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INTRODUCTION

Diabetes has become one of  the most dangerous and 
prevalent chronic diseases of  our day, lowering life 
expectancy and creating life-threatening, disabling, 
and expensive complications. The ninth edition of  the 
International Diabetes Federation reported a prevalence 
of  9% (463 million adults) in 2019, indicating that the 
global prevalence of  diabetes had reached pandemic levels. 
By 2030, it will reach 10.2% (578 million), and by 2045, 
10.9% (700 million). Urban areas (10.8%) and high-income 
countries (10.4%) have greater prevalence rates than rural 

areas (7.2%) and low-income countries (4.0%), respectively. 
One in two (50.1%) people with diabetes is unaware that 
they have the disease. Impairment in glucose tolerance is 
predicted to affect 7.5% (374 million) people worldwide 
in 2019 and 8.0% (454 million) people by 2030, and 8.6% 
(548 million) people by 2045.1,2

Diabetes has been classified as Type 1 diabetes; Type 2 
diabetes; gestational diabetes; and diabetes with a particular 
etiology that may be genetic (monogenic types such as 
maturity-onset diabetes in young people) or secondary to 
medicines, pancreatic factors, or other disorders. Type 1 and 
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Type 2 combined make up the primary burden of  diabetes 
is diabetes.3 The interplay of  genetic, environmental, and 
other risk factors primarily causes Type 2 diabetes mellitus 
(T2DM). T2DM also develops more quickly when the first 
phase of  insulin release is lost, basal insulin secretion is 
abnormally pulsatile, and glucagon production is enhanced. 
Although T2DM patients often do not require exogenous 
insulin, they might if  blood glucose levels are not adequately 
managed by diet or oral hypoglycemic medications. In 
addition, problems, including cardiovascular conditions, 
diabetic neuropathy, nephropathy, and retinopathy, are 
frequently present in T2DM patients.4

The gold standard for monitoring glucose levels in diabetic 
patients is now glycated hemoglobin (HbA1c). However, 
factors that affect changes in hemoglobin metabolism 
can affect HbA1c tests’ accuracy. Alternative glycemia 
indicators, such as fructosamine (FA), have been shown 
to supplement HbA1c or serve as a reliable substitute for 
HbA1c. In addition, FA represents exposure shorter than 
HbA1c, which may be useful for monitoring fast metabolic 
changes or changes in diabetes treatment.5

Aims and objectives
This study aimed to compare and analyze FA and HbA1c 
in Type 2 diabetes patients as glycemic control markers.

MATERIALS AND METHODS

This prospective and cross-sectional study was conducted 
from January 2021 to January 2022, involving Type  2 
diabetic patients attending both inpatient and outpatient 
at Sree Balaji Medical College and Hospital, Chennai. After 
the ethical committee’s approval, informed consent was 
obtained from the patients before initiation of  the study.

Inclusion criteria
Participants with T2DM, age 18 years or older, treatment 
with oral hypoglycemic agents or insulin, ability to provide 
informed consent, and compliance with study procedures 
were included in the study.

Exclusion criteria
Type 1 diabetic persons, prediabetics, critically ill patients, 
and those under 35 years and older than 80 were excluded 
from the study.

Exclusion criteria might include pregnant or lactating 
women, those with end-stage renal disease, severe liver 
disease, or any other condition that might interfere with 
the interpretation of  the results.

Demographic data of  patients were collected. Fasting blood 
sugar (FBS), postprandial blood sugar (PPBS), FA, and 

HbA1c were measured in all 61 patients after obtaining 
informed consent. Roche Cobas C311 measured FA, and 
HbA1c was measured with a Bio-Rad D-10 machine and 
evaluated with the principle based on HPLC.

The collected data were analyzed with IBM SPSS Statistics 
for Windows, Version 23.0. (Armonk, NY: IBM Corp). 
Percentage analysis was used for categorical variables, and 
the mean and SD were used for continuous variables to 
describe the data descriptive statistics frequency analysis. 
To assess the relationship between the variables, Pearson’s 
correlation was used. Categorical data, such as age group, 
gender, BMI, FBS, PPBS, HbA1c, and FA, were presented 
as numbers and percentages. The Mean and Standard 
deviation of  FBS, PPBS HbA1c, and FA were also 
calculated, and the probability value of  0.05 is considered 
significant.

RESULTS

We analyzed 61 known Type 2 diabetic subjects in our 
study. The cohort’s ages ranged from 36 to 77 years (mean 
56.2, SD±10.1). Table 1 gives the age-wise distribution of  
study subjects. Most of  the patients were in the 51–60 age 
groups. There were 28 (45.9%) females and 33 (54.1%) 
in this study.

On assessing the BMI, it was noted that 21 subjects had 
BMI <25, 25 had BMI between 25 and 29, and 15 had 
BMI ≥30. FBS levels showed that 10  (16.4%) had FBS 
values <126, while 52 (83.6%) had HbA1c analysis showed 
05 subjects had levels <6.5, and 56 had HbA1c ≥6.5. In 
11.5% (n=07) patients, FA was ≤285, and in 88.5% (n=54), 
it was >285. The clinical characteristics of  all the subjects 
are presented in Table 2.

