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ABSTRACT

BACKGROUND
Thyroid disorders are commonest disorders worldwide. Various glycated proteins can be used as glycaemic biomarkers to
determine the degree of glycaemia in thyroid patients. They are useful glycaemic biomarkers to monitor the short-term glycaemic
changes in the patients with thyroid disorders and have a role in conjugation with glycated haemoglobin. Serum fructosamine and
glycated albumin correlate well with serum glucose.

So, the present study was conducted to evaluate the changes and compare the levels of various glycaemic biomarkers like
serum fructosamine, glycated albumin, glycated haemoglobin in overt hypothyroid, subclinical hypothyroid, hyperthyroid patients
in comparison to controls and the levels of total protein and serum albumin was estimated in thyroid disorder patients.

MATERIALS AND METHODS

The present descriptive comparative study has been conducted on 300 subjects of either sex of various age groups. Study included
diagnosed thyroid disorder patients (200) attending medical OPD, patients admitted in medical and surgical wards and patients
coming in Radioimmunoassay (RIA) laboratory, Biochemistry Department, JLN Medical College and Hospital, Ajmer. The results of
patients were compared with the hundred healthy subjects of either sex of similar age group. The indices included: - Serum
fructosamine assayed by Nitroblue Tetrazolium Kinetic Method, Serum Glycated Albumin by Enzyme-Linked Immunosorbent
Assay, Total protein by Biuret method, Fasting blood glucose by GOD-POD method and HbA1c by Ion-Exchange Resin Method.

RESULTS

The mean serum fructosamine were higher in overt hypothyroid and subclinical hypothyroid patients in comparison to healthy
control, vice-a-versa was found in hyperthyroid patients (p < 0.001) (HS). Mean glycated albumin levels were higher in overt
hypothyroid patients (p < 0.005) and subclinical hypothyroid patients in comparison to healthy control, vice-a-versa was found in
hyperthyroid patients. Total protein levels were higher in overt hypothyroid and subclinical hypothyroid patients. Serum albumin
levels were higher in overt hypothyroid patients in comparison to hyperthyroid and healthy control, which was statistically
significant.

CONCLUSION
The present study concluded that serum fructosamine and serum glycated albumin are better short-term glycaemic markers than
glycated haemoglobin and fasting blood glucose level in thyroid disorder patients.
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BACKGROUND
Thyroid diseases are medical conditions impairing the
functions of the thyroid gland. Imbalance in production of
thyroid hormone arises from dysfunction of the thyroid gland
itself or pituitary gland, which produces the thyroid
stimulating hormone (TSH) which is regulated by
thyrotropin-releasing  hormone  produced by the
hypothalamus. The concentration of TSH increases with age,
requiring age related correction (MI Surks et al, 2007).(1
Hypothyroidism and hyperthyroidism are the two
principal pathological conditions that involves the thyroid
gland. Other thyroid disorders include subclinical
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hypothyroidism and overt hypothyroidism), etc. (Komorica E
et al, 2012).@ Hypothyroidism is defined as deficiency of
thyroid hormone secretion and action. Common causes are
autoimmune disorders like Hashimoto thyroiditis, iodine
deficiency, removal of thyroid gland, etc. Subclinical
hypothyroidism is defined as asymptomatic state,
characterised by normal concentration of T4+ and T3 and
elevated level of thyroid stimulating hormone.

Overt hypothyroidism is defined as clinical syndrome of
hypothyroidism associated with elevated TSH level (thyroid
stimulating hormone) and decreased serum levels of T3 and
T4.

Hyperthyroidism is defined as a hypermetabolic state
caused by excessive production of thyroid hormones. Some
clinicians prefer the term “thyrotoxicosis.” Common causes
are Grave’s disease, Hashimoto thyroiditis, toxic nodule, etc.

Various glycated proteins like serum fructosamine,
glycated albumin and glycated haemoglobin can be used as
glycaemic biomarkers to determine the degree of glycaemia
in the individual’'s prediabetic conditions (like thyroid
diseases). The use of long-term measures (2 - 3 months) of
glycation like glycated haemoglobin (HbAlc) is the
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cornerstone of assessing glycaemic control. Other glycated
plasma proteins include serum fructosamine and glycated
albumin (GA), which are also formed non-enzymatically
(Armbruster DA et al, 1987).3) Fructosamine is a measure of
average glycaemia over a shorter period (2 - 3 weeks) than
HbAlc, but its concentration in plasma is much more stable
than that of glucose itself and is much easier to measure than
true mean blood glucose (MBG).

