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Abstract 

American Diabetes Association has suggested the use of HbA1c as diagnostic tool for prediabetes and 

diabetes. A value between 5.7% and 6.5% represents prediabetes while a value ≥6.5% is considered as 

diabetes mellitus. However, several factors other than glycemic status can influence HbA1c levels, factors 

which affect the RBC turnover like Haemoglobinopathies (sickle cell anemia etc.), even Blood transfusion 

and as Thyroid status affects cell turnover, it is being hypothesised that thyroid status changes( hypo or 

hyperthyroid) will cause raised levels of HB1AC levels. Raised HB1AC levels in thyroid disorders can 

falsely classify patients as prediabetic. The aim of the study was to determine the effects of altered thyroid 

status on HbA1c levels in individuals without diabetes, with overt hyper- and hypo-thyroidism. All newly 

diagnosed cases matching the inclusion criteria(attending the outdoors of medicine department, DMCH, 

Laheriasarai) with thyroid disorders between 1st april 2017 till 31st october 2018 in Department of 

Medicine, DMCH were included in the study, with equal numbers of age and sex matched controls. Results 

showed an increased level of HBA1C in patients with thyroid disorders and the presumed conclusion was 

that in patients with thyroid disorders glycated haemoglobin is not an assured marker of imapired glucose 

metabolism and other methods should be used. 

 

Introduction 

Diabetes is one of the largest global health 

epidemics of the 21st century. During the past 

twenty years the number of people with diabetes 

worldwide has more than doubled. One of the 

worst worrying features of this rapid increase in 

the emergence of type 2 DM in children, 

adolescents and young adults, whereas the disease 

was once confined mainly to older adults. 

Diabetes mellitus is a leading cause of death and 

disability worldwide. It’s global prevalence was 

about 8.8% in 2017 and is predicted to rise to 

9.9%in 2045. a major contributor to the challenge 

of preventing the complications associated with 

diabetes is that a high proportion 20%-50%  of 

people with diabetes are undiagnosed. China is 

likely home to the largest number of adults with 

diabetes (114.4 million) followed by India (72.9 

million). The International Diabetes Federation 

diabetes atlas provides predictions for the top 10 

countries in the world with the highest number of 

people with diabetes in 2017 and expected 

numbers in 2045. The most recent is that India 

will be the country with the highest number of 

people expected to have diabetes. 
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Criteria for diagnosis of diabetes 

1) Symptoms of diabetes plus random blood 

glucose concentration ≥11.1 mmol/L (200 

mg/dL) or 

2) Fasting plasma glucose ≥7.0 mmol/L (126 

mg/dL) or 

3) Haemoglobin A1c ≥ 6.5%c or 

4) 2h plasma glucose ≥11.1 mmol/L (200 

mg/dL) during an oral glucose tolerance 

test with 75g OGTT 

 

Glycated hemoglobin (A1c): HbA1C 

Haemoglobin is the oxygen-carrying pigment that 

gives blood its red colour and is also the 

predominant protein in red blood cells. About 

90% of haemoglobin is haemoglobin A (the "A" 

stands for adult type). Although one chemical 

component accounts for 92% of haemoglobin A, 

approximately 8% of haemoglobin A is made up 

of minor components that are chemically slightly 

different. These minor components include 

haemoglobin A1c, A1b, A1a1, and A1a2. 

Haemoglobin A1c (HbA1c) is a minor component 

of haemoglobin to which glucose is bound. 

HbA1c also is sometimes referred to as 

glycated, glycosylated haemoglobin, or glyco-

haemoglobin. 

Normal value is <5.4%.... When more than 6.5% 

on two separate occasions it is diagnostic of 

Diabetes and is the most accurate test for the 

above. 

The major form of the glycated haemoglobin is 

haemoglobin A1c (HbA1c). The HbA1c 

concentration not only depends on prevailing 

glycaemia but also the life span of the 

erythrocytes and so, the conditions which affect 

the erythrocyte turnover or survival lead to falsely 

high or low HbA1c levels. A study conducted by 

Kim MK et al., showed that even in the absence of 

diabetes, there was spurious elevation of HbA1c 

in patients with hypothyroidism. Thyrotoxicosis is 

known to cause increased RBC turnover. 

Hypothyroidism has opposite effect. We therefore 

hypothesize that A1c level does not accurately 

reflect glycemia in hypothyroidism and 

thyrotoxicosis.  Both of these thyroid disorders are 

widely prevalent worldwide. For this reason it is 

very important to know the influence of altered 

thyroid status on Glycated hemoglobin.  

