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Abstract

Objectives. Fructosamine correlates well with glycated haemoglobin (HbA1c) in Caucasians. This study investigates this 
correlation and whether fructosamine can reliably estimate glycated haemoglobin in Southeast Asians.

Methods. We recruited 193 participants based on 4 HbA1c bands (<6.0%; 6.0 – 7.9%; 8.0– 9.9%; ≥10%) from a 
secondary hospital in Singapore between August 2017 and December 2021. Blood samples for fructosamine, glycated 
haemoglobin, albumin, haemoglobin, thyroid stimulating hormone and creatinine were drawn in a single setting for all 
participants. Scatter plot was used to explore correlation between fructosamine and glycated haemoglobin. Strength of 
linear correlation was reported using Pearson’s correlation coefficient. Simple linear regression was used to examine the 
relationship between fructosamine and glycated haemoglobin.

Results. We performed simple linear regression to study the relationship between fructosamine and HbA1c in the research 
participants (R2 = 0.756, p<0.01). Further analysis with natural logarithmic transformation of fructosamine demonstrated 
a stronger correlation between HbA1c and fructosamine (R2 = 0.792, p<0.01). 

Conclusions. Fructosamine is reliably correlated with HbA1c for the monitoring of glycaemic control in Southeast Asians.
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INTRODUCTION 

Hyperglycaemia promotes non-enzymatic glycation of 
proteins through the Maillard reaction with Schiff base 
formation through Amadori rearrangements.1 Glycated 
haemoglobin A1c (HbA1c) is formed when the N-terminal 
valine residue of the beta chain is glycated.2 The half-life 
of HbA1c is 4 weeks3 and it reflects average blood glucose 
over the past 1 to 4 months. It was estimated that 50% of 
HbA1c reflects blood glucose in the past 1 month, 25% for 
the past 1 to 2 months, and 25% for the past 2 to 4 months.4 
Hence, HbA1c does not accurately reflect blood glucose 
in the immediate period before blood sampling. The 
correlation between HbA1c and blood glucose is further 
eroded in the setting of pregnancy, advanced kidney 
disease, and conditions altering erythrocyte life expectancy, 
such as haemoglobin variants, haemoglobinopathies, and 
iron deficiency.5–9

Glycation of plasma proteins form ketoamines. These are 
collectively known as fructosamine because of the 1-amino-

1-deoxy-D-fructose groups that are present in the glycated 
protein molecules. The half-life of fructosamine is 2.5 
weeks10,11 and it reflects blood glucose in the preceding 2 
to 4 weeks.12 Thus, fructosamine provides better reflection 
of blood glucose in the shorter term compared to HbA1c. 
Fructosamine had similar diagnostic performance as 
fasting glucose in detecting diabetes in a North American 
population.13 Fructosamine was also found to predict 
microvascular complications of diabetes.14–16 It is reportedly 
more suitable in monitoring blood glucose17 and predicted 
stillbirths in pregnant women with diabetes.18 One benefit 
of using fructosamine as a marker of glycaemic control is 
that it is not affected by erythrocyte lifespan or haemoglobin 
structure12 as compared to HbA1c. This is of particular 
importance in Southeast Asia where iron deficiency and 
haemoglobin variants are highly prevalent. Southeast Asia 
was ranked as the region with the highest prevalence for 
iron deficiency anaemia in 2010.19 The prevalence of iron 
deficiency in Malaysian school children was reported 
to be between 4.4% and 5.2%20,21 while up to 74% of 
Singaporean women in the third trimester of pregnancy 
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Samples for HbA1c were collected in ethylenediamine-
tetraacetic acid tubes and measured using an enzymatic 
assay (Abbott Architect c8000, interassay coefficient of 
variation (CV) ≤2% when HbA1c is between 5.7% (39 
mmol/mol) and 7.0% (53 mmol/mol), ≤3.5% when HbA1c 
>7.0% (53 mmol/mol). This method is standardised to 
the Diabetes Control and Complications Trial assay. 
Samples for fructosamine were collected in plain tubes and 
measured using spectrophotometry (Roche Cobas c502, 
total imprecision when fructosamine < 285 umol/L is ≤9 
umol/L, CV ≤3% when fructosamine >285 umol/L). Samples 
for albumin were collected in serum separator tubes and 
measured using the photometric method based on binding 
with bromcresol green (Abbott Architect c16000, CV ≤3.3%). 
Samples for creatinine were collected in serum separator 
tubes and measured using the enzymatic method (Abbott 
Architect c16000, CV ≤3.6%). Samples for haemoglobin 
were collected in ethylenediaminetetraacetic acid tubes. 
Samples for TSH were collected in serum separator tubes 
and measured using a chemiluminescent microparticle 
immunoassay (Abbott Architect i2000SR, CV ≤10%).

The laboratory results were recorded and secured in the 
hospital's electronic medical record system.