Lack of linear correlation between HbAlc levels and
average glucose concentration arises because of numerous
factors affecting HbAlc including thyroid diseases,
haematological factors, etc. Owing to this, other glycated
proteins are also used as glycaemic biomarkers.

The advantage of glycated proteins, serum fructosamine
and glycated albumin is that their glycation is unaffected by
RBC lifespan. Therefore, factors such as RBC permeability to
glucose would not be expected to affect their glycation
(Wright et al, 2012).(45)

Serum fructosamine is an useful indicator of peripheral
metabolic functions in patients with thyroid diseases (H. Hara
etal, 1990).(6)

Glycated albumin is an alternative glycaemic marker,
which is more accurate for the assessment of glycaemic
control than HbAlc (M. Inaba et al, 2007).6) However,
glycated albumin values are influenced by several
physiological factors or diseases associated with albumin
turnover (T. Okada et al, 2009).(")

Glycated albumin (GA)® more accurately reflects changes
in plasma glucose during the short term and postprandial
plasma glucose. It reflects mean glucose over the period of 2 -
3 weeks (N. Furusyo et al, 2013). Glycated albumin reacts
with glucose ten times more rapidly than HbAlc and has
shorter life, which makes it more reliable for indicating
glycaemic states (A. Arasteh et al, 2014).9

All currently available glycaemic biomarkers have
advantages and limitations, which was shown earlier by
various studies. So, the present study has been conducted to
evaluate the importance of various glycaemic biomarkers in
the patients with thyroid diseases.

MATERIALS AND METHODS

The present descriptive comparative study was conducted on
300 subjects, of either sex of various age groups. Study
included diagnosed thyroid disorder patients attending
Medical OPD, patients admitted in medical and surgical wards
and patients coming in Radioimmunoassay (RIA) laboratory,
Biochemistry Department, JLN Medical College and Hospital,
Ajmer. The results of patients were compared with the
hundred healthy subjects of either sex of similar age group.

The Selected Subjects were Further Grouped as-

1. Group I: Healthy control (Euthyroid subjects) (n= 100).
It was ensured by routine examination that all the
subjects were healthy and there were no signs and
symptoms or positive thyroid history.

2. Group II: It included the clinically established patients of
overt hypothyroidism (n= 70).

3.  Group III: It included clinically established patients of
subclinical hypothyroidism (n= 60).

4. Group IV: It included clinically established patients of
hyperthyroidism (n= 70).

Exclusion Criteria
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Patients taking lipid lowering drugs, diabetic patients,
patients with chronic liver diseases, patients on steroid
therapy, patients having clinical evidence of acute illness or
malignancy.

Study Design
Prospective, case control study.

Outcome Analysis (Statistical Analysis)
Interpretation was done according to p-value.
P < 0.005 significant.

P < 0.001 highly significant.

Collection and Analysis of Blood Sample

Written consent was obtained from all the subjects
participating in the study.

Blood samples were collected by venepuncture, using aseptic
technique. The serum was separated by centrifugation and
was analysed for the following biochemical parameter.

Samples were Analysed for

1. Serum fructosamine- By NBT (Nitroblue tetrazolium)
method (J. Barker et al, 1983).(10)

2. Serum Total Protein- By Biuret method (Koller A, et al,
1984).01)

3. Serum Albumin- Bromocresol Green Method (Rodkey FL,
etal, 1984).1213)

4. Fasting Blood Glucose- By enzymatic GOD-POD, End
point method (P Trinder, 1969).(4)

5. Glycated Haemoglobin (HbAic)- By lon-Exchange Resin
method (P Trivelli etal, 1971).

6. Glycated albumin- By Enzyme-linked Immunosorbent
Assay.

7. Haemoglobin- By Drabkin and Austin JH, 1932.(15)

Procedure of Serum Fructosamine (Colorimetric Method)
Take three test tubes, mark them as blank, standard and test.
Add 100 microlitres of working reagent in all the three test
tubes. Add 100 microlitres of calibrator in standard test tube
and 100 microlitres of sample in test. Mix and incubate at 37
degrees for 10 mins. Take the reading at wavelength 520 nm
(green filter).

