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ABSTRACT

Diabetes Mellitus is a leading global cause of death, highlighting the need for accurate diagnostic
and management markers. This study aimed to assess various diabetes indicators and glycation
markers related to glycemic status. Conducted in Rivers State (Choba), the study included 90
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participants diagnosed with Gestational, Type |, and Type Il diabetes, with 30 individuals in each
group. Blood samples were collected after fasting to measure Insulin (INS), Fasting Blood Glucose
(FBG), Glycated Hemoglobin (Alc), Glycated Albumin (GA), Fructosamine (FA), and 1,5-
anhydroglucitol (1,5-AG). Results showed no significant differences in FBG levels across the groups
(F-value = 2.14, P = 0.12). However, INS levels were significantly higher in all groups (F-value =
16.1, P < 0.05). Other markers, including FA, GA, Alc, and 1,5-AG, did not differ significantly
between the groups. Correlation analysis revealed significant relationships between Alc, GA, and
FA with FBG. Notably, the correlation between FBG and Alc was strongest in Type Il (r2 = 0.99) and
Gestational diabetes (r2 = 0.99), while it was weaker in Type | (r2 = 0.56). Overall, Alc emerged as
the most reliable marker of glycemic status, providing valuable insights for the diagnosis and
management of diabetes. HbAlc remains the gold standard for long-term glycemic control,
alternative biomarkers such as fructosamine, GA, and 1,5-AG are gaining recognition for their

clinical utility in managing diabetes.
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1. INTRODUCTION

Diabetes is a chronic, metabolic disease
characterized by elevated levels of blood glucose
(or blood sugar), which leads over time to serious
damage to the heart, blood vessels, eyes,
kidneys and nerves. The most common is type 2
diabetes, usually in adults, which occurs when
the body becomes resistant to insulin or doesn't
make enough insulin. In the past 3 decades the
prevalence of type 2 diabetes has risen
dramatically in countries of all income levels.
Type 1 diabetes, once known as juvenile
diabetes or insulin-dependent diabetes, is a
chronic condition in which the pancreas produces
little or no insulin by itself [1]. Gestational
Diabetes Mellitus (GDM) is a condition in which
women without history of diabetes experience
hyperglycemia during pregnancy, especially at
the second and third trimesters. In women who
have had GDM, an elevated body mass index
(BMI) may have a substantial impact for
persistent hyperglycemia in their lives after
gestation [2]. Accurate diagnostic markers are
critical for timely diagnosis and effective
management, which can prevent or mitigate
these complications.

In clinical practice, several biomarkers are used
to assess glycemic control and the risk of
diabetes-related complications. Fasting Blood
Glucose (FBS) is the standard measure for acute
glycemic status, while Glycated Hemoglobin
(HbAlc) is widely recognized as a long-term
marker of glycemic control [3]. Additionally, other
markers such as Insulin (INS), Glycated Albumin
(GA), and 1,5-Anhydroglucitol (1,5-AG) are
increasingly being evaluated for their potential to
offer insights into insulin resistance, glycemic
variability, and the effectiveness of diabetes

management [4] While these biomarkers have
been studied extensively in Type | and Type Il
diabetes, there is Ilimited data on their
comparative levels in Gestational Diabetes,
especially in specific regions such as Rivers
State, Nigeria. This study aims to compare the
levels of FBS, Insulin, HbAlc, Glycated Albumin,
and 1,5-AG across patients diagnosed with
Gestational Diabetes, Type |, and Type |l
diabetes in a hospital in Choba, Rivers State.
The results may provide valuable insights into
their role as diagnostic and management
markers for these conditions.

2. MATERIALS AND METHODS

This study was conducted in Rivers State
specifically within the Choba region of Rivers
State, Nigeria. A total of 90 participants were
recruited, comprising individuals diagnosed with
Type 1 Diabetes Mellitus (T1DM), Type 2
Diabetes Mellitus (T2DM), and Gestational
Diabetes Mellitus (GDM), with 30 participants in
each group. The T1DM group consisted of
insulin-dependent individuals, the T2DM group
included those primarily exhibiting insulin
resistance, and the GDM group consisted of
pregnant women diagnosed with diabetes during
pregnancy.

Participants were selected based on the
following inclusion criteria: they were registered
patients at local healthcare facilities, diagnosed
with any type of diabetes (T1DM, T2DM, or
GDM), attending a diabetes clinic for treatment,
and aged between 18 and 60 years. Exclusion
criteria included individuals who were not
officially registered with the healthcare facility or
had unconfirmed diabetes diagnoses.
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A simple randomization method was used to
select participants who met the eligibility criteria
and provided written informed consent.
Participants drew a number from a container
containing “A” and “B”. Those who picked “A”
were included in the study, while those who
picked “B” were excluded.

