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Abstract

Non-alcoholic Fatty Liver Disease (NAFLD) is both a cause and a con-
sequence of metabolic disturbances. Consequently, the disease term has
recently changed to Metabolic Dysfunction-Associated Steatotic Liver
Disease (MASLD). Turkiye is one of the leading countries with high
incidences of diseases such as diabetes, obesity, metabolic syndrome,
and fatty liver. This study aims to identify the metabolic parameters and
MASLD potential of NAFLD in Turkiye. All NAFLD studies conducted
in Turkiye were systematically searched using the keywords “fatty liver
disease” AND “ Turkiye ““ on PubMed, Scopus, and Web of Science data-
bases. A total of 2653 articles were scanned, and 120 studies were eligible
for meta-analysis. The metabolic parameters were meta-analyzed from
a broad perspective. According to the meta-analysis results, there were
significant increases in waist circumferences (mean difference: 10.90,
p<0.00001), HOMA-IR (mean difference: 2.13, p<0.00001), aspartate
aminotransferase (AST) (mean difference: 17.82, p<0.00001), systolic
blood pressure (SBP) (mean difference: 5.86, p<0.00001), and C-reactive
protein (CRP) levels (mean difference: 0.95, p<0.00001). These parame-
ters are representative biochemical findings of disturbed glucose metabo-
lism, lipid profile, blood pressure, and acute phase response mechanisms.
Furthermore, the analysis of all related parameters commonly found
among the articles confirmed these metabolic dysfunctions. NAFLD is a
metabolic disease that encompasses multiple pathways related to glucose
and lipid metabolism, vascular function, inflammation, and acute phase
responses. Additionally, our results suggest that Turkish NAFLD patients
identified in previous studies mostly have MASLD. This is the first meta-
analysis study indicating changes in metabolism-related parameters with
a cumulative meta-analysis of all Turkish NAFLD studies.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is defined as the presence
of >5% hepatic steatosis without a competing liver disease such as
viral hepatitis, autoimmune hepatitis, hemochromatosis, Wilson’s dis-
ease, or alcoholic liver disease, and without the use of steatosis-induc-
ing medications. Non-alcoholic steatohepatitis (NASH)!!! occurs with
histopathological findings that cause hepatic damage, fibrosis, cirrhosis,
and mortality in a smaller subset of patients with NAFLD.? Further-
more, with the participation and agreement of 236 panelists from 56
countries, new medical terms were introduced to the scientific field.
Metabolic Dysfunction-Associated Steatotic Liver Disease (MASLD)
is the new designation for NAFLD and is defined by the detection of
liver steatosis (via liver histology, non-invasive biomarkers, or imaging)
together with at least one of three criteria: overweight or obesity, type 2
diabetes mellitus, or clinical evidence of metabolic dysfunction such as
high waist circumference or abnormal lipid or glycemic profiles. Simi-
larly, the term for nonalcoholic steatohepatitis was changed to “metabol-
ic-associated steatohepatitis” (MASH) to refer to steatohepatitis patients
with metabolic dysfunctions.?4 Also, diagnostic criteria were updated.
In the presence of steatotic liver disease (SLD), the identification of any
cardiometabolic risk factor alone would lead to a diagnosis of MASLD,
provided no other causes of hepatic steatosis are evident. If additional
contributors to steatosis are discovered, it suggests a combination etiol-
ogy. Specifically, in cases involving alcohol, it is referred to as MASLD
with increased alcohol intake (MetALD). In situations where explicit
cardiometabolic criteria are absent, other potential causes must be ruled
out. If none are found, this is categorized as cryptogenic SLD. However,
depending on clinical judgment, it could also be considered as a possible
MASLD, warranting periodic reassessment on a case-by-case basis.*!

NAFLD is a significant burden of health problems that cause chronic
liver diseases worldwide. A very recent meta-analysis examined the up-
to-date incidence of NAFLD with data from 1,201,807 individuals across
63 studies. According to this global analysis, the incidence of NAFLD
was found to be 4,613 per 100,000 person-years, particularly high in men,
with a dramatic increase of more than threefold between 2000 and 2015.
BI' According to regional results in 2019, NAFLD occurs in 31.29% of the
Middle East, 30.45% of South America, 27.37% of Asia, 24.13% of North
America, 23.71% of Europe, and 13.48% of Africa.l Nearly 30% of the
world’s population is currently challenged with this health problem.!”)

In America, the number of NAFLD patients, which was 83 million in
2015, is expected to increase to 100.9 million by 2030, a 21% increase,
while the prevalence of NASH cases will increase by 63% from 16.52
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million to 27.00 million cases.®! The prevalence of NAFLD is estimated
to be 20%-30% in the European Union, and about 3% is NASH. The
advanced fibrosis incidence in NASH patients was 67.95 in 1,000 person-
years. Liver-specific mortality in the pooled NAFLD versus non-NAFLD
incidence rate ratio was found to be 1.94. The adjusted liver-specific mor-
tality hazard ratio for NAFLD patients was 2.60. Although the prevalence
of advanced fibrosis among NAFLD patients in the USA and Europe was
10-15%, fibrosis development was found to be lower in the Asia region
compared to Western countries.”’ In Turkiye, multi-center prevalence
studies are limited in showing the current NAFLD status. However, recent
published data pointed to an alarming prevalence of 48.3%, which seems
reasonable when compared with the obesity prevalence in Turkiye.!'"!

NAFLD is a part of the metabolic syndrome hepatic outcomes and is
commonly seen in obese and diabetic patients. Whether NAFLD is a
cause or consequence of insulin resistance has been debated for a long
time. On the other hand, “lean-NAFLD” can be seen in non-obese sub-
jects, especially in low-income countries or rural areas.!''! This meta-
analysis aimed to evaluate all NAFLD cases and their control data in
the literature to show the metabolic profile of the disease in Turkiye
cumulatively for the first time. The MASLD potential of these patients
was discussed according to meta-analysis results.

Materials and Methods
Study Design

To determine the metabolic profile of Turkish NAFLD patients, all NAFLD
studies conducted in Turkiye were systematically searched using the key-
words “fatty liver disease” and “Turkiye” on PubMed, Scopus, and Web of
Science databases. All characteristics and biochemical data were screened
and collected for related meta-analysis. Inclusion criteria were established
as providing suitable data (using international units) of biochemical pa-
rameters for NAFLD-diagnosed patients and a healthy control group.

The parameters of NAFLD diagnosis were generally based on ultra-
sound screening. Many studies confirmed ultrasound screening results
with histopathological examinations after liver biopsy and used elevated
liver enzyme levels as inclusion criteria. Exclusion criteria were gener-
ally similar across studies, excluding individuals with viral hepatitis,
hemochromatosis, Wilson’s disease, autoimmune hepatitis, primary bil-
iary cirrhosis, sclerosing cholangitis, biliary obstruction, a1-antitrypsin
deficiency, ischemic cardiac or cerebrovascular disease, impaired renal
function, malignancies, previous abdominal surgery, medication use,
and daily alcohol intake exceeding 20 g/day. Several studies also ex-
cluded chronic conditions such as coronary artery disease, acute chronic
renal failure, hypertension, and diabetes. Some studies set the alcohol
intake exclusion limit at 30 or 40 g/day. Detailed information about the
inclusion and exclusion criteria of each study was given in Appendix 1.

