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Abstract 

Diabetes mellitus (DM) is a chronic endocrine disorder. Previous studies have indicated a potential 

connection between subclinical hypothyroidism (SH), insulin resistance, and altered blood sugar 

levels. This study aimed to compare HbA1c levels between nondiabetic individuals with SH and 

healthy controls with normal thyroid function. A case-control study was conducted with 200 partic-

ipants, including those with SH and healthy controls (HCs). Serum levels of thyroid-stimulating hor-

mone (TSH), triiodothyronine (T3), thyroxine (T4), HbA1c, and fasting plasma glucose were meas-

ured. Statistical analysis was performed to assess the differences between the groups and the corre-

lation between HbA1c and TSH, and T3 and T4. Significant differences were observed in the mean 

HbA1c (P=0.0002) and TSH (p = 0.0001) levels between the control and SH groups. However, no 

significant differences were found in the mean age of fasting plasma glucose FBG, T3, and T4 levels 

between the groups. HbA1c levels were positively correlated with serum TSH levels (r=0.684, 

P<0.00001). In conclusion, our study identified a significant positive correlation between HbA1c 

and TSH levels in individuals with subclinical hypothyroidism. Therefore, assessing HbA1c levels in 

patients with hypothyroidism may be crucial for diagnosing diabetes or prediabetic states.  
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Introduction 

The World Health Organization (WHO) and the American Diabetes Association (ADA) 

have recently endorsed the use of HbA1c for both screening and diagnosing diabetes[1, 2]. 

Hemoglobin A1c (HbA1c) is the main form of glycated hemoglobin [3, 4]. According to 

ADA guidelines, an HbA1c level > 6.5% indicates diabetes, whereas levels between 5.7% 

and 6.4% suggests a prediabetic state [5,6].  

However, previous research has shown that HbA1c levels can vary under certain conditions, 

such as hemoglobinopathies, chronic kidney disease, and pregnancy, even in the absence of 

diabetes [7, 8]. Since HbA1c is influenced not only by blood glucose levels but also by the 

lifespan of erythrocytes, any condition that affects erythrocyte turnover or survival can result 

in inaccurate low or falsely elevated HbA1c readings [9]. 

Hypothyroidism is another condition that can cause significant metabolic disturbances lead-

ing to various clinical symptoms [10, 11]. Thyroid dysfunction, including hypothyroidism, 

is more prevalent in individuals with type 2 diabetes mellitus (T2DM) than in the general 

population. Studies by Kim MK and colleagues have demonstrated that patients with hypo-

thyroidism can have spuriously elevated HbA1c levels even in the absence of diabetes [12, 

13]. This suggests that hypothyroidism may interfere with HbA1c measurements, poten-

tially leading to the misinterpretation of glycemic control [14, 15]. This spurious elevation 

is thought to be due to the prolonged lifespan of erythrocytes in hypothyroid patients, al-

lowing more time for glucose to bind to hemoglobin, thereby increasing HbA1c levels. This 

highlights the importance of considering thyroid function when interpreting HbA1c results 

[15, 16]. 

Subclinical hypothyroidism (SH), characterized by elevated serum TSH levels with normal 

T4 and T3 levels and no apparent clinical symptoms, is another condition of interest [17, 

18]. In this study, we aimed to explore the relationship between subclinical hypothyroidism 

and HbA1c levels in non-diabetic Libyan adults residing in Zeletin city. 
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Methods 

Study design 

Blood (This analytical cross-sectional study was conducted over five months, from January 

to May 2024, in clinics located in Zeletin city, Libya, following approval from the Institu-

tional Ethics Committee. The study included 200 participants of both sexes, aged 18 years 

and older. Of these, 128 individuals were placed in the control group, while 72 participants 

who had been diagnosed with subclinical hypothyroidism but had not yet received treatment 

were included as cases. Individuals with a history of anemia, diabetes, thyroid disorders, 

liver disease, or renal disease were excluded from the study. 

