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Background. Gestational diabetes (GD) is a hyperglycaemic state specific to pregnancy. A well-tolerated, quick and minimally-invasive 
method for the early detection of GD in pregnancy is lacking.
Objective. To evaluate the correlation between the mid-trimester length of the fetal liver and GD.
Methods. A prospective study was conducted at the National Endocrine and Diabetic Center, College of Medicine, Al-Mustansiriya 
University, Iraq and the Obstetric and Gynecological Department at Al-Yarmouk Teaching Hospital, Iraq, from September 2016 to 
September 2018. One-hundred-and-twenty singleton pregnant women at high risk for gestational diabetes mellitus (GDM) were 
recruited. An ultrasound scan was performed at 23 weeks’ gestation followed by a 75 g oral glucose tolerance test (OGTT) at 24 weeks. A 
correlation was assessed between the mid-trimester fetal liver length (FLL) measurement and the OGTT. 
Results. Mean (SD) FLL values were significantly higher among GDM patients v. healthy pregnant females respectively: 37.2 (3.4) v. 
33.1 (2.7); p<0.001. Univariate analysis showed that FLL in GDM group was 1.6 times the non-GDM group (odds ratio (OR) 1.6; 95% 
confidence interval (CI) 1.31 - 1.96). There was no significant change after adjustment for parity and cumulative risk factors. Based on 
the above, FLL is an independent predictor for GDM (OR 1.6; 95% CI 1.30 - 1.96; p<0.05). 
Conclusion. FLL measurement by ultrasound at 23 weeks’ gestation is a feasible alternative to OGGT for the early detection of GDM in 
high-risk patients.
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Gestational diabetes mellitus (GDM) has been defined as 
'hyperglycaemia first recognised during pregnancy’ and has more 
recently been described by the American Diabetes Association 
(ADA) as 'diabetes diagnosed in the second or third trimester of 
pregnancy that is not clearly overt diabetes’[1] with an incidence 
between 10 - 15% of pregnancies, depending on the diagnostic 
criteria used.[2] The prevalence of GDM is expected to increase as 
the epidemic of obesity continues.[3] Risk factors for gestational 
diabetes include glycosuria in the first trimester, glycosuria on 2 or 
more occasions in the second or third trimester,[3] polyhydramnios 
in the current pregnancy,[5] macrosomia in the current pregnancy,[6] 

previous unexplained stillbirth,[7] obesity (BMI >30),[8] a previous 
baby >4.5 kg,[9] previous congenital abnormality,[10] and age >35 
years.[11] Other risk factors include previous GDM,[12] history of 
diabetes in a first-degree relative,[13] and belonging to ethnicities 
with a high prevalence of diabetes, e.g. South Asian, black Caribbean 
and Middle Eastern.[4] GDM assessment in the first trimester is still 
poor, resulting in the delay of GDM diagnosis to the late second or 
early third trimester.[14] Untreated GDM results in adverse maternal 
and fetal outcomes such as increased risk of preterm delivery, 
preeclampsia, macrosomia or large for gestational age (a known risk 
factor for birth injury), operative delivery, stillbirth, respiratory 
distress syndrome, and neonatal hypoglycaemia.[15] The oral glucose 
tolerance test (OGTT) is considered to be the gold standard  for 
diagnosis of GDM and is superior to fasting plasma glucose (FPG) 
and the glycosylated haemoglobin (HbA1c) level.[16] However, the 
OGTT has its limitations including cost, the time required for the 

test and the unpleasant side-effects due to the high glucose load. 
Therefore, another screening method that can be performed during 
routine ultrasound assessment of pregnancy may be of value.[17] Mid-
trimester fetal liver length (FLL) measurement is a potential test 
because of deposition of excess glucose in the form of glycogen in 
the fetal livers of mothers with diabetes.[18] 