Blood samples (7 mL) were collected from each
participant via venipuncture. After the needle was
removed, pressure was applied to the puncture
site to prevent bleeding. The collected blood was
processed as follows: 5 mL was placed in a
heparinized tube for analysis of various
biomarkers (except glycated hemoglobin), and 2
mL was transferred into an EDTA tube for the
determination of glycated hemoglobin (HbAlc).
The heparinized samples were centrifuged at
5000 rpm for 5 minutes to separate plasma from
blood cells, and the plasma was then stored in
labeled bijou bottles at -20°C until analysis.

Biomarkers were assessed using the following
methods: Fasting Blood Glucose (FBG) was
determined using the glucose oxidase method;
Glycated Hemoglobin (HbAlc) was measured
using the i-Croma sandwich immunoassay; and
Insulin, Fructosamine (FA), 1,5-Anhydroglucitol
(1,5-AG), and Glycated Albumin (GA) were
quantified by Enzyme-Linked Immunosorbent
Assay (ELISA).

Data analysis was performed using One-Way
Analysis of Variance (ANOVA) to assess

differences in biomarker levels among the
three groups (T1DM, T2DM, and GDM).
Pearson’s correlation and regression analysis
were used to explore relationships between
biomarkers and to examine potential cause-and-
effect associations. A p-value of < 0.05
was considered statistically significant for all
analyses.

3. RESULTS AND DISCUSSION

Table 1 summarizes the demographic
characteristics of the diabetic participants. The
mean age of Type 1 diabetics was 20 * 7 years,
Type 2 diabetics 42 + 10 years, and Gestational
Diabetes participants 33 + 8 years. Of the 90
participants, 33 were male and 57 were female.
The Type 1 group included 17 males and 13
females, the Type 2 group consisted of 16 males
and 14 females, and the Gestational Diabetes
group had 30 females.

The results in Table 2 indicate that the mean
fasting glucose levels were statistically similar
across all diabetic groups. This suggests that
fasting blood glucose is not a reliable marker for
differentiating between Gestational Diabetes,
Type | and Type Il. This finding aligns with the
results of other biomarkers measured in the
study, with the exception of insulin. Therefore,
insulin levels could be a more reliable marker for
differentiating between the various types of
diabetes.

Table 1. Demographic Parameters

Type 1 subjects Type 2 subjects Gestational
Age (yrs) 207 42+10 338
Males 17 16 0
Females 13 14 30

Table 2. Comparing Glycation Biomarkers in Type 1, Type 2 and Gestational Diabetes Groups

Type 1 Type 2 Gestational F-value P-value Remark
FBG 5.9+4.8 7.2+4.7 8.245.6 2.14 0.12 NS
AlC 6.05+4.5 7.2+4.9 8.616.0 2.35 0.11 NS
FA 235.8t5.4 234.1+4.7 247.545.3 1.86 0.16 NS
INS 21.5+1.1 75.9£16.5 144.5+20.8 16.1 <0.05 SS
GA 15.7+4.3 14.8+3.8 14.145.4 1.27 0.29 NS
1,5 AG 16.0£7.5 16.1+10.9 14.7+7.8 0.31 0.73 NS
Key:

Diabetes subjects:
Gestational: N = 30
Type I: N =30
Type 2: N =30
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3.1 Discussion

Diabetes Mellitus encompasses a group of
metabolic disorders characterized by chronic
hyperglycemia due to either defects in insulin
secretion or insulin resistance [5]. Effective
management of diabetes relies heavily on
diagnostic tools that assess glucose metabolism,
with critical tests such as fasting blood glucose
(FBG), random glucose, oral glucose tolerance
tests (OGTT), and glycated hemoglobin (HbAlc)
serving as foundational elements for diagnosis
and monitoring [5,6]. These markers help identify
individuals at risk for diabetes complications,
such as cardiovascular disease, nephropathy,
and retinopathy [7].

Insulin levels play a crucial role in diagnosing
and classifying diabetes. Type 1 diabetes (T1D)
is characterized by an absolute insulin deficiency
due to autoimmune destruction of pancreatic
beta cells, whereas Type 2 diabetes (T2D) is
primarily associated with insulin resistance and
gradual beta-cell dysfunction [8,9]. The present
study found significantly lower insulin levels in
T1D patients compared to T2D and Gestational
Diabetes Mellitus (GDM), where insulin
resistance  predominates, supporting the
established role of insulin in differentiating these
conditions.

HbAlc remains the gold standard for evaluating
long-term glycemic control, as it reflects average
blood glucose over the past 2-3 months [10].
Elevated HbAlc levels are strongly associated
with an increased risk of diabetes-related
complications [11]. However, HbAlc has
limitations, particularly in reflecting short-term
glucose fluctuations and being influenced by
factors such as anemia or hemoglobinopathies
[12].

Fructosamine and glycated albumin (GA) are
emerging markers for assessing short-term
glycemic control. Fructosamine reflects average
glucose over the past 2-3 weeks and is
particularly useful when HbAlc is less reliable
[13]. Our study found a positive correlation
between fructosamine levels and FBG in T1D,
T2D, and GDM patients, consistent with previous
research indicating fructosamine’s ability to
detect rapid glucose changes [14]. Additionally,
fructosamine has shown better sensitivity than
HbAlc in assessing acute changes in glucose
levels [15].

