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ABSTRACT

Background:Type 2 diabetes mellitus (T2 DM) is frequently associated with thyroid dysfunction,
particularly alterations in Thyroid Stimulating Hormone (TSH). Understanding the relationship between
T2DM, age, and treatment on thyroid function is crucial for improving patient outcomes.

Objective: This study aimed to compare TSH levels between patients with T2DM and healthy controls,
stratified by age groups, and to investigate the impact of different therapeutic regimens on thyroid
function.

Methods: This is a cross sectional study, carried out during the period of December 2023 to February
2024.A total of (66) patients with T2DM and age -matched(33) healthy controls were enrolled.
Participants were divided into three age groups (30—40, 40-50, and 50+ years). Serum TSH levels were
measured using standard immunoassay methods. Statistical analysis included descriptive measures and
independent t-tests for comparisons. Treatment-related differences were also analyzed.

Results:The results showed significantly higher mean TSH levels in diabetic patients compared to
controls (p = 0.031). Age-stratified analysis revealed that patients over 50 years exhibited the highest
TSH values, indicating an age-related exacerbation of thyroid dysfunction in T2DM. Regarding treatment
effects, metformin-based therapy was associated with elevated TSH levels, while sulfonylureas showed
variable responses and SGLT2 inhibitors demonstrated the lowest TSH levels, though sample size was
limited. These findings underscore the intricate interactions among diabetes, thyroid function,age, and
pharmacotherapy.

Conclusion: TSH levels in T2DM patients exhibit variability influenced by age and treatment, indicating
the intricate relationship between diabetes and thyroid function. To get the best care for diabetic patients,
especially older ones and those on certain treatment plans, it is important to check their thyroid status
regularly.

Keywords: Diabetes mellitus type 2, TSH , dysfunction of thyroid , age groups, treatment effect,
problems with metabolism.

I . INTRODUCTION

Type 2 diabetes mellitus (T2 DM) is a persistent metabolic disorder marked by insulin resistance,
diminished insulin secretion, and escalating hyperglycemia. In addition to its traditional complications,

mounting evidence indicates a significant interaction between T2 DM and thyroid function . (1,2)
Diabetes is becoming a bigger public health problem in Iraq .Most people don't know much about it, and
people with type 2 diabetes mellitus who have a higher body mass index (BMI)have higher blood sugar
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levels. Diabetic patients in Kirkuk have also had big changes in their blood, especially when they have
other health problems, like intestinal parasites. (3-6)

Other studies have shown that pharmacologic treatments for people with long-term metabolic disorders
can have a big effect on lipid and biochemical profiles .This, in turn, can affect how diabetes patients'
metabolism works(7,8)

Thyroid- stimulating hormone (TSH) is a crucial regulator of thyroid function and metabolic equilibrium,
with its variations commonly noted in individuals with diabetes. (9)Dysregulation of thyroid hormones in
diabetic individuals may lead to metabolic instability, cardiovascular complications, and compromised
glucose regulation. (10)

Age significantly influences the alteration of thyroid function and the advancement of diabetes
.(I)Numerous studies indicate that TSH levels fluctuate across various age demographics , with older
adults exhibiting a higher propensity for subclinical hypothyroidism or other thyroid dysfunctions
,(11)Understanding how TSH changes across age categories in diabetic patients provides valuable insight
into the pathophysiology of endocrine, interactions and the risk of complications.(10)

The management of T2 DM , whether via oral hypoglycemic agents or insulin, may also impact thyroid
function,(12)Certain therapies can directly or indirectly influence TSH secretion and metabolism, thereby
complicating disease management,(13)Examining the effects of different treatment regimens on TSH
levels may assist clinicians in customizing therapeutic strategies to enhance both glycemic and thyroid
equilibrium.(14)

This study seeks to examine TSH levels in patients with type 2 diabetes mellitus across various age
cohorts and to evaluate the impact of treatment, on thyroid function .The research aims to underscore the
significance of integrated endocrine care in enhancing health outcomes, for diabetic patients through the
analysis of these associations.