 

Data collection 

Blood samples were collected from all subjects, out of which, 3 ml was transferred to clot 

activator tubes (red top tubes), Serum T3, T4 and TSH were estimated using the Ichroma 

2 ml of blood was collected in EDTA tubes containing an anticoagulant for analysis of Fast-

ing Blood Glucose (FBG) and HbA1c. Auto analyzer A 15 was used to measure Fasting 

Blood Sugar (FBS) levels. HbA1c levels were measured using an I-chroma analyzer, which 

is based on a fluorescence immunoassay (FIA) and is specifically designed to determine 

HbA1c in human whole blood. Glycated hemoglobin, represented by HbA1c, is expressed 

as a percentage of total hemoglobin in the blood. 

 

Statistical analysis 

Statistical analysis was performed using the SPSS software (version 22.0; IBM SPSS, Ar-

monk, NY, USA). Data were summarized as means and standard deviations of HbA1c, FBG, 

TSH, T3, T4, and Age and were compared between the two groups and analyzed using Stu-

dent’s independent “t” test. The association between T3, T4, TSH, and HbA1c levels was 

examined using linear regression analysis. To compare the differences in HbA1c levels be-

tween males and females, a two-sample t-test was used. Statistical significance was set at P 

< 0.05.  

 

Results  

This study included 200 participants, with 72 and 128 subjects in the case and control 

groups, respectively. All participants were aged between 18 and 83 years. Table 1 outlines 

the distribution of male and female participants across different age groups, divided into 

"Control" and "Case" categories, and then combined for the "Total." 

The mean age of participants in the case group was 44.9±15.2years, while the mean age in 

the control group was 46.3±15.9 years. The two groups were comparable in age, with a p-

value of 0.65, indicating no significant difference between them. The case groups had 40 

males and 34 females, and in the control group, 54 males and 72 females (p-value of 0.3). 

The table2. presents the results of a linear regression analysis, where HbA1c is the depend-

ent variable and TSH, T3, and T4 are the independent variables. TSH was the only variable 

that was significantly associated with HbA1c levels. Specifically, TSH had an unstandard-

ized coefficient (B) of 1.801 (p = .002), indicating that for every one-unit increase in TSH, 

HbA1c increased by 1.801 units, holding other variables constant. The standardized coeffi-

cient (beta) for TSH was 0.452, reflecting its strong influence on HbA1c levels, while T3 

and T4 did not show significant associations with HbA1c. The unstandardized coefficients 

for T3 was 0.007 (p = .274), and for T4, it was -0.083 (p = .432), respectively.         

 
Table 1. Demographic data of the case and the control groups. 

Age Years 
Control Case Total 

Male Female Male Female Male Female 

18-29 24 25 6 5 30 30 

30-39 13 14 6 4 19 18 

40-49 5 15 13 10 18 25 

50-59 8 9 6 6 14 15 

Above 60 4 9 9 9 13 18 

Total 54 72 40 34 94 106 
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Table 2. The correlation between the levels HbA1c and all the subjects  

 

 

 

 
 

The results of the comparison of the case and control groups are presented in Table 3. There 

were no statistically significant differences in FBG, T3, or T4 levels between the groups. 

However, the mean HbA1c level was significantly higher in the case group (7.5±2.6%) than 

in the matched control group 6.4±2.0%).  This difference was statistically significant (p = 

0.0002), indicating that the elevation in HbA1c levels in the case group was not due to ran-

dom variation but was likely a meaningful difference between the groups. The mean serum 

TSH level was different between the groups, with the case group having a mean TSH level 

of 5.1 ± 1.62 mU/L, compared to 1.7 ± 0.79 mU/L in the control group. This difference was 

statistically significant (p = 0.0001), indicating that the serum TSH levels were markedly 

higher in the case group than in the control group. 

