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Abstract: Background: Thyroid hormones have an essential role in metabolism and proliferation of blood 

cells. Thyroid dysfunction causes anemia by effecting erythrocytosis. In severe cases it can cause leucopenia, 

thrombocytopenia, and rarely it causes pancytopenia. Glycated hemoglobin (HbA1c) levels differ in disorders of 

thyroid gland. 

 Aim :The objective of this study is to measure HbA1c levels and to know its importance in recently diagnosed  

hyper and hypothyroidism individuals without diabetes. 

Methods&Materials: This study was performed in 60 Euglycemic individuals with overt hypo/ hyper-thyroidism 

at OGH in Dec 2018 to Jan 2019 (30 hypothyroid and 30 hyperthyroid) and 30 controls were selected. Baseline 

HbA1c  was estimated by HPLC method and thyroid status was measured by CLIA in all patients and controls  

and then compared. 

Results: HbA1C  was found to be significantly higher in hypothyroid group (P <0.05), HbA1c values in 

hyperthyroid patients were not significantly different from controls. 

Conclusion: Baseline HbA1c levels were found to be significantly higher in hypothyroid patients in comparision 

to hyperthyroid patients and controls despite similar glucose levels. Our study suggests that we should be 

cautious while interpreting HbA1c data in patients with hypothyroidism. 
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I. Introduction 
The thyroid gland is located in the neck in front of the larynx, and consists of two lobes connected by 

narrow. Seen from the front has the shape of a letter H or a butterfly with its wings outstretched. Thyroid gland 

secretes two important hormones: thyroxine (T4) and triiodothyronine (T3) [1- 5].  

Thyroid hormones(TH) have crucial role in early brain development, somatic growth, bone maturation, 

protein synthesis and regulating production of red blood cells. All these functions are regulated by attachment of 

the active form of thyroid hormone T3 to specific members of the nuclear receptors family (TRα and TRβ). A 

function of TH in erythropoiesis has been known for more than a century 
[6,7]

. Aberrant production of RBCs and 

anemia are often observed in patients with thyroid diseases 
[8].

 Thyroid hormone(TH) signals through TH 

nuclear receptors α (TRα) and β (TRβ), both possessing different splicing isoforms 
[9]

. Although the molecular 

mechanism(s) underlying TH function on erythropoiesis is unknown, human genome-wide association studies 

(GWASs) have identified genetic variances in the TRβ locus associated with abnormal hematological traits 
[10]. 

Thyroid disorders are frequently accompanied by red blood cell abnormalities. They enhance erythropoiesis via 

hyper proliferation of immature erythroid progenitors and also by increasing the secretion of erythropoietin 

(EPO) by inducing erythropoietin gene expression. Thyroid hormones also augment repletion of hypoxia 

inducible factor1 (HIF-1) and then motivate growth of erythroid colonies (BFU-E, CFU-E). These  hormones 

also intensify erythrocyte 2, 3 BPG compactness, which enhances the delivery of oxygen to tissues.
[11,12,13]

  

Patients with  hyperthyroidism observed to have  increased erythrocyte mass and patients with 

hypothyroidism have a decreased erythrocyte mass due to reduction of plasma volume and may undetectable by 

routine measurement such as hemoglobin concentration 
[14,15] 

hence estimation of HbA1C is of helpful. 

HbA1C is most commonly used for assessing glycemic status in diabetic patients. In the recent past, 

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



Importance of Glycated Hemoglobin in Patients With Altered Thyroid Status 

 

DOI: 10.9790/0853-1809062225                                  www.iosrjournals.org                                           23 | Page 

diabetes. A value between 5.7% and 6.4% represents prediabetes while a value ≥6.5% is considered as diabetes 

mellitus
.[16] 

 Recent studies have shown its counterfeit elevation in hypothyroidism in the absence of 

diabetes.
[17,18] 

Glycosylated Hemoglobin A1c (HbA1c) is formed by the glycation of the valine of the β-chain of 

hemoglobin.
[19]

 Studies have shown variation in HbA1C levels in different conditions like 

Haemoglobinopathies, chronic kidney diseases, pregnancy even in the absence of diabetes mellitus 
[20]. 

