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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Introduction and objective: Hyperthyroidism is more 

common in patients with type 2 diabetes mellitus (T2DM) than 
in those without diabetes. Excess circulating thyroid hormones 
in hyperthyroidism are associated with poor glycemic control, 
including hyperglycemia and insulinopenia. This study aimed 
to determine the association between the serum glycated 
hemoglobin (HbA1c) and thyroid hormonal profile (FT3, FT4, 
TSH) in Type 2 diabetic patients. 

Methodology: A cross-sectional and case control study 
examined HbA1c, FT3, FT4 and TSH in 189 Type 2 diabetic 
patients with good and poor glycemic status, analyzed the 
associations of these biomarkers for predicting hyperthyroidism 
using Cox proportional hazard and support vector machine 
analyses. The methods are conducted following the 
manufacturer's instructions, spectrophotometric assays are used 
to measure HbA1c and FBG, while electro chemiluminescent 
assays are used to measure TSH, FT3, and FT4.

Results: This study was conducted on 97 Type 2 diabetic 
patients with poor glycemic status compared to 92 good 
glycemic status patients. The age range of participants is 
between 21 to 72 years and classified according to WHO age 
group classification into three age categories, young adults (21 
– 30), middle-aged adults (31 – 45), old-aged adults (> 45) and 
the duration of the disease is between (4 – 15) years. FBG (p = 
0.001), HbA1c (p = 0.016), TSH (p = 0.009), FT3 (p = 0.048), 
and FT4 (p = 0.038) results among Type 2 diabetic patients 
revealed significant differences between the means of good and 
poor glycemic state (P.value< 0.05). The correlation between 
thyroid markers, glycemic parameters and the diabetes duration, 
revealed significant moderate a negative correlation between 
TSH and FBG (R = -0.34, p = 0.001), HbA1c (R = -0.27, p = 
0.02), and diabetes duration (R = -0.21, p = 0.036), The scatter 
matrix plot showed strong a positive correlation between FT3 
and FBG (R = 0.54, p = 0.03), HbA1c (R = 0.36, p = 0.004), 
and the diabetes duration (R = 0.41, p = 0.05), FT4 was also 
strong positively correlated with FBG (R = 0.46, p = 0.029), 
HbA1c (R = 0.33, p = 0.028), and the diabetes duration (R = 
0.39, p = 0.048), indicated that increased FT3 and FT4 levels 
are associated with poor glycemic status and longer diabetes 
duration.

Conclusion: Concluded from this study, well-controlled 
Type 2 Diabetes reduced the risk of hyperthyroidism, relatively 

high HbA1c and low TSH levels may increase the risk of 
hyperthyroidism; therefore, the combination of these indicators 
can serve as a biomarker for identifying healthy individuals 
from those who would later develop hyperthyroidism.

Key words. Type 2 diabetes, lower risk, hyperthyroidism, 
HbA1c.
Introduction.

The association between glycated hemoglobin (HbA1c) levels 
and thyroid hormone abnormalities in patients with Type 2 Diabetes 
Mellitus (T2DM) is a critical area of endocrinological research. 
Diabetes and thyroid dysfunction are two prevalent endocrine 
disorders that often coexist, with each condition influencing 
the other in complex ways. Elevated HbA1c levels, a marker of 
long-term glycemic control, have been linked to altered thyroid 
function, including both hypothyroidism and hyperthyroidism. 
Thyroid hormones play a significant role in carbohydrate 
metabolism, insulin sensitivity, and erythropoiesis, all of 
which can impact HbA1c levels. Conversely, hyperglycemia in 
diabetic patients may disrupt the hypothalamic-pituitary-thyroid 
axis, further complicating thyroid hormone regulation [1-3]. 
The relationship between HbA1c and TSH in the development 
of hyperthyroidism is complex, the interplay between these 
factors can have significant implications for patient care and 
disease management. In this study investigated the effectiveness 
of well-controlled type 2 diabetes by measuring HbA1c 
and TSH concerning the incidence risk of hyperthyroidism 
through a cross-sectional study involving diabetic patients 
[4,5]. The role of TSH in this relationship may be explored, 
as TSH plays a key role in thyroid function and its potential 
link to the development of hyperthyroidism in the context of 
diabetes mellitus [6,7]. The findings from this study could have 
important implications for the management of diabetes and 
the prevention of hyperthyroidism in diabetic patients [8-10]. 
Understanding the potential relationship between HbA1c, TSH, 
and the development of hyperthyroidism may lead to improved 
screening, monitoring and management strategies for these 
conditions [11-13]. The findings may ultimately help healthcare 
professionals in providing more targeted and effective care for 
diabetic patients at risk of developing hyperthyroidism [14,15].
Materials and Methods.

