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ABSTRACT

Objectives: To assess utility of afamin (AFM) as an independent marker of Gestational Diabetes Mellitus (GDM) in
comparison with Oral Glucose Tolerances Test (OGTT), and to determine cut off value for afamin.

Study Design: Diagnostic accuracy study.

Place and Duration of Study: Chemical Pathology and Gynecology Department, Army Medical College and Pak Emirates
Military Hospital, Rawalpindi Pakistan, from Jan to Dec 2021.

Methodology: Ninety-six pregnant females with history of 24 to 28 weeks of gestation were included in this study, out of
which 48 were cases of GDM (Group-A) and 48 were included in age and gestation matched control group (Group-B). Fasting
plasma glucose was taken for 75g OGTT and Afamin (AFM) levels. AFM concentrations were compared with OGTT results
between the two groups.

Results: Median age of cases was 30.0(3.0) years and of controls was 29.5(5.0) years. A significant difference was found in the
median values of serum afamin, fasting plasma glucose and 1- and 2-hours plasma glucose post-glucose load between Group-
A and Group-B. The optimal cut off level of serum afamin for diagnosing GDM was determined as 71.2 mg/L, with Area
Under Curve (AUC) 0.993, sensitivity 97.9% and specificity 79.0%. AUC for serum afamin levels was greater than HbAlc,
fasting plasma glucose and 1-hour plasma glucose post-glucose load.

Conclusion: Median second trimester serum afamin levels were significantly higher in Group-A as compared to Group-B,
making it a reliable test for GDM in second trimester.
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INTRODUCTION

Gestational diabetes mellitus (GDM) is defined as
diabetes diagnosed in the second or third trimester of
pregnancy that was not clearly overt diabetes prior to
gestation.! It is a common complication during
pregnancy that may lead to various adverse outcomes.
The prevalence of GDM is on the rise, paralleling the
prevalence of type-2 DM and obesity. Based on recent
estimates from the International Diabetes Federation

early glucose impairment in pregnant females.
However, it has certain limitations. It is time-
consuming, requires fasting state, multiple pricks for
serial glucose testing, can lead to nausea and
vomiting, and is unsuitable in dextrose allergy.> For
these reasons, the International Association of the
Diabetes and Pregnancy Study Groups (IADPSG)
recommend alternate, single-biomarker testing.°

Newer biomarkers that do not require fasting,

(IDF), 20.4 million or 15.8% of live births to women in
2019 had some form of hyperglycemia in pregnancy,
of which, 83.6% were due to GDM.2 The true
prevalence of glucose intolerance during pregnancy in
Pakistan is still to be determined. However small
hospital-based studies have given figures of 3.2% for
GDM.3

Currently, oral glucose tolerance test (OGTT) is
currently used as gold standard for GDM screening.*
OGITT is a sensitive test that has the ability to detect
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multiple sampling and have better sensitivity,
specificity and reproducibility profile are being
introduced like Adiponectin, Visfatin, Leptin, IL-6
and Afamin.” Afamin (AFM) is an Emerging GDM
Biomarker, which is mainly of hepatic origin.? Several
studies have recently shown that high levels of serum
afamin are associated with development of GDM and
insulin resistance in pregnancy.”® Evidence suggests
that afamin has the potential to be a biomarker for
early prediction of GDM ant type 2 diabetes mellitus.1?
Therefore, this study was planned to assess the clinical
utility of AFM as a single screening/diagnostic marker
for GDM in our population.
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METHODOLOGY

This diagnostic accuracy study was conducted in
the Department of Chemical Pathology and Endo-
crinology, Army Medical College and Department of
Gynecology PEMH, Rawalpindi, Pakistan from Jan
2021 to Dec 2021 after taking approval from ethical
research committee (ERC/ID/134).

Inclusion Criteria: Pregnant females with history of 24
to 28 weeks of gestation were included.

