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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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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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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.

Background: The degree of hepatic fibrosis is a significant
predictor of mortality in patients with non-alcoholic fatty liver
disease (NAFLD) and type 2 diabetic mellitus (T2DM). This
study aims to evaluate the relationship between blood thyroid
hormone levels and advanced liver fibrosis in patients with
non-alcoholic fatty liver disease (NAFLD) and type 2 diabetes
mellitus.

Method: A cross-sectional study involving 350 patients with
Type 2 Diabetes Mellitus (T2DM) was carried out at the Ibn-
Khaldon Diabetic Medical Center in Port-Sudan City, Red Sea
State, Sudan, between December 2024 and February 2025. Of
these, 140 patients had T2DM without NAFLD, and 210 patients
had NAFLD, of whom 114 had progressive liver fibrosis and
96 did not. Following a 12-hour fast, laboratory tests were
conducted. A Mindray A88 biochemical analyzer was used
to examine blood samples for lipid profiles (total cholesterol,
triglycerides, HDL, and LDL) and liver function indicators
(AST, ALT, and albumin). FT3, FT4, TT3, TT4, and TSH levels
were measured using a Finecare Plus 114 chemical analyzer
to evaluate thyroid function. Non-alcoholic fatty liver disease
(NAFLD) was diagnosed by abdominal ultrasound imaging; an
NFS of more than 0.676 denoted growing hepatic fibrosis.

Result: BMI, ALT, AST, TG, TC, and TT3 were significantly
greater in T2DM with NAFLD, while HDL-C, FT3, FT4, and
TT4 were significantly decreased (P < 0.05). relative to T2DM
in the absence of NAFLD. Levels of FT3, FT4, TT3 ALT,
TC, TG, PLT, ALB, TT4, and BMI were considerably lower
in T2DM patients with increasing liver fibrosis than in those
without the condition (p < 0.05). There was no significant
difference in HDL-C, LDL-, AST, or TSH levels between
the two groups (P > 0.05). TT3, TT4, and TSH levels did not
positively correlate with NAFLD (p=0.409, 0.352, 0.081).
Model 3 included adjustments for age, BMI, TG, and HDL. It
was evident from the study's results that FT3 and NAFLD were
negatively correlated (p=0.004).

Conclusion: Significant association between liver fibrosis
in those with type 2 diabetes and abnormal thyroid hormone
levels. There is a negative correlation between the prevalence of
advanced fibrosis and cases of T2DM and NAFLD, and a low
FT3 level is an independent risk factor for advanced fibrosis.

Key words. Non-alcoholic fatty liver disease, liver fibrosis,
Type 2 diabetes mellitus, thyroid hormones, NAFLD fibrosis
score, Free triiodothyronine (FT3), insulin resistance, metabolic
syndrome.
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Introduction.

Non-alcoholic fatty liver disease (NAFLD), which includes
steatosis, non-alcoholic steatohepatitis (NASH), fibrosis,
cirrhosis, and hepatocellular carcinoma, is a rapidly growing
health concern with a current global prevalence of over 25% [1].
Patients with type 2 diabetes mellitus (T2DM) and obesity are at
the highest risk, with 60% to 80% of them also having NAFLD
[2-4]. Moreover, hepatic ATP production decreases while liver
fat content increases rapidly during the early stages of type 2
diabetes [5,6].

Thyroid hormones, being the primary regulators of energy and
lipid homeostasis, may play a crucial role in the development
of NAFLD. Hypothyroidism may favor the accumulation of
hepatic triglycerides, increase the flux of free fatty acids (FFA),
and elevate pro-inflammatory adipokines in the blood [7].
T2DM, a major risk factor for NAFLD, is also closely linked
to the risk of advanced fibrosis [8]. Reports suggest that the
prevalence of advanced fibrosis is 17.02% higher in cases of
NAFLD and T2DM [9]. Therefore, monitoring the progression
of NAFLD in patients with T2DM is crucial.