Sample size calculation

The sample size of 203 was calculated based on 80% 
statistical power and 5% Type I error rate. We assumed a 
modest positive linear correlation of 0.5 between HbA1c and 
fructosamine for each of the three ethnic groups (Chinese, 
Malay, and Indian) and 4 pre-defined HbA1c bands. 

Statistical analysis 

SPSS version 28 was used for the statistical analysis. 
Descriptive statistics was used to summarise the 
demographics of participants. Scatter plot was used 
to explore the relationship between fructosamine and 
HbA1c. Strength of linear correlation was reported using 
Pearson’s correlation coefficient. A stronger correlation 
between nature log transformed fructosamine and HbA1c 
than the untransformed fructosamine was observed and 
it indicated that HbA1c might be linearly associated with 
log-transformed fructosamine.  Simple linear regression 
model was used to evaluate the linear relationship between 
nature log transformed fructosamine and HbA1c in the 
research participants. Assumptions of linear regression 
model were checked by the residual plots to ensure the 
model's validity. R2 was reported to evaluate the fitness 
of the model. A p-value less than 0.05 was considered 
statistically significant.

Ethical concerns

The study was approved by the Domain Specific Review 
Board of the National Healthcare Group (Singapore). 
Signed informed consent was obtained from all research 
participants. All study data were de-identified.

were iron deficient in a cross-sectional study.22 Southeast 
Asia was reported in 2010 as one of the regions with the 
highest prevalence of thalassaemias.19 Between 4.5% and 
22.6% of Malaysians were estimated to carry the gene 
for alpha thalassaemia.23 Between 1 and 9% of Southeast 
Asians carry the beta thalassaemia gene and between 1 
and 8% carry the gene for Haemoglobin Constant Spring.24 
Fructosamine was found to correlate well with HbA1c in 
studies conducted in North America,15 Sweden,25 Spain,26 
Korea27 and the United Kingdom,3 involving participants 
with and without diabetes. Considering that fructosamine 
correlates well with HbA1c under normal circumstances 
and that erythrocyte abnormalities are highly prevalent in 
Southeast Asia, it can potentially be used as an alternative 
to HbA1c to monitor glycaemic status in patients with 
erythrocyte disorders. Thus, we aimed to find out if this 
correlation exists in a Southeast Asian population and 
whether fructosamine can reliably estimate HbA1c. 

METHODOlOgy

Recruitment

This is a cross-sectional study. Patients were recruited 
from the Diabetes outpatient clinic, and the Health and 
Wellness clinic of Ng Teng Fong General Hospital between 
August 2017 and December 2021 based on 4 HbA1c bands: 
<6.0%; 6.0–7.9%; 8.0–9.9%; ≥10%. The sampling design 
is by purposive sampling through the recruitment of 
patients in the clinic, to ensure all ranges of HbA1c are 
represented equally. 

Inclusion criteria

The inclusion criteria include all the following: people 
without diabetes based on medical history or physical 
examination record, patients with type 1 or type 2 diabetes, 
age between 21 and 99 years, of Chinese, Indian, or Malay 
ethnicity and who are able to provide informed consent.

Exclusion criteria

The exclusion criteria include any of the following: 
pregnant women, patients with erythrocyte disorders 
(defined as mean corpuscular volume above or below the 
normal limits), anaemia (defined as haemoglobin below the 
lower limit of normal), protein-losing disorders, thyroid 
disorders, estimated glomerular filtration rate below 60 
mL/min, on erythropoietin therapy or who have received 
blood transfusion within the preceding three months of 
recruitment. 

Analytical methods

The following were measured based on either fasting or 
random serum samples from each participant during a 
single visit in a seated position: HbA1c, fructosamine, 
albumin, creatinine, full blood count and thyroid 
stimulating hormone (TSH). 
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analysis with natural logarithmic transformation of 
fructosamine demonstrated a stronger correlation between 
HbA1c and fructosamine (R2 = 0.792, p<0.01). Linear 
relationship between Ln fructosamine and HbA1c is shown 
in the scatter plot (Figure 3). This correlation study yields 
the following:

(HbA1c is expressed in % and fructosamine is expressed 
in umol/L):

HbA1c = (Ln Fructosamine x 8.14) – 38.82

Table 2 lists the estimated corresponding fructosamine 
values for HbA1c based on the correlation model.

DISCUSSION

We demonstrated a strong correlation between fructosamine 
and HbA1c in Southeast Asian patients, and this is similar 
to prior studies in Caucasian populations.3,25,26 HbA1c may 
‘average’ out the highs and lows of glucose control for 
the past 4 months while fructosamine values would only 
reflect the levels in the preceding month. Furthermore, 
protein glycation via the Maillard reaction depends on 
other factors such as the availability and reactivity of 
amino groups on proteins, intracellular and extracellular 
glucose concentration, concentration and reactivity of 
carbonyl compounds and the rate of deglycation and 
elimination of Maillard products.28 These factors may 
explain the variability in fructosamine levels for the same 
HbA1c level. We believe this variability is unlikely to have 
a major impact on using fructosamine to monitor glycaemic 
control because there was strong correlation between 
fructosamine and HbA1c in our research participants.