Exclusion Criteria: Morbidly obese women, those
with twin pregnancy, pregnancy induced hyper-
tension, history of fetal anamolies, premature rupture
of membranes, those already diagnosed with diabetes
mellitus, those who had abnormal thyroid functions,
those with deranged serum lipid profile, known
patients of chronic liver and kidney disease and
females taking oral supplements containing vitamin E
were excluded.

The sample size calculated was 48 per group,
using the WHO calculator keeping prevalence of GDM
as 3.2%.3 Out of these, 48 were confirmed cases of
GDM on basis of 75g oral glucose tolerance test
results, were placed in Group-A. The remaining 48
were taken as controls without GDM and were age
and gestation matched, and were placed in Group-B
(Figure-1).

The subjects were recruited using non-probability
consecutive sampling technique, and informed
consent was taken from each respondent.

Age, weight, height and gestational age of all the
ladies were recorded, and fasting plasma glucose,
Hbalc, lipid profile and thyroid function tests were
done.

After explaining the procedure to the patient, 2ml
of blood sample was taken in fluoride tube for fasting
glucose and 75g oral glucose tolerance test. 2ml of
blood was collected in plain/gel tube for AFM levels
and allowed to clot. After centrifugation the
supernatant was collected in separate tube and frozen
at -20°C. AFM analysis was done by bioassay
technology laboratories commercial kit based on the
methodology of Enzyme-Linked Immunosorbent
Assay (ELISA) for quantitative detection of human
AFM in serum. Two levels of controls normal and
abnormal were run before analysis of batch. Plasma
glucose analysis for OGTT was measured by a
commercial kit by Roche diagnostics as a 2-point end
assay based on the principle of enzymatic hexokinase
reference method. HbAlc was measured on

commercial kit by Roche diagnostics based on the
principle of immunoturbidimetric assay.

Statistical package for Social Sciences (SPSS)
version 21 was used for data analysis. Distribution of
data was assessed by Shapiro Wilk test which showed
non parametric distribution. Median (IQR) was
calculated for continuous variables and Mann
Whitney U test was used to compare medians between
groups. A p-value of <0.05 was considered as
significant. For diagnostic accuracy 2x2 table was
made and sensitivity, specificity, Positive Predictive
Value, Negative Predictive Value and overall accuracy
of serum afamin levels was calculated. Receiver
Operating Characteristic curve was used to determine
the cut off for serum afamin levels for GDM in second
trimester.
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Figure-1: Patient Flow Diagram (n= 96)

RESULTS

Ninety-six pregnant females with history of 24 to
28 weeks of gestation were included in this study, out
of which 48 were cases of GDM (Group-A) and 48
were included in control group (Group-B). Median age
of cases was 30.0(3.0) years and of controls was
29.5(5.0) years. Median second trimester serum afamin
levels were significantly higher in GDM group as
compared to control group [99.1(65.1) mg/L vs
58.0(10.2) mg/L, p< 0.001]. Other baseline
characteristics of GDM and control group are given in
Table-1.

For study of diagnostic accuracy 2x2 table was
made. Out of 48 cases of GDM, 37 cases had raised
serum afamin levels and were labeled as true positive,
whereas 11 had low serum afamin levels, therefore
labeled as false negative. Similarly in the control group
only one patient had falsely increased serum afamin
levels and was labeled as false positive whereas 47
patients had low serum afamin levels and were

Pak Armed Forces Med ] 2025; 75(SUPPL-7): S1074



Marker of Gestational Diabetes Mellitus

labeled as true negative which depicts high specificity
of this test for GDM. Sensitivity, specificity, Positive
Predictive Value, Negative Predictive Value and
overall accuracy of serum afamin levels have been
shown in Table-II. Serum afamin levels showed a high
specificity of 97.9% for diagnosing GDM, similarly this
test showed a high positive predictive value of 97.3%
which makes it an excellent test for the diagnosis of
GDM.

