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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.
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.

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, drugs, 

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.
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). After a 12-hour fasting period, venous 
blood samples were obtained from each patient. Platelet count 
was measured using a Mindray BC-700 haematology analyser, 

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, 
μg/dL), and thyroid-stimulating hormone (TSH, μIU/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 × age (years) + 0.094 × BMI (kg/m2) + 1.13 
× impaired fasting glucose/diabetes (yes = 1, no = 0) + 0.99 × 
aspartate aminotransferase (AST) to alanine aminotransferase 
(ALT) ratio - 0.013 × platelet count (×109/L) - 0.66 × 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.
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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: 

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 25.2±2.1 0.000
Duration /Year 8.5±5.01 7.4±3.17 0.103
AST (IU/L) 25.3±8.3 21.8±9.0 0.000
ALT (IU/L) 33.3±9.5 24.6±7.6 0.000
ALB (g/dL) 4.2±0.76 4.0±1.08 0.216
PLT × 10⁹/L) 222±60.5 225±54.5 0.157
TSH (uIU/ml) 1.5±0.34 1.4±0.71 0.123
TT4 (µg/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) 3.14±2.09 3.94±2.06 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

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

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.

Mean ± SD

Variable T2DM without PLF
NFS<0.676

T2DM with PLF
NFS>0.676 P. value

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) 24.2±11.0 20.4±4.4 0.004
ALB (g/dL) 4.2±1.36 3.6±1.04 0.003
PLT × 10⁹/L 256±86 178±53 0.003
TSH (uIU/ml) 1.43±0.48 1.72±0.79 0.205
TT4 (µg/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

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

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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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 

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 

Thyroid hormones and the risk of NAFLD
TFT OR 95% CI P. value

FT3
Model 1 2.432 (1.115-5.304) 0.021
Model 2 3.684 (1.593-8.520) 0.002
Model 3 2.696 (1.058-6.868) 0.004

FT4
Model 1 4.571 (1.027-20.347) 0.045
Model 2 5.467 (1.434-20.836) 0.012
Model 3 1.040 (0.997, 1.085) 0.216

TT3
Model 1 0.386 (0.196-0.759) 0.468
Model 2 1.238 (0.500-3.061) 0.409
Model 3 0.804 (0.280-2.307) 0.446

TT4
Model 1 2.563 (0.222-29.534) 0.621
Model 2 0.535 (0.151-1.888) 0.352
Model 3 1.133 (0.489-2.625) 0.057

TSH
Model 1 1.324 (0.894-1.962) 0.092
Model 2 0.990 (0.972-1.008) 0.081
Model 3 0.535 (0.151-1.888) 0.225

Table 3. Multiple factors logistic regression analysis of thyroid hormones and risk of NAFLD and progressive liver fibrosis.

Abbreviations: TFT: Thyroid Function Test; FT3: Free Triiodothyronine; FT4: Free Thyroxine; TT4: Total Thyroxin; TT3: Total Triiodothyronine; 
TSH: Thyroid Stimulating Hormone.

Figure 1. Relationship between odd ratio and thyroid hormone.
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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 

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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