 

Aims and Objectives 

1. To evaluate the effect of hypo and 

hyperthyroidism on glycated haemoglobin 

(HBA1C) in euglycaemic non-diabetic 

patients. 

2. Assess the effectiveness of glycated 

haemoglobin as a diagnostic tool for 

diabetes in patients with thyroid disorders. 

 

Methods and Materials 

A cross sectional observational study was 

conducted amongst the patients attending the 

general medicine outdoor of Darbhanga Medical 

College and Hospital, Darbhanga for a study 

period of 1.5 years(1
st
April 2017- 31

st
October 

2018). 

Inclusion Criteria 

- Age between 18 to 60 years of  both the 

genders  

- Recently diagnosed overt primary 

hypothyroidism or hyperthyroidism (< 3 

months) 

Exclusion Criteria 

- Patients with diabetes, IGT, or IFG 

- Hemoglobin <10 gm/dl 

- Renal failure (Creatinine clearance< 

60ml/min) 

- Hepatic dysfunction (increased bilirubin, 

reduced albumin [<3.5mg/dl], SGOT and 

SGPT 3 times upper limit of normal)     

- Acute or subacute thyroiditis 

For statistical analysis SPSS version 21 was 

used. 

 

Review of Literature 

Glycated Hemoglobin  

Normal adult hemoglobin (HbA) is made up of 

four chains of amino acids (2α, 2 β). Glycation of 

hemoglobin can occur on the alpha or beta chain, 

and at different points in the chains. This results in 
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a ‘family’ of glycated hemoglobins. Total 

glycated hemoglobin includes all hemoglobin that 

has reacted with a sugar. They are collectively 

known as HbA1 and classified further according 

to their order of elution as HbA1a, HbA1b and 

HbA1c. Last one is the major fraction of HbA1. It 

is a hemoglobin (Hb) molecules with a stable 

adduct of glucose to the N-terminal valine of the 

Hb β chain [β-N(1-deoxy)fructosyl-Hb]. The term 

‘glycosylated’ was used initially, but it has been 

pointed out that this term strictly refers to 

glycosides. Therefore, the Joint Commission on 

Biochemical Nomenclature has proposed that the 

term ‘glycation’ is appropriate for any reaction 

that links a sugar to a protein. In the particular 

case of a reaction with hemoglobin, the term 

‘glycated hemoglobin’ is justified. In current 

literatures, the terms ‘glycated hemoglobin’, 

HbA1c, and A1c are used interchangeably.  

 

History 

Stable ketoamine adduct formation following 

reaction of reducing sugars with amino acids was 

described by L C Maillard in 1912. In 1958, Allen 

et al demonstrated that normal adult hemoglobin 

could be separated chromatographically on a 

cation exchange resin into a major component, A0, 

accounting for more than 90% of the hemoglobin 

and three negatively charged minor components, 

which they designated as HbA1a, HbA1b and 

HbA1c, (collectively known as HbA1).
6  

In 1960s, 

Rahbar et al identified A1c as an ‘‘unusual 

hemoglobin in patients with diabetes’’.Around the 

same time, there was a strong suspicion that 

hyperglycemia was related to the vascular 

complications observed in individuals with 

diabetes, but the association was difficult to prove 

due to a lack of objective markers of glucose 

control.Trivelli et al found a two-fold increase of 

A1c over values observed in non-diabetic 

subjects.
9 

It was introduced into wide-spread 

clinical use in the late1970s and subsequently 

became a cornerstone of clinical practice. The 

Diabetes Control and Complications Trial 

(DCCT) and UK Prospective Diabetes Study 

(UKPDS) demonstrated that in Type 1 and Type 2 

diabetes, respectively, intensive glucose control, 

reflected in blood glucose and A1c measurements, 

decreased the risk of complications.  Furthermore, 

data on the correlation between blood glucose 

levels and A1c from these studies were used to 

derive regression equations for calculating 

average blood glucose (the mean of the seven 

daily capillary glucose recordings for the 

preceding 120 days, as described in the DCCT) 

from the A1c, aiding in the formation of current 

diabetes management guidelines. 

A1c is affected by a number of genetic, 

hematologic, medicines, and illness-related 

factors. Changes in erythrocyte lifespan can affect 

A1c, because increasing the mean age of 

erythrocytes will increase A1c. Although certain 

disease states will alter the erythrocyte lifespan, 

there appears to be significant inter-individual 

variation in mean erythrocyte age in those without 

known hematological disorders, potentially 

accounting for some of the variation in A1c in 

individuals without diabetes. An increase in the 

mean age of erythrocytes will occur in the setting 

of decreased erythropoiesis, such as in iron and 

vitamin B12 deficiency, due to a lack of 

erythropoietin in renal failure, and due to bone 

marrow suppression in alcoholism. Alteration of 

tertiary structure of globin leading to increased 

glycation has been proposed as another 

mechanism of inappropriately elevated A1c level. 