II. MATERIALS AND METHODS

Study Population

This study comprised two cohorts : individuals with type 2 diabetes mellitus (T2 DM) and healthy
control participants . The patient group comprised individuals clinically diagnosed with T2 DM, whereas
the control group consisted of age- and sex-matched healthy individuals devoid of any history of
diabetes or thyroid disease. There were three age groups for the participants : 30 to 40 years , 40 to 50
years, and 50 years and older.

1. Criteria for Inclusion and Exclusion

The study included patients with confirmed T2DM receiving medical treatment.

Exclusion criteria were : history of thyroid disease prior to diabetes diagnosis ,use of medications known
to interfere with thyroid function(other than prescribed thyroxine), pregnancy, and severe systemic
illnesses.

2. Data collection

For each participant, demographic data (age, sex), disease duration, and treatment regimen were recorded.
The patient group was further classified based on the type of treatment received, including oral
hypoglycemic agents, insulin therapy, or combined regimens.

3. Laboratory Measurements

Blood samples were taken after not eating throughout the night. Thyroid -stimulating hormone levels in
the blood(TSH) were measured using a standard immunoassay method. For diabetic patients, additional
clinical data including type and duration of therapy were documented.

4. Statistical Analysis

Participants were stratified into the three age groups for comparative analysis. Mean, and standard
deviation(SD) of TSH values were calculated for each subgroup.An independent Student’s t- test was
performed to compare TSH levels between patients and controls within each age category.A p -value <
0.05 was considered statistically significant.
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Il. RESULT

All of the 66 patients diagnosed with type 2 diabetes mellitus and 33 healthy individuals were included
in the statistical analysis .The mean age of the patient group was 47.68 = 10.86 years , whereas the
control group, had a mean age of 42.85 + 9.98 years.

Regarding TSH levels, the mean serum TSH in the patient group was 3.14 + 4.26 plU/mL, compared to
1.91 + 1.10 plU/mL in the healthy controls. The independent t- test revealed astatistically significant
difference(t = 2.20,p = 0.031), indicating higher TSH levels in patients. The descriptive statistics for
serum TSH levels in both of groups are summarized in table 1 :

Table 1. Descriptive statistics of TSH of the patient group and control group

Test Patients (66) Controls (33) P value
Mean+ SD Mean +SD
TSH(pIU /mL) 3.14 £ 4.26 1.91 £1.10 S
6
0

Fatients Controls

Figure 1: shows the mean serum TSH levels in patients and controls
IIl. 1. Comparison of TSH Levels by Age Groups

Both patients and healthy controls were divided into three age categories:30 —39 years ,40—49 years ,and
50 years or older .The mean TSH levels within each age group were calculated and compared between
the two groups. The descriptive statistics are summarized in Table 2 ,and the comparison is illustrated in
Figure 2:

Table 2: Mean TSH levels across age groups

Age range Patients TSH Controls TSH P value
Yrs Mean=SD Mean=SD
30-40 2.61£2.46 1.55+0.83
40-50 1.79£1.19 2.53+0.92
50+ 4.544+6.04 2.00£1.27
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Figure 2: shows the mean TSH levels in patients and controls across the defined age groups
IIl. 2. Comparison of TSH Levels by different treatments

The comparison of TSH levels across different treatment categories for type 2 diabetes mellitus patients
reveals some notable patterns, Patients on Metformin-based therapy showed the highest mean TSH level
(3.21 plU/mL), with a relatively wide variability (SD = 2.07). While the Sulfonylureas group
demonstrated a moderate mean TSH (2.47 pulU/mL), but with the largest variation (SD = 2.55) and the
widest range (0.25—-13.04). Whereas patients with no treatment or other treatments had a mean TSH level
of 2.09 ulU/mL with lower variability (SD = 0.76). But the SGLT2 inhibitor (mono) group showed the
lowest mean TSH (1.36 ulU/mL), although the sample size was very small (n=2), An analysis of variance
(ANOVA) was performed to compare serum TSH levels among the four treatment groups (Metformin-
based, SGLT2 inhibitor monotherapy, Sulfonylureas, and No treatment).