 
Table 3. Comparison of the various parameters in the case and the control groups. (The inde-

pendent t-tests). *p < 0.05 = Statistically Significant 

Parameters Control Case P-value 

Age (Year) 44.9±15.2 46.3±15.9 0.56 

HbA1c (%) 6.4±2.0 7.5±2.6 0.0002 

FBS (mg/dl) 130.8±17 128.5 ±25 0.4 

S. T3 (nmol/L) 139.6±35.2 145± 40 .638 

S. T4 (nmol/L) 8.5±2.3 10.5±2.3 .053 

S. TSH (mU/L) 1.7±0.7 5±1.2  0.0001 

 

The results presented in Table 4 indicate that both male and female participants in the case 

group had significantly higher mean HbA1c levels than those in the control group did. For 

males, the mean HbA1c level in the case group was significantly high (p = 0.00001), sug-

gesting a strong association between the condition under investigation and increased HbA1c 

levels. In females, although the mean HbA1c level was also higher in the case group, the 

difference was less pronounced, as indicated by a p-value of 0.04. These findings highlight 

a significant relationship between condition and elevated HbA1c levels in both sexes, with 

the effect being more significant in males than in females.                                  

 
Table 4. Effect of Gender on HbA1c Levels in Case and Control Groups. *p < 0.05 = Statistically 

Significant 

Variable Control Case P-value 

Male 5.7±1.4 8± 2.7 0.00001 

Female 5.9±1.8 6.9±2.2 0.04 

P-value  0.04  

 

Discussion 

In this study, the majority of both cases and controls were within the 18-50year age group. 

Additionally, there was a higher representation of females, who made up 53% (106 out of 

200) of the total participants, compared to males, who accounted for 47% (94 out of 200). 

Thyroid dysfunction is common in adults [19,20] The TSH test is the most effective primary 

tool for assessing thyroid function, and is the most dependable method for diagnosing pri-

mary hypothyroidism in outpatient settings [21,22]. In this study, serum TSH levels were 

significantly higher in individuals with subclinical hypothyroidism than in healthy controls, 

consistent with previous findings[23, 24]. 

Previous studies have reported a significant positive linear correlation between serum levels 

Variable β SE t-value P-value 

Constant 3.745 1.315 2.848 .006 

T3 .007 .006 1.107 .274 

T4 -.083- .104 -.793- .432 

TSH 1.801 .557 3.235 .002 
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of T3 and T4 and HbA1c, suggesting that these thyroid hormones may influence glycemic 

control [25, 26].  However, in contrast to these findings, our study did not detect any signif-

icant correlations between T3, T4, and HbA1c levels. Specifically, our regression analysis 

showed that the unstandardized coefficients for T3 and T4 were 0.007 (p = .274) and -0.083 

(p = .432), respectively, indicating that these hormones did not significantly affect the 

HbA1c levels in our sample. In contrast, our results align with the findings of other studies, 

which reported a significant correlation between serum TSH levels and HbA1c [27, 28]. In 

our study, we also found a significant positive association between TSH and HbA1c levels, 

with an unstandardized coefficient of 1.801 (p = .002). This finding suggests that higher 

TSH levels, which indicate thyroid dysfunction, may be associated with elevated HbA1c 

levels, reinforcing the potential link between thyroid function and glycemic control. 

These findings highlight the complexity of the relationship between thyroid hormone levels 

and glucose metabolism. Although T3 and T4 did not show a significant impact in our study, 

the strong association between TSH and HbA1c underscores the importance of considering 

thyroid function, particularly TSH levels, in the assessment of glycemic control. Further 

research is needed to explore the mechanisms underlying these relationships and determine 

whether these findings are consistent across different populations. 

Various observational studies have reported interactions between hypothyroidism and dia-

betes [29, 30].  In this study, we found a highly significant increase in HbA1c levels in the 

non-diabetic SH group compared with the control group (p = 0.0002). The mean serum 

HbA1c level was within the normal range. Our findings support earlier research indicating 

that hypothyroidism can lead to increased HbA1c levels in both diabetic and non-diabetic 

individuals [31].This suggests that elevated HbA1c in hypothyroid patients might not solely 

reflect poor glycemic control but could also be influenced by thyroid dysfunction itself.  

