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Abstract  Original Research Article 
 

Background: There is a rising trend of gestational diabetes mellitus (GDM) in our environment and it is a major cause 

of complications in pregnancy, delivery, and puerperium. Fetal complications of GDM are prematurity, fetal 

macrosomia, hypoglycemia, respiratory distress syndrome etc. Glycated albumin (GA) is a biomarker for hyperglycemic 

states, and unlike the oral glucose tolerance test, it does not require patient preparation, intake of glucose, or multiple 
sample collection. Black women have been shown to have a higher GA level than Caucasian women. Objectives: This 

study determined the association between glycated albumin and fetal outcomes among pregnant women attending the 

antenatal clinic at the University of Port Harcourt Teaching Hospital. Methodology: The research work was a 

longitudinal study at the University of Port Harcourt Teaching Hospital from the 15th February 2021 to the 10th March 
2023. Two hundred pregnant women between 34 to 38 weeks gestation were selected by simple random sampling 

method. The diagnosis of gestational diabetes mellitus was made using the World Health Organisation 2016 diagnostic 

criteria. Fetal outcome studied were prematurity (delivery before 37 completed weeks of gestation), fetal macrosomia 

(birth weight of ≥4.0kg at delivery), and fetal hypoglycemia (cord blood glucose of ≤3.0mmol/L). All data were analyzed 
with Statistical Product and Services Solutions version 25.0. The test of significant association between GA levels and 

fetal outcome was done using the student’s T-test the statistical significance was at p ˂0.05 at 95% confidence interval. 

Results: More than half of the women were obese. Prematurity was seen in 6.7% of cases, macrosomia in 10.1% of 

cases and neonatal hypoglycemia in 5.1% of cases. Glycated albumin was only significantly associated with fetal 
macrosomia (p=0.012; 95% CI 0.3  ̶ 3.1). Conclusion: Elevated glycated albumin at 34 to 36 weeks of gestation is 

significantly associated with fetal macrosomia. 

Keywords: Glycated albumin, Gestational diabetes mellitus, adverse fetal outcome, fetal macrosomia, University of 
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1. INTRODUCTION 
Gestational diabetes mellitus is defined as 

varying levels of glucose intolerance in pregnancy [1]. 

There is a global rise in the prevalence of gestational 

diabetes mellitus (GDM), over 80% of women with 

hyperglycemia in pregnancy have GDM [2]. A 
substantial number of these cases are reported in low-

income countries [3]. The Sub-Saharan Africa 

prevalence of 14.28% was reported in a systematic 

review and meta-analysis of GDM in 23 studies 
conducted in Africa [4]. In Nigeria, a study on the 

prevalence of GDM in Sokoto reported a prevalence of 

7.7% [5] while in Port Harcourt, the prevalence of 10.5% 

has been reported [6]. The values are higher than the 

global prevalence of 4.4% reported in a systematic 

review and meta-analysis of 51 population-based studies 

on GDM [7]. 

 
The babies of women with GDM may be born 

premature, growth-restricted, large-for-date, may 

suddenly die in-utero, or have birth injuries from 
shoulder dystocia and instrumental delivery [8]. Infants 

of GDM mothers may be admitted into the special care 

baby unit for hyperglycemia, hypoglycemia, 

hyperbilirubinemia, electrolyte imbalance, necrotizing 
enterocolitis, intra-ventricular haemorrhage, or 

respiratory distress syndrome [9, 10]. While some 

neonates die from these complications, those who 
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survive may develop Type II diabetes mellitus, obesity, 
hypertension, or cardiovascular disease in the future [11, 

12]. Other long-term consequences reported in children 

born to a GDM mother are delayed developmental 

milestones, eating disorders, sleep apnea, and pediatric 
ophthalmic disorders [12]. The Women with GDM may 

have hypertensive diseases, perineal injuries, and have 

an increased risk of induction of labor and cesarean 

section [10]. About half of the women diagnosed with 
GDM may develop Type II diabetes mellitus, become 

obese later in life, or have a recurrence of GDM in 

subsequent pregnancies [12, 13]. Other long-term 
complications of GDM are cardiovascular disease, renal 

disease, ophthalmic diseases such as glaucoma, 

increased risk of ovarian and endometrial malignancies, 

and a higher risk of depression later in life [12]. The 
morbidities associated with this condition can be 

significantly reduced if women with GDM are treated.  

 

In the past decade, some studies have been 
conducted to find alternative biomarkers for 

hyperglycemic states. Glycated albumin (GA) has gained 

significant attention and has become a promising marker 

for hyperglycemic states. Glycated albumin is formed 
when albumin undergoes a non-enzymatic glycation 

reaction with blood sugar [14, 15].  

 

Serum albumin reacts with plasma glucose in a 
non-enzymatic reaction to produce glycated albumin 

[14]. Albumin has a high content of glycine and lysine 

which makes it susceptible to a non-enzymatic reaction 

with reducing sugars in plasma [14, 15]. Since albumin 
is an abundant extracellular plasma protein, it is glycated 

9 to 10 times more than other proteins [14, 16]. The 

amount of glucose attached to the albumin during this 

reaction is dependent on the degree and duration of 
hyperglycemia, therefore serum GA is a reflection of the 

degree and duration of hyperglycemia [16, 17]. The half-

life of GA is about 20 days, therefore can be used to 

assess glycemic control for up to three weeks with a 
single sample collection [14, 16].  

 

Glycated albumin concentration in plasma is 

not affected by fasting or type of carbohydrate intake 
[16], iron deficiency anemia, sickle cell disease, and 

sickle cell disease traits [16]. The level of GA in plasma 

can be affected by disease conditions that affect albumin 

metabolism, age, and body mass index [14]. GA is also 
affected by ethnicity. In a cross-sectional community-

based study in the United States of America, a total of 

1295 Caucasians and 424 African Americans were 

studied. Caucasians without diabetes mellitus had a mean 
GA of 13.4% while African Americans without diabetes 

mellitus had a mean of 14.5%. The study group 

diagnosed with diabetes mellitus had means of 16.5% 

and 20.1% for Caucasian and African Americans 
respectively. The group concluded that GA is higher in 

the black population [18]. Most studies on GA in 

pregnancy were carried out among the non-African 

population.  

Studies in China have shown that GA level in 
pregnant women with GDM is significantly higher than 

in pregnant women without GDM when GA is assayed 

using the enzymatic method [19]. In Zhejiang, the GA 

levels of 893 pregnant women with GDM and 661 
healthy pregnant women without GDM were assayed 

using the enzymatic method. The GA level of the 

pregnant women with GDM was significantly higher 

than the GA level of the control group. GA levels also 
correlated with FPG at all gestational ages [19]. A similar 

finding was reported by Li et al., [20]. in Shanghai: they 

used the enzymatic method in the analysis of the GA 
levels of 639 pregnant women with GDM and 1,479 

women without GDM in the first, second and third 

trimesters. The GDM group had significantly higher GA 

levels than the control group in all trimesters and the 
level of GA correlated with the FPG, 1-hour plasma 

glucose, and 2-hour plasma glucose of OGTT. Using an 

optimal cut-off GA value of ≥11.6%, the sensitivity and 

specificity of GA in the diagnosis of GDM were 75.93% 
and 86.36% respectively. However, Zhu et al., [21] in 

Shanghai used the chromatography method in the 

analysis of GA level in pregnant women and healthy age-

matched women. In their study, they found significantly 
lower GA values among pregnant women compared to 

healthy age-matched women. 

 

Using Pearson’s correlation, a study in Japan 
reported an association between GA levels and fetal 

outcomes: hypoglycemia, neonatal respiratory disorders, 

hypocalcemia, polycythemia, myocardial hypertrophy, 

and large-for-date [22]. Researchers in China [20] and 
Portugal [23] applied logistic regression models in their 

studies and found a significant association between GA 

level and increasing birth weight. However, in a study 

where the relative risk and odds ratio was applied, the 
GA level was only significantly associated with 

postpartum hemorrhage and not increasing fetal weight 

[24]. 

 

2. MATERIALS AND METHOD 
The study participants were recruited from the 

antenatal clinic of the Department of Obstetrics and 
Gynaecology at the University of Port Harcourt 

Teaching Hospital, Port Harcourt. The University of Port 

Harcourt Teaching Hospital provides all levels of health 

care services and is one of the reference hospitals in 
southern Nigeria. The study was a longitudinal study 

conducted between 15th February 2021 to the 10th 

March 2023. The participants were pregnant women 

between the gestational ages of 34 to 36 weeks diagnosed 
with GDM. The following category of women were 

excluded from the study: women with pre-gestational 

diabetes mellitus, women not sure of their last menstrual 

period (LMP), and had no early ultrasound scan 
determination of gestational age, and women with 

conditions that can affect the metabolism of albumin 

such as lipid disorders, nephrotic syndrome, Cushing’s 

syndrome, thyroid diseases, and liver diseases.  
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The sample size was 200 and the sampling 
technique was a simple random sampling technique. The 

outcome measures in this study were: Glycated albumin 

level, gestational age at delivery, birth weight of the 

baby, and fetal cord blood glucose. The blood samples 
for GA were collected into an EDTA bottle and the 

analysis was done by ELISA technique. The fetal cord 

blood samples were collected in a Fluoride Oxalate 

sample container and the analysis was done using the 
oxidase method. Fetal outcomes studied were 

prematurity, macrosomia, and hypoglycemia, 

Prematurity was defined as delivery before 37 completed 
weeks of gestation, fetal macrosomia was defined as a 

birth weight of ≥4.0kg at delivery, and fetal 

hypoglycemia was defined as fetal cord blood glucose of 

≤2.6mmol/L. The diagnosis of GDM was based on the 
WHO 2016 diagnostic criteria. The Statistical Product 

and Services Solutions version 25.0 was used for data 
analysis. The test of significant association between GA 

levels and fetal outcome was done using the student’s T-

test the statistical significance was at p ˂0.05 at 95% 

confidence interval. Ethical approval was issued by the 
University of Port Harcourt Teaching Hospital's ethical 

review board.  
 

3. RESULTS 
3.1. Demographic characteristics of the study 

population 

Two hundred pregnant women between 34 to 

36 weeks of gestation were studied. Their mean age was 
31.1 (±5.0) years. Table I shows that more than half of 

the women were multiparous, and more than half of the 

women had obesity.  

 

Table I: Demographic characteristics of the study population 

 Frequency (n=200) Percentage (%) 

Age (years)   

≤19 5 2.5 

20 - 34 121 60.5 

≥35 74 37.0 

Parity   

One delivery 86 43.0 

Two to four deliveries 106 53.0 

Five deliveries and more 8 4.0 

Body Mass Index (Kg/M2)   

18.5 - 24.9 12 6.0 

25 – 29.9 86 43.0 

≥ 30 102 51.0 
 

3.2. Pregnancy outcome of the study population 

Of the 200 women who participated in the 
study, 178 women delivered at UPTH. Twelve (6.7%) 

women gave birth before 37 weeks of gestation, and 18 

(10.1%) babies weighed ≥4.0kg. Nine babies (5.1%) had 
a blood glucose level ≤3.0mmol/L (Table II). 

 

Table II: Pregnancy outcome of the study population 

 Frequency (n=178) Percentage 

Prematurity (<37 weeks)   

Yes  12 6.7 

No  166 93.3 

Macrosomia (≥4.0kg)   

Yes 18 10.1 

No  160 89.9 

Neonatal hypoglycaemia (≤3.0mmol/l)   

Yes 9 5.1 

No 169 94.9 
 

3.3. Glycated albumin and pregnancy outcome. 

Tables III to V show the association between 

GA and fetal outcomes. The GA level among women 

who had babies with fetal macrosomia was significantly 

higher than in women who had normal-weight babies 

(p=0.012; 95% CI 0.3 ̶ 3.1). 
 

Table III: Comparison of Glycated albumin level among women who had preterm delivery and women who had 

term delivery 

 Prematurity p-value 95% CI 

Yes 

(Mean ±SD) 

No 

(Mean ±SD) 

Glycated albumin 18.2 (±3.8) 16.8 (±2.70) 0.093 0.2 ̶ 3.0 

SD-Standard Deviation; Statistically significant at p<0.05 
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Table IV: Comparison of Glycated albumin level among women who had babies with macrosomia and women 

who had babies with normal birth weight 

 Macrosomia p-value 95% CI 

Yes 

(Mean ±SD) 

No 

(Mean ±SD) 

Glycated albumin 18.4(±3.2) 16.7(±2.7) 0.012* 0.3 ̶ 3.1 

SD-Standard Deviation; *=Statistically significant at p<0.05 

 

Table V: Glycated albumin level among women who had babies with hypoglycemia and women who had babies 

without hypoglycemia 

 Hypoglycemia p-value 95% CI 

Yes 

(Mean ±SD) 

No 

(Mean ±SD) 

Glycated albumin 18.4(±4.7) 16.8 (±2.7) 0.082 0.2– 3.5 

SD-Standard Deviation; Statistically significant at p<0.05 

 

4. DISCUSSION 
Gestational diabetes mellitus complicates about 

16 million pregnancies worldwide [2]. Majority of these 
women will not have any obvious symptoms during 

pregnancy and will only present when they already have 

complications. All healthy pregnant women should have 

screening for GDM, and all women who are diagnosed 
with GDM should have appropriate management of their 

blood glucose in order to prevent the complications of 

GDM. In the University of Port Harcourt Teaching 

Hospital, the 2-hour 75g OGTT is used to screen every 
pregnant woman for GDM and the diagnosis of GDM is 

based on the WHO 2016 criteria.  

 

Adverse pregnancy outcomes in GDM are 
dependent on the extent of hyperglycemia. The serum 

levels of GA are a reflection of the extent of 

hyperglycemia and have been linked to adverse 

pregnancy outcomes in women with GDM [22, 24]. In 
this study, GA was significantly associated with fetal 

macrosomia. The association of GA with macrosomia 

has been reported. In a study in Japan evaluating the GA 

level in women with diabetes mellitus in pregnancy, GA 
was significantly associated with macrosomia [22]. 

Another study in China also found a correlation between 

GA level and fetal weight [20]. Elevated GA albumin is 

also associated with a high Body Mass Index (BMI) [25]. 
More than half of the participants in this study had a BMI 

of ≥30kg/m2.  

 

We defined neonatal hypoglycemia as a cord 
blood glucose level of ≤3.0mmol/l, and GA was not 

significantly associated with fetal hypoglycemia. The 

finding in our study is not in keeping with a study by 

Sugawara et al., which showed that elevated GA was 
significantly associated with neonatal hypoglycemia 

[26]. The difference may be due to the definition of 

neonatal hypoglycemia used by Sugawara et al., which 

was < 1.9 mmol/L. Although prematurity is a 
complication of GDM, our study found no association 

between elevated GA and prematurity. 

 

 

5. CONCLUSION 
Glycated albumin measured between 34 to 36 

weeks of gestation was significantly associated with fetal 
macrosomia. 
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