e F-value: 1.87
e P-value :0.147

As it shown in table3 and figure 3 :

Table 3: comparison of the effect of different treatments that patients use on their TSH level

Test Metformin-based | SGLT2 inhibitor | Sulfonylureas No treatment
(mono)
TSH (nIU/mL) 3.21 2.07 1.36 1.49 2.47 2.55 2.09 0.76

WWW.DIABETICSTUDIES.ORG 343


http://www.diabeticstudies.org/

The Review of DIABETIC STUDIES
Vol. 21 No. S9 2025

5
4t
=)
(V]
+ 3
=
g 2f
=
1
0 i 1
e S
(\X’ac)e <‘=\\\\0(\ < © N \\><e'°
\ < .
f‘o(((\ 0\\(\ \\o\\- 6\)\‘\0
o

Figure 3: comparison of the effect of different treatments that patients use on their TSH level

IV. DISCUSSION

The present study investigated serum TSH levels in patients with type 2 diabetes mellitus(T2
DM)compared with healthy controls , while also assessing the influence of age distribution and
antidiabetic treatments on thyroid function(15,16).

Our findings demonstrated significantly higher TSH levels in T2DM patients (3.14 £ 4.26 plU/mL)
compared to healthy individuals (1.91 &+ 1.10 pIU/mL, p = 0.031). This result is consistent with previous
studies which have reported an increased prevalence of subclinical hypothyroidism in diabetic
populations (17,18). Several mechanisms may underlie this association, including insulin resistance,
chronic low-grade inflammation, and altered hypothalamic-pituitary-thyroid axis regulation (19,20).
When stratified by age, patients over 50 years exhibited the highest mean TSH values (4.54 + 6.04
ulU/mL), whereas controls in the same age group had much lower levels (2.00 £ 1.27 ulU/mL). This
suggests that advancing age may exacerbate thyroid dysfunction in diabetic patients (21,22)Similar
findings were reported by Hage et al ,who noted that older diabetic patients were more prone to
developing thyroid abnormalities, possibly due to longer disease duration, cumulative metabolic stress,
and progressive beta-cell dysfunction(23).

In terms of pharmacological interventions, patients treated with metformin demonstrated the highest mean
TSH levels (24). This is noteworthy, as metformin has been previously reported to modulate thyroid
function, with some studies suggesting that it may reduce TSH levels in hypothyroid patients, while in
euthyroid individuals the effect appears variable (25). The observed elevation in our study could reflect
population-specific factors, disease severity, or treatment duration. Sulfonylureas, on the other hand,
showed moderate TSH levels but with the greatest variability, which may indicate heterogeneous drug
responses or underlying thyroid autoimmunity among certain patients(26).

Interestingly, patients treated with SGLT2 inhibitors had the lowest mean TSH levels, although the small
sample size (n = 2) limits interpretation. There is currently limited evidence on the direct effects of
SGLT2 inhibitors on thyroid function, but their favorable metabolic and cardiovascular effects could
indirectly contribute to more stable thyroid hormone regulation (27) .further studies are wanted to clarify
these observations .

Taken together ,these findings,highlight the complex interplay between diabetes, age, treatment
regimens, and thyroid function. Screening for thyroid dysfunction in diabetic patients, particularly in
older individuals and those on long-term treatment, is clinically relevant. Our results align with
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recommendations from the American Diabetes Association (ADA), which emphasize periodic thyroid
evaluation in diabetic populations(28).

More of the studies with largest sampl sizes and longitudinal designs ,are warranted to confirm the
associations observed here and to elucidate the mechanisms linking T2DM, antidiabetic therapies, and
thyroid dysfunction.

V. CONCLUSION

This study demonstrated that patients of type 2 diabetes mellitus exhibit significantly higher serum TSH
levels compared to healthy controls, suggesting a close link between diabetes and thyroid dysfunction.
The findings further indicate that advancing age is associated with greater alterations in TSH levels
among diabetic individuals, emphasizing the importance of age-specific evaluation.

With regard to pharmacological interventions, metformin-based therapy was associated with elevated
TSH levels, while sulfonylureas demonstrated wide variability in thyroid response. Although limited by
small sample size, patients on SGLT2 inhibitors exhibited the lowest TSH levels, highlighting the need
for further investigation into the impact of newer therapeutic agents on thyroid function. Since the P-
value is a greater than 0.05 , the differences in TSH levels among the four medication groups are not
statistically —significant . This indicates that, based on the available data, no treatment category showed a
clear or consistent impact on TSH levels compared to the others.

Taken together, these results underscore the necessity of routine thyroid screening for diabetic patients ,
particularly in the older individuals so those undergoing long-term treatment. Integrating thyroid
assessment into diabetes care may contribute to earlier detection of subclinical hypothyroidism, better
metabolic control, and improved clinical outcomes. Future large-scale and longitudinal studies are
Warranted to validate these associations and to explore ,the underlying mechanisms linking diabetes,
thyroid function, and treatment effects.

REFERENCES

1-Hassan SS, Zainal IG. Estimating the Biological Variables of Thyroid Patients and Their Impact on
Diabetics in Kirkuk. South Eastern European Journal of Public Health. 2024;695-701.
https://www.seejph.com/index.php/seejph/article/view/1258

2- Noah KY, Hmood FK, Zainal IG. Estimation and isolation of ceruloplasmin and some biochemical
indicators in diabetes mellitus type II patients compared to healthy controls in Kirkuk Province, Iraq. Med
J Babylon. 2020;17(1):49-53. DOI: 10.4103/MJBL.MJBL 76 19

3-Othman, O. H. (2022). Knowledge, Attitude and Practice of Diabetes in the Province of Kirkuk-
IRAQ. Journal for ReAttach Therapy and Developmental Diversities, 5(1), 87-95. Retrieved from
https://jrtdd.com/index.php/journal/article/view/68

4-Ahmed A. Evaluation of Diabetes Mellitus in Diabetic Patients in a Correlation Between Body Mass
Index and Blood Sugar. Diabetes & its Complications. doi:10.33425/2639-9326.1100

5-Ahmed AS, Tahir PH, Mohammed BA. Isolation and distribution of microorganisms causing wound
infections in diabetic patients in Kirkuk city, Iraq. Indian Journal of Public Health Research &
Development. 2020;11(1):1678-82. https://doi.org/10.37506/ijphrd.v11i1.1194

6-Ahmed AO, Ali AA, Mardan HJ. Hematological change in type II diabetic mellitus (TIIDM) patient
infected with intestinal parasites in Kirkuk/Iraqg. NTU Journal of Pure Sciences. 2023;2(1):1-4.
https://doi.org/10.56286/ntujps.v2i1.340

7- Mohammad N, Darweesh O, Merkhan M. THE IMPACT OF DISEASE-MODIFYING
MEDICATIONS ON THE LIPID PROFILE OF PATIENTS WITH ISCHEMIC HEART

DISEASE. Georgian Med News. 2025;(363):175-178.

https://www.geomednews.com/Articles/2025/6 2025/175-178.pdf?utm_source=chatgpt.com

WWW.DIABETICSTUDIES.ORG 345


http://www.diabeticstudies.org/
https://www.seejph.com/index.php/seejph/article/view/1258
https://jrtdd.com/index.php/journal/article/view/68
https://doi.org/10.37506/ijphrd.v11i1.1194
https://doi.org/10.56286/ntujps.v2i1.340
https://www.geomednews.com/Articles/2025/6_2025/175-178.pdf?utm_source=chatgpt.com

The Review of DIABETIC STUDIES
Vol. 21 No. S9 2025

8-Darweesh O, Abdulrazzaqg GM, Al-Zidan RN, Bebane P, Merkhan M, Aldabbagh R, AlOmari N.
Evaluation of the pharmacologic treatment of COVID-19 pandemic in Iraq. Current Pharmacology
Reports. 2021;7(4):171-178. https://doi.org/10.1007/s40495-021-00262-9

9- Wu L, Liang B, Lin R, Fu Z, Huang H, Zhou J. Correlation analysis of thyroid function and vitamin D
levels in patients with type 2 diabetes. Frontiers in Endocrinology. 2025 Aug 14;16:1650525.
https://doi.org/10.3389/fend0.2025.1650525

10-Chauhan A, Patel SS. Thyroid Hormone and Diabetes Mellitus Interplay: Making Management of
Comorbid Disorders Complicated. Hormone and Metabolic Research. 2024;56(12):845-858.
Doi:10.1055/a-2374-8756

11-Biondi B, Cappola AR. Subclinical hypothyroidism in older individuals. The Lancet Diabetes &
Endocrinology. 2022 Feb 1;10(2):129-41. https://doi.org/10.1016/S2213-8587(21)00285-0

12- Kushchayeva Y, Kushchayev S, Jensen K, Brown RJ. Impaired Glucose Metabolism, Anti-Diabetes
Medications, and Risk of Thyroid Cancer. Cancers. 2022; 14(3):555.
https://doi.org/10.3390/cancers14030555

13- Lanzolla G, Marind M, Menconi F. Graves disease: latest understanding of pathogenesis and
treatment options. Nat Rev Endocrinol. 2024;20(10):647-660. doi:10.1038/s41574-024-01016-5

14- Yazdaan HE, Jaya F, Sanjna F, Junaid M, Rasool S, Baig A, Natt MZ, Maurya N, Igbal S, Yeldo BA,
Khan AS. Advances in thyroid function tests: precision diagnostics and clinical implications. Cureus.
2023 Nov 17;15(11).

15-Elgazar EH, Esheba NE, Shalaby SA, Mohamed WF. Thyroid dysfunction prevalence and relation to
glycemic control in patients with type 2 diabetes mellitus. Diabetes & Metabolic Syndrome: Clinical
Research & Reviews. 2019;13(4):2513-2517. https://doi.org/10.1016/j.dsx.2019.07.020

16- Rong F, Dai H, Wu Y, Li J, Liu G, Chen H, Zhang X. Association between thyroid dysfunction and
type 2 diabetes: a meta-analysis of prospective observational studies. BMC medicine. 2021 Oct
21;19(1):257. https://doi.org/10.1186/s12916-021-02121-2

17-Kalra S, Aggarwal S, Khandelwal D. Thyroid dysfunction and dysmetabolic syndrome: the need for
enhanced thyrovigilance strategies. International journal of endocrinology. 2021;2021(1):9641846.
https://doi.org/10.1155/2021/9641846

18-Lourengo IM, Correia-Chaves J, Leite AR, Borges-Canha M, von-Hafe M, Vale C, Leite-Moreira A,
Neves JS. Subclinical Thyroid Dysfunction and Cardiovascular Disease. Endocrinology Insights.
2023;18(1-2):70-7. https://doi.org/10.26497/AR230029

19- Walczak K, Sieminska L. Obesity and Thyroid Axis. International Journal of Environmental Research
and Public Health. 2021; 18(18):9434. https://doi.org/10.3390/ijerph18189434

20- Kurylowicz AE. Adipose tissue as a cause of endocrine dysfunction. Endokrynologia Polska.
2023;74(5):468-479. DOI: 10.5603/ep.95378

