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Background: Gestational Diabetes Mellitus (GDM) is a public health problem in India with
implications well pronounced in pregnancy and beyond. Biomarkers like Glycated Albumin
(G.A.) can well monitor the glycaemic status and evaluate the transient hyperglycaemic
spikes, which account for the diabetic complications. Aims and Objectives: In this study, we
intend to study urinary G.A. excretion with respect to urinary albumin excretion expressed as
UGA% in gestational diabetes mellitus. Materials and Methods: A prospective observational
study was conducted for a period of 16 months on 177 pregnant women who attended
antenatal clinics for the first time at a single centre.Among the surveyed population, 26
pregnant women subsequently developed GDM, and 31 healthy pregnant women who
did not develop GDM were included in the study. Results: The UGA% between GDM and
healthy mothers showed an increase in GDM with a p value <0.05 during the first and
second trimesters. Pearson’s correlation coefficient at 5% interval showed moderate to
strong correlation for fasting plasma glucose (FBS) vs UGA% in 1t trimester(r= 0.61) and
3" trimester(r =0.54).Conclusion: The higher UGA% in GDM mothers in the early trimester
may help monitor glycaemic status efficiently and timely. Long term follows up would be
worthwhile to predict future progression to nephropathy, retinopathy, and neuropathy.
Henceforth, UGA being a non-invasive marker may emerge as a more patient-friendly marker
reducing the hassles of innumerable invasive tests to monitor the well-being of a mother as
well as a foetus during pregnancy.
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INTRODUCTION

for long-term complications that include obesity and diabetes
in their offspring.' The odds of developing subsequent T2DM

Gestational Diabetes Mellitus (GDM), is defined as
carbohydrate intolerance of vatiable severity with onset or first
recognition duting pregnancy.' The number of patients with
gestational diabetes mellitus is rapidly increasing worldwide
in recent times. Prevalence of gestational diabetes mellitus
(GDM) is known to vary widely depending on the region of
the country, dietary habits, and socioeconomic status. In the
Indian population, GDM has a prevalence rate of 9-18%.
The majority of the women with gestational diabetes ultimately
develop overt type 2 diabetes (T2 DM) and there is evidence

for women with GDM is approximately 5 times higher than
that for women with normoglycemic pregnancies in the
first 5 years and the chances increase further with time.* So
monitoring these patients till delivery and postpartum (6-12
weeks) can help detect risk for long-term T2DM related
complications like retinopathy, neuropathy, nephropathy, and
cardiovascular complications.

The objectives of managing diabetic pregnancies are as
follows:
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1. Prevention of perinatal complications in mothers and
fetuses/infants

II. Prevention of the development of diabetes mellitus
and metabolic syndrome of the mothers and the
neonates in their future.>®

Fasting hyperglycemia early in pregnancy likely represents
overt diabetes. Selective screening for Gestational
diabetes between 24 and 28 weeks in those women not
known to have glucose intolerance earlier in pregnancy is
recommended.’

Albuminuria in pregnancy can be physiological and
pathological owing to the pre-eclamptic changes and
diabetic complications in gestational diabetes. However,
exclusion of the definite cause of albuminuria in pregnancy
has yet not been possible and is the focus of constant
research.

Microalbuminuria (urinary albumin excretion of 30 mg—
300 mg/day) is the earliest marker of the renal involvement
of diabetes. Interestingly, while microalbuminuria is more
predictive of reaching cardiovascular endpoints than
kidney endpoints, macroalbuminutia (total protein urinary
excretion >500 mg/day) has been demonstrated to be more
associated with reaching kidney end points.®® Therefore,
an early detection and reduction or prevention of protein
or albumin urine excretion is highly desirable.

The period of pregnancy is usually limited to 280 days. So
a precise marker for glycaemic control is urgently needed
in early diagnosis and management of GDM patients to
curb the risk of complications to both mother and fetus.
Recent results™'" highlight the dramatic and long-lasting
effects that transient hyperglycaemic spikes can have on
vascular walls. Glycated albumin (G.A.) with a much more
rapid turnover rate (half-life of 15-20 days) provides an
index of rapid glycaemic control marker over a shorter
period of time (2 weeks) within the limited gestational
period itself.'"

This prospective observational study was undertaken
to assess the glycaemic status in gestational diabetic
pregnancies in a timely manner before the setting in
of diabetic complications by a non-invasive marker i.e,
UGAY%. The correlation of UGAY% with the corresponding
blood sugar levels in fasting and postprandial state was also
assessed. The prevalence of albuminuria was assessed by
measuring the spot urinary ACR levels.