Table-I: Comparison of Baseline Characteristics across Groups (n=96)

Group-A Group-B
Parameter (n=48) (n=48) p-value
Median (IQR) | Median (IQR)
Age (years) 30(3) 29.5(5) 0.035
Gestational age (weeks) 26(1) 25(2) 0.045
Height (Feet) 5.5(0.1) 5.5(0) 0.977
Weight (Kg) 66(9) 67(8) 0.740
Serum Afamin (mg/L) 99.9(65.1) 58.4(10.2) <0.001
Fasting plasma glucose (mmol/L) 5.9(1) 5(0.7) <0.001
Thour post glucose load (mmol/L) 10.6(1.5) 7.6(1.8) <0.001
2hour post glucose load (mmol/L) 9.4(1.6) 6.4(1.4) <0.001
Total Cholesterol (mmol/L) 462(1.11) 455(1.16) | 0.631
HDL - Cholesterol (mmol/L) 1.14(0.42) 1.21(0.41) 1.000
LDL - Cholesterol (mmol/L) 2.84(1.17) 2.68(0.86) 0.711
Triglycerides - Cholesterol
(mmol/L) 2.08(1.22) 1.91(1.12) 0.066

*HDL: High Density Lipoprotein, LDL: Low Density Lipoprotein

Table-II: Measures of Diagnostic Accuracy of Serum Afamin for GDM
(n=96)

Group-A (n=48)

(OGTT Positive)
True Positive (37)
False Negative (11)

Group-B (n=48)
(OGTT Negative)
False Positive (1)
True Negative (47)

Serum Afamin High

Serum Afamin Low

Sensitivity TP/TP+EN = 37/37+11 =0.77(77 %)
Specificity TN/TN+EP = 47/47+1 =0.979(97.9%)
Positive Predictive value TP/ TP+FP = 37/37+1 =0.973(97.3%)
(PPV)
Negative predictive TN/TN+EN = 47/47+11 =0.81(81.0%)
value(NPV)

TP+TN/TP+TN+FP+FN=37+47/37+47+1+11
=0.875(87.5%)
*TP: True Positive, FP: False Positive, TN: True Negative, FN: False Negative

Overall Accuracy

Receiver Operating Characteristic (ROC) curve
analysis demonstrated excellent diagnostic accuracy
for second trimester afamin levels for GDM with AUC
to be 0.993(95% CI (0.978-1.000; p<0.001), which makes
second trimester afamin levels a reliable test for
diagnosing GDM as compared to HbAlc, fasting
plasma glucose, and 1-hour post glucose load plasma
glucose levels as shown in Figure-2. AUC for afamin
was found to be 0.993 which was greater as compared
to other parameters. HbAlc had an AUC of 0.756,
fasting plasma glucose had AUC of 0.83 and 1-hour
post 75g glucose load plasma glucose had AUC of
0.939. Two hours post glucose load plasma glucose
had the highest AUC of 1 as shown in Table-III.

The optimal cut off level of serum afamin for
diagnosing GDM was determined as 71.2 mg/L with
sensitivity 97.9% and specificity 79% using ROC curve.
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Figure-2: ROC Curve for Serum Afamin Levels, HbAlc and OGTT