Factors effecting HbA1C includes
[21] 

 

1. Erythropoiesis 

Increased HbA1c:  iron, vitamin B12 deficiency, decreased erythropoiesis. 

Decreased HbA1c: administration of erythropoietin, iron, vitamin B12, reticulocytosis, chronic liver disease. 

 

2. Altered Hemoglobin 

Genetic or chemical alterations in haemoglobin: haemoglobinopathies, HbF, methaemoglobin, may increase or 

decrease HbA1c. 

 

3. Glycation 

Increased HbA1c: alcoholism, chronic renal failure, decreased intra-erythrocyte pH. 

Decreased  HbA1c: aspirin, vitamin C and E, certain haemoglobinopathies, increased intra-erythrocyte pH. 

Variable HbA1c: genetic determinants. 

 

4. Erythrocyte destruction 

Increased HbA1c: increased erythrocyte life span: Splenectomy. 

Decreased A1c: decreased erythrocyte life span: haemoglobinopathies, splenomegaly, rheumatoid arthritis or 

drugs such as antiretrovirals, ribavirin and dapsone. 

 

II. Aims And Objectives 
To evaluate HbA1C levels in euglycemic individuals with altered thyroid status and to know its importance 

while interpreting data. 

III. Methodology 
Study was carried in the Department of Biochemistry, Osmania General Hospital, Afzulgunj, 

Hyderabad, and was approved by the ethical committee. Informed consent was taken from the individuals. This 

study was performed in 60 Euglycemic individuals with overt hypo/ hyper-thyroidism during December 2018 to 

January 2019 (30 hypothyroid and 30 hyperthyroid) and 30 euthyroid and euglycemic individuals were selected 

as healthy controls. 

Table no.1- Data of the cases and the control 
GROUP NO’ OF PATIENTS 

HYPOTHYROID 30 

HYPER THYROID 30 

CONTROLS 30 

 

INCLUSION CRITERIA 
 1.Hypothyroid patients with TSH  >5.5µIU/ml and Hyperthyroids with TSH <0.35µIU/ml 

2. Euthyroid and euglycemic individuals as healthy control 

 

EXCLUSION CRITERIA 
1.Diabetes Mellitus and Patients with Impaired Glucose Tolerance or Impared Fasting Glucose 

2.Patients with Hemoglobin <10g/dl 

3.Renal failure(creatinine clearance <60ml/min) 

 HbA1C was estimated by using ion exchange HPLC method using BIORAD D 10
TM 

  HbA1C program , 2ml 

venous sample was collected in purple vacutainer (k2EDTA). HbA1C   reportable range for NGSP -3.8 – 18.5% 

(IFCC – 18 -179mmol/mol) The HbA1c was compared in hypothyroid and hyperthyroid patients with healthy 

control population. 

 

Thyroid status was measured by CLIA on ADVIA CENTAUR. 

Fasting and oral glucose tolerance test was done on single day by hexokinase method in Beckman coulter AU 

5800 Autoanalyzer 

Fasting plasma glucose(FBS)- 60-100mg/dl(3.3 to 5.5mmol/L) 

1hour glucose levels- <200mg/dl(11.1mmol/L) 

2hour glucose levels- <140mg/dl(7.8mmol/L)  
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STATISTICAL ANALYSIS 
Statistical analysis was done using Statistical Package for Social Survey (SPSS) for windows version 

17.0.  The mean and the standard deviation (SD) for all the variables were calculated. Unpaired „t‟ test was used 

to study association of HbA1C levels  with parameter  like FBS, 2h glucose, TSH 

 

IV. Results 
The mean serum TSH level in both case groups and that of control group showed statistically 

significant difference. The levels of serum TSH were significantly higher in the case group which consists of 

subjects of hypothyroid compared with the control group comprising of normal healthy individuals(p < 0.0001) 

and  levels of serum TSH were significantly lower in another case group which consists of subjects of 

hyperthyroid compared with the control group comprising of normal healthy individuals.  

