decreased cervical incompetence and inflammatory or ischemic 
insult to the uteroplacental barrier [2]. Activation of the fetal 

hypothalamic-pituitary pathway also plays an important role 
in initiating the parturition process [3]. Jovana, et al. studied 
the development of the fetal adrenal gland. They found that 
the central zone of the adrenal gland (fetal zone) produced 
dehydroepiandrosterone (DHEA) as the precursor of placental 
estrogen production that regulates the timing of the labor 
process, with subsequent enlargement during gestation [4]. 
Several studies have shown enlargement of the fetal zone of the 
adrenal gland as a predictor of preterm delivery within 7 days 
in symptomatic pregnant women [5-7], while one study found 
that fetal adrenal gland size was not predictive of preterm birth 
in asymptomatic pregnant women [8]. These findings led us to 
examine ultrasound measurement of the fetal adrenal gland to 
predict spontaneous preterm birth. 
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Abstract
Objectives: To predict spontaneous Preterm Birth (PTB) in asymptomatic singleton 
pregnant women by two-dimensional (2D) ultrasound measurement of Fetal Zone 
Enlargement (FZE).

Methods: A prospective cohort study was conducted at Srinagarind Hospital, Khon 
Kaen University. Asymptomatic singleton pregnancies between 240/7 and 296/7 
weeks were included. Fetal adrenal gland size was assessed using Trans abdominal 
2D ultrasound. Ratios between fetal zone and total adrenal gland in transverse, 
coronal and sagittal planes as length/Length (l/L), width/Width (w/W) and depth/
Depth (d/D), respectively were used to measure FZE. The ratio of each dimension 
was used to predict spontaneous preterm birth, with the receiver operating 
characteristic (ROC) curve used to assess diagnostic accuracy.

Results: A total of 148 pregnancies were included in the study. Sixteen pregnant 
women (10.81%) had spontaneous preterm birth. The fetal Zone Enlargement in 
coronal (w/W) and sagittal planes (d/D) were statistically significantly higher in the 
preterm group (P<0.05). Cut-off values of w/W and d/D ratio greater than 61.80% 
and 60.15%, respectively were satisfactory predictors of spontaneous preterm 
birth (d/D ratio, area under curve (AUC)=0.65, 95% CI 0.53-0.78; w/W ratio, 0.68, 
95% CI 0.55-0.81) compared to l/L ratio (AUC=0.51, 95% CI 0.38-0.65).

Conclusion: Fetal adrenal gland enlargement measurement by 2D ultrasound 
between 240/7 and 296/7 weeks successfully predicted spontaneous preterm birth 
in asymptomatic singleton pregnant women.
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Materials and Methods
A prospective cohort study was performed in the obstetric 
outpatient clinic at Srinagarind Hospital, Khon Kaen University 
(KKU) between August 2020 and July 2021. The KKU Ethics 
Committee in Human Research approved this study and 
all registered women provided informed consent. The 152 
consecutive women with asymptomatic singleton pregnancies 
between 240/7 and 296/7 weeks of gestation were enrolled. 
Pregnant women with medical disorders such as diabetes 
mellitus or gestational diabetes, maternal heart disease, chronic 
hypertension, preeclampsia, eclampsia, hydramnios, placental 
previa or abruption, fetal abnormalities, growth restriction, 
non-reassuring fetal heart rate tracing and fetal adrenal gland 
that could not be measured were excluded from the study. The 
preterm birth was defined as a baby born before 37 weeks of 
gestation. 

Maternal demographic data including age, gestation, body mass 
index, risk factors of preterm labor such as smoking, alcohol 
drinking, previous cervical surgery and history of previous preterm 
delivery were collected. All examinations were performed by one 
operator, using an ultrasound Samsung HS50 with a 2-5 MHz 
abdominal transducer. 

Assessment of fetal zone enlargement
A 2D ultrasound was performed for fetal biometry and structural 
survey before adrenal gland measurement. Previous reports 
suggested that the fetal adrenal gland on the right side was less 
variable than on the left side [8,9]. Therefore, only the right 
adrenal gland was measured. The central zone of the adrenal 
gland (fetal zone) is an echogenic area. The total adrenal gland 
and fetal zone were measured in transverse, coronal and sagittal 
planes as length, width and depth, respectively (L, l; W, w; and 
D, d) (Figure 1). The Fetal Zone Enlargement was calculated by 
dividing the fetal zone and total gland in each dimension (l/L, 
w/W and d/D), with results used to determine the risk of preterm 
birth. 

Finally, all birth information was recorded as gestational age and 
neonatal outcome for analysis.