Liver biopsy, the gold standard for diagnosing hepatic fibrosis,
is an invasive test that may result in complications such as
bleeding or infection. In recent years, various non-invasive
scoring systems, such as the NAFLD fibrosis score (NFS), FIB-
4 (fibrosis 4 score), ELF (European Liver Fibrosis), and APRI
(aspartate aminotransferase-to-platelet ratio Index), have been
developed to detect advanced fibrosis associated with NAFLD.
NFS > 0.676 for advanced fibrosis has a high accuracy, with the
most commonly used positive predictive value (PPV) in clinical
practice being 90% [10].

Recent studies have shown an inverse correlation between
serum thyroid hormone levels and the incidence of NAFLD
[11], and a Mendelian randomization study demonstrated the
causal relationship between hypothyroidism and NAFLD [12].
Furthermore, decreased thyroid hormone levels were found to
accelerate the development and progression of liver fibrosis
[13,14]. However, studies investigating the relationship between
thyroid hormone levels and advanced liver fibrosis in patients
with both NAFLD and T2DM are limited.

To address this research gap, the present study aims to:

1. Evaluate the association between thyroid hormone levels
and advanced liver fibrosis in patients with NAFLD and T2DM.

2. Compare the levels of thyroid hormones (FT3, FT4, TT3,
TT4, and TSH) and other metabolic parameters between T2DM
patients with and without NAFLD.
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3. Assess the relationship between thyroid hormone levels
and the risk of advanced liver fibrosis in T2DM patients with
NAFLD.

By providing insights into the role of thyroid hormones in
the progression of liver fibrosis in patients with NAFLD and
T2DM, this study aimed to contribute to the development of
better screening and management strategies for this high-risk
population.

Materials and Methods.

Study design, subject and area:

From December 2024 to February 2025, a cross-sectional study
was carried out at the Ibn-Khaldon Diabetic Medical Center in
Port-Sudan City, Red Sea State, Sudan. The study population
consisted of three groups: patients with T2DM and NAFLD,
patients with T2DM without NAFLD, and early T2DM patients
with NAFLD. A consecutive sampling method was employed,
whereby all eligible patients presenting at the centre during the
study period were sequentially enrolled.

The inclusion criteria for the study were as follows:

1. Adults aged 18 years or older.

2. Confirmed diagnosis of T2DM based on the American

Diabetes Association (ADA) criteria [reference].

3. Presence or absence of NAFLD confirmed by abdominal

ultrasound imaging.

4. Availability of sufficient information to assess the degree of

liver fibrosis and thyroid function.

The exclusion criteria were:

1. History of excessive alcohol consumption (>30 g/day for

men and >20 g/day for women).

2. Liver diseases caused by viruses, alcohol,

autoimmunity, and/or total parenteral nutrition.

3. Incomplete information on thyroid function.

4. Overt thyroid diseases or abnormal thyroid function.

5. Pregnancy or breastfeeding.

The diagnosis of NAFLD was based on the presence of hepatic
steatosis on abdominal ultrasound imaging, in the absence of
secondary causes of liver fat accumulation, such as significant
alcohol consumption or other liver diseases. Advanced liver
fibrosis was defined as an NFS score > 0.676, which has been
shown to have a high accuracy for detecting advanced fibrosis
in patients with NAFLD [15].

All participants provided written informed consent, and the
study protocol was approved by the Institutional Review Board
of the participating medical center. The study was conducted in
accordance with the Declaration of Helsinki's ethical principles.

drugs,

Sample size:

The sample size for this study was determined based on the
available patient population and resources. A total of 350 T2DM
patients with normal thyroid function were included in the study,
with 140 patients in the T2DM without NAFLD group and 210
patients in the T2DM with NAFLD group.