Calculations

A= ABSORBANCE

Serum Fructosamine (umol/L=
sample/absorbance of standard

x concentration of standard

Normal range of serum fructosamine in non-diabetic patients
is 187 - 287 pmol/L

absorbance of

Estimation of Serum Glycated Albumin

Glycated albumin was analysed by ELISA-KIT, the
quantitative sandwich enzyme immune assay technique. The
microtitre plate provided in this kit was precoated with
monoclonal antibodies specific for glycated albumin,
standard or sample (50 plitre) was added; 100 uplitre of
conjugate to each well was added mixed and incubated for
one hour followed by washing the microtitre plate, then 50
ulitre substrate A to each well was added, 50 uplitre of
substrate B followed by 50 plitre of stop solution. Optical
density was calculated at 450 nm.
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Standard curve was plotted and the value was obtained.
Normal range was 11% - 16%.

Estimation of Total Protein-

Biuret, Colorimetric Method

Protein give an intense violet blue colour complex with
copper salts in an alkaline medium. Reagents were ready to
use-

Reagents in kit

R (biuret)

Total protein calibrator

1000 plitre R reagent was taken in three test tubes blank,
standard, sample 1000 plitre of R was added in all three test
tubes followed by 25 plitre of standard in S test tube and 25
ulitre of sample in sample test tube. Optical density was taken
at 540 nm.

Normal range 6.6 - 8.3 gm/dL.

Estimation of serum albumin.

Bromocresol green colorimetric method (end point).

Three test tubes were taken and 1000 plitre of R reagent was
added, then 5 plitre standard was added in standard test tube
and samples were added and test optical density was
calculated at the wavelength of 630 nm. Intensity of colour is
directly proportionate to the concentration of sample.

Estimation of Fasting Blood Glucose

The aldehyde group of glucose is oxidised by glucose oxidase
to give gluconic acid and hydrogen peroxide. Hydrogen
peroxide is broken down to water and nascent oxygen by
hydrogen peroxidase enzyme the oxygen reacts with 4-
aminoantipyrine in the presence of phenol to form pink
colour complex absorbance of quinoneimine complex so
formed is directly proportionate to glucose concentration.

RESULTS
Present descriptive comparative study showed that among
the 100 euthyroid subjects 40 subjects were males, while 60
subjects were females. Overt hypothyroid patients included
20 males and 50 females. Subclinical hypothyroid patients
included 26 males and 34 females, while 20 males and 50
females were included in the hyperthyroid patients. So
females were more affected by thyroid disorders (64%) than
males (35%) (Table 1). Similar results were also shown in the
study conducted by Bojoro T et al (2000), where 2.5% of
females and 0.6% of males reported to have hyperthyroidism
(sex ratio female: male, 4:2). The prevalence of
hypothyroidism was 0.9% and 4.8% for males and females
respectively in the Norway city. In the study, it was concluded
that difference in autoimmunity in males and females is an
important factor for the above prevalence. The mean serum
fructosamine levels were higher in overt hypothyroid (581.65
+ 51.11) and subclinical hypothyroid (372.93 * 43.94)
patients in comparison to euthyroid subjects (260.70 *
20.06) and vice-a-versa was found in the hyperthyroid
patients which was highly significant (Table 2/Fig. 2). Serum
fructosamine levels were highly significant (P < 0.001) and
correlated among the different groups of thyroid disorders.
Mean glycated albumin levels were higher in overt
hypothyroid patients and subclinical hypothyroid patients
18.0 £ 2.0 in comparison to euthyroid subjects and vice-a-
versa was found in hyperthyroid patients where it was
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significantly low 11 + 2.0 in comparison to euthyroid patients
14 £+ 1.4 as shown in Table 2.

The postulation put forward for the abnormally high
fructosamine and glycated albumin levels in absence of
clinical hypoglycaemia in hypothyroid patients are-

Deterioration of protein metabolism which further
decreases turnover of proteins and increase of half-life of
protein, increase in glycation of protein via auto oxidative
glycation in case of oxidative stress increase in protein
carbonylation, serum malondialdehyde and decreased
glutathione level in hypothyroid cases explains increased
peroxidation of lipids. This might be a contributing factor for
increased radical mediated protein glycation, low-grade
inflammation and free radical formation causes manifold
increase in immunoglobulin production. This explains
glycation of these immunoglobulins.(13) Disturbance in
glucose homeostasis with decreased glucose absorption and
utilisation leads to insulin resistance. This further causes
glycation of protein. The tendency of glycated proteins to
accumulate in tissues, resisting easy proteolysis are further
source of free radicals.