GA, another marker for short-term glycemic
control, reflects glycation over the past 2-3

weeks [16]. In this study, GA showed a stronger
correlation with  FBG than fructosamine,
particularly in T1D patients. This finding aligns
with prior studies suggesting that GA is more
sensitive to short-term glucose fluctuations than
HbAlc or fructosamine [17]. This could make GA
a valuable tool for monitoring glycemic status,
especially in individuals with poor long-term
glucose control.

While HbAlc remains indispensable for long-
term glycemic monitoring, short-term markers
like fructosamine and GA offer critical insights,
particularly in cases of rapid glucose fluctuations.
In T1D, GA showed a stronger correlation with
FBG than HbAlc, indicating its potential to better
reflect acute changes in blood glucose.
Conversely, HbAlc demonstrated a stronger
correlation with FBG in T2D and GDM,
supporting its role in long-term monitoring [18].

Despite their utility, short-term markers like
fructosamine and GA are not without limitations.
Our study observed false positive (3.125%) and
false negative (9.375%) rates for fructosamine,
suggesting that it may not be a reliable
standalone diagnostic tool for all types of
diabetes [19]. Previous research also highlights
error rates in fructosamine assays, underscoring
the need for caution when using it for diabetes
screening [20].

1,5-Anhydroglucitol ~ (1,5-AG) is  another
promising biomarker, responsive to short-term
glucose fluctuations. The negative correlation
between 1,5-AG and FBG in this study supports
its potential as a sensitive marker for transient
hyperglycemia, as elevated glucose levels
reduce 1,5-AG concentrations [21]. As a marker
reflecting brief periods of elevated glucose, 1,5-
AG may complement existing tools for glycemic
monitoring, especially in individuals with
fluctuating blood sugar levels.

This study highlights the effectiveness of various
glycation markers in diagnosing and managing
diabetes. While HbAlc remains the most reliable
marker for long-term glycemic control, short-term
markers such as fructosamine and GA offer
valuable insights, especially in contexts where
rapid glucose changes occur or HbAlc is
unreliable. Additionally, 1,5-AG is a sensitive
marker for detecting short-term  glucose
fluctuations. A combined approach incorporating
both long-term and short-term markers is
recommended to enhance diabetes diagnosis
and management.

127



Melford et al.; Asian J. Res. Biochem., vol. 14, no. 6, pp. 124-130, 2024; Article no.AJRB.127523

4. CONCLUSION

The growing emphasis on nontraditional
glycemic biomarkers has emerged in response to
the limitations of the HbAlc test, particularly in

clinical scenarios where HbAlc may not
accurately reflect overall glycemic control.
Certain conditions,  such as  anemia,

hemoglobinopathies, and pregnancy, can affect
HbAlc levels, making interpretation challenging
and potentially misleading. In such cases, relying
solely on HbAlc may not provide a full
understanding of a patient's glycemic status.
Therefore, alternative biomarkers have gained
attention for their ability to complement traditional
methods, such as HbAlc and fasting blood
glucose (FBG), in the management of diabetes.

Among these alternative markers, fructosamine
and glycated albumin (GA) are increasingly
recognized for their role in monitoring short-term
glycemic control. Both biomarkers are formed
when glucose binds to proteins in the
bloodstream, with their levels reflecting average
glucose concentrations over a shorter time
frame—typically 2 to 3 weeks—compared to
HbAlc. Fructosamine and GA correlate well with
HbAlc and FBG, making them useful for
assessing glycemic status in situations where
HbAlc is unreliable. However, while these
markers provide valuable insights, they should
be considered supplementary tools rather than
primary diagnostic methods for diabetes

management. Their role should be to
complement, not replace, standard glycemic
measures.

At present, there are no universally accepted
guidelines for integrating alternative biomarkers
into routine clinical practice alongside traditional
markers like HbAlc and FBG. The lack of
standardized recommendations means their use
in diabetes care remains in development. In
addition to fructosamine and GA, 1,5-
anhydroglucitol  (1,5-AG) is an emerging
biomarker that reflects rapid fluctuations in
glucose levels, providing useful information about
daily glycemic excursions. While 1,5-AG can be
particularly beneficial for individuals who
experience frequent blood sugar fluctuations, it
should also be used in conjunction with other
markers rather than as a stand-alone diagnostic
tool.

In conclusion, although HbAlc remains the gold
standard for long-term glycemic control,
alternative biomarkers such as fructosamine, GA,

and 1,5-AG are gaining recognition for their
clinical utility in managing diabetes. These
markers offer distinct advantages, particularly in
assessing short-term glycemic control and
capturing glucose fluctuations that may not be
detected by HbA1lc alone. As research into these
biomarkers progresses, they may play an
important role in developing a more
comprehensive, multifaceted approach to
diabetes monitoring and management.
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