Conversely, decrease the erythrocyte mean age  

will decrease A1c. This is seen with hemolytic 

anemia, after administration of erythropoietin in 

patients with renal failure, and after repletion of 

iron and vitamin B12 stores. Increased 

reticulocytes and a lower A1c are also seen in 

chronic liver disease, even in the absence of 

cirrhosis and splenomegaly, but the mechanism 

responsible is uncertain. Increased rates of 

hemolysis from splenomegaly, rheumatoid 

arthritis, or drugs such as anti-retrovirals, 

ribavirin, and dapsone can lead to decreased A1c. 

Splenectomy increases A1c as a result of 

increased erythrocyte survival.
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Kim MK et al., study suggested that the HbA1c 

levels decreased after thyroid hormone 

replacement in the patients with overt 

hypothyroidism while, the serum Erythropoietin 

(EPO) level, reticulocyte count and MCH 

increased after thyroid hormone replacement, 

suggesting that thyroid hormone stimulates erythr-

opoiesis. These data also suggest that the thyroid 

hormone replacement is associated with a 

decrease in the HbA1c level, which is influenced 

by increased erythropoiesis rather than by the 

changes in glucose level. Christy AL et al., found 

that the non-diabetic hypothyroid individuals with 

anemia showed the elevated HbA1c levels in 

prediabetes range and concluded that the elevated 

HbA1c in hypothyroidism can be attributed to 

anaemia. Billic-Komarica E et al., also reported 

that the correlation between the level of serum 

TSH and HbA1c was positive and significant 

(r=0.46). Hypothyroidism independently increases 

the risk for decreased insulin sensitivity, 

especially in the adipose tissue and muscle. There 

is an apparent correlation between the SH and 

hyperinsulinemia and insulin resistance. 

 

Results 

Among patients attending general medicine OPD 

of DMCH, Darbhanga 55 patients with 

hypothyroidism and 50 patients with 

hyperthyroidism (thyrotoxicosis) were randomly 

selected. After applying exclusion criteria, 45 

patients with hypothyroidism, 34 patients with 

hyperthyroidism  and 46 controls were considered 

for final analysis. Age and gender of the patients 

in all the three groups were well matched with 

controls. Fasting and 2hour OGTT values were 

not significantly different between patients in 

either group and controls. Hemoglobin levels were 

also similar. 
 Hypothyroid 

n=45 

Control 

n=46 

Age(SD) 44.3 40.6 

Gender (M/F) 13/32 13/33 

FPG 89.4 93.4 

PPPG 106.8 111.6 

Hemoglobin 12.1 12.4 

Fig. 1 Comparison of baseline characters between 

hypothyroid and control groups.  

All values (except gender) have been elaborated 

as mean ± standard deviation; P values were 

calculated by unpaired t-test; P<0.05 was 

considered statistically significant 

 
 Thyrotoxicosis 

n=34 

Control 

n=46 

Age(SD) 38.3 40.6 

Gender (M/F) 9/25 13/33 

FPG 89.6 93.4 

PPPG 114.4 111.6 

Hemoglobin 12.4 12.4 

Fig. 2 Comparison of baseline characters between 

thyrotoxic and control groups.  

As the A1c values were not normally distributed, 

Mann Whitney Rank sum test was used to 

compare mean A1c between the groups. When 

mean A1c values were compared between 

hypothyroid and control groups, it was found to be 

significantly higher in the former [Median +/- 

inter-quartile range 5.6+/- 0.07 [hypothyroid] vs  

5.2 +/- 0.04 [controls]; p< .001].  

In contrast, mean A1c value did not differ 

significantly between thyrotoxic patients and 

controls [Median +/- inter-quartile range 5.3 +/- 

0.5 [hyperthyroid] vs 5.2 +/- 0.04 [controls]; p = 

0.174] . 

 

Conclusion 

1. Mean glycated hemoglobin level was 

found to be significantly higher in 

hypothyroid patients than control subjects 

despite similar glucose levels.  

2. Significant difference in mean Glycated 

hemoglobin level was not   observed 

between thyrotoxic patients and controls 

3. Glycated haemoglobin may not be a 

reliable indicator of glycemic status in 

hypothyroid subjects and other markers of 

impaired glucose metabolism should be 

implemented for diagnosing diabetes 

mellitus. 
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