The mean HbA1c level in the hypothyroid group (mean±SD 5.90± 0.33) and the control group 

(mean±SD  5.24±0.23) was statistically significant (p < 0.0001) whereas HbA1C levels in hyperthyroid 

group(mean±SD 5.34± 0.20 )  and the control group(mean±SD  5.24±0.23) was not statistically significant 

(p=0.0775). 

There was no significant difference in fasting and 2h 75 g OGTT plasma glucose values in any of the groups. 

Table no:2 Comparison of study parameters in hypothyroid, hyperthyroid patients (cases) and control 

subjects:   

    
P value  

  HYPOTHYROID HYPERTHYROID CONTROL 
Hypo and 

control 

Hyper and 

control 

FBS mean±SD 83.2±4.2 87.2±3.8 85.4±3.6 0.11 0.06 

2h 75g blood 

sugars mean±SD 
108.7±12.8 114.2±12.6 112.4±13.2 0.27 0.5 

TSH mean±SD 35.65± 14.9 0.12± 0.06 3.9± 0.8 0.0001 0.0001 

HBA1C mean±SD 5.90± 0.33 5.34± 0.20 5.24±0.23 0.0001 0.0775 

 

V. Discussion 
In our study, mean baseline HbA1c level was found to be significantly higher in overt hypothyroid 

patients in comparison to matched control population in spiteof having similar glycemic status. 

Despite thyroid hormones promoting metabolism of carbohydrates, there is false high or low levels of 

HbA1C in patients with altered thyroid status. 

 Several factors other than glycemic status can influence HbA1c levels, including life span of red blood 

cells(RBC) and conditions affecting RBC turnover. Erythrocytes turnover is increased in thyrotoxic states 

whereas hypothyroidism has the opposite effect
[22].

.  

Our findings were in keeping with the observations by Kim et al
[23]

 The difference of HbA1c between 

control and hypothyroid patients at baseline was higher in our study as with the study by Kim et al. 
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VI. Conclusion 
The reasons for elevated HbA1C might be due to the effect of thyroid hormones on altered 

erythropoiesis. Our study suggests that the effects of the elevated levels of Serum TSH on the HbA1c must be 

considered and should be interpreted with caution in patients with hypothyroidism.  However, to find out the 

exact mechanism further studies are required on larger cohort. 

  Conflict of Interest- None 

 

References 
[1]. Trbojević B. Tiroidna žlezda: Patofiziološke osnove i klinički pristup, Beograd, 1998; 305-310.  
[2]. Manojlović D, Bogić M, Bošković D, Bulajić M, Čolović M, ĐorĎević P. i ost. Bolesti žlezda sa unutrašnjim lučenjem. U: Interna 

medicina. Bjeletić D. Ed. Zavod za udžbenike i nastavna sredstva Beograd, Beograd, 1998: 1140-1158.  

[3]. Diez JJ, Iglesias P, Burman KD, Spontaneous normalization of thyrotropin concentations in patients with subclinical 
hypothyreoidism. J Clin Endocrinol Metab. 2005, 90: 4124-4127.  

[4]. Milošević DP, Đurica S, Davidović M, Stević R, Rajić M, Marković N. Subclinical and manifested hypothyroidism as a 

consequence of thyroid autoimmune disease. Serbian archives of medicine, Journal of the Serbian medical society. 2005; Suppl 1: 
34-39.  

[5]. Bakker SJL, Ter Matten JC, Popp-Snijders C, Slaets JPJ, Heine RJ, Gans ROB. The relationship between thyrotropin and low 

density lipoprotein cholesterol is modified by insulin sensitivity in healthy euthyroid subjects. J Clin Endocrinol Metab. 2001; 86: 
1206–1211.  

