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Abstract 
Introduction: Hypothyroidism causes many metabolic abnormalities as well as multiple 
clinical symptoms. Some studies suggest that blood sugar may be affected in hypothyroidism 
and levels may increase. Indeed, it has been noted that patients with diabetes who also have 
hypothyroidism may have higher levels of Hemoglobin A1C (HbA1C). The HBA1c test 
reveals the average level of blood sugar over past 2-3 months. It is also called as glycated 
hemoglobin test and glycohemoglobin. 
Aims and Objectives: To find out the correlation of the serum level of Hemoglobin A1C 
(HbA1c) with that of thyroid hormones and TSH. 
Materials and Methods: The study design is cross sectional which has included 215 healthy 
participants. The blood sample was taken from each participant. 5 ml of blood was drawn 
HbA1c was determined by modified ELISA. Auto analyzer was employed for analysing 
Fasting Blood Sugar or FBS. Serum level of TSH, T4 and T3 were determined by using 
centrifugation at 5500 rpm for 5 minutes. 
Results: The study found that there is a significant negative correlation between glycosylated 
hemoglobin with T3 (P=0.004) and glycosylated hemoglobin with T4 (<0.001). But the level 
of TSH has statistically positive variation with HbA1c. 
Conclusion: The study concluded that T3 and T4 has negative correlation with the serum level 
of HbA1c while TSH has positive correlation with HbA1c. Hence the patients of 
hypothyroidism may show increased level of glycosylated hemoglobin. 
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Introduction 

Hypothyroidism causes many metabolic 
abnormalities as well as multiple clinical 
symptoms. Some studies suggest that blood 
sugar may be affected in hypothyroidism 
and levels may increase. Indeed, it has been 
noted that patients with diabetes who also 
have hypothyroidism may have higher 
levels of Hemoglobin A1C (HbA1C). 

Thyroid disease can affect insulin levels. 
Because hyperthyroidism increases 
metabolism, insulin is eliminated faster, 
causing blood sugar levels to rise. This can 
increase the risk of diabetes or make 
diabetes harder to control. Hypothyroidism 
can lead to low blood sugar. 
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The HBA1c test reveals the average level of 
blood sugar over past 2-3 months. It is also 
called as glycatedhemoglobin test and 
glycohemoglobin. This can also be used to 
diagnose diabetes. For a better 
understanding of this term we need to 
understand various components of words 
that make up this term – ‘hemoglobin’ is a 
protein found in red blood cells it gives 
blood the red color to the blood and it is the 
oxygen carrier of our body. The sugar on 
the other hand in our body is called glucose 
and when this glucose builds up in the body 
it gets bind to the hemoglobin of the red 
blood cells the test hba1c measures how 
much glucose is found in the body as red 
blood cells live for about three months 
hence the test depicts an average level of 
sugar glucose in the blood for the past three 
months. During this time frame the glucose 
level in the body was high the hemoglobin 
hba1c test will be higher [1]. 
For normal people without diabetes the 
normal range of this test is between 4% -
5.6%. level between 5.7- 6.4% indicate the 
condition called pre-diabetes, such people 
are at higher risk of getting diabetes. Level 
more than 6.5% indicate presence of 
diabetes 
There are some conditions although where 
the HbA1c test can give misleading results 
these conditions include anemia, 
supplements specially vitamin c and 
vitamin E, high cholesterol levels in blood, 
kidney and liver diseases. People of the age 
under 45 years and having risk factors like 
obesity, hypertension, history of heart 
diseases, and sedentary way of lifestyle, 
should be considered to undergo testing for 
HbA1c. If not these but people having 
following symptoms should also opt to go 
for this test the symptoms include feeling 
thirsty frequently, increased urination, 
blurring of vision and feeling of fatigue [2]. 
People suffering from any kind of diabetes 
(1 or 2) and/or insulin resistance/ metabolic 
syndrome are more prone to acquire a 
thyroid disease; in the same way people 

having thyroid malfunction have greater 
chances of developing type 2 diabetes the 
condition is aggravated if an individual is 
obese/overweight [3]. 
At the base of our neck is present a butterfly 
shaped gland called thyroid gland. It 
secretes two types of hormone T3 and T4, 
and these play a vital role in maintaining the 
synchrony of metabolic activities of our 
body. In a patient suffering from thyroid 
malfunction blood sugar gets accumulated 
instead of getting used as a source of 
energy, this makes such people easily prone 
to acquiring diabetes. Hyperglycemia (a 
condition characterized by high blood-
sugar) -one of its main cause is the thyroid 
disease that frequently leads to metabolic 
syndrome. Which is an combination of 
following five conditions-‘high 
glucose, hypertension, high triglycerides, 
low HDL cholesterol’, and larger waist 
diameter (all these physical states makes a 
patient easily vulnerable to cardiac 
mishaps, diabetes, and stroke)[4]. 

Materials and Methods 
The study design is cross sectional which 
was performed from April 2021 to February 
2022. This study is hospital based cross-
sectional study of sample size 215 
participants, among which 112 participants 
were males and 103 participants were 
females. These participants were randomly 
selected from the students, staffs, faculty of 
this hospital. The main characteristics of 
this cohort are they are all Indians and the 
age ranged between 18 years old to 52 years 
old.  
Inclusion and Exclusion Criteria  
The inclusion and exclusion criteria were 
strictly followed. The patients, who had 
chronic conditions, acute diseases or any 
infection, were not included. The patients 
who cooperated with the complete 
procedure were only included.  
The patients who had blood disorders, 
pregnancy or lactation, family history of 
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blood disorders or smoking history, were 
all excluded. The Ethical approval was 
obtained from the Ethical Committee of our 
institution.  
The study was conducted by filling a 
questionnaire about general health and their 
history. The blood sample was taken from 
each participant. 5 ml of blood was drawn 
HbA1c was determined by modified 
ELISA. Auto analyzer was employed for 
analysing Fasting Blood Sugar or FBS. 
Serum level of TSH, T4 and T3 were 
determined by using centrifugation at 5500 
rpm for 5 minutes. 

Statistically Analysis 

The study considered Mann-Whitney U-
Test to statistically analyze the non-
parametric continuous variables. The other 
data have been presented as mean+- 
standard deviation. SPSS 25 software was 
used for statistical analysis. 

Results 
The study found that the age of the males 
and females are 36.53±7.31 years old and 
38.44±7.52 years old, respectively. Figure 
1 shows the boxplot diagram depicting the 
demographic characteristics of the 
participants, including minimum and 
maximum value and mean value among the 
male participants and female participants.

 

 

Figure 1: The boxplot diagram showing the demographic characteristics of the study 
sample 

Figure 2 shows the T3 serum level found 
among the participants, which ranged 
between 0.71 ng/ml and 1.61 ng/ml while  

Figure 3 shows the distribution of T4 serum 
level among the participants that ranged 
between 4 ug/ml and 10.3 ug/ml.  
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Figure 2: Distribution of T3 hormone among the participants 

 

 
Figure 3: Distribution of T4 hormone among the participants 

Figure 4 shows the distribution of TSH 
serum level among the participants that 

ranged between 0.46 µIU/ml - 3.624 
µIU/ml. 

 

 
Figure 4: Distribution of TSH hormone among the participants 
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Table 1 shows the median level of HbA1c 
and the median value and ranges for T3 
(ng/ml), T4 (ug/ml) and TSH (µIU/ml). It 

reveals the finding of the statistical 
analysis, that is, the correlation of T3, TSH 
and T4 with the serum level of HbA1c.

 

Table 1: The correlation between glycosylated hemoglobin and Thyroid Hormones 

Test Parameters Mean Range P-value 
Glycosylated hemoglobin 
(HbA1c) 

4.9 4.1-5.7 <0.005 

T3 1.3 0.71 - 1.61 .215 
T4 7.2 4 - 10.3 >0.005 
TSH 1.35 0.46 - 3.62 0.004 

The study found that there is a significant 
negative correlation between glycosylated 
hemoglobin with T3 (P=0.216) and 
glycosylated hemoglobin with T4 (>0.005). 
But the study further found that there is 
positive correlation between glycosylated 
hemoglobin with TSH (P=0.004).  
Free T4 was found to be near the normal 
limit of the normal range and T3 level was 
also found to be near lower limit of the 
normal range. 

Discussion 
The effect of thyroid hormone on insulin 
could be both good and bad. 
Hyperthyroidism and hypothyroidism are 
associated with insulin resistance. Studies 
have revealed that low and nearly low 
thyroid hormones promote the chances of 
diabetes [5]. Other studies have showcased 
that people having normal thyroid 
functioning may show chances of diabetes 
when the level of TSH rises up. Increased 
presence of FT4 in blood reduces the 
chances of diabetes both in abnormal and 
normal thyroid functioning conditions [6]. 
Diabetic patients persistently show lower 
level of thyroid hormones in comparison to 
subjects with normal glucose tolerance.  In 
case of Pre-diabetic patients reports have 
shown that free T3 is negatively related 
with impaired glucose tolerance while free 
t4 is positively related to it [7]. Despite of 

all what has been said above the effect of 
improved metabolic  

indicators on functioning of thyroid gland 
is still not very clear [8, 9]. 
The amount of TSH has been directly found 
proportional to hypoglycemia and insulin 
resistance with patients otherwise having 
normal thyroid level reports. The possible 
reason attributed is that TSH can hamper 
metabolism of several compounds and 
initiate leptin secretion in fatty tissues. This 
alters glucose metabolism in liver and 
triggers hepatic production of glucose. 
High TSH level reduces release of insulin 
and increase insulin resistance. This leads 
to decreased peripheral tissue utilization of 
glucose contributing to glycation of 
hemoglobin[10].  
Subclinical hypothyroidism (SCH), is the 
condition when TSH gets raised but free 
triiodothyronine (T3) and thyroxine (T4) 
remain in their normal range and this 
clinical condition has close connection with 
endothelial dysfunction [11]. The 
explanation to this is thyroid hormones 
have a direct impact on hematopoietic stem 
cells [12], that are able to transform into 
endothelial progenitor cells [13,14] which 
are responsible for thyroid follicle 
formation [15,16]. As endothelial 
progenitor cells have a vital role to play in 
endothelial repair [17] and thyroid 
hormones are produced by thyroid follicle 
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cells, proper secretion of thyroid hormones 
is closely related to be associated with 
endothelial repair capacity. The condition 
of hypoglycaemia, characterized by higher 
hemoglobinA1c (HbA1c) levels, is 
responsible for endothelial dysfunction 
[18]. Normal T3 and T4 level accelerates 
the progenitor cells of bone marrow to 
differentiate and mature into Erythrocytes. 
With level towards lower range, this effect 
is suppressed. One reason for HbA1c being 
elevated is due to reduced RBC turnover 
with raised TSH level [19,20].  
There are some conditions although where 
the HbA1c test can give misleading results 
these conditions include anemia, 
supplements specially vitamin c and 
vitamin E, high cholesterol levels in blood, 
kidney and liver diseases. People of the age 
under 45 years and having risk factors 
mentioned below should get this test done 
that is factor: obesity, hypertension, history 
of heart diseases, and sedentary way of 
lifestyle. If not these but people having 
following symptoms should also opt to go 
for this test the symptoms include feeling 
thirsty frequently, increased urination, 
blurring of vision and feeling of fatigue 
[21]. 
Foods that can be eaten in case of higher 
HbA1c level which will bring down it 
eventually comprise of flax seeds, more 
number of fruits and vegetables, healthy 
nuts like walnuts almond etc. Lentils and 
other member of leguminous family, whole 
grains, and avoiding foods like bread pizza 
etc. Body symptoms like: frequently feeling 
thirsty; frequency of urination; feeling 
hungry more often, despite of high intake of 
food; the condition of fatigue; vision 
impairment also require an early and 
immediate checkup for HbA1c levels 
[22].Few simple methods to bring down the 
HbA1c levels are eating foods with high 
glycemic index, eating small portions, 
controlling sugar cravings, timely intake of 
medicines and multivitamins, regularly 
exercising and weight loss to attend an ideal 

weight, not totally avoiding the 
carbohydrates but measuring the portion 
sizes and limiting it, reducing the body 
weight if required [23,24]. 

Conclusion 
The present study shows thyroid hormones 
within normal range but TSH is raised early 
indicating thyroid in hypoactive. Our study 
shows raised TSH level is positively 
correlated with high glycosylated 
hemoglobin (HbA1c) while T3 & T4 
hormones shows no correlation. In 
prehypothyroids high level of TSH causes 
insulin resistance which hinders peripheral 
conversion of FT4 to T3 hormones. 
Through it predisposes to hypoglycemia 
but less utilization of glucose contribute to 
glycation of haemoglobin. Hence high 
HbA1c value should be interpreted 
carefully in prediabetics even as it can be 
caused by increased TSH level caused by 
low erythrocyte turnover. 
Our study suggests that underactive thyroid 
may cause HbA1c value elevated in 
subclinical hypothyroidism (high TSH & 
normal level of T3 and T4 levels) despite 
having fair glycemic control. 
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