Table 3 shows the comparative analysis of  HbA1c, FA, 
FBs, and PPBS. Comparing HbA1c with FA, a statistically 
significant correlation was noted (P<0.001), with a Pearson 
correlation value of  0.924. Graph 1 shows the relationship 
of  HbA1c with FA. HbA1c, when compared to FBS, a 
statistically significant correlation was noted (P<0.001), 
with a Pearson correlation value of  0.894. The scatter plot 
in Graph 2 represents the relationship between HbA1c and 
FBS. Comparing HbA1c with PPBS showed a statistically 
significant correlation (P<0.001), with a Pearson correlation 

Table 1: Age‑wise distribution of study subjects
Age Frequency Percent
≤40 years 1 1.6
41–50 years 18 29.5
51–60 years 25 41.0
>60 years 17 27.9
Total 61 100.0
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value of  0.859. The relationship between HbA1c and PPBS 
is depicted in the scatter plot in Graph 3; when FA was 
compared with FBS and PPBS, a statistically significant 
observation was found (P<0.001), with a significant 
Pearson correlation value of  0.849 and 0.822, respectively 
(Graphs 4 and 5). FBS and PPBS comparison also showed 
a strong statistical significance (P<0.001, r=0.933). The 
comparative values are represented in Graph 6.

DISCUSSION

The 61 patients who visited the inpatient and outpatient of  
Sree Balaji Medical College and Hospital, Chennai, Tamil 
Nadu, provided the data for our study. Our study found a 
significant correlation (P<0.001) between HbA1C, FA, FBS 
and FA, and FBS and PPBS. Numerous other investigations 
have also defined a strong association between these 
markers and a similar outcome.

The most popular biomarker for detecting diabetes 
and prediabetes is HbA1c. When glucose binds to the 
aminoterminal group of  the hemoglobin subunit, HbA1c 
is created. HbA1c rather than glucose levels at a single 
time point reflects chronic glycemia. Increased morbidity 
and death are linked to higher HbA1c values.6,7 Compared 

Table 2: Clinical characteristics of all the 
subjects
Parameters n Minimum Maximum Mean SD
Age 61 36 77 56.2 10.1
BMI 61 19 34 26.7 4.0
HbA1C 61 6.10 12.80 9.1 1.8
Fructosamine 61 260 440 341.3 49
FBS 61 100 295 182.9 50.6
PPBS 61 140 386 242.5 68.9

FBS: Fasting blood sugar, PPBS: Postprandial blood sugar, BMI: Body mass index, 
HbA1C: Glycated hemoglobin

Table 3: Comparative analysis of HbA1c, 
Fructosamine, FBS, and PPBS
Parameters Fructosamine FBS PPBS
HbA1C

r‑value 0.924 0.894 0.859
P‑value <0.001 <0.001 <0.001
n 61 61 61

Fructosamine
r‑value 1 0.849 0.822
P‑value <0.001 <0.001
n 61 61 61

FBS
r‑value 1 0.933
P‑value <0.001
n 61 61 61

FBS: Fasting blood sugar, PPBS: Postprandial blood sugar, BMI: Body mass index, 
HbA1C: Glycated hemoglobin

Graph 1: Scatter plot of glycated hemoglobin compared with 
fructosamine

Graph 2: Scatter plot of glycated hemoglobin compared with fasting 
blood sugar

Graph 3: Scatter plot of glycated hemoglobin compared with 
postprandial blood sugar
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to fasting plasma glucose and the oral glucose tolerance 
test, HbA1c provides several benefits, including more 
convenience due to the lack of  a fasting requirement, 
greater preanalytical stability, and less day-to-day disruption 
due to stress and illness. HbA1c levels will therefore be 
impacted by changes in the red blood cell formation rate 
or circulatory life duration.8,9 Iron deficiency anemia, 
asplenia, folate and Vitamin B12 insufficiency, severe 
hypertriglyceridemia, and uremia are among the illnesses 
that can cause HbA1c to be artificially raised. Hemolytic 
anemia, blood loss, splenomegaly, and end-stage renal 
failure are all associated with falsely low HbA1c levels. 
Depending on the method employed, hemoglobin 
variations such as HbS, HbC, HbD, and HbE may also 
cause an overestimation or underestimating of  HbA1c. 
For these reasons, a prediabetes diagnosis based solely on 

HbA1c may not be sufficient, and a more precise diagnosis 
may require confirmation using additional biomarkers.9-13