Our study suggests that fructosamine can be used as a 
reliable adjunct to HbA1c in monitoring glycaemic control 
in a Southeast Asian population.

This is the first study on the relationship between 
fructosamine and HbA1c in a Southeast Asian population. 
Laboratory analyses were done on fresh blood samples 
using validated techniques so the chance of erroneous 
measurements is low. We excluded patients with thyroid 
disorders because serum protein turnover is lower in 
hypothyroidism and higher in hyperthyroidism, which 
leads to increased and decreased protein glycation 
respectively.29,30 We also excluded patients with protein-
losing disorders. Hence, the rates of serum protein turnover 
and glycation in the study participants were likely to be 
occurring at steady states. 

There are limitations of this study arising from the 
characteristics of participants. The age of participants 
is between 22 and 76 years (mean age = 53.7 years) and 
children were excluded from this study. Thus, it is uncertain 
whether a similar correlation exists in the paediatric or older 
Southeast Asian population. However, a correlation was 
demonstrated in an older Caucasian cohort (mean age = 70 

RESUlTS

Characteristics of research participants

One hundred and ninety-three research participants were 
recruited and analysed (Figure 1). Recruitment stopped 
at 193 participants after analysis demonstrated R2 = 0.792. 
The characteristics of research participants with regards 
to gender, ethnicity, age and biochemical parameters are 
summarised in Table 1. Based on 4 HbA1c bands: <6.0%; 6.0 
– 7.9%; 8.0 – 9.9%; ≥10%; there were 50 (25.9%), 50 (25.9%), 
47 (24.4%) and 46 (23.8%) participants recruited in the 
respective categories.

Relationship between fructosamine and HbA1c

We performed simple linear regression to study the 
relationship between fructosamine and HbA1c in the 
research participants (R2 = 0.756, p<0.01) (Figure 2). Further 

Table 1. Characteristics of research participants
Characteristic All

Female, n (%) 86 (44.6%)
Male, n (%) 107 (55.4%)
Age (years, mean, SD) 53.7, 12.7

Range: 22-76
Chinese, n (%) 125 (64.8%)
Indian, n (%) 42 (21.8%)
Malay, n (%) 26 (13.5%)
Hb (g/dL, mean, SD) 14.3, 1.4
MCV (fL, mean, SD) 86.0, 3.5
Albumin (g/L, mean, SD) 42.7, 2.5
Estimated glomerular filtration rate (mL/min, mean, SD) 98.1, 13.2
HbA1c (%, mean, SD) 8.0, 2.2
HbA1c (mmol/mol, mean, SD) 64, 24
Fructosamine (umol/L, mean, SD) 325.9, 83.4
n: number; SD: standard deviation

Table 2. Interpretation of correlation model
HbA1c (%) HbA1c (mmol/mol) Fructosamine (umol/l)

6.5 47.5 261.8
7.0 53.0 278.4
7.5 58.5 296.0
8.0 63.9 314.8
8.5 69.4 334.7
9.0 74.9 355.9
9.5 80.3 378.5

10.0 85.8 402.4

Figure 1. Overall recruitment flow.

193 eligible patients were recruited

30 patients were excluded due 
to ineligible criteria after lab tests 

including abnormal levels of 
Hb, MCV, TSH and eGFR

223 patients were screened and recruited 
from Diabetes outpatient clinic, and the 

Health and Wellness clinic, NTFGH
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CONClUSION

In conclusion, we demonstrated a strong correlation between 
fructosamine and HbA1c in a multi-ethnic Southeast Asian 
population. Fructosamine can be considered as a reliable 
alternative to HbA1c in monitoring glycaemic control. 
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years)13 and in a paediatric cohort in the United Kingdom.3 
In addition, patients with anaemia, haemoglobinopathies 
and those who were pregnant were excluded from this 
study. Theoretically, fructosamine levels would be a better 
indicator of glycaemic status in such patients. In patients 
with protein-losing disorders, the use of fructosamine may 
be less than ideal. The extent of HbA1c variability with 
fructosamine levels in these patients could be a subject 
of further investigation.

This study has limitations arising from the cross-sectional 
nature of its design. We were unable to conduct sub-group 
analysis based on differences in age, gender, ethnicity, or 
recent changes in diabetes medications because of the small 
sample size. We were unable to account for confounding 
factors arising from poor adherence to diabetes medication, 
or deviations in dietary habits or activity levels in this 
observational study.

Figure 3. Scatter plot of Ln Fructosamine against HbA1c.

Figure 2. Scatter plot of Fructosamine against HbA1c.
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