Laboratory test markers and general clinical data:

The general data collected from participants included age
(years), gender (male/female), height (cm), weight (kg), and
duration of diabetes (years). Aftera 12-hour fasting period, venous
blood samples were obtained from each patient. Platelet count
was measured using a Mindray BC-700 haematology analyser,
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and whole blood was centrifuged at 3,000 rpm for 10 minutes to
separate serum. A mindrayA88 biochemical analyser was used to
assess the lipid profile, including total cholesterol (TC, mg/dL),
triglycerides (TG, mg/dL), high-density lipoprotein cholesterol
(HDL, mg/dL), and low-density lipoprotein cholesterol (LDL,
mg/dL), as well as liver function markers, including aspartate
aminotransferase (AST, IU/L), alanine aminotransferase (ALT,
IU/L), and albumin (ALB, g/dL). Thyroid hormones, including
free triiodothyronine (FT3, pg/mL), free thyroxine (FT4, ng/
dL), total triiodothyronine (TT3, ng/mL), total thyroxine (TT4,
ng/dL), and thyroid-stimulating hormone (TSH, uIU/mL), were
measured using a Fine care Plus 114 chemistry analyser with
the following assays: FT3 (ELISA, CatLog No. E-EL-H0781),
FT4 (ELISA, CatLog No. E-EL-H0782), TT3 (ELISA, CatLog
No. E-EL-H0779), TT4 (ELISA, CatLog No. E-EL-H0780),
and TSH (ELISA, CatLog No. E-EL-H0778). All procedures
were carried out in compliance with the applicable laboratory
guidelines and regulations. Internal quality control samples
were run daily to ensure the reliability of the test results, and
the laboratory participated in an external quality assessment
scheme for thyroid function tests.

Definition, calculation and group:

Ultrasound imaging of the abdomen was used to identify non-
alcoholic fatty liver disease (NAFLD). The diagnosis of NAFLD
was based on the presence of hepatic steatosis on ultrasound, in
the absence of excessive alcohol consumption (>30 g/day for
men and >20 g/day for women) and other chronic liver diseases
such as viral hepatitis, autoimmune hepatitis, drug-induced liver
injury, or total parenteral nutrition. The presence of NAFLD
was determined by experienced radiologists blinded to the
participants' clinical and laboratory data.

Body mass index (BMI) was calculated as body weight (kg)
divided by height (m) squared. The NAFLD fibrosis score
(NFS) was calculated using the following formula: NFS =
-1.675 + 0.037 x age (years) + 0.094 x BMI (kg/m2) + 1.13
x impaired fasting glucose/diabetes (yes = 1, no = 0) + 0.99 x
aspartate aminotransferase (AST) to alanine aminotransferase
(ALT) ratio - 0.013 x platelet count (x109/L) - 0.66 x albumin
(g/dL). Advanced liver fibrosis was defined as an NFS > 0.676,
which has been previously validated as a reliable cut-off for
identifying advanced fibrosis in patients with NAFLD [16].

Based on the presence of NAFLD and the NFS results,
participants were divided into three groups:

1. T2DM without NAFLD (control group).

2. T2DM with NAFLD.

3. T2DM with NAFLD and advanced liver fibrosis (defined as

NFS > 0.676).

The characteristics and laboratory findings of these three
groups were compared to investigate the association between
thyroid hormone levels and the presence and severity of NAFLD
in patients with T2DM.

Statistical Analysis:

SPSS version 26.0 was used for data analysis. The normality
of continuous variables was assessed using the Shapiro-Wilk
test. Descriptive statistics were presented as mean + standard
deviation for normally distributed variables and median
(interquartile range) for non-normally distributed variables.
Categorical variables were expressed as frequencies and
percentages.



Independent t-tests were used to compare the means of
normally distributed variables between T2DM patients with
and without NAFLD. The Mann-Whitney U test was employed
to compare the means of non-normally distributed variables
between T2DM patients with and without advanced liver
fibrosis (defined as NFS > 0.676).

Logistic regression analyses were performed to evaluate the
associations between thyroid hormone levels and the presence of
NAFLD. Three models were constructed: Model 1 (unadjusted),
Model 2 (adjusted for sex), and Model 3 (adjusted for age,
sex, BMI, triglycerides, and HDL cholesterol). Results were

presented as odds ratios (ORs) with 95% confidence intervals
(CIs) and p-values.