FA also has been employed as a substitute glycemic marker 
to diagnose diabetes and prediabetes. It can be a helpful 
clinical marker of  short-term glycemic fluctuation and 
glucose control because it reflects the average blood glucose 
concentrations over the previous 1–4 weeks. It is beneficial 
in circumstances that impair hemoglobin reliability. FA may 
also be a sign of  the possibility of  microvascular problems. 
FA may therefore be a useful supplementary marker in 
clinical situations when HbA1c may not be reliable.7,14,15

A comparable study by Baker et al., found a substantial 
association between FA and HbA1, and FBS. The 
researchers found that FA is a quick and easy test that 
can be utilized as a substitute for the HbA1c marker in 
evaluating the glycemic index.16

Goyal et al., aimed to compare FA levels with HbA1c 
in glycemic control evaluation in Type  2 diabetics to 
determine the usefulness of  FA as an alternative marker 
for glucose control evaluation. Retrospective data from 48 
Type 2 diabetic individuals were collected for this cross-
sectional investigation. Akin to our study, the analysis 
of  glycemic control showed that FA and HbA1C levels 
have a statistically significant correlation with each other 
(P<0.001).17

A study by Koskinen et al., discovered a strong association 
between FA and others with FBS, mean blood sugar, and 
HbA1c values. In addition, this study indicated FA is 
convenient and affordable and may be utilized to evaluate 
glycemic control.18

Graph 4: Scatter plot of fructosamine compared with fasting blood 
sugar

Graph 6: Scatter plot of fasting blood sugar compared with postprandial 
blood sugar

Graph 5: Scatter plot of fructosamine compared with postprandial 
blood sugar
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A prospective, single-center, and observational study by 
Stylin et al., aimed to compare and correlate the efficacy 
of  HbA1c and FA levels in diagnosing T2DM. In this 
study, 90 people with Type II diabetes were included. In 
this research group, both sexes are represented. Study 
participants include those between 30 and 60 with HbA1c 
levels of  more than 6.5%. This study showed a weak 
positive correlation between HbA1c and FA value (r=0.23, 
P=0.02), which is statistically significant. In comparison, 
our study showed a statistically significantly positive, strong 
correlation (r=0.933, P<0.001).19

In the 1990–1992 community-based atherosclerosis risk in 
communities study, 11,104 people with and without diabetes 
underwent glycated albumin and FA measurements. Similar 
to the present study, Pearson’s correlations of  HbA1c with 
FA were high (r=0.81) in the overall population but lower 
when the cohorts were limited to persons without diabetes. 
Their findings concluded that FA could be helpful when 
HbA1c testing is impossible, or its interpretation presents 
challenges.

Contrary to the present study, where FBS found a 
significant positive correlation with FA and HbA1c, the 
study by Lim et al., found that FBS has little predictive value 
for glycemic control levels compared to FA, especially in 
patients with well-controlled diabetes.20

Some studies have found contrary findings. Shima et al., 
used HbA1c, FA, and glycated albumin to screen for 
diabetes in 302 adults. They concluded that the plasma 
levels of  glycated albumin and HbA1c, but not FA, could 
efficiently identify subjects at risk of  diabetes.21

In a prospective, randomized, multicenter, and controlled 
research with 72 diabetic patients, Lindsey et al., evaluated 
the relationship between FA and HbA1c. They found 
that the amalgamation of  weekly FA testing and daily 
blood glucose monitoring was not superior to the regular 
monitoring of  glucose alone.22 Joy et al., in a study of  23 
diabetic hemodialysis patients, showed that FA was not 
significantly associated with long-term glycemic control 
in diabetic patients on hemodialysis (r=0.345, P=0.11).23

Early diabetes diagnosis and strict glucose management are 
essential for stopping or delaying the onset of  significant, 
perhaps fatal, and complications. Although HbA1c is still 
the gold standard for diagnosing diabetes and glycemic 
control, new research shows that other biomarkers, such as 
FA and GA, are replacing HbA1c in some patients when the 
measurement of  HbA1c may be inaccurate or even biased. 
This particularly applies to patients with CKD, red blood 
cell abnormalities, fast changes in glucose homeostasis, 
and higher glycemic excursions (i.e., transiently high blood 

glucose rises). Our results add to the growing body of  
research suggesting that FA or glycated albumin may be 
helpful in cases where HbA1c testing is not feasible or 
when its interpretation is difficult.

Limitations of the study
A modest sample size was used for this investigation. 
A bigger sample size and comparison with the non-diabetic 
population would have been beneficial to obtain more 
information.

CONCLUSION

The present study found that HbA1c correlated significantly 
with FA (r=0.924, P=0.001). Further, we also noted a 
statistically strong correlation between FA with FBS and 
PPBS. Newer markers like FA can help evaluate short-term 
blood sugar variations. It can also complement HbA1c or 
be used as a stand-alone glycemic index marker in certain 
situations. The findings of  this study suggest that in the 
diagnosis and management of  diabetes patients, it will be 
scientific and logical if  HbA1c and FA are measured jointly. 
Although FA is not frequently used in clinical practice, it 
can be a helpful marker for other purposes besides glycemic 
control evaluation.
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