A cross-sectional study conducted at Thumbay Hospital 
Ajman, UAE, the study received institutional review board 



169

way ANOVA. When the duration of diabetes increased, FBG 
showed a statistically significant decrease (p = 0.027), with the 
highest mean FBG level observed in those with 4–7 years of 
diabetes (126.5 ± 33.7 mg/dL). HbA1c (%) showed significant 
variation among the groups (p = 0.007), with the highest mean 
levels recorded in the 8–11 years group (7.1 ± 2.21%). TSH 
showed a significant decrease with increased diabetes duration 
(p = 0.011). FT3 also showed a significant relationship with the 
duration of diabetes (p = 0.05), with lower FT3 levels in the 8–11 
years group compared to both the 4–7 years and 12–15 years 
groups. With longer diabetes duration, FT4 statically significant 
decreased (p = 0.041), with the highest levels observed in the 4–7 
years group (123 ± 0.32 pmol/L). These findings demonstrated 
that prolonged diabetes duration is associated with alterations in 
thyroid hormonal levels and glycemic control (Tables 3 and 4). 
The correlation coefficient was used to determine the strength of 
the association between the thyroid hormonal profile, HbA1c, 
and diabetes duration. The correlation between thyroid markers, 
glycemic parameters the diabetes duration, revealed significant 
moderate a negative correlation between TSH and FBG (R = 
-0.34, p = 0.001), HbA1c (R = -0.27, p = 0.02), and diabetes 
duration (R = -0.21, p = 0.036), The scatter matrix plot showed 
strong a positive correlation between FT3 and FBG (R = 0.54, p 
= 0.03), HbA1c (R = 0.36, p = 0.004), and the diabetes duration 
(R = 0.41, p = 0.05), FT4 was also strong positively correlated 
with FBG (R = 0.46, p = 0.029), HbA1c (R = 0.33, p = 0.028), 
and the diabetes duration (R = 0.39, p = 0.048), indicating that 
increased FT3 and FT4 levels are associated with poor glycemic 
status and longer diabetes duration (Figures 1,2 and Table 5).
Discussion.

The study aimed to investigate the relationship between 
Glycated Hemoglobin and Elevated Thyroid Hormones Levels 
in type 2 diabetes mellitus. The study revealed significant 
relationship between HbA1c, thyroid hormones, and glycemic 
control in type 2 diabetes mellitus. A moderate positive correlation 
was observed between FBG, HbA1c, and thyroid hormones 
FT3 and FT4, while TSH levels showed a negative correlation 
with FBG, HbA1c, Additionally, longer diabetes duration was 
associated with poor glycemic status and thyroid dysfunction. 
These results, aligned with a study published in the Bulletin 
of the National Research Centre observed Positive Correlation 
Between FBG, HbA1c, and Thyroid Hormones FT3, FT4 in 
T2DM patients. Specifically, HbA1c correlated positively with 

(IRB) approval before the collection of specimens. 189 patient’s 
participants included both males and females, 92 good glycemic 
patient’s participants compared with 97 poor glycemic type 2 
diabetic patients, The participants' age ranged between 21 to 72 
years, and they were divided into three age categories: young 
adults (21 – 30), middle-aged adults (31 – 45), old-aged adults 
(> 45) classified according to the WHO age group classification. 
The assays were performed using Roche Cobas C311 and 
Cobas e 411 Analyzers, and the validation procedure was done 
according to the college of American pathologists (CAP) and 
electrochemiluminescence immunoassay (ECLIA) for precision, 
accuracy, and linearity. For the fasting blood glucose (FBG) 
test, plasma was examined after obtaining a blood sample in 
a fluoride oxalate anticoagulant (gray tube). The Roche Cobas 
C311 analyzer was used to detect glucose and HbA1c in blood 
plasma, quantified using a spectrophotometer. To perform the 
Thyroid Stimulating Hormone (TSH), Free Triiodothyronine 
(FT3), and Free Thyroxine (FT4) tests, another blood sample 
was taken, and the Cobas e 411/601 Analyzer was used. This 
analyzer is an automated immunoassay, and the results of the 
tests were quantified using electrochemiluminescence. The 
results analyzed by using SPSS version 26, the mean and 
standard deviation (SD) were obtained. The "t" independent test, 
one-way analysis of variance (ANOVA) and linear regression 
were used for comparison and correlation analysis. The P-value 
was obtained to assess the significance of the results, with a 
P-value of <0.05 considered significant.
Results.

In this study the total patients' participant 189 males and 
females, 92 patients with good glycemic status were compared 
to 97 patients with poor glycemic status, considering factors 
such as age, diabetes duration, and various blood parameters. 
According to WHO age group classification, the patients' 
participant age was divided into three groups young adults (21 
– 30), middle-aged adults (31 – 45), old-aged adults (> 45) and 
the duration of the disease is between (4 – 15) years (Tables 1 
and 2). To compare the mean values between good and poor 
glycemic status, the t-independent test was used, the results 
revealed a statistically significant differences in the mean values 
of FBG (p = 0.001), HbA1c (p = 0.016), TSH (p = 0.009), FT3 
(p = 0.048), and FT4 (p = 0.038) compared with good and poor 
glycemic status (P.value < 0.05) . The mean of circulating 
biomarkers and diabetes duration was compared used a one-