21- AL-Shanen MNK. T4 and T3 Levels In Type 2 Diabetes Mellitus Patients In Kirkuk City. . Central
Asian Journal of Medical and Natural Science . 2025;6(3):1325-1330.
https://cajmns.casjournal.org/index.php/CAJMNS/article/view/2849

22-Mohamed Sheta, Y., Alkilane, T., Soliman, A., El-Banna, K. Prevalence of Thyroid Dysfunction in
Patients with Prediabetes and its Correlation to Cardiovascular Risk. Zagazig University Medical Journal,
2024; 30(5): 1890-1898. doi: 10.21608/zum;.2024.263689.3122

23-Hage M, Zantout MS, Azar ST. Thyroid disorders and diabetes mellitus. Journal of Thyroid Research.
2011;2011:439463. DOI: 10.4061/2011/439463

24- Amirabadizadeh A, Amouzegar A, Mehran L, Azizi F. The effect of metformin therapy on serum
thyrotropin and free thyroxine concentrations in patients with type 2 diabetes: a meta-analysis. Scientific
Reports. 2023;13(1):18757. https://doi.org/10.1038/s41598-023-43266-9

25-Krysiak R, Kowalcze K, Szkrobka W, Okopien B. The Association between Vitamin D Status and the
Impact of Metformin on Hypothalamic—Pituitary—Thyroid Axis Activity in Women with Subclinical
Hypothyroidism. Pharmaceutics. 2024; 16(8):1093. https://doi.org/10.3390/pharmaceutics 16081093

WWW.DIABETICSTUDIES.ORG 346


http://www.diabeticstudies.org/
https://doi.org/10.1007/s40495-021-00262-9
https://doi.org/10.3389/fendo.2025.1650525
https://doi.org/10.1016/S2213-8587(21)00285-0
https://doi.org/10.3390/cancers14030555
https://doi.org/10.1016/j.dsx.2019.07.020
https://doi.org/10.1186/s12916-021-02121-2
https://doi.org/10.1155/2021/9641846
https://doi.org/10.26497/AR230029
https://doi.org/10.3390/ijerph18189434
https://doi.org/10.5603/ep.95378
https://cajmns.casjournal.org/index.php/CAJMNS/article/view/2849
https://doi.org/10.21608/zumj.2024.263689.3122
https://doi.org/10.4061/2011/439463
https://doi.org/10.1038/s41598-023-43266-9

The Review of DIABETIC STUDIES
Vol. 21 No. S9 2025

26- Giiney E, Efe B, Kebape¢1 M, Entok E, Erenoglu E. Effects of second generation sulfonylureas on the
thyroid. Turkish Journal of Endocrinology and Metabolism. 1999;4:173-176.
https://endocrinolrespract.org/Content/files/sayilar/25/3-4-0 _173-176.pdf

27-Buczynska A, Ko$ciuszko M, Kretowski AJ, Poptawska-Kita A. Exploring the clinical utility of DPP-
IV and SGLT2 inhibitors in papillary thyroid cancer: a literature review. Frontiers in Pharmacology.
2024;15:1323083. doi: 10.3389/fphar.2024.1323083

28- American Diabetes Association. Standards of Care in Diabetes—2023. Diabetes Care. 2023;46(Suppl
1):S1-S2. https://diabetes.org/newsroom/american-diabetes-association-2023-standards-care-diabetes-
guide-for-prevention-diagnosis-treatment-people-living-with-diabetes

WWW.DIABETICSTUDIES.ORG 347


http://www.diabeticstudies.org/
https://endocrinolrespract.org/Content/files/sayilar/25/3-4-0_173-176.pdf
https://doi.org/10.3389/fphar.2024.1323083
https://diabetes.org/newsroom/american-diabetes-association-2023-standards-care-diabetes-guide-for-prevention-diagnosis-treatment-people-living-with-diabetes
https://diabetes.org/newsroom/american-diabetes-association-2023-standards-care-diabetes-guide-for-prevention-diagnosis-treatment-people-living-with-diabetes