Statistical analysis
Statistical analysis was performed using STATA version 10 for 

Windows. The continuous variables were compared by Student’s 
t-test. Data were presented as median [IQR] and mean ± SD as 
appropriate. The Kolmogorov-Smirnov test was used for data 
normality testing, with Fisher’s exact and the Chi-square test for 
categorical variables. P value<0.05 was considered as statistically 
significant. The ROC was used to find the optimal cut-off value 
of Fetal Zone Enlargement to predict spontaneous preterm birth. 
Sensitivity, specificity, likelihood ratio, positive predictive value 
and negative predictive value were used to quantify diagnostic 
accuracy.

Results
A total of 152 pregnancies were recruited into this study. Of 
these, four were excluded due to DFIU from placental abruption, 
gestational diabetes, pre-eclampsia and fetal growth restriction. 
Thus, 148 pregnancies were included for statistical analysis. 
Demographic data, sonographic characteristics and neonatal 
information of both groups are shown in Table 1. All participants 
were Thai race. None of the women had undergone cervical 
surgery, smoked or used illicit drugs. Women at risk of preterm 
birth were likely to be older, have higher BMI, history of previous 
preterm delivery and less fetal body weight at the date of 
recruitment. However, there were no differences between the 
groups (Table 1). Spontaneous preterm birth was recorded in 16 
(10.81%) pregnancies with 132 (89.19%) term birth pregnancies. 
Median gestation of delivery in the preterm group was 35.93 
weeks (IQR 34.72-36.64), while the term group was 38.86 weeks 
(IQR 38.14-39.43).

Comparisons of fetal zone and total adrenal gland size in each 
dimension between groups are shown in Table 1. The FZE in the 
coronal plane (w/W) and sagittal plane (d/D) of preterm birth 
were significantly higher than in pregnant women with term birth 
(P<0.05). Optimal cut-off values for FZE to predict preterm birth 
were investigated using the ROC curve. Ratios of w/W and d/D 
greater than 61.80% and 60.15%, respectively had higher area 
under the curve at more than 0.6 as satisfactory predictors (d/D 
ratio, AUC=0.65, 95% CI 0.53-0.78; w/W ratio, 0.68, 95%CI 0.55-
0.81) compared to l/L ratio (0.51, 95% CI 0.38-0.65) (Figure 2). 
Sensitivity, specificity, likelihood ratio, positive predictive and 
negative predictive values of the adrenal gland dimension ratio at 
the cut-off values are shown in Table 2.

Figure 1: Technique of measuring the fetal zone and total adrenal gland using two-dimensional ultrasound.
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Characteristics
Preterm delivery Term delivery

P-value
N=16 N=132

Maternal characteristics
Maternal age (years), mean ± SD 32.44 ± 5.45 29.91 ± 5.10 0.07

Parity (%)    
Nulliparity  8 (50) 63(47.73) 0.86
Multiparity  8 (50) 69 (52.27)  

BMI (kg/m2), median (IQR) 23.67 (20.90-30.26) 21.47 (19.68-24.14) 0.05
Prior preterm delivery (%) 2 (12.50) 4 (3.03) 0.13

Education (%)    
Less than or secondary school 3(18.75) 33(25) 0.76

Complete college or higher 13 (81.25) 99(75)  
Underlying disease 0 (0) 6 (4.55) >0.99

GA at recruitment (weeks), median 
(IQR) 26.86 (25.65-27.93) 27.57 (25.64-28.71) 0.32

Fetal body weight (g), mean ± SD 941.63  ± 209.57 1075.49 ± 268.86 0.06
Fetal zone-Total adrenal gland 

Length (mm), median (IQR)    
Total gland 16.51 (3.06) 17.23 (3.66) 0.46
Fetal zone 10.01 (1.97) 10.45 (3.37) 0.44

Ratio (l/L) (%) 61.29 (55.76-68.74) 60.95 (52.91-69.71) 0.86
Width (mm), median (IQR)

Total gland 12.67 (4.94) 14.29 (3.78) 0.12
Fetal zone 7.8 (7.1-10.77) 7.6 (5.6-9.9) 0.47

Ratio (w/W) (%) 62.10 (10.02) 54.26 (12.41) 0.02
Depth (mm), median (IQR)    

Total gland 11.8 (9.05-14.1) 12.55 (10.2-15.3) 0.32
Fetal zone 7.8 (6.15-9.6) 6.7 (5-8.75) 0.25

Ratio (d/D) (%) 63.87 (55.33-65.47) 54.69 (45-64.84) 0.04
Perinatal outcome 

GA at delivery (weeks), median (IQR) 35.93 (34.72-36.64) 38.86 (38.14-39.43) <0.01
Birth weight (g), mean ± SD 2585.63 ± 510.87 3191.82 ± 395.98 <0.01

Male sex (%), mean ± SD 10 ± 62.5 79 ± 59.85 0.84
Note: BMI-Body Mass Index; GA-Gestational Age; IQR-Interquartile Range; SD-Standard Deviation; 
L, W and D, Length, Width And Depth, respectively of the total adrenal gland; L, W And D-Length, Width and Depth, Respectively  of the fetal zone.