MATERIALS AND METHODS

A prospective study was conducted for pregnant women
who attended antenatal service for the first time in their
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first trimester and subsequently being followed up till
their third trimester at SSKM hospital, Kolkata, for a
period of 16 months. Women with pre-existing diabetes,
hypertension and renal or liver impairment were excluded
from this study. All pregnant women were screened
for GDM at 20 wecks of gestation.American Diabetes
Association (ADA) criteria for 75 g 2h OGTT was used
for diagnosing GDM.

The woman’s age, body mass index(BMI), family history of
diabetes, previous GDM, previous birth of an overweight
baby of 4kg or more, previous stillbirth, unexplained
perinatal loss, results of FBS and PPBS and evidence of
gestational hypertension (B> 140/90 mmHg or taking
antihypertensive medication at the initial antenatal visit in
the first trimester) were documented.

The calculation of UGA% took into account the
measurement of urinary glycated albumin, UGA (sandwich
ELISA based) expressed in percentage of total urinary
micro-albumin (in semi-auto analyzer by turbidimetric
immunoassay). The urine samples and blood samples were
collected in the last week of respective trimesters. In the
third trimester, samples were collected before the delivery
of their babies.

The study was approved by the Institutional Ethics
Committee.

STATISTICAL METHODS

Sample size

Being an observational study, we did not do any formal
sample size calculation. On the basis of available time and
logistics, the recruitment target was being kept at 30 GDM
subjects and 30 healthy pregnant mothers who served as
controls for comparison of urinary parameters.

All the maternal parameters taken into consideration
were categorized into their respective trimesters. To
examine whether all the data were normally distributed,
Kolmogorov-Smirnoff goodness-of-fit test was applied.
For comparative analysis of all the parameters between
the two independent groups i.e., between the GDM
group and Control group, student’s unpaired t test was
used. Differences were considered significant with
P-value < 0.05. To determine the correlation between
UGA% and blood glucose levels, Pearson’s correlation
coefficient r was measured. The t’ values indicate that
correlation is significant at the 5% level (i.e., likely to hold
in the underlying population as well). The correlation was
considered moderate to strong if rlies between 0.5-1.0,
good if rlies between 0.3-0.5, poor if < 0.3.
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All analyses were conducted in Statistica version 6.

RESULTS

In total, 177 pregnant women were included in the study
who attended the antenatal clinic for the first time in their
first trimester. 26 pregnant women subsequently developed
GDM in their late 2 trimester while the remaining 151
pregnant women remained healthy throughout their

gestational period. 31 pregnant mothers were considered
as a control to the GDM population from the remaining
healthy population. The detailed results are summarized
in Table 1.

Considering the age between the GDM group and control
group, the GDM population had a mean age group of
27.8513.684 years and control group had a mean age group
of 25.03 £ 5.839, thus showing a significant difference
with P value of 0.038.