Above findings were similar to the data reported by
Kondaveti S, et al (2014).(16)

Thyroid hormone promotes albumin metabolism.
Hyperthyroidism is a hypermetabolic state and there is
increased turnover of proteins, but in hypothyroidism
albumin metabolism is prolonged. Glycated albumin levels
decrease in the patients with nephrotic syndrome, which
shortens the half-life of serum albumin and increases in the
patients with liver cirrhosis which prolongs the half-life of
serum albumin.(16)

In present study, it was found that mean HbA1c level was
slightly raised in overt hypothyroid and subclinical
hypothyroid patients in comparison to euthyroid subject and
vice-a-versa was found in hyperthyroid patients, but the
levels were within the normal range as diabetic patients were
excluded. Mean fasting glucose levels were found to be
slightly higher in thyroid disorder compared to euthyroid
subjects, but difference was not found to be statistically
significant (Table 2).

In the present descriptive comparative study, total
protein was 7.5 * 093 and 7.3 * 0.61 (gm/dL) in overt
hypothyroid patients and subclinical hypothyroid patients
respectively which is higher than euthyroid subjects
(6.1+0.4), whereas it was 4.86 + 0.42 in hyperthyroid patients
but the results were found to be within the normal range
(Table 3).

The Probable Cause of above Results could be(16)

1). Deterioration of protein metabolism, 2). Decrease
turnover of protein, 3). Increase half-life of protein in
hypothyroid patients, 4). Increase in the glycation of protein
via auto-oxidative glycation, 5). Increase in oxidative stress,
6). Decreased glutathione levels that increases free radicals,
7). Disturbance in glucose homeostasis with decreased
glucose absorption and utilisation leads to insulin resistance,
which further causes glycation of protein.

Level of serum albumin was less in hyperthyroid patients
(3.1 £ 0.38) in comparison to euthyroid subjects (3.5 + 0.30);
overt hypothyroid patients (3.8 * 0.43) and subclinical
hypothyroid patients (4.2 + 0.43) (Table 4).
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Statistically significant correlation was found (p < 0.005),
when intergroup comparison was done among overt
hypothyroid, subclinical hypothyroid patients and
hyperthyroid patients (Table 5 (A, B, C)). Our study is in
accordance with Kondaveeti S et al, (2014)(16) and Lee MH et
al (1992).(45)

The decreased serum albumin level in hyperthyroid
patients in comparison to hypothyroid patients in non-
clinical hyperglycaemia patients is because of decreased
turnover of protein, increased half-life of proteins and
increased glycation of protein via auto-oxidative stress.(16)

So the study concludes that serum fructosamine and
glycated albumin are better short-term glycaemic biomarkers
than HbA1C and fasting plasma glucose levels in thyroid
disorder patients. Total protein and serum albumin levels
were also found to be higher in overt hypothyroid and
subclinical hypothyroid patients.
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Observations
Sl. No. Study Group No. of Subjects (n)
Group I Euthyroid 100
Group II Overt hypothyroid 70
Group III Subclinical hypothyroid 60
Group IV Hyperthyroid 70
Total 300
Table 1. Distribution of the Subjects Studied

* n= Number of subjects

. No. of Subjects
Sl No. Group Studied Male | Female | Total

1 Euthyroid 40 60 100
2 Overt hypothyroid 20 50 70
3 Subclinical hypothyroid | 26 34 60
4 Hyperthyroid 20 50 70

Total 106 194 300

Table 1a. Distribution of Subjects Studied in
Relation to Sex

Females are more affected than males. The possible

reason for females getting more affected could be difference
in immune response, organ vulnerability, reproductive
function, sex hormones susceptibility and severity of
autoimmune disease. Females show increased immune
reactivity, difference in number or responsiveness of cell that
constitute the immune response.