Table-III: Comparison of AUC for S. Afamin with OGTT and HbAlc

Parameter AUC (Area under the curve)
Afamin 0.993

Fasting Plasma Glucose 0.830

Plasma glucose 1-hour post 75g glucose load 0.939

Plasma glucose 2-hour post 75g glucose load 1.00

HbAlc 0.756
DISCUSSION

Ninety-six pregnant females with history of 24 to
28 weeks of gestation were included in this study, out
of which 48 were cases of GDM and 48 were included
in control group. Median age, gestational age, and
anthropometric parameters such as height and weight
did not differ significantly across our cases and
controls. We inducted the women with 24-28 weeks of
gestation in both the groups. Median second trimester
serum afamin levels were significantly higher in GDM
group as compared to control group (p=0.000) in our
study. Kunick et al.,, also included the women with
same gestation age, mean gestation age of women in
their study was 26.05+0.35 weeks, which is similar to
our study and also reported higher serum afamin
levels in women with GDM."' Wang et al., also
reported a significant difference between serum
concentrations of mid-trimester afamin in pregnant
women with and without GDM (83.67+22.65 and
70.01+£19.2 mg/L, p<0.001).12 Atakul et al., studied the
predictive power of afamin in diagnosing GDM in
both the first-trimester and the second-trimester of
pregnancy.’® Their findings were that afamin levels
were higher in both the first and second trimester in
women who had GDM as compared to women who
had normal glucose tolerance. However, a systematic
review and meta-analysis of seven studies (1,195 GDM

Pak Armed Forces Med ] 2025; 75(SUPPL-7): S1075



Marker of Gestational Diabetes Mellitus

and 1,407 healthy women) have reported elevated
first-trimester afamin levels in women with GDM but
found no significant differences during the second and
third trimesters.!

Cai et al., worked on the correlation between liver
factor levels and the risk of GDM. The results showed
that the plasma afamin levels in women with GDM
were significantly higher than those of healthy
pregnant women standard mean difference (SMD) of
0.58, 95% confidence interval (CI) 0.24-0.93.15

Recent evidence revealed that afamin
concentrations in serum are strongly related with
parameters of metabolic syndrome like increased BMI,
high blood pressure, high fasting plasma glucose,
glucose intolerance and deranged lipid profile.
Therefore, researchers are investigating the association
between serum afamin levels during pregnancy and
different  pregnancy  related  diseases  and
complications. Our study reported significant positive
correlation of afamin with other markers of GDM
currently in use, which is in concordance with
previous studies.®17 Atakul et al., stated that the
serum afamin concentrations of pregnant females with
GDM were higher than those without GDM, in line
with other studies reported in the literature.’® They
also reported that serum afamin concentrations in
pregnancies complicated by GDM. with large for
gestational age fetuses, were significantly higher than
those in the GDM group with appropriate for
gestational age fetuses. As a result, they stated that
afamin is associated with fetal growth independent of
glycemic control and can be used to predict large for
gestational age fetuses in pregnant women with GDM.
In another study, third trimester serum afamin
concentration was found to be higher in pregnant
women whose pregnancy was complicated with late
fetal growth restriction compared to control group.
Similarly in a recent study, serum afamin levels in
umbilical cord blood after delivery in mothers with
and without GDM were compared, and it was found
that median afamin levels were higher in GDM group
(p<0.001).18

There was slight disagreement in cut off values of
AFM among different studies. Our study reported a
cut off of 71.2 mg/L with sensitivity 97.9% and
specificity 79%. Wang et al., reported similar cut off,
ie. 72mg/L but with much less sensitivity and
specificity 35.6 and 77.3%.12Similarly, Li et al., reported
a slightly higher cut off i.e. 108mg/L with sensitivity
of 44.83% and specificity of 85%.1°

Our results show that afamin is an excellent
marker for diagnosing GDM with AUC of 0.993 (95%
CI (0.978-1.000; p<0.001). Dogan et al.,’8 also reported
that afamin could predict GDM diagnosis with an
AUC of 0.67 (95% CI 0.53-0.81). Li et al.,, performed
ROC to see if afamin can be used to predict GDM and
found an AUC of 0.629 (95% CI: 0.527~0.731).19

These findings suggest that AFM may serve as a
promising non-invasive biomarker for the early
identification of GDM.

LIMITATION OF STUDY

Our main limitations included a small sample size, and
potential confounders.

CONCLUSION

Median second trimester serum afamin levels were
significantly higher in GDM group as compared to control
group. Serum afamin levels outshines other parameters with
AUC of 0.993 (95% CI (0.978-1.000; p<0.001) making it a
reliable test for GDM in second trimester.
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