Parameter/s GDM- group (n = 26) Control group (n = 31) p value
Age (years)
Range 22.0-38.0 17.0-40.0 0.038
MeanzSD 27.85+3.684 25.03+5.839
BMI(kg/m?) T1
Range 16.27-34.3 14.58-28.6 0.163
MeanzSD 23.06+4.791 21.47+3.667
BMI (kg/m?) T2
Range 17.41-36.7 16.25-30.1 0.160
MeanzSD 24.84+5.036 23.19+£3.716
BMI (kg/m?) T3
Range 18.16-38.7 17.50-32.9 0.204
MeatSD 26.54+5.160 24.96+4.091
FBS T1(mg/dl)
Range 64-102 58-95 < 0.0001
MeanzSD 81.23+12.685 76.16+10.761
FBS T2(mg/dl)
Range 58-109 54-96 < 0.0001
MeanzSD 88.42+14.443 75.06+10.804
FBS T3(mg/dl)
Range 67-118 59-91 < 0.0001
MeanzSD 94.19+14.445 76.03+8.408
PPBS T1(mg/dI)
Range 84-140 71-06 < 0.0001
Mean+SD 103.65+21.973 98.68+14.575
PPBS T2(mg/dI)
Range 99-190 71-116 < 0.0001
Mean+SD 115.42423.202 98.9+14.588
PPBS T3(mg/dI)
Range 108-195 73121 < 0.0001
MeanzSD 131.73+£30.828 99.35+12.771
UGA% T1
Range 0.03-0.39 0.01-0.1 < 0.0001
MeanzSD 0.14+0.093 0.06+0.031
UGA% T2
Range 0.04-0.49 0.03-0.8 0.040
MeanzSD 0.208+0.138 0.13+ 0.141
UGA% T3
Range 0.03-0.74 0.03-0.7 0.785
MeanzSD 0.28+0.194 0.29+0.204
ACR T1(mg of alb/g of cr)
Range 22.59-559 11.25-257.5 0.018
MeanzSD 140.71£133.55 75.64+60.66
ACR T2 (mg of alb/g of cr)
Range 25.890-459.76 12.45-379.4 0.050
MeanzSD 159.48+123.259 105.25+79.41
ACR T3 (mg of alb/g of cr)
Range 23.03-890 24.04-402.0 0.020
MeanzSD 264+235.25 151.50+£107.81
Abbreviations: S.D. (Standard deviation), BMI (Body mass index ),FBS(Fasting blood glucose) , PPBS(Post prandial blood glucose), ACR(Albumin-creatinine ratio) ,
UGA%(Urinary Glycated albumin % calculated as Glycated albumin in percent of total Urinary Albumin excretion)
p value in the last column is from Student’s unpaired t test.
Ta(2* trimester) , T2(2" trimester) , T3(3" trimester)
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The other parameters, including the BMI, blood sugar
levels (both FBS and PPBS), UACR, UGA% were
measured thrice from time to time in the three trimesters.
A comparison of BMI between the two groups did not
significantly differ with a p > 0.05.

The blood sugar levels (FBS and PPBS) between the
two groups showed a significant difference in all three
trimesters with a p-value <0.0001. ACR values between
the two groups also showed a significant difference in the
three trimesters. Figure 1 depicts the trimester wise mean
values of ACR for control and GDM patients.

Urinary glycated albumin assay

The concentrations of standards are expressed on the
abscissa and the corresponding O.D. values on the
ordinate. The linear regression equation of a standard
curve is then calculated and O.D. value of the sample is
substituted in the equation to calculate its concentration.
A representative standard curve is shown in the following
Figure 2.

However, the UGA% calculated showed a significant
difference with a p-value <0.05 during the first two
trimesters with a much more significant difference in the 1*
trimester with a p-value <0.0001 while in the last trimester
there was no difference (p-value of 0.785). Figure 3 depicts
the trimester wise mean values of UGA % for control and
GDM patients

Table 2 and 3 depicts the ‘Pearson’s correlation coefficient
rvalues between blood glucose levels and UGA% in GDM
population. In the control group, no correlation was
observed.

UGA_T1 UGA_T2 UGA_T3
FBS_T1 0.61
FBS_T2 0.36
FBS_T3 0.54
*Each Cell denotes Pearson's correlation coefficient (r - Value) as shown in Table 2

and Table 3.
Correlation was considered moderate to strong if r lie between 0.5-1, good if r lies
between 0.3-0.5, poorifr<o.3.

UGA_T1 UGA T2 UGA T3
PPBS T1 0.53
PPBS T2 0.33
PPBS T3 0.55
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DISCUSSION

An increase in insulin resistance during pregnancy leading
to Gestational Diabetes Mellitus is a common pregnancy-
related complication prevalent nowadays. This is a transient
hyperglycemic episode within the limited pregnancy span
of 280 days but may have long-lasting effects if not
controlled eatly. Glycation is the process of non-enzymatic
Maillard reaction initially involving the attachment of
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Figure 1: Trimester wise Mean Values of UACR for Control and GDM
patients
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Figure 2: A representative standard curve showing G.A. Assay in Urine
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Figure 3: Trimester wise Mean Values of UGA % for Control and
GDM patients
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glucose and other carbohydrate compounds such as
galactose and fructose with amino groups on protein and
lipids.”"* Eatly glycation and oxidation produce Schiff bases
and Amadori products. Further glycation and through a
series of molecular rearrangement, irreversible products
are known as Advanced Glycation End Products (AGEs)
are formed [Figure. 4].