Tests Euthyroid Overt Hypothyroid Subclinical Hypothyroid Hyperthyroid
FPG (mg/dL) 84.24+11.23 90.65+13.51 87.80+13.14 92.31+12.2
HbA1c (%) 5.03+0.53 6.0+0.58 5.31+0.56 5.15+0.45
Fructosamine (umol/L) 260.70+£26.06 581.65+51.11 372+43.94 162+23.46
Glycated (%) Albumin 14.1+1.4 20+2.5 18+2.0 11+2.0
Table 2. Glycaemic Profile in Subject Studied

Serum fructosamine levels were low in the hyperthyroid patients against the control group (162 * 23.46 v/s 260.70 + 26.06) (p
< 0.001) (HS), whereas the fasting plasma glucose levels were higher 92.31 # 12.2 in comparison to euthyroid subjects. Significant
positive correlation was found between the FPG and fructosamine level (r= 0.977, p < 0.001). Glycated albumin levels were
significantly high in the overt hypothyroid patients (20 + 2.5) and subclinical hypothyroid patients in comparison to euthyroid
subjects (14 = 1.4) (p value was < 0.001).

. . Subclinical ‘1.
Test Euthyroid Overt Hypothyroid Hypothyroidism Hyperthyroidism
Total protein (g/dL) 6.1+0.4 7.5+0.93 7.3+£0.61 4.86+0.42
Table 3. Comparison of Total Protein between Euthyroid and Overt Hypothyroid Subclinical Hypothyroidism and
Hyperthyroidism
* NS (non-significant) as compared to euthyroid subjects.
Test Euthyroid Overt Hypothyroidism Subclinical Hyperthyroidism
y ypotayr Hypothyroidism yp y
Serum albumin 3.5+0.3 3.8+0.43 4.24043 3.1+0.38

Table 4. Comparison of Serum Albumin Value between Euthyroid, Overt Hypothyroidism, Subclinical Hypothyroidism and
Hyperthyroid Subjects

Test

Euthyroid Subjects

Hyperthyroid Patients P-value

Serum albumin

3.5+0.30

3.1+0.38 <0.05

Table 5A. Comparison of Serum Albumin Levels between Euthyroid Subjects and Hyperthyroid Patients

*S = significant

Test

Overt Hypothyroid

Hyperthyroid P-value

Serum albumin

3.8+0.43

3.4+0.38

p< 0.05 (S)

B. Comparison of Serum Albumin Level in Overt Hypothyroid and Hyperthyroid Patients

* § = significant
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Test Subclinical Hypothyroid Patients

Hyperthyroid Patients P-value

Serum albumin 4.2+0.43

3.10+0.43

<0.05 (S)

C. Comparison of Serum Albumin Levels between Subclinical Hypothyroid Patients and Hyperthyroid Patients

* S = significant

DISCUSSION

For the patients suffering from thyroid disease a comparative
study of various biochemical parameters like serum
fructosamine, glycated albumin, glycated haemoglobin, FBG,
total protein and serum albumin was carried out. Keeping in
mind that thyroid hormone affects protein and carbohydrate
metabolism, so in hyperthyroidism there is increase in
protein turnover as hyperthyroidism is a hypermetabolic
state, but in hypothyroidism albumin metabolism is
prolonged. Serum fructosamine, glycated albumin, total
protein and serum albumin levels were increased in
hypothyroidism and decreased in hyperthyroidism. FBG were
high in hyperthyroidism and low in hypothyroidism. These
findings were in agreement with the previously reported data
on carbohydrate significant positive
association was found between FBG level and FA level (p <
0.001), which was highly significant.

R Rangaswamy et al (2013)(7) concluded that serum
fructosamine values were found to be significantly correlated
among the different groups of thyroid disorders (P= 0.001).
In thyroid disorder the sensitivity, specificity, PPV and NPV in
hypothyroidism is 100%, 96.4%, 100% and 100% and
hyperthyroidism is 75%, 92.9%, 42.6% and 100%
respectively. Albumin values negatively correlated with
hypothyroidism, statistically  significant.
Significant correlation was found between T3, T4, TSH and
fructosamine levels. It was concluded that it is useful to
consider serum fructosamine as diagnostic indicator in
patients with thyroid disease.

metabolism. A

which  was

CONCLUSION

So it is concluded in the present study that FA, serum
glycated albumin are better short-term glycaemic biomarkers
than HbAlc and fasting plasma glucose levels in thyroid
disorder patients, total protein and serum albumin levels
were also found to be higher in overt hypothyroid and
subclinical hypothyroid patients and vice-a-versa was found
in hyperthyroid patients in comparison to euthyroid subjects.
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