 

Conclusion 

Based on the findings of the present study, we conclude that HbA1c levels significantly 

increase with elevated TSH levels in nondiabetic individuals. This suggests that the use of 

HbA1c as a diagnostic tool for diabetes in individuals with hypothyroidism may be less 

reliable. Therefore, additional diagnostic methods should be considered when assessing for 

diabetes in patients with hypothyroidism. 

 

Acknowledgments 

We would like to thank all the study participants for their time. 

 

References 
1. Association AD. 2. Classification and diagnosis of diabetes: standards of medical care in diabe-

tes—2018. Diabetes care. 2018;41(Supplement_1):S13-S27. 

2. Committee TIE. International Expert Committee report on the role of the A1C assay in the di-

agnosis of diabetes. Diabetes care. 2009;32(7):1327. 

3. De Rosa MC, Sanna MT, Messana I, Castagnola M, Galtieri A, Tellone E, et al. Glycated human 

hemoglobin (HbA1c): functional characteristics and molecular modeling studies. Biophysical 

chemistry. 1998;72(3):323-35. 

4. Colagiuri S. Glycated haemoglobin (HbA1c) for the diagnosis of diabetes mellitus—practical 

implications. Diabetes research and clinical practice. 2011;93(3):312-3. 

5. Zaidi A, Elmghirbi W, El-Rwegi W, Algdar A, Saleh H. Impact of Gender and Age in HbA1c 

Levels among Libyan Adults Without Known Diabetes in Zeletin City, Libya: A Cross-Sec-

tional Study. AlQalam Journal of Medical and Applied Sciences. 2024:464-9. 

6. Committee TIE. International Expert Committee report on the role of the A1C assay in the di-

agnosis of diabetes. Diabetes care. 2009;32(7):1327. 

7. Sinha N, Mishra T, Singh T, Gupta N. Effect of iron deficiency anemia on hemoglobin A1c 

levels. Annals of laboratory medicine. 2012;32(1):17. 

8. Hashimoto K, Noguchi S, Morimoto Y, Hamada S, Wasada K, Imai S, et al. A1C but not serum 

glycated albumin is elevated in late pregnancy owing to iron deficiency. Diabetes care. 

2008;31(10):1945-8. 

9. Fitzgibbons JF, Koler RD, Jones RT. Red cell age-related changes of hemoglobins AIa+ b and 

AIc in normal and diabetic subjects. The Journal of clinical investigation. 1976;58(4):820-4. 

10. Pasupathi P, Bakthavathsalam G, Saravanan G, Sundaramoorthi R. Screening for thyroid dys-

function in the diabetic/non-diabetic population. Thyroid Science. 2008;3(8):1-6. 

11. Udiong C, Udoh A, Etukudoh M. Evaluation of thyroid function in diabetes mellitus in Calabar, 

Nigeria. Indian journal of clinical biochemistry. 2007;22:74-8. 

12. Kim MK, Kwon HS, Baek K-H, Lee JH, Park WC, Sohn HS, et al. Effects of thyroid hormone 

on A1C and glycated albumin levels in nondiabetic subjects with overt hypothyroidism. Diabe-

tes care. 2010;33(12):2546-8. 



Libyan Medical Journal 2024:16(2);106-110 110 

 

13. Makadia MG, Patel VI, Patel KP, Shah AD, Chaudhari KS, Shah HN, et al. Study of glycated 

haemoglobin (HbA1c) in non-diabetic subjects with subclinical hypothyroidism. Journal of clin-

ical and diagnostic research: JCDR. 2017;11(4):BC01. 

14. Bhattacharjee R, Thukral A, Chakraborty PP, Roy A, Goswami S, Ghosh S, et al. Effects of 

thyroid status on glycated hemoglobin. Indian journal of endocrinology and metabolism. 

2017;21(1):26-30. 

15. Bhattacharjee R, Thukral A, Chakraborty PP, Roy A, Goswami S, Ghosh S, et al. Effects of 

thyroid status on glycated hemoglobin. Indian journal of endocrinology and metabolism. 

2017;21(1):26-30. 

16. Organization WH. Prevention and control of iron-deficiency anaemia in women and children: 

report of the UNICEF. 2001. 

17. Cooper DS, Biondi B. Subclinical thyroid disease. The Lancet. 2012;379(9821):1142-54. 

18. Canaris GJ, Manowitz NR, Mayor G, Ridgway EC. The Colorado thyroid disease prevalence 

study. Archives of internal medicine. 2000;160(4):526-34. 

19. Tunbridge W, Evered D, Hall R, Appleton D, Brewis M, Clark F, et al. The spectrum of thyroid 

disease in a community: the Whickham survey. Clinical endocrinology. 1977;7(6):481-93. 

20. Diab N, Daya NR, Juraschek SP, Martin SS, McEvoy JW, Schultheiß UT, et al. Prevalence and 

risk factors of thyroid dysfunction in older adults in the community. Scientific Reports. 

2019;9(1):13156. 

21. McDermott M. In the clinic. Hypothyroidism. Ann Intern Med. 2009;151(11):ITC61. 

22. Baloch Z. Guidelines Committee, National Academy of Clinical Biochemistry. Laboratory med-

icine practice guidelines. Laboratory support for the diagnosis and monitoring of thyroid dis-

ease. Thyroid. 2003;13(1):3-126. 

23. Surks MI, Goswami G, Daniels GH. The thyrotropin reference range should remain unchanged. 

The Journal of Clinical Endocrinology & Metabolism. 2005;90(9):5489-96. 

24. Rugge B, Balshem H, Sehgal R, Relevo R, Gorman P, Helfand M. Screening and treatment of 

subclinical hypothyroidism or hyperthyroidism. 2012. 

25. Eisa AH, Bashir AA, Osman AA, Ali IA, Awad KM, Hajo EY, et al. Thyroid hormones, blood 

glucose and glycosylated hemoglobin in healthy Sudanese subjects. International Journal of Ad-

vances in Medicine. 2019;6(3):867. 

26. Sohal S, Wats A, Vij C. Evaluation of glycosylated hemoglobin (HbA1c) levels in hypothyroid 

and hyperthyroid patients. Annals of Applied Bio-Sciences. 2016;3(1):A101-7. 

27. Billic-Komarica E, Beciragic A, Junuzovic D. The importance of HbA1c control in patients with 

subclinical hypothyroidism. Materia socio-medica. 2012;24(4):212. 

28. Ram VS, Kumar G, Kumar M, Verma VK, Kela D, Ali K. Association of subclinical hypothy-

roidism and HbA1c levels in non-diabetic subjects attending rural tertiary care centre in central 

India. Int J Res Med Sci. 2017;5(8):3345-9. 

29. Jun JE, Jee JH, Bae JC, Jin S-M, Hur KY, Lee M-K, et al. Association between changes in 

thyroid hormones and incident type 2 diabetes: a seven-year longitudinal study. Thyroid. 

2017;27(1):29-38. 

30. Rong F, Dai H, Wu Y, Li J, Liu G, Chen H, et al. Association between thyroid dysfunction and 

type 2 diabetes: a meta-analysis of prospective observational studies. BMC medicine. 

2021;19:1-13. 

31. Koner S, Chaudhuri A. Assessment of Glycosylated Hemoglobin (HbA1c) Level in Age and 

Blood Glucose Matched Nondiabetic Hypothyroid and Euthyroid Females in an Urban Popula-

tion of Eastern India-An Observational Cross Sectional Study. 