[6]. Tudhope GR, Wilson GM (1960) Anaemia in hypothyroidism. Incidence, pathogenesis, and response to treatment. Q J Med 
29:513–537.  

[7]. Peschle C, Zanjani ED, Gidari AS, McLaurin WD, Gordon AS (1971) Mechanism of thyroxine action on erythropoiesis. 

Endocrinology 89:609–612.  
[8]. Dainiak N, Hoffman R, Maffei LA, Forget BG (1978) Potentiation of human erythropoiesis in vitro by thyroid hormone. Nature 

272:260–262.  

[9]. Brent GA (2012) Mechanisms of thyroid hormone action. J Clin Invest 122:3035–3043.  
[10]. van der Harst P, et al. (2012) Seventy-five genetic loci influencing the human red blood cell. Nature 492:369–375. 

[11]. Golde DW, Bersch N, Chopra IJ, Cline MJ. Thyroid hormones stimulate erythropoiesis in vitro. Br J Haematol. 1977; 37(2):173-7.  

[12]. Kawa MP, Grymuła K, Paczkowska E, BaśkiewiczMasiuk M, Dąbkowska E, Koziołek M, et al. Clinical relevance of thyroid 
dysfunction in human haematopoiesis: biochemical and molecular studies. Eur J Endocrinol. 2010; 162(2):295-305.  

[13]. Mackenzie GM. Anemia in hypothyroidism. JAMA. 1926; 86(7):462-64.  

[14]. 14.Das KC, Mukherjee M, Sarkar TK, Dash RJ, Rastogi GK. Erythropoiesis and erythropoietin in hypo- and hyperthyroidism. J 
Clin Endocrinol Metab 1975; 40(2):211-20.  

[15]. Fein HG, Rivlin RS. Anemia in thyroid diseases. Med Clin North Am 1975; 59(5):1133-45. 

[16]. American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes Care. 2011;34(Suppl. 1):S62–S69. 
[17]. Vij V, Chitnis P, Gupta VK. Evalution of thyroid dysfunction among type 2 diabetic patients. Int J Pharm Bio Sci. 2012;2:150-5.  

[18]. Joseph L. Radioisotopic evaluation of the thyroid and the parathyroids. In: Kronenberg H, Melmed S, Polonsky K, Larsen P, Price 

D, editors. Williams Textbook of Endocrinology. 11th ed. Philadelphia. Saunders, An Imprint of Elsevier; 2008:377-78.  
[19]. International expert committee report on the role of the A1c assay in the diagnosis of diabetes. Diabetes Care. 2009; 32:1-8.  

[20]. Nitin S, Mishra T, Tejinder S, Naresh G. Effect of Iron Deficiency Anaemia on Haemoglobin A1c Levels. Ann Lab Med. 2012; 

32:17-22  
[21]. Gallagher EJ, Bloomgarden ZT, Le Roith D. Review of hemoglobin A1c in the management of diabetes. Journal of 

Diabetes. 2009;1:9–17. [PubMed] [Reference list]                                                                                                                                      

[22]. World Health Organization Prevention and Control of Iron Deficiency Anaemia  in Women and Children: Report of the UNICEF/ 
WHO Regional Consultation February 1999. Geneva, World Health Org., 2001. 

[23]. Kim MK, Kwon HS, Baek KH, Lee JH, Park WC, Sohn HS, et al. Effects of thyroid hormone on A1C and glycated albumin levels 

in nondiabetic subjects with overt hypothyroidism. Diabetes Care 2010;33:2546‑8. 

 

Dr. P. Blessy Susmitha. “Importance of Glycated Hemoglobin in Patients With Altered Thyroid 

Status.”  IOSR Journal of Dental and Medical Sciences (IOSR-JDMS), vol. 18, no. 9, 2019, pp 22-25. 

 

https://www.ncbi.nlm.nih.gov/pubmed/20923515
https://www.ncbi.nlm.nih.gov/books/n/whohba1c/annex4/#annex4.r24