Methods
The study took place at the National Endocrine and Diabetic Centre, 
College of Medicine, Al-Mustansiriyha University in collaboration 
with the Department of Obstetrics and Gynecology, at Al-Yarmouk 
Teaching Hospital, Iraq. The study took place over a two-year period 
from September 2016 to September 2018. One hundred and twenty 
singleton pregnant women at high risk for GDM were recruited. FLL 
measurements were performed during routine ultrasound scan at 23 
weeks followed by a 75 g OGTT at 24 weeks’ gestation. Correlations 
between the mid-trimester FLL and OGTT were made. Gestational 
age was established using ultrasound fetal crown-rump length 
measurement at 10 - 12 weeks’ gestation. HbA1c was performed at 
booking as part of the screening tests for pre-existing diabetes. All 
participants gave verbal consent for their full medical and obstetric 
history including ultrasound examination and OGTT. Ethical 
approval was obtained from the Ethics Committee of the Obstetric 
and Gynecological Department.

Inclusion criteria included singleton pregnancy, normal random 
glucose levels (4.4 - 7.8 mmol/L), 22 - 23 weeks’ gestation, and risk 
factors for gestational diabetes.
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Women were ineligible for the study if they had multiple 
pregnancies, a congenital anomaly,  were known diabetics or 
hypertensive patients and had any chronic disease that could affect 
fetal growth. 

The FLL measurement was performed by ultrasound using a 
sagittal and coronal section of the fetal abdomen. The tip of the right 
lobe of the liver was clearly identified, and liver length measured 
from the dome of the left hemidiaphragm to the tip of the right lobe. 
The OGTT was performed after overnight fasting, with participants 
required to have had normal meals in the previous three days 
without deliberate dieting, and not to have smoked preceding the 
test. Samples were obtained from venous plasma to measure glucose 
levels at fasting and after 2 hours following the administration of 
75 g glucose dissolved in 300 ml water. According to the National 
Institute for Health and Care Excellence (NICE) guidelines, GDM is 
diagnosed when a pregnant woman has either: (i) a fasting plasma 
glucose level ≥5.6 mmol/L (100 mg/dL) or (ii) a 2-hour plasma 
glucose level ≥7.8 mmol/L (140 mg/dL).

Statistical analysis
Data analysis was performed using the Statistical Package for Social 
Sciences (IMB Corp., USA). Categorical data were presented as 
frequencies and percentages, and differences between proportions 
were determined by a z-test. Continuous variables were presented 
as means with standard deviations and differences between study 
groups were determined by student’s t-test. Pearson’s correlation was 
used to test the relation between FLL and maternal blood glucose 
levels at fasting, and at two hours following 75 g oral glucose load as 
part of the OGTT. A receiver operator curve used for determination 

of impaired glucose tolerance test results depending on the FLL 
(measured at 23 weeks’ gestation by ultrasound). Binary logistic 
regression was performed to reveal the real size of differences and to 
account for confounders. Significance level was set at 0.05.

Results
A total of 120 pregnant women at high risk for gestational diabetes 
aged 21 - 37 years, participated in the study. The incidence of 
gestational diabetes was 19.2%.

As shown in Table 1, there were no differences in age and parity 
between the GDM v. non-GDM groups. Table 2 shows that the 
history of previous gestational diabetes was the most important risk 
factor for GDM, followed by a first-degree family history of diabetes.

Mean (SD) FLL values were significantly higher among GDM 
patients v. healthy pregnant females respectively: 37.2 (3.4) v. 33.1 
(2.7); p<0.001. Univariate analysis showed that FLL in the GDM 
group was 1.6 times the non-GDM group (OR 1.6; 95% CI 1.305 - 1.962) 
with a high specificity (95.9%) and negative predictive value (95.9%) 
for FLL for GDM in addition to high specificity and sensitivity. After 
adjustment for parity and cumulative risk factors, this finding did 
not change significantly (OR 1.599; 95% CI 1.30 - 1.962).

Discussion
A number of studies have investigated the utility of FLL for the early 
prediction of gestational diabetes.[17-19] Our study of Iraqi women at risk for 
GDM shows a high correlation between mid-trimester FLL measurement 
and OGTT blood glucose values. This is a significant finding as it offers 
an opportunity for early diagnosis of GDM, especially among pregnant 
women who cannot easily tolerate the OGTT. 