Human Serum Albumin (HSA), with a long half-life of 21
days and high concentration in plasma, is very sensitive to
glycation. Approximately 4.5 times more Glycated albumin
(G.A)) is produced as compared to other proteins like
glycated hemoglobin (with Hb) when exposed to equal
amounts of glucose.” The glycation of albumin induces
several structural modifications, including an increase in the
net negative electrical charge (pi 3.0 - 4.2) than the native
albumin (pi 4.7 - 4.9).101618

According to the standardized established concepts to
date, Age and BMI can reasonably predict the likelihood
of developing GDM."” GDM complicates about 3-5% of
pregnancies. In the South Asian Population, the risk of
developing GDM increases in women above the age group
of 20 years. Generally, exhibiting higher BMI categories
is at increased risk for GDM. In our study, considering
the age between the GDM group and the control
group, the GDM population shows a higher age group
adhering to the findings of previous studies.However,
GDM and healthy mothers exhibited comparable BMI
without any significant difference between the two
groups with P >0.05. Although we have data on BMI
for all the participants during gestation, we only have
limited data on their pre-conceptional BMI and other
anthropological parameters like neck circumferences,
walist circumferences.

To measure the extent of albuminuria in our study
population, the urinary albumin to creatinine ratio, ACR,
was measured. The UACR showed a corresponding
increment in all the 3 trimesters in both the study groups

considered. In pregnancy, since the GFR increases, as the
pregnancy progresses, the rate of urinary albumin excretion
increases considerably with the advancing trimester.”*' The
values of UACR are not very well defined in gestation and
vary with gestation,” so a clear cut distinction about the
rise in ACR cannot be made.

However, the extent of albuminuria was more in the GDM
group as compared to the control group in all the trimesters.

To predict the prevalence of GDM and impending
nephropathy in our study population, the percentage of
urinary Glycated albumin in terms of the total urinary
albumin, UGA%, was evaluated in all the three trimesters.
There is a significant difference in UGA% in the 1* and
27 trimesters, while in the last trimester, there was no
difference. The increase in UGA% during early trimesters
can be well explained and attributed to the renal handling
of modified glycated albumin. Since GA acquires a higher
negative charge (pi 3.0 - 4.2) than the native albumin
(pi 4.7 - 4.9) G.A. is filtered to a lesser extent than the
native albumin. But once filtered, glycated albumin is not
reabsorbed in the proximal tubule.'™'® In a very recent
study® it was concluded that serum albumin being the
most abundant plasma protein usually has a long half-life
due to neonatal Fc receptor (FcRn) mediated transcytosis
across the proximal tubule cells of the kidney. Structural
modifications due to glycation result in decreased affinity
to the FcRn receptor, and hence an increased proximal
tubule mediated clearance of glycated albumins.

Thus for all practical purposes, the amount of glycated
albumin appearing in the urine is primarily governed by
glomerular handling. An increased GFR in pregnancy
and increased prevalence of albuminuria ultimately
results to an increased G.A. formation and clearance in
the hyperglycemic environment of gestational diabetes
mellitus. Many studies “*'"""#152* have well documented the
usefulness of G.A. in evaluating the transient hyperglycemic
spikes, which account for the long-lasting effects on
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H. 2O H. _.N-Protein
C | o4 CH .— NH —Protein
H-C-OH H-C- OH c=o0
HO—CI— H + NH.- Protein =~ HO —CI'-H - . HO —?— H
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H—CI——OH H-—CIZ— OH H—?— OH
CH.OH CH,OH CH.OH

Schiff Base

Protein — AGE
(Protein adduct)

Ketoamine
(Amadori Product )

AGE — Protein — AGE
(Protein crosslink)

Figure 4: Schematic representation of Amadori product formation by Maillard reaction
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vascular walls leading to late-stage diabetic vascular
complications, more accurately.

Hence UGA % may be used to predict the glycaemic status
during early gestational weeks even before the clinical
presentation of GDM, which usually manifests in late
20 or 3" trimesters. While a high ACR may indicate the
extent of albuminuria in both diabetic and non-diabetic
progtession of chronic kidney disease, UGA may pin-point
the imminent and impending event of gestational diabetes
mellitus and may help in curbing the fatal complications
on both the mother and fetus.

CONCLUSION

This entire study work essentially tries to highlight
that urinary glycated albumin (UGA%) can emerge
as a powerful predictive marker for early diagnosis of
impending gestational diabetes mellitus, thus curbing the
risk and complications at a much earlier stage even before
the onset of clinical manifestations. In addition, UGA being
a non-invasive marker, may be cost-effective if applied
on a mass scale and lessen the hardships of innumerable
invasive test procedures dutring pregnancy.
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