Demographic Variable Age
Range/ (years)

Patient participant N = 189
Number             %

Age groups

Young age    (21 – 30) 30 16
Middle- age  (31 – 45) 86 45
Old-aged (> 45) 73 39

Gender
Male (21 – 72) 87 46
Female (23- 68) 102 54

Duration of Diabetes

(4 – 7) years (27 – 66) 79 42
(8 – 11) years (31 – 72) 91 48
(12 – 15) years (22 – 69) 19 10

Glycemic status
Good (28 – 72) 92 49
Poor (22 – 69) 97 51

Table 1. Overall characteristics of patient’s participant.
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Demographic
Age group / Years
Young Adults (21 – 30) Middle-aged adults (31 – 45) Old-aged adults (> 45)
Number % Number % Number %

Duration of Diabetes
(4 – 7) years 8 4 29 15 42 22
(8 – 11) years 13 7 53 28 25 14
(12 – 15) years 9 5 4 2 6 3

Glycemic status Good 14 7 45 24 33 18
Poor 16 8 41 21 40 22

Table 2. Demographic Characteristics of Diabetes Duration and Glycemic Status.

Biomarkers

Glycemic status

P. valueGood glycemic status
Less than 7 %

Poor glycemic status
More than 7%

Mean ± SD Mean ± SD
FBG mg/dl 105.2 ± 26.05 117.5 ± 26.9 0.001
HbA1c % 5.3 ± 1.9 7.87 ± 0.97 0.016
TSH mIU/L 2.14 ± 1.06 2.38 ± 1.31 0.009
FT3 pmol/L 1.59 ± 0.42 1.46 ± 0.40 0.048
FT4 pmol/L 108 ± 0.22 113 ± 0.24 0.038

Table 3. Comparison of Biomarkers Between Good and Poor Glycemic Status.

• T. independent test: used to obtain P. value.
• P.value < 0.05 (significance).

Duration of diabetic disease Circulating Markers (Mean ± SD)
FBG mg/dl HbA1c % TSH mIU/L FT3 pmol/L FT4 pmol/L

(4 – 7) years 126.5 ± 33.7 6.6 ± 1.05 2.40± 1.48 1.68 ± 0.65 123 ± 0.32
(8 – 11) years 113.4 ± 39.7 7.1 ± 2.21 2.03 ± 1.38 1.54 ± 0.53 113 ± 0.19
(12 – 15) years 111.9 ± 38.5 6.96 ± 2.06 1.65 ± 0.95 1.67 ± 0.50 110 ± 0.15
P. value 0.027 0.007 0.011 0.05 0.041

Table 4. Relationship Between Diabetes Duration and Circulating Biomarkers.

• One-way ANOVA: used to obtain P. value.
• P.value < 0.05 (significance).

Variable FBG HbA1c Duration of diabetic disease
(R) P. value (R) P. value (R) P. value

TSH -0.34 0.001 -0.27 0.02 -0.21 0.036
FT3 0.54 0.03 0.36 0.004 0.41 0.05
FT4 0.46 0.029 0.33 0.028 0.39 0.048

Table 5. Correlation of Thyroid Markers with Glycemic Parameters and Diabetes Duration.

• R= Correlation coefficient: used to measure how strong a relationship is between two variables.
• P.value < 0.05 (significance).

Figure 1. Scatter matrix showed the correlation between the levels of TSH, FT3, FT4 and FBG.
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FT4 in hyperthyroid diabetics (r = 0.379; P = 0.012) [18,19]. 
Glycemic status, as assessed by FBG and HbA1c, demonstrated 
significant differences with longer diabetes duration. This is 
aligned with prior studies reporting that prolonged diabetes is 
associated with worsening insulin resistance and pancreatic 
beta-cell dysfunction [20]. Interestingly, our results aligned 
with recent findings indicated that increased diabetes duration 
correlated with higher HbA1c levels, reflected the progressive 
nature of diabetes and its impact on metabolic regulation 
[21]. The interplay between thyroid function and diabetes 
had been widely studied, with thyroid dysfunction often 
observed in diabetic patients [22]. In our study, TSH levels 
were significantly decreased in patients with poor glycemic 
status and longer diabetes duration. This negative correlation 
between TSH and glycemic parameters supported by previous 
study suggested that hyperglycemia suppresses TSH secretion 
by affecting hypothalamic-pituitary-thyroid axis activity [23]. 
Our findings demonstrated a positive correlation between FT3, 
FT4, and both FBG and HbA1c, implied that elevated thyroid 
hormones contributed to poor glycemic control. This is aligned 
with the study reported that increased FT3 and FT4 levels are 
associated with insulin resistance and higher glucose levels in 
diabetic patients [24].
Conclusion.

Concluded from this study, well-controlled Type 2 Diabetes 
reduced the risk of hyperthyroidism, relatively high HbA1c 
and low TSH levels may increase the risk of hyperthyroidism; 
therefore, the combination of these indicators can serve as a 
biomarker for identifying healthy individuals from those who 
would later develop hyperthyroidism.
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