The chi-square test was used to assess the association between
categorical variables, such as the presence of advanced liver
fibrosis and thyroid hormone status (e.g., low FT3 and FT4 levels).

A p-value < 0.05 was considered statistically significant for
all analyses.

Results.

There were 350 T2DM patients with normal thyroid function
who took part in the study. They were split into two groups:

Table 1. Compare the average metabolic test results between T2DM with and without NAFLD. n=350.

Mean £+ SD

Variable T2DM with NAFLD T2DM without NAFLD

Age /years 66.7+£29.04 61.9+£27.6 0.003
Gender (male/female) Ratio 128\82 82/58 0.076
BMI /kg/M2 27.2+2.9 25.242.1 0.000
Duration /Year 8.54+5.01 7.4+3.17 0.103
AST (IU/L) 25.3+8.3 21.849.0 0.000
ALT (IU/L) 33.349.5 24.6+7.6 0.000
ALB (g/dL) 4.24+0.76 4.0+£1.08 0.216
PLT x 10°/L) 222+60.5 225+54.5 0.157
TSH (ulU/ml) 1.5+0.34 1.4+0.71 0.123
TT4 (png/ml) 7.3+4.12 8.2+4.65 0.002
TT3 (ng/mL) 1.89+0.96 1.24+0.89 0.004
fT4 (pg/ml) 0.99+0.32 1.26+0.54 0.002
fT3 (pg/ml) 3.1442.09 3.9442.06 0.000
TC (mg/dl) 172.08+48.3 165.1+43.3 0.011
TG (mg/dl) 226.5+135.6 150.4+120.3 0.000
HDL-C(mg/dl) 35.9+13.1 39.8+13.1 0.000
LDL-C(mg/dl) 101.3+35.5 98.6+34 .4 0.104

Abbreviations: T2DM: Type 2 Diabetes Mellitus;, NAFLD: Non-Alcoholic Fatty Liver Disease; BMI: Body Mass Index; PLT: Platelet; ALB:
Albumin; TC: Total Cholesterol; TG: Triglycerides; HDL-C: High-Density Lipoprotein Cholesterol; LDL-C: Low-Density Lipoprotein Cholesterol;
ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; FT3: Free Triiodothyronine; FT4: Free Thyroxine; TSH: Thyroid Stimulating

Hormone; T4: Total Thyroxin, T3: Total Triiodothyronine.

Table 2. Compare the average metabolic test results between T2DM with PLF and without PLF. n=210

Mean + SD
Variable T2DM without PLF T2DM with PLF P. value

NFS<0.676 NFS>0.676
BMI (kg/M2) 25.3+4.08 28.3+3.8 0.001
Serum AST (IU/L) 21.3+8.7 20.8+9.9 0.206
Serum ALT (IU/L) 24.24+11.0 20.4+4 .4 0.004
ALB (g/dL) 4.2+1.36 3.6£1.04 0.003
PLT x 10°/L 256486 178+53 0.003
TSH (ulU/ml) 1.43+0.48 1.72+0.79 0.205
TT4 (ng/ml) 7.02+3.39 6.44+3.12 0.000
TT3 (ng/mL) 1.53£1.00 1.22+0.94 0.008
fT4 (pg/ml) 0.86+0.37 0.48+0.29 0.040
fT3 (pg/ml) 3.09+1.93 2.68+1.82 0.000
TC(mg/dl) 187.5+£37.5 168.6+56.4 0.005
TG(mg/dl) 274.6£235.6 174.5+£114.2 0.001
HDL-C(mg/dl) 34.4+8.12 35.9£13.1 0.211
LDL-C(mg/dl) 111.3+41.7 103.2+34 .4 0.084

Abbreviations: T2DM: Type 2 Diabetes Mellitus;, NAFLD: Non-Alcoholic Fatty Liver Disease; BMI: Body Mass Index; PLT: Platelet; ALB:
Albumin; TC: Total Cholesterol; TG: Triglycerides; HDL-C: High-Density Lipoprotein Cholesterol; LDL-C: Low-Density Lipoprotein Cholesterol;
ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; FT3: Free Triiodothyronine; FT4: Free Thyroxine; TSH: Thyroid Stimulating

Hormone; T4: Total Thyroxin; T3: Total Triiodothyronine.
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Table 3. Multiple factors logistic regression analysis of thyroid hormones and risk of NAFLD and progressive liver fibrosis.

