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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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 (HbAlc) and thyroid hormonal profile (FT3, FT4,
TSH) in Type 2 diabetic patients.

Methodology: A cross-sectional and case control study
examined HbAlc, 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 HbAlc 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), HbAlc (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), HbAlc (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), HbAlc (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),
HbAlc (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
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high HbAlc 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,
HbAlc.

Introduction.

The association between glycated hemoglobin (HbAlc) levels
andthyroidhormoneabnormalitiesinpatientswith Type2 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 HbA ¢ 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 HbAlc levels. Conversely, hyperglycemia in
diabetic patients may disrupt the hypothalamic-pituitary-thyroid
axis, further complicating thyroid hormone regulation [1-3].
The relationship between HbAlc 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 HbAlc
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 HbAlc, 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

168



(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 HbAlc 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), HbAlc (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-

Table 1. Overall characteristics of patient’s participant.

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). HbAlc (%) showed significant
variation among the groups (p = 0.007), with the highest mean
levels recorded in the 811 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=10.041), 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, HbAlc,
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), HbAlc (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), HbAlc (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), HbAlc (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 HbA lc, thyroid hormones, and glycemic
controlintype 2 diabetes mellitus. A moderate positive correlation
was observed between FBG, HbAlc, and thyroid hormones
FT3 and FT4, while TSH levels showed a negative correlation
with FBG, HbAlc, 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, HbAlc, and Thyroid Hormones FT3, FT4 in
T2DM patients. Specifically, HbAlc correlated positively with

. . Age Patient participant N = 189

Demographic Variable Range/ (years) Number %

Young age (21-30) 30 16

Middle- age (31-45) 86 45
Age groups

Old-aged (>45) 73 39

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

(4 —7) years (27 - 66) 79 42
Duration of Diabetes (8 - 11) years (31-72) ol 48

(12 — 15) years (22-69) 19 10

Good (28-172) 92 49
Glycemic status Poor (22-69) 97 51
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Table 2. Demographic Characteristics of Diabetes Duration and Glycemic Status.

Age group / Years
Demographic Young Adults (21 —30) Middle-aged adults (31 —45) Old-aged adults (> 45)
Number % Number % Number %
(4 —7) years 8 4 29 15 42 22
Duration of Diabetes (8 —11) years 13 7 53 28 25 14
(12 — 15) years 9 5 4 2 6 3
Glveemic status Good 14 7 45 24 33 18
y Poor 16 8 41 21 40 2
Table 3. Comparison of Biomarkers Between Good and Poor Glycemic Status.
Glycemic status
. Good glycemic status Poor glycemic status
Biomarkers Less than 7 % More than 7% P. value
Mean £+ SD Mean £+ SD
FBG mg/dl 105.2 £26.05 117.5+£26.9 0.001
HbAlc % 53+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
* T. independent test: used to obtain P. value.
* P.value < 0.05 (significance).
Table 4. Relationship Between Diabetes Duration and Circulating Biomarkers.
. . - Circulating Markers (Mean + SD)
Durat f diabetic d
uration of Cabetic CISEase  ¢BG mg/dl HbAlc % TSH mIU/L FT, pmol/L FT, 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+221 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

* One-way ANOVA: used to obtain P. value.

* P.value < 0.05 (significance).

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

Variable FBG HbAlc 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

* R= Correlation coefficient: used to measure how strong a relationship is between two variables.

* P.value < 0.05 (significance).

FT3

FT4

Figure 1. Scatter matrix showed the correlation between the levels of TSH, FT3, FT4 and FBG.
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Figure 2. Scatter matrix showed the correlation between the levels of FBG, HbAlc, and the duration of disease/ Years.

FT4 in hyperthyroid diabetics (r = 0.379; P = 0.012) [18,19].
Glycemic status, as assessed by FBG and HbA 1¢, 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 HbAlc 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 HbAlc, 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 HbAlc
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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