Table 1: Maternal characteristics, sonographic data and perinatal outcome among preterm delivery and term delivery groups.

Figure 2: Receiver operating characteristic (ROC) curves of fetal zone enlargement for predicting preterm birth.
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Discussion 
Currently, the standard recommendation for screening preterm 
birth uses cervical length and a biochemical marker as fetal 
fibronectin. However, routine cervical length screening in 
asymptomatic pregnancies provides insufficient evidence [10], 
while the presence of fetal fibronectin as an indicator of Preterm 
Premature Rupture of the Membrane (PPROM) to predict preterm 
birth shows high false-positive values [11]. This study evaluated 
the usability of fetal adrenal gland enlargement to predict preterm 
birth in asymptomatic pregnancies, based on the hypothesis that 
the fetal zone of the adrenal gland produces DHEA as a precursor in 
the hypothalamic-pituitary-adrenal axis that regulates the timing 
of human parturition, resulting in fetal adrenal gland enlargement 
[4]. As supporting evidence, fetal adrenal gland enlargement was 
statistically significantly associated with preterm birth. The best 
predictor was w/W ratio greater than 61.8% (AUC=0.68, 95%CI 
0.55-0.81) and the second predictor was d/D ratio greater than 
60.15% (AUC=0.65, 95% CI 0.53-0.78). These applications had low 
sensitivity and specificity but were useful to rule out the risk of 
preterm birth due to high negative predictive value (Table 2). The 
FZE was an independent predictor that mostly benefited general 
pregnancies, while also reducing costs of some patients through 
avoidance of unnecessary treatment. The 2D ultrasound used 
to measure the size of the fetal adrenal gland in hospitals may 
be challenging because this method depends on fetal position, 
amount of amniotic fluid, maternal habitus and the operator.

 A previous study noted that fetal zone and total adrenal gland 
depth ratio was higher in preterm delivery [12], while several 
studies combined fetal adrenal gland ratio enlargement with 
other predictors. Santipap M, et al. found that the combination 
of fetal zone dimension enlargement and high levels of Placental 
Alpha Macroglobulin-1 (PAMG-1) was effective for predicting 
preterm birth within 7 days in symptomatic pregnancies [13]. 
Other studies revealed that FZE and Adrenal Gland Volume (AGV) 
using 2D and 3D ultrasound, respectively could predict preterm 
birth within 7 days in symptomatic pregnancies. When compared 
with cervical length, FZE and AGV were superior predictors in 
identifying women at risk from preterm birth within 7 days [5,6]. 

By contrast, a large multicentre observational cohort study of 
asymptomatic nulliparous women found that fetal adrenal size 
measured at 220/7 and 306/7 weeks did not predict spontaneous 
preterm birth [14]. This was not surprising because a variety of 

pathways lead to preterm labor including intrauterine infection, 
uterine ischemia, uterine over-distension, abnormal allogenic 
recognition, allergic-like reaction, cervical disease and endocrine 
disorders [2]. Changes in the adrenal gland occur before preterm 
labor within 5-7 days, and may not be accurately used to identify 
preterm birth in asymptomatic pregnancies [14].

Currently, no effective screening method exists to identify preterm 
birth in low-risk pregnancies. Our results can be used to identify 
the risk of preterm birth in asymptomatic pregnancies using 2D 
ultrasound fetal zone-total adrenal gland ratio. The strength of 
our study results was demonstrated in healthy asymptomatic 
pregnant women excluding maternal disease, placental previa, 
fetal anomalies, fetal infection and indicated preterm delivery 
that had different etiology of preterm labor. All the pregnant 
women were followed up until delivery. Limitations of our study 
were the small cohort size, with all participants as Thai race. One 
operator determined all adrenal gland measurements. Further 
larger studies are required to support our results. Future studies 
of adrenal gland size should include gestational age as a baseline 
reference.

Conclusion
Fetal adrenal gland enlargement measured by two-dimensional 
ultrasound between 240/7 and 296/7 weeks successfully predicted 
spontaneous preterm birth in asymptomatic singleton pregnant 
women.
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