Thyroid hormones and the risk of NAFLD
TFT OR 95% CI P. value
Model 1 2.432 (1.115-5.304) 0.021
FT3 Model 2 3.684 (1.593-8.520) 0.002
Model 3 2.696 (1.058-6.868) 0.004
Model 1 4.571 (1.027-20.347) 0.045
FT4 Model 2 5.467 (1.434-20.836) 0.012
Model 3 1.040 (0.997, 1.085) 0.216
Model 1 0.386 (0.196-0.759) 0.468
TT3 Model 2 1.238 (0.500-3.061) 0.409
Model 3 0.804 (0.280-2.307) 0.446
Model 1 2.563 (0.222-29.534) 0.621
TT4 Model 2 0.535 (0.151-1.888) 0.352
Model 3 1.133 (0.489-2.625) 0.057
Model 1 1.324 (0.894-1.962) 0.092
TSH Model 2 0.990 (0.972-1.008) 0.081
Model 3 0.535 (0.151-1.888) 0.225

Abbreviations: TFT: Thyroid Function Test; FT3: Free Triiodothyronine; FT4: Free Thyroxine; TT4: Total Thyroxin, TT3: Total Triiodothyronine;

TSH: Thyroid Stimulating Hormone.
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Figure 1. Relationship between odd ratio and thyroid hormone.

T2DM without NAFLD (140 cases) had an average age of
61.9+27.6 years and a duration of diabetes of 7.4+3.17 years,
and T2DM with NAFLD (210) had an average age of 66.7+29.04
years and a duration of DM of 8.5+5.01 years. In comparison
to T2DM cases without NAFLD, the T2DM cases with NAFLD
had significantly lower levels of HDL-C, FT3, FT4, and TT4 (P
< 0.05) and significantly higher levels of BMI, ALT, AST, TG,
TC, and TT3. When compared to T2DM without NAFLD, there
was no discernible difference in the percentage of males or the
levels of PLT, ALB, HDL-C, and TSH between the two groups
(P>0.05) (Table 1).

DM type 2 patients with NAFLD Based on the NAFLD fibrosis
score (NFS) > 0.676, which was deemed to be progressive
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liver fibrosis, patients were split into two groups: T2DM with
progressive liver fibrosis (114 cases) and T2DM without
progressive liver fibrosis (96 cases). Individuals with increasing
liver fibrosis had significantly lower levels of FT3, FT4, TT3
ALT, TC, TG, PLT, ALB, TT4 and BMI than those without the
condition (p < 0.05). The values of HDL-C, LDL-, AST, and
TSH did not differ significantly between the two categories (P
>0.05) (Table 2).

Regression models 1, 2, and 3 were built with NAFLD as the
dependent variable, while levels of FT3, FT4, TT3, TT4, and
TSH were designated as independent variables with various
regression models, respectively. The results indicated that the
association between FT3, FT4, and NAFLD was regarded as



negative (p=0.021, p=0.045), however the correlation between
TT4, TT3, and TSH level and NAFLD was the opposite
(p=0.468,0.621, 0.092). Model 1 did not correct any parameters.
After adjusting for gender, Model 2 found a negative correlation
(p=0.002) between FT3 and NAFLD. In the meantime, there
was a negative correlation (p=0.012) between the FT4 level and
NAFLD. There was no positive link between NAFLD and TT3,
TT4, or TSH levels (p=0.409, 0.352, 0.081). Age, BMI, TG,
and HDL were adjusted for in Model 3. The study's findings
made it clear that FT3 had a negative relationship with NAFLD
(p=0.004) (Table 3 and Figure 1).

Discussion.

Obesity and diabetes mellitus are closely associated with
nonalcoholic fatty liver disease (NAFLD). Among other
histological abnormalities, it encompasses cirrhosis, liver
cancer, non-alcoholic steatosis, and NASH (non-alcoholic
steatohepatitis) [17]. Type 2 diabetes is a major risk factor for
NAFLD, and those with T2DM who also have NAFLD are more
likely to have additional metabolic syndrome components such
obesity, hypertension, and hyperlipidemia [18]. In our study, 210
(60.0%) of the T2DM cases had NAFLD. Our findings indicated
that T2DM patients with NAFLD had higher levels of BMI, ALT,
AST, TG, TC, and TT3 than T2DM patients without NAFLD.
This suggests that patients with NAFLD were more likely to be
obese, have metabolic issues, and have liver damage. There was
also a decrease in HDL-C, FT3, FT4, and TT4. Thyroid hormone
is involved in human lipid metabolism, produces lipolysis in the
liver, and aids in the storage and degradation of lipid droplets in
the liver lysosome [19]. individuals with advanced liver fibrosis
have lower levels of AST, ALT, TT3, TT4, FT3, and FT4 than
individuals without advanced liver fibrosis, according to the
NFS score. Low thyroid function decreases the liver's lipase
activity and triglyceride clearance, which results in intrahepatic
triglyceride accumulation and the development of non-alcoholic
fatty liver disease (NAFLD). and this outcome was consistent
with the findings of Manka et al. (2019) [20]. Therefore, as
FT3's serum level drops, its protective actions in the liver are
lessened, which may accelerate the onset and progression of
hepatic fibrosis [21]. In individuals with non-alcoholic fatty
liver disease (NAFLD), FT3 and FT4 levels independently are
strongly correlated with the development of hepatic fibrosis.
When BMI, TG, HDL, and NAFLD were taken into account,
this study showed a significant negative connection between
FT3 and FT4. This finding is in line with that of Loria P et al.
[22], who showed that low levels of FT4 raised triglyceride
levels in T2DM patients as the risk of NAFLD increased. This
study included 232 patients with normal thyroid function in
T2DM, and the current finding that there was a clear trend of
an increase in the incidence of NAFLD and a decline in FT4
levels suggests that FT3 and FT4 levels independently have a
close relationship with the risk of hepatic fibrosis that occurs in
patients with NAFLD. Furthermore, our research revealed no
association between NAFLD and the risk factors TT4, TT3, and
TSH. On the other hand, Kim et al. (2019) [23] and Bano et
al. (2016) [24] observed that a higher risk of liver fibrosis was
linked to higher TSH levels and lower FT4 levels. The different
study populations and advanced fibrosis diagnosis criteria for
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NAFLD may be the source of the discrepancies. Additionally,
the serum level of FT3 was not examined in any of these two
studies. The current investigation found that FT3 levels were
lower in patients with severe fibrosis than in those without the
condition. Even after adjusting for sex, WC, SBP, TC, TG,
HOMA-IR, and Scr, there was still a link between FT3 levels
and advanced fibrosis. Even though FT3 is not used as much in
everyday treatment, a low FT3 level seems to be an independent
risk factor for progressive fibrosis in people with NAFLD and
T2DM.

Conclusion and Recommendations.

The study's findings suggest a strong correlation between
aberrant thyroid hormone levels and liver fibrosis in individuals
with type 2 diabetes. a low FT3 level is an independent risk
factor for advanced fibrosis, and cases of NAFLD and T2DM
are also observed to be negatively correlated with the prevalence
of advanced fibrosis. indicated that thyroid hormone levels in
T2DM patients should be routinely assessed for evaluating
the patient's condition and predicting the prognosis, and that
blood FT3 and FT4 levels may be crucial for the prediction of
advanced fibrosis.
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