Table 1. Comparison of the main characteristics of the study groups
Variable GDM (N=23) Non-GDM (N=97) p-value
Age (years), mean (SD) 27.9 (3.3) 28.1 (3.9) 0.74
Parity, n (%) 2.0 (1.3) 1.7 (1.2) 0.45
Parity groups, n (%)

Nulliparous 4 (17.4) 19 (19.6) 0.81
Primipara 4 (17.4) 24 (24.7) 0.45
Secundigravida 7 (30.4) 25 (25.8) 0.65
Tercigravida 5 (21.7) 22 (22.7) 0.92
Multiparity (≥4) 3 (13.0) 7 (7.2) 0.36

GDM = gestational diabetes mellitus; SD = standard deviation.

Table 2. Distribution of risk factors by study group
Variable GDM (N=23), n (%) Non-GDM (N=97) n (%) GDM + Non-GDM (N=120), n (%) 
Cumulative risk number

One 20 (87.0) 90 (92.8) 110 (91.7)
Two 3 (13.0) 7 (7.2) 10 (8.3)

Risk factors
First-degree family history of DM 3 (13.0) 23 (23.7) 26 (21.7)
Age >35 years 0 3 (3.1) 3 (2.5)
Glycosuria in 1st trimester 1 (4.3) 7 (7.2) 8 (6.7)
Obese mother 0 9 (9.3) 9 (7.5)
Previous congenital anomaly 0 2 (2.1) 2 (1.7)
Previous GD 12 (52.2) 47 (48.5) 59 (49.2)
Previous macrosomic baby 7 (30.4) 5 (5.2) 12 (10.0)
Recurrent PE 0 1 (1.0) 1 (0.8)

GDM = gestational diabetes mellitus; DM = diabetes mellitus; GD = gestational diabetes; PE = preeclampsia.
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Our findings are supported in a study by Perovic et al.[18] of 331 
women pregnant with a single fetus and at high risk for gestational 
diabetes. In their study, a positive correlation was found between 
FLL measurements at the 23-week ultrasound and 100 g OGTT 
measured at  24 weeks’ gestation.[18] In another study, Roberts et al.[20] 
measured FLL in 80 gestational diabetic women and the result of 
the measurements was significantly higher than expected at 18 
weeks’ gestation, also supporting the possibility of FLL in the early 
prediction of gestational diabetes.[20] Mirghani et al.[21] compared 
FLL measurements by ultrasound between 19 pregnant women with 
GDM and 104 women without GDM at 21 - 24 weeks’ gestation. 
FLL in GDM women exceeded that in pregnant women with a 
normal sugar profile as early as 21 weeks, in line with previous 
studies.[21] Similarly, Elwahab et al.[22] assessed the relation between 
mid-trimester ultrasound FLL at 20 - 24 weeks with a 75 g OGT in 
150 singleton pregnant women with a high risk for GDM at 24 - 28 
weeks’ gestation. The mean FLL in GDM was significantly greater 
than in normal pregnant women (36.55 v. 33.93 mm, respectively; 
p<0.001). The increment in liver size was, however, associated with 
maternal fasting glucose levels but not 1st- or 2nd-hour glucose level.[22]

In summary, these studies and our findings support the 
significance of FLL women as a correlate of GDM which we have 
demonstrated in Iraqi pregnant women at risk for GDM.

Conclusion
Measurement of FLL during routine mid-trimester ultrasound in 
women at high risk for GDM correlates highly with the OGTT taken 
later during pregnancy. Therefore, FLL represents an early important 
marker for the diagnosis of GDM. 
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Table 3. Validity values of fetal liver length in the 
determination of impaired glucose tolerance test results

Validity values (%) 95% CI 
Sensitivity 82.6 60.5 - 94.3
Specificity 95.9 89.2 - 98.7
PPV 82.6 60.5 - 94.3
NPV 95.9 89.2 - 98.7
AUC 82.6 69.8 - 95.5
Accuracy 93.3
CI = confidence interval; PPV = positive predictive value; NPV = negative predictive value; 
AUC = area under the curve.
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