There were no additional restrictions for individual characteristics. The
systematic search continued until July 2023. PRISMA statement guide-
lines were followed for this meta-analysis. Since this article is a meta-
analysis, ethics committee approval is not required.

Statistical Analysis

Cumulative data analysis was conducted to show the metabolic comor-
bidities of Turkish NAFLD patients. All analysis procedures were per-
formed according to the Cochrane Handbook (cochrane.org/handbook).
Mean and standard deviation values of each marker that was cumula-
tively assessed were entered into the RevMan 5.3 program. Weighted
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synthesis and metaanalysis

n: 120

Figure 1. Flow diagram of study selection.

analysis was automatically performed by RevMan 5.3 according to the
power of articles. Study power is calculated by RevMan, based on val-
ues for effect size magnitude, sample size, the number of studies, and
the amount of between-study variability. The 12 was used to measure
heterogeneity, which can be seen at the bottom of each figure. 12% val-
ues of 0-25, 25-50, 50-75, and 75-100 represent no, low, moderate,
and high heterogeneity, respectively. The fixed and random effect mod-
els were used according to the heterogeneity tau2 value to combine
the results. If the tau2 value is found as 0, the fixed effect model can
be used. However, in all our results, the tau2 value was found to be
different from 0, which led us to use the random effect model for a
better assessment. RevMan 5.3 (Cochrane Collaboration, Copenhagen,
2014) software was used for the meta-analysis, and GraphPad Prism 6
software was used for correlation analysis and visualizing the results.

Results

In total, 2653 articles were scanned. As a result of the screening, 2533
studies were found ineligible for this meta-analysis. The remaining 120
studies were eligible for meta-analysis, and all data on patient and con-
trol groups from these studies!!*!*13% were evaluated (Fig. 1).

Obesity-Glucose Metabolism Related Parameters

Data from 14138 NAFLD and 15335 healthy individuals showed that
the BMI level is significantly higher in the NAFLD group (Mean differ-
ence: 3.48, 95% CI: [3.02, 3.94], p<0.00001). Waist circumference in the
NAFLD group (n=4650) was increased compared to the control group
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NAFLD Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Agac 2013 110 12 G5 495 10 15 1.3% 14.00[8.16,19.84] -
Akbal 2012 1011 1449 30 g8 9.8 27 1.2%  12.101[5.32,158.89] -
Arikan 2022 453 132 A7 80DE 128 46 1.3%  14.70[9.06, 20.34] -
Arslan 2014 59549 92 100 az 549 45 1.8% 13.80[011.41,16.349] -
Basar 2012 991 133 3o 8srF 104 40 1.3% 10.40[4.596, 16.24] -
Eayrak 2020 100.5 92 260 892 95 748 21%  11.30[9.99, 12.61] -
Boga 20148 (MAFLD) 1046 101 TO 1047 a8 17 1.6% -0.10[-4.58, 4.38] T
Boga 2014 (MASH) 1046 108 A3 1047 ] 17 1.5% -0.10 [-4.89, 4.69] T
Boga 2014- 3 1046 101 TOO 733 104 12 1.2% 31.30[24.96, 37 64] -
Celikbilek 2014 49159 1278 34 8945 1118 a6 1.4% 9.70[4.50, 14.90] -
Colak 2012 -2 1032 116 92 741 M7¥ a1 1.7% 29102511, 33.049] -
Colak 2012- 3 1043 ar A7 894 4.1 30 1.89% 14.40[11.49 17.31] -
Colak 2012 - 4 101.5 8z AT 842 12 38 16% 1730012493 21.67] -
Colak 2016 101.8 9.5 a0 7BT 138 38 1.4% 2310[17.98 28.27] -
Dogan 2014 10418 1272 81 8832 1MArv T4 1.7% 158301207 19549 -
Ekinci 2022 113.06 122 95 7953 837 a3 1.8% 33.53[30.35 36.71] -
Ercin 2010 943 515 A0 BET B 30 1.89% T.EO[4.99 10.21] -
Ercin 2010- 2 45.9 6.2 a0 867 6.2 30 1.9% 9.20[6.39, 12.01] -
Erkan 2016 (elevated liver enzymes) a58.7 7T 46 T79.3 81 a1 1.8% 6.40[3.25, 9.55] -
Erkan 2016 (normal liver enzymes) 834 8.2 B2 79.3 81 a1 1.8% 4 6B0[1.58, 762 ~—
Fotholcu 2010 10687 &499 35 B2ET  BS5 30 1.7% 143001042 15.18] -
Gakmen 2016 {Euthyraid) 4886 T.6Y I 8T.EL 114 25 1.4% 11.02[5.72 16.32] -
Gaokmen 2016 {Hypoathyraid) 4712 82849 33 8424 1367 1 1.2% 1288B[6.29 19.47] -
Karahay 2013 (Borderline MASH) 100.9 il 24 4ia TA 1 1.6% 2.40[3.91, 12.849] -
Karahay 2013 (MWASH) 1037 1001 229245 Ta 21 1.4% 11.20[5.85 16.59] -
Karabay 2013 (55) 48.6 9.5 9 8925 T8 21 1.1%  B.10[0.95 13.149] T
Karakurt 2009 (Diabetic MAFLDY 101 11 40 91 ] 26 1.8% 10.00[5.14, 14.86] -
Karakurt 2009 {Maon-diahetic MAFLD) ez} a 40 91 ] 26 1.6% 8.00[3.74 12.26] -
Kasapoglu 2013 (Stage 1) 5943 92 133 822 83 275 20% 210([0.25, 3.94] r
Kasapoalu 2013 (Stage 2) 45.1 93 108 8922 8.3 275 2.0% 2.80([0.88, 4.97] I~
Kasapoalu 2013 (Stage 3) 44.9 8.z L2 1= e 8.3 275 2.0% 2700081, 4.59] I~
Kasapoglu 2014 (Stage 1) 453 42 114 2 43 182 21% 410[313,8.07] -
Kasapoglu 2014 (Stage 2) 5984 1.7 93 @12 43 182 21% F.20([6.49, 7.91] -
Kasapoalu 2015 (Stage 3) 48.49 1.5 a0 @12 4.3 182 21% F.F0[6.99, 8.41] "
Kasapoalu 2016 (Stage 1) 46.3 32473 82z 23 882 2.2% 410[3.78, 4.47] .
Kasapoglu 2016 (Stage 2) 481 1.3 363 8272 23 882 2.2% 5.80([570,6.10] -
Kasapoglu 2016 (Stage 3) 981 114 240 822 23 4as2 21% 5.80([4.45 7.348] -
Keskin 2017 (Grade 1) 848 135 a4 838 134 164 1.8% 1.00[-2.52 4457 T
Keskin 2017 (Grade 2) 846 131 71838 134 169 1.7% 0.50 [-2.86, 4.46] T
Keskin 2017 (Grade 3) a7.A 12 36 838 134 164 1.6% 370071, 8.11] —
Kilziler 2010 5938 43 GO 365 B a4 20% 7.30[5.34, 9.26] -
Koplay 2011 982 ar 45 10049 T8 30 1.8% -2.70 595, 0.59] -
Karkmaz 2015 {MNASH; 106.7 12102 823 34 a6 1.9% 24.40[21.86, 26.94] -
Karkmaz 2015 {MASH + cirrhosis) 107 1248 18 8213 34 a6 1.3% 24.70[18.84 3056 -
Karkmaz 2015 {85) 103 ar 44 823 349 a6 1.8% 2070[17.66 23.74] -
Kucukazman 2012 1034 1089 117 948 123 44 1.6% 860446 12.74] -
Qguz 2016 106  11.9 41 895 9.7 ar 1.8% 16.50[11.70,21.30] -
Ozturk 2015 (MASH) 1042 fid 39 881 9.3 41 1.8% 1610 [12.62 1958 -
Ozturk 2015 (55) 1011 a8 22881 93 41 1.5% 13.00[8.35 17 .649] -
Ozturk 2018 100.3 83 100 B&7A 93 38 18% 12800943 1617 -
Ozveren 2016 102 11 a4 a7 ] 22 1.8% 15.00[10.31, 19.69] -
Sernturk 2008 (MASH) 102 9 15 a3 ] 16 1.2% 19.00[12.66, 25.34] -
Senturk 2008 (35) 103 3 17 a3 ] 16 1.4% 2000([14.75 2529] -
Sonmez 20 10113 614 18 885 533 30 1.8% 1263[9.21,16.09) -
Sanmez 2021 (+MASH; 10043 4568 32 885 533 30 1.9%  11.93[9.19 14.67] -
Tekatas 2016 993 122 o83z 498 40 1.4% 16.10[10.84, 21.36] -
Uygun 2017 101.3 aY MB 886 103 1a0 20% 1270[10.68 1477 -
Yilmaz H. 2015 §7.49 A3 38 908 a1 35 20% TAO[4.71,9.49] -
Tilmaz 2021 103.81 1026 106 9883 8.96 40 1.8% 4.68[1.29,8.07] e
Total (95% CI) 4650 7346 100.0% 10.90 [9.83, 11.96] |
Heterageneity: Tau‘:l 13.67; Chi*=1602.85 df=538 (P = 0.00001); F= 96% Moo a0 ] En o
Testfor averall effect £=20.02 (P = 0.00001}) MAFLD Contral

Figure 2. The random effect model of cumulative meta-analysis for waist circumference data obtained from NAFLD and control individuals.

(n=7346) (Mean difference: 10.90 cm, 95% CI: [9.83, 11.96], p<0.00001)
(Fig. 2). Data from 6769 NAFLD and 7646 healthy individuals showed
that fasting blood glucose levels were higher in the NAFLD group (Mean

difference: 12.32 mg/dl, 95% CI: [9.96, 14.69], p<0.00001). HbA1c%
values were higher in the NAFLD group (n=1254) than in the control
group (n=1327) (Mean difference: 0.52, 95% CI: [0.28, 0.76], p<0.0001).
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NAFLD Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Akbal 2012 448 32 ] 22 148 a7 0.8% 2.30[0.95, 3.65]
Akkiz 2021 462 658 200 1.29 032 61 1.1% 3.33[2.41, 4.29] -
Arslan 2014 36 31 100 0495 036 45 1.3% 2.65[2.03, 3.27] -
Aygun 2008 58 446 40 1.94 088 40 0.8% .86 [2.41, 5.311] -
Awgun 2014 {elevated liver enzymes) 112 31 1.8 0.2 20 1.4% 5.30[4.87,5.73] -
Awgun 2014 {narmal liver enzymes) Ty 17 20 1.8 0.2 20 1.2% 6.10[5.35, 6.85] -
Boga 20145 (MAFLDY 53 34 To 34 14 17 1.0% 1.90[0.77, 3.03] —
Boga 20145 (MASH) 9 472 a3 34 14 17 0.9% 2800119, 3.81] ——
Boga 2014-3 a2 38 To 14 1 12 1.0% 3.30[2.24, 4.39] e
Zengiz 20049 363 324 TE 16 047 24 1.2% 2.03[1.28 278 -
Cetindagli 2017 322 13 93 1.84 047 a7 1.4% 1.68[1.38,1.98] -
Calak 2011 32 12 B0 12 08 52 1.4% 2000163, 2.37] -
Calak 2012 28 186 a0 1.35 053 28 1.3% 1.45[0.80, 2.00] -
Coalak2012-4 421 41 92 1.35 053 51 11% 286 [2.01,371] —
Calak 2016 27 14 a0 084 04 38 1.3% 1.76[1.24, 228 -
Ekinci 2022 V.86 745 95 248 176 83 0.7% 5.08[3.44 673 I
Erminler 2014 .81 0.88 40 204 0 40 1.4% 377 [3.449, 408 -
Fotbaleu 2010 3.59 1.41 35 1.28 0249 30 1.3% 2.311[1.80, 2837 -
Gakmen 2016 (Euthyraid) 262 143 35 1.39 053 25 1.3% 1.23[0.72,1.74] -
Gakmen 2016 (Hypottyroid) 261 1.3 33 1.34 067 21 1.3% 1.27[0.74,1.80] -
Gulsen 2005 4458 167 ¥1 2453 107 30 1.3% 3.0a[2.50, 3.60] -
kara 2013 3423 103 15 08 a7 1.4% 1.901[1.41, 2.34] -
karabay 2013 {Borderline MASH) 27 1.4 24 086 026 21 1.3% 1.74 117, 23] -
karabay 2013 {NASH) 398 26 22 086 026 21 1.0% 3.02[1.893, 4.11] _—
karabay 2013 {85) 1.61 0.93 9 0495 026 21 1.3% 0.65[0.03,1.27] -'—
karakurt 2009 (Diabetic MAFLDY 34 26 40 1.5 048 26 1.1% 1.90[1.02, 2.78] -
karakurt 2009 (Mon-diabetic NAFLD) 1.7 1.2 40 1.5 048 26 1.3% 0.20 [-0.31,0.71] T
Karaodullarndan 2023 443 588 290 1.29 038 108 1.2% 314 [2.46, 3.82] -
kasapoglu 2013 (Stage 1) 21 048 133 14 08 275 1.5% 0.70[0.57, 0.83] -
kasapoglu 2013 (Stage 23 24 04 108 14 08 275 1.5% 1.001[0.88,1.12] -
kasapoglu 2013 (Stage 3 24 03 95 14 08 275 1.5% 1.00[0.89,1.11] -
kasapoglu 2015 (Stage 1) 26 049 124 14 07 182 1.5% 1.20[1.01, 1.349] -
kasapoglu 2015 (Stage 2) 32 04 93 14 07 182 1.5% 1.801[1.59, 2.01] -
kasapoglu 2015 (Stage 3) 34 1 a0 14 07 182 1.5% 2101[1.86, 2.34] -
Kasapoglu 2015 - 2 (Stage 1) 2B 049 a8 156 14 136 1.4% 1.10[0.80,1.40] -
Kasapoglu 2015 - 2 (Stage &) 36 11 38 18 14 138 1.4% 210[1.68, 247 -
Kasapoglu 2015 - 2 (Stage 3) 3T 1 24 18 14 138 1.4% 2.201[1.74, 2 6A] -
Kasapoglu 2016 (Stage 1) 2E 049 473 145 1.4 882 1.9% 1.10[0.88,1.27] -
Kasapoglu 2016 (Stage 2) 36 11 363 145 1.4 882 1.9% 2101[1.96, 2.24] -
kasapoglu 2016 (Stage 3) 3T 1 240 145 1.4 882 1.9% 2.20[2.04, 2.39] -
karkmaz 2015 (MASH) 449 31 102 248 1 56 1.3% 2401[1.74, 3.08] -
karkmaz 20148 (MASH + cirrhosis) T7o34 18 248 1 56 0.6% 5.20[3.38, 7.02]
karkimaz 20145 (558) 38 3z 44 248 1 56 1.1% 1.30[0.32, 228 -
kucukazman 2014 345 379 154 285 273 a7 1.1% 0.60 [-0.28, 1.48] T
kutlu 20149 41 28 a1 16 078 30 1.2% 2.80[1.68, 3.37] e
Oral 20149 26 161 223 171 077 142 1.9% 0.89[0.64,1.14] -
Oral 2019 - 2 26 161 223 171 077 142 1.9% 0.89[0.64,1.14] -
O7turk 2015 (MASH) 448 32 kL] 21 048 41 1.0% 24010136, 3.44] -
O7turk 2015 (55) 38 24 22 21 048 41 1.0% 1.80[0.76, 2.84] -
Ozturk 2018 445 26 100 21 04 38 1.3% 2.401[1.82, 298] -
Ozvaren 2016 39 22 a4 1.5 0.4 22 1.3% 2.401[1.80, 3.00] -
Furnak 2012 27 048 a0 26 0.88 26 1.4% 0.10 [-0.30, 0.50] T
Sapmaz 2016 3.39 3176 1495 16 40 1.3% 1.44[0.89, 1.949] -
Sargin 2005 33 14 35 21 141 34 1.3% 1.20[0.58, 1.82] -
Senates 2011 T8 24 a8 1.5 0.8 g8 1.3% 228175, 2.81] -
Senates 2012 AT 26 a7 1.5 0.8 56 1.3% 2.20[1.65, 2.74] -
Senturk 2008 (MASH) B 22 15 25 04 16 1.0% 3.50[2.37, 4.63] —
Senturk 2008 (55) 39 141 17 25 04 16 1.3% 1.40[0.84, 1.96] -
Tekatas 2016 27 34 H 0e or 40 0.9% 1.90[0.68, 3.12] I
Ulagodiu 2021 39 34 174 156 06 74 1.3% 2.401[1.86, 2.94] -
I yqun 2017 46 A4 MBA 272 1 1580 1.2% 24011 66, 3.14] -
Yalniz 2006 Tooaz IF 1758 0BT 5 0.3% 525227, 827
‘Yesilova 2004 439 0322 46 248 028 30 1.9% 1.94 [1.82, 206 -
Yilmaz Y. 2009 47 34 40 11 07 14 1.0% 3.60[2.48, 477 -
Yilmaz Y. 2010 38 27 a4 14 04 T 1.3% 210[1.583, 267 -
Yilmaz . 2010 - 2 (Borderline BASH) 38 14 17 12 06 58 11% 2.B0[1.68, 347 —
Yilmaz Y. 2010 - 2 (NASH) 33 17 25 12 06 58 1.2% 2101[1.43, 277 -

Continued on next page —
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YilmazY. 2010 - 2 (38) 57 42 58 12 06 58 1.0%  4.50(2.39 561] —
Yilmaz Y. 2010- 3 37 23 99 18 06 75 14%  210[1.63, 257 -
Yilmaz Y. 2010 - 4 35 23 82 18 05 77 1.3%  1.90[1.39,2.4] —
Yilmaz Y. 2011 37 21 84 18 06 56 1.3%  210[1.52, 269 —
YilmazY. 2011 - 2 28 24 95 15 06 80 1.3%  2.30[1.80,2.80] -
Yilmaz Y. 2011 - 3 39 22 71 14 07 38 1.3%  2.50[1.94, 3.06 -
Yilmaz Y. 2011 - 4 39 22 158 17 05 103 1.4%  2.20[1.84, 25§ -
YilmazY. 2011 - 5 37 23 99 16 06 75 14%  210[1.63 257 -
YilmazY. 2011 - 6 37 23 93 18 06 75 14%  210[1.63 257 -
Yilmaz Y. 2012 39 25 59 15 07 54 1.3%  2.40[1.74,3.08 —
Yilmaz Y. 2013 46 27 179 14 06 123 1.4%  3.20[279, 361 -
Yilmaz Y. 2013 37 28 80 17 06 58 1.3% 2000137, 263 —
Yozgat 2021 33 058 208 207 044 201 15%  1.23[1.13,1.33

ilmaz 2021 425 375 106 364 568 40 06%  0.61F1.29 2.51] —_1

Total (95% C1) 7341 8381 100.0%  2.13[1.95,232] t
Heterogeneity: Tau®= 0.60; Chi*= 190854, ¢f= 80 (F < 0.00001); = 96% Ha + 5 t T
Test for overall effect: Z= 22.59 (P = 0.00001) NAFLD Cortirol

Figure 3. The random effect model of cumulative meta-analysis for HOMA-IR data obtained from NAFLD and control individuals.

Insulin levels were also higher in the NAFLD group (n=3194) compared
to the control group (n=1881) (Mean difference: 6.73, 95% CI: [5.94,
7.53], p<0.00001). The HOMA-IR values showed a significant increase
in the NAFLD group (n=7341) compared to the control group (n=8381)
(Mean difference: 2.13, 95% CI: [1.95, 2.32], p<0.00001) (Fig. 3).

Liver Function Parameters

AST values of the NAFLD group (n=9357) were higher than those of
the control group (n=11080) (mean difference: 17.82 IU/L, 95% CI:
[15.47, 20.17], p<0.00001) (Fig. 4). Similarly, ALT levels in the NA-
FLD group (n=12535) were increased compared to the healthy group
(n=14434) (mean difference: 35.11 IU/L, 95% CI: [31.27, 38.95],
p<0.00001). Increased ALP levels were observed in NAFLD patients
(n=2615) compared to healthy controls (n=4452) (mean difference:
12.10 TU/L, 95% CT: [8.38, 15.83], p<0.00001). GGT levels in the NA-
FLD group (n=5756) were higher than in the control group (n=7634)
(mean difference: 21.73, 95% CI: [19.35, 24.10], p<0.00001). No sig-
nificant difference was found in total bilirubin levels between the NA-
FLD group (n=830) and control group (n=735) (mean difference: 0.07,
95% CI: [-0.01, 0.16], p=0.10). Similarly, albumin levels showed no
significant difference between groups (NAFLD group n=1994, control
group n=1752) (mean difference: -0.02, 95% CI: [-0.09, 0.05], p=0.55).

Hyperlipidemia Related Parameters

Increased levels of triglycerides were found in NAFLD patients
(n=9052) compared to healthy individuals (n=10489) (Mean differ-
ence: 49.34 mg/dl, 95% CI: [44.24, 54.44], p<0.00001). HDL levels of
the NAFLD group (n=9097) were lower than those of the control group
(n=10522) (Mean difference: -2.59 mg/dl, 95% CI: [-3.86, -1.32],
p<0.0001). LDL levels of the NAFLD group (n=8695) were higher than
those of the control group (n=10249) (Mean difference: 13.52, 95% CI:
[10.94, 16.10], p<0.00001). Total cholesterol levels of NAFLD patients
(n=8823) were also increased compared to controls (n=9699) (Mean
difference: 22.59, 95% CI: [18.94, 26.24], p<0.00001).

Blood Pressure Parameters

Systolic blood pressure (SBP) was higher in NAFLD patients (n=3778)
compared to controls (n=2987) (mean difference: 5.86 mmHg, 95% CI:
[5.39, 8.14], p<0.00001) (Fig. 5). Diastolic blood pressure was also in-
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creased in NAFLD patients (n=3778) compared to controls (n=2987)
(mean difference: 3.83 mmHg, 95% CI: [2.55, 5.11], p<0.00001).

Acute Phase Reactants

CRP values of the NAFLD group (n=3765) were higher than those
of the control group (n=5859) (Mean difference: 0.95 mg/L, 95% CI:
[0.72, 1.19], p<0.00001) (Fig. 6. ESR was prolonged in the NAFLD
group (n=786) compared to the healthy group (n=482) (mean differ-
ence: 2.35 mm/hr, 95% CI: [0.47, 4.23], p<0.01). Ferritin levels in NA-
FLD patients (n=1921) were increased compared to the control group
(n= 3812) (Mean difference: 45.63 ng/mL, 95% CI: [32.72, 58.54],
p<0.00001). Hemoglobin levels were also higher in the NAFLD group
(n=398) than in the control group (n=780) (Mean difference: 0.28, %95
CI: [0.12, 0.43], p=0.0004). Serum creatinine levels of NAFLD patients
(n=2650) were higher than those of healthy controls (n=2479) (mean
difference: 0.07 mg/dL, 95% CI: [0.05, 0.09], p<0.00001).

Correlation Results

Correlation analysis indicated that obesity and glucose metabolism pa-
rameters such as fasting blood glucose, waist circumference, insulin, and
HOMA-IR levels were associated with liver function, as evidenced by
increases in ALT, AST, and GGT enzyme levels. Fasting blood glucose
correlated with AST (p<0.0001, r=0.401), ALT (p<0.0001, r=0.276), and
GGT (p=0.018, r=0.245). Waist circumference levels were found to be
correlated with AST (p<0.0001, r=0.371), ALT (p<0.0001, r=0.368), and
ALP (p=0.04, r=0.50). Similarly, insulin/HOMA-IR levels correlated
with AST (p=0.001/p<0.0001, r=0.342/0.760), ALT (p<0.0001/p<0.0001,
r=0.369/0.710), and GGT levels (p=0.017/p<0.0001, r=0.289/0.495).

Discussion

Our meta-analysis showed that Turkish NAFLD patients have glucose
metabolism disorders, hyperlipidemia, and impaired liver functions
compared to the control group. Blood pressure values were elevated
in NAFLD patients. Furthermore, CRP, ESR, Ferritin, Hemoglobin,
and Creatinine levels, which were determined as acute phase reac-
tants, were elevated in NAFLD patients in Turkiye. These results sug-
gest that NAFLD patients in Turkiye carry a high risk of metabolic
dysfunction and that Turkish NAFLD patients detected in previous
studies might mostly have MASLD.
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NAFLD Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD  Total Weight IV, Random, 95% CI IV, Random, 95% CI
Acikel 2009 (Grade 1) 3149 358 100 488 4909 140 0.7% -16.70[F33.31,-0.09]
Acikel 2009 (Grade 2-3) 3448 356 115 486 4909 140 0.7% -14.10[30.50, 2.30] e
Akhal 2012 627 2448 a0 228 B 27 0.9% 39.90 [30.845, 48.59] I
Akhal 2016 54.3 49.8 24 208 4.1 22 0.6% 33.50([13.50,53.50]
Akkiz 2021 32.04 1894 200 216 7148 61 1.0% 10.44 [7.20,13.68] -
Aktas 2011 44 19 91 24 9 a1 1.0% 20.00 [15.63, 24.37] -
Akyildiz 2009 459 21 a7 23a 10 104 0.9% 26.40([19.37, 33.43] -
Arslan 2014 387 252 100 183 48 45 1.0% 19.40[14.27, 24.53] -
Aygun 2008 449 oy 3 174a 43 20 0.9% 27.40([17.43, 37.37] i
Aygun 2014 (elevated liver enzymes) 224 a3 N 17a 43 20 1.0% 5.401[1.30,9.50] —
Ayaun 2014 {narmal liver enzymes) 494 T 40 2449 141 40 0.9% 24458001459 34.41] I
Basar 2012 384 186 a0 237 104 40 0.9% 14.70[7.29, 22.11] -
Baskol 2005 a7.83 4581 23 2278 8.97 23 0.6% 3505 [15.97, 54.13]
Bayrak 2020 237 147 260 184 6.3 T48 1.0% 5.30[3.45,7.148] -
Bekler 2014 287 6.9 32 252 7.4 22 1.0% 0.50[-3.41, 4.41] T
Bilgir 2014 arE 19.6 53 22 33 45 1.0% 1560 [10.24, 20.96] -
Boga 2015 (NAFLD) 61.8 278 70 arz2 204 17 0.8% 460 [6.96, 16.16] T
Boga 2015 (MASH) 63.3 299 53 4r.2 204 17 0.8% 6.10 [6.39, 18.599] T
Boga 2015- 2 5345 549158 66 18 B.7333 38 0.8% 3550 [21.94, 49.06] —_—
Boga 2015- 3 61.8 278 7o 187 548 12 0.9% 4310 ([35.88, 50.32] -
Cengiz 2015 40 416 57 20 073 57 1.0% 2000 [18.90, 21.10] -
Cengiz 2016 48.91 28.03 63 213 G.44 69 0.9% 2761 [20.82, 34.40] -
Colak 2011 62.9 57 G0 202 1.3 52 1.0% 42.70([41.22, 44.18] -
Colak 2012 384 2149 50 2049 i 28 0.9% 189.00 [12.65, 25.35] -
Colak 2012 -2 542 46.3 93 187 42 a1 0.9% 3550 [25.97, 45.03] -
Colak 2012- 3 411 207 a7 257 73 30 0.9% 15.40[9.42, 21.38] -
Colak 2012 - 4 421 221 a7 187 548 38 0.9% 23.40([17.40, 29.40] -
Colak 2016 397 211 50 202 6.1 38 0.9% 19.50 [13.34, 25.66] -
Delik 2020 4578 3298 248 2285 8.43 a1 1.0% 22931843 27.473] -
Dernirag 2007 26.4 133 237 203 8.1 20 1.0% B.10[4.07, 8.13] -
Ekinci 2022 26.56 147 45 16.32 4.78 a3 1.0% 10.24 [7.11,13.37] -
Erminler 2014 514 7.54 40 202 1.23 40 1.0%  31.30[28.93, 33.67] -
Ermre 2015 az 35 75 76 35 111 0.8% G.00 [4.25, 16.25] T
Eren 2012 46 13 41 22 11 74 1.0%  24.00 [20.34, 27.66] -
Fatholew 2010 33.23 13.33 35 23.07 5.82 30 1.0% 1016 [5.28,15.04] -
Gulsen 2005 40.04 14.64 71 2413 4.74 30 1.0% 25972210, 29.72] -
Kara 2013 L 20 103 22 i a7 1.0%  26.00[21.93, 20.07] -
Karahay 2013 (Eorderline MASH) 382 16.4 24 254 8.4 21 0.9% 12.80[5.594, 20.048] -
Karahay 2013 (MASH) 452 26.9 22 254 8.4 21 0.8% 18.80 [7.94, 31.649] -
Karahay 2013 (55) 3948 214 3 254 8.4 21 0.7% 1410044, 28.64)] |
Karaogullanndan 2023 vz 2521 280 204 8.64 108 1.0% 16.72 [13.39, 20.09] -
Kargili 2008 276 16.2 33 208 101 28 0.9% G.80[0.13, 13.47] —'—
Kasapoglu 2013 (Stage 1) 19.8 92 133 188 76 275 1.0% 1.00 [-0.80, 2.80] M
Kasapoglu 2013 (Stage 2) 203 114 106 188 76 275 1.0% 1.50 [-0.85, 3.85] I~
Kasapoglu 2013 (Stage 3) 222 111 93 188 76 275 1.0% 3.401[1.04, 5.76] M
Kasapoglu 2015 (Stage 1) 181 91 124 175 A 182 1.0% 1.60 [-0.37, 3.57] I
Kasapoglu 2015 (Stage 2) 224 5.4 93 174 A 182 1.0% 4.90 [2.67,7.13] -
Kasapoglu 2015 {Stage 3) 242 9.1 a0 174 79 182 1.0% B.70[4.40,9.00] -
Kasapoglu 2015 - 2 {Stage 1) 203 97 a8 182 77 136 1.0% 1.10 [-1.30, 3.50] r
Kasapoglu 2015 - 2 {Stage 2) 226 124 38 182 77 136 1.0% 3.40[-0.78, 7.58] =
Kasapoglu 2015 - 2 {Stage 3) 242 137 24 182 77 136 1.0% 5.00[0.63,10.63] "—
Kasapoglu 2016 (Stage 1) 19.2 92 473 1845 F] 982 1.0% 0.70 [-0.26, 1.66]
Kasapoglu 2016 (Stage 2) 253 114 363 184 F] 982 1.0% B.50 [5.53, 8.07] -
Kasapoglu 2016 (Stage 3) 302 111 240 184 ] g2 1.0% 11701022, 13.18] -
Keskin 2017 {(Grade 1) 33 24 a4 30 17 164 0.9% 3.00[-2.93 8.43] T
Keskin 2017 {(Grade 2) 33 24 71 30 17 164 0.9% 3.00[-3.35,9.35] T
Keskin 2017 {(Grade 3) 36 22 36 30 17 164 0.9% G.00[1.63,13.63] T
Koplay 2011 286 12.8 45 1841 349 30 1.0% 9.50([5.51,13.49] -
Karkmaz 2015 (WASH) a0 143 102 208 a7 56 1.0% 28.50 [26.35, 32.65] -
Kaorkmaz 2015 (WASH + cirrhosis) 64.2 16 18 206 5.7 56 0.9% 43.60 [36.06, 51.14] -
Kaorkmaz 2015 (55) ara 5.8 44 206 5.7 56 1.0% 16.50[13.24, 19.76] -
Kucukazman 2012 3448 181 154 224 6.9 a7 1.0% 12.00[8.6% 15.32] -
Kucukazman 2014 34 173 117 224 7T 44 1.0% 12.60[8.73 16.47] -
Kutlu 20149 2249 104 51 204 10.2 a0 1.0% 2.50[-2.18,7.148] T
Oral 2019 18.43 566 225 16.99 46 142 1.0% 1.491[0.43, 2.45] i
Oral 2019- 2 18.48 566 225 16.99 46 142 1.0% 1.49[0.43, 2.55] i
Ozturk 2015 (MASH) 704 a7 39 21 44 41 0.7% 4940 [34.59, 64.21] —
Ozturk 2015 (88) 46 B 16.8 22 21 44 41 0.9% 2560 ([18.45, 32.79] -
Ozturk 2018 5349 ar2 100 204 46 a8 0.9% 33.40[25.96, 40.84] -
Ozveren 2014 268 123 59 204 a8 22 1.0% B.30[2.78,9.82] -
Ozveren 2016 21 12 a9 21 4 22 1.0% 0.00-3.45, 3.49 T
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Sapmaz 2016 324 17 176 2241 6.9 90 1.0%  10.40[7.51,13.29] -
Sargin 2005 36 10 34 18 i 34 1.0% 18.00[14.29 21.71] -
Saricam 2005 252 1.7 26 177 1.4 16 1.0% 7.50[6.55, 8.45] -
Senates 2011 a3 24 a8 21 10 88 1.0% 27.00[21.37, 32.63] -
Senates 2012 a3 26 97 21 g 66  1.0% 27.00[21.48, 32.53] -
Senturk 2008 (MASH) 50 24 14 24 7 16 0.8% 26.00[12.89, 39.11] I
Senturk 2008 (33) a3 14 17 24 T 16 0.89% .00 [1.09, 16.91] —
Sonmez 2021 43.44 10.749 18 23 4.46 0 1.0% 2044 [15.21, 25.67] -
Sonmez 2021 (+MASH) A7.74 21.42 a2 23 4.46 30 0.8%  4TI[RT6, 42.34] -
Sunbul 2014 46.7 219 100 242 138 50 1.0% 22480 [16.74, 28.29] -
Sunbul 2014 46.2 224 G0 242 146 45 0.8% 220001471, 28.29] -
Tekatas 2016 49.34 23.37 a1 244 2358 40 0.8% 2485 [13.85, 35.89] -
Tok 2014 39.84 Faln 38 18.93 5.91 34 0.8% 2091 [13.71,28.11] -
Uygun 2017 53.4 2894 216 182 5.6 180 1.0% 35.20[31.18, 39.22] -
alniz 2006 G0.6 346 3r 196 6.2 25 0.8%  41.00[29.59, 52.41] -
Yaman 2005 436 2683 50 183 5.4 26 0.8% 29.30[21.98, 36.62] -
Yesilova 2005 61.06 45 46 21.94 5.64 30 1.0% 3912 [36.72, 41.52] -
Yilmaz H. 2015 53 18 38 21 T 35 0.8% 32.00[25.82 38.18] -
Yilmaz Y. 2009 46.6 16.9 40 1749 36 14 1.0%  28.70[23.13, 34.27] -
Yilmaz Y. 2010 a2 17 59 23 g 77 1.0%  19.00[14.31, 23.69] -
Yilmaz Y. 2010 - 2 (Bordetline NASH) 449 136 17 1582 38 58 0.8% 29.70[23.16, 36.24] -
Yilmaz vy, 2010 - 2 (MASH) 491 11.2 26 152 38 58 1.0% 33.90[29.49 38.31] -
Yilmaz Y. 2010- 2 (55) 571 256 56 1582 38 58 0.8% 41.90[35.12, 48.68] -
Yilmazy. 2010- 3 a4 18 99 24 10 7 1.0% 20001579, 24.21] e
Yilmaz Y. 2010 - 4 a4 18 82 24 9 7YTO1.0%  2000[15.62, 24.38] -
Yilmaz v, 2011 a4 18 54 24 10 56 1.0% 20.00[14.53, 25.47] -
Yilmazy. 2011 - 2 a6 16 95 23 9 80 1.0% 23.00[19.23 26.77] -
Yilmazy. 2011 -3 a7 17 71 22 B 39 1.0%  25.00[20.62, 29.38] -
Yilmazy. 2011 - 4 a7 21 156 23 12 103 1.0% 24.00[19.97, 28.03] -
Yilmazy. 2011- 4 44 18 49 24 10 78 1.0% 200001579, 24.21] e
Yilmazy. 2011 -6 44 18 49 24 10 78 1.0% 200001579, 24.21] e
Yilmazy. 2012 43 14 549 22 9 54 1.0% 21.00[16.48 25.52] -
Yilmazy. 2013 ot 14 178 22 11 123 1.0%  33.00[30.07, 35.93] -
Yilmaz 'y, 2018 47 20 a0 24 12 59 1.0% 22.00[16.65, 27.329] -
Yozgat 2021 28.74 17.84 208 24486 1677 201 1.0% 4181083, 7.53] .

Yilrmaz 2021 23.82 7O 106 228 5.88 40 1.0% 1.02 [1.35,3.39] r

Total (95% CI) 9357 11080 100.0% 17.82[15.47, 20.17] 4
Heterogeneity: Tau®= 142.48; Chi*= B583.98, df= 106 (P = 0.00001); F=98% I—1DD -SID b SID 1DD=
Testfor overall effect Z=14.87 (P = 0.00001) MNAFLD Contral

Figure 4. The random effect model of cumulative meta-analysis for AST data obtained from NAFLD and control individuals.

The pathogenesis of NAFLD, specifically whether NAFLD precedes in-
sulin resistance or vice versa, has been debated for a long time. Diacyl-
glycerol is recognized as a key factor of lipid-induced insulin resistance
in the liver. Elevated diacylglycerol activates protein kinase C, which
phosphorylates and inhibits the insulin receptor, thereby impairing glu-
cose metabolism in NAFLD primarily through this mechanism.['3!

The global prevalence of NAFLD is 30%,!”) and a 2016 meta-analysis
reported a pooled analysis for NASH prevalence at 59.10% among bi-
opsied NAFLD patients. According to comorbidity analysis, the prev-
alence of obesity was 51.34%/81.83%, diabetes was 22.51%/43.63%,
hyperlipidemia was 69.16%/72.13%, hypertriglyceridemia was
40.74%/83.33%, hypertension was 39.34%/67.97%, and metabol-
ic syndrome was 42.54%/70.65% among NAFLD/NASH patients
worldwide. These results indicate that the prevalence of comorbidities
rises with the development of NASH compared to NAFLD without
steatohepatitis.®) However, a 2023 meta-analysis showed that the in-
cidence of NAFLD was higher among those with obesity, diabetes,
hyperlipidemia, and metabolic syndrome, though the differences were
not significant. Only tobacco use status showed significant incidence
differences among patient characteristics.?!

A single-center study investigating Turkiye’s NAFLD profile revealed
that 90.4% of NAFLD patients had biopsy-proven NASH, and simple
steatosis was rare (9.6%). The clinical outcomes indicated that significant
fibrosis was present in 6.4%, advanced fibrosis in 32.6%, and cirrhosis in
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61% of patients. Overweight (32.6%), obesity (61%), diabetes (33.5%),
and metabolic syndrome (63%) were frequently seen comorbidities in
these patients. This may be because this hospital is a tertiary referral cen-
ter, and Fibroscan is commonly used to indicate biopsy.” These results
provide evidence that NAFLD/NASH is an epidemic in Turkiye. A study
conducted in five different centers in the East-Southeastern Anatolia Re-
gions of Turkiye showed that 85% were overweight, 37% were obese,
18% had type 2 diabetes mellitus, and 80.6% had hyperlipidemia. Ac-
cording to multivariate regression analysis, age, diabetes, and aspartate
aminotransferase were related to the severity of the disease.**

Is It “Non-Alcoholic Fatty Liver Disease” or “Metabolic
Dysfunction Associated Steatotic Liver Disease”?

Our results show that NAFLD is not solely a liver-based disease; it is
both a cause and consequence of metabolic disturbances. Insulin resis-
tance and glucose metabolism-related parameters support this hypoth-
esis. After many critical meetings, authorities agreed that MASLD is
a more appropriate overarching term. This new designation integrates
the current understanding of patient heterogeneity encompassed by the
acronym NAFLD and offers terminology suggestions that more accu-
rately reflect the pathogenesis. It is believed that this new term will
accelerate the transition to novel treatments and will facilitate sub-phe-
notyping efforts of the disease with future studies. 13213
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NAFLD Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Boga 2015- 3 1264 157 01172 181 12 1.9% 9.20[-0.10,18.50] |
Colak2012-3 1219 148 57 1102 142 it} 2.3% 1705877, 17.63] —
Dogan 2015 120 10 a1 114 ] 74 2.6% 5.00 [2.54, 7.46] -
Ercin 2010- 2 1172 9.6 50 1164 84 3o 2.5% 0.70[-3.31,4.71] -
Eren 2012 1349 24 41 126 13 74 2.3% 13.00[7.25,18.79] —
Fotbaleu 2010 12283 914 35 12183 933 3o 2.5% 0.90[-3.61, 5.41] -1
Karabay 2013 (Borderline MAZH) 120.4 16 24 1194 4949 21 21% 0.90[6.77, 8.57] 1
Karabay 2013 (MASH) 1282 178 22 1194 449 21 2.0% 5.70[-2.86, 14.26] T
Karabay 2013 (35) 119.4 14 3 11945 4.9 21 1.7% -010[-10.78,10.58] I
Karakurt 2009 (Diabetic MAFLD) 124 7 40 124 3] 26 2.6% 000317, 3.17] T
Karakurt 2009 (Mon-diahetic NAFLD) 120 £} 40 124 3] 26 2.6% -4.00[-7.62,-0.38] -
Keskin 2017 (Grade 1) 131 25 g4 135 25 169 2.2%  -4.00[-10.54, 2.54] T
Keskin 2017 (Grade 2) 127 29 71 135 25 164 21% -B.OO[146.73,-0.27] -]
Keskin 2017 (Grade 3) 132 25 36 135 25 164 1.9%  -3.00[-11.98, 5499] T
Kucukazman 2012 1171 83 17 1158 116 44 2.5% 1.30[-2.44 5.04] T
Oguz 2016 1293 148 4 118 138 ar 2.3% 11.30 [4.95, 17.65] —_—
Onat 2015 (Men) 1324 23 M6 1200 18 1498 2.6% 12.580[9.16,15.84] -
Onat 2015 {Wamen) 142 27 4582 121 19 252 26% 21.00[17.58, 24.437] -
Ozturk 2015 {MASH) 130.3 9.6 w1213 73 41 2.5% 9.00[5.25,12.758] -
Ozturk 2015 {55) 1264 9.4 22 1213 73 41 2.5% 420032 8.72] —
Ozturk 2018 12849 12100 1151 1041 i} 2.5% 13.80[9.82, 17.78] b
Ozveren 2014 1287 15 59 1221 128 22 2.12% G.60 [0.02,13.18] ——
Ozveren 2016 128 10 59 122 13 22 2.3% 6.00 [-0.00,12.00] —
Sapmaz 2016 123 112 176 123 12 40 2.6% 0.00[-2.98, 2.88] -
Sonmez 2021 114.68 1014 32 11466 7.3 3o 2.5% 0.02 [-4.36, 4.40] -
Sonmez 2021 (+MASH) 10113 614 18 11466 7.3 3o 25% -13.53[17.39,-967] I
Sunbul 2014 125.6 15 40 11445 12 45 2.4% GA0[1.42 10.78] i
Uygun 2017 127.4 96 26 1242 158 1450 2.6% 330 047 6.13] -—
Yilmaz Y, 2010 128 16 59 123 14 7 2.4% 5.00[-0.14,10.14] —
Yilmaz Y, 2010 - 2 (Borderline MASH) 134 11 17 131 17 58 2.2% 3.00[-3.82 8.82] T
Yilmaz Y, 2010 - 2 (MASH) 137 14 26 131 17 58 21% 6.00[-1.24,13.24] T
Yilmaz Y, 2010 - 2 {55) 136 19 56 131 17 58 2.2% 5.00[-1.63,11.63] T
Yilmaz . 2010- 3 138 22 39 126 20 7a 2.3% 12.00[48.73,18.27] I
Yilmaz . 2010- 4 134 19 g2 126 18 7 2.3% 8.00[2.25,13.748] —
Yilmaz Y. 2011 141 21 54 120 149 56 21%  21.00([13.51, 28.49] —_—
Yilmaz Y. 2011 - 2 134 23 45 122 18 a0 2.3% 12.00[5.92,18.08] —
Yilmaz Y. 2011 - 3 138 19 71 121 15 k] 22% 17.00[10.54, 23.46] —
Yilmazy. 2011 - 4 134 27 1486 126 11 103 2.4% 8.00[3.26,12.74] -
Yilmazy. 2011 -5 138 22 49 126 20 7a 2.3% 12.00[58.73,18.27] —
Yilmazy. 2011 - & 138 22 49 126 20 7a 2.3% 12.00[58.73,18.27] —
Yilmaz Y. 2012 128 16 59 127 18 54 2.3% 1.00[-5.30, 7.30]  —
Yilmaz Y. 2013 141 26 179 126 12 123 25% 16.00[11.64, 20.36] -
Yilmaz Y. 2018 134 21 a0 130 149 59 2.12% 4.00 [-2.68, 10.68] -
Total (95% CI) 3778 2987 100.0% 5.86 [3.59, 8.14] L
Heterogeneity: Tau®= 48.22; Chi*= 39617, df= 42 (P = 0.00001); F= 83% 5_50 _255 b 255 505
Test for overall effect: =506 (P = 0.00001) MAFLD Contral

Figure 5. The random effect model of cumulative meta-analysis for Systolic Blood Pressure (SBP) data obtained from NAFLD and control individuals.

A recent meta-analysis involving cohorts from the USA, Japan, and Turki-
ye revealed negative implications of type 2 diabetes in relation to NAFLD.
The study found that participants with type 2 diabetes had a significantly
elevated risk of hepatic decompensation at 1, 3, and 5 years compared
to those without type 2 diabetes. After considering various confounding
factors, it was determined that type 2 diabetes and glycated hemoglobin
were independent predictors of hepatic decompensation. Furthermore,
even after adjusting for baseline liver stiffness assessed by magnetic res-
onance elastography, the association between type 2 diabetes and hepatic
decompensation remained consistent. Notably, type 2 diabetes emerged
as an independent predictor of hepatocellular carcinoma development.['3*!

Another recent meta-analysis aimed to explore the relationship between
the triglyceride and glucose (TyG) index, calculated as fasting triglyceride
divided by fasting glucose, and the risk of NAFLD. The results revealed a
positive and linear association between the TyG index and the risk of NA-
FLD. Each additional unit of the TyG index was associated with a higher
risk of NAFLD, with a summary odds ratio (OR) of 2.84.13]
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The findings of our meta-analysis, combined with results from other
studies, emphasize the importance of assessing metabolic parameters
in understanding the development and prognosis of NAFLD. This
highlights the need for countries with a high incidence of NAFLD,
such as Turkiye, to focus on developing metabolic approaches for the
treatment and monitoring of these conditions. By emphasizing meta-
bolic factors, healthcare professionals can better manage and address
the challenges posed by NAFLD.

Our meta-analysis has for the first time indicated the overall meta-
bolic profile and MASLD potential of NAFLD patients in Turkiye.
While acknowledging the limitations of our work due to the quality
of the studies and data in the literature, we recognize several specif-
ic constraints. Some limitations stem from the characteristics of the
fatty liver patients, the design of the studies, and the procedures of
the centers where they were performed, affecting the determination
of the disease or patients’ states and introducing heterogeneity. High
statistical heterogeneity of the data was observed. Additionally, we
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Figure 6. The random effect model of cumulative meta-analysis for CRP data obtained from NAFLD and control individuals.

did not include comorbidity or disease severity status (in terms of
liver fibrosis) in our analysis due to the limited amount of studies
and the heterogeneity among these studies. Our primary goal was to
analyze the metabolic profile of the patients cumulatively, and we
acknowledge that further studies and meta-analyses are needed to
assess the effects of disease stages on the metabolic profile. It would
also be beneficial to evaluate these in future studies due to changes in
terminology and disease diagnosis.

We are aware of the risk of bias among studies, particularly those
using the same cohort in studies conducted by the same group within
a close time period. Although inclusion and exclusion criteria were
mainly similar among studies, some excluded specific chronic dis-
eases that could affect the biochemical profiles of selected patients.
We accepted this heterogeneity as a limitation of our meta-analysis.
However, we believe that our meta-analysis provides a comprehen-
sive overview with a significant amount of data, specifically from
Turkiye. These bias risks and limitations might have a minor impact
given the extensive dataset.

Given the recency of the MASLD terminology, there are not many
studies targeting exact MASLD patients according to specific diagnos-
tic criteria for MASLD. Therefore, our study couldn’t distinctly show
the MSFLD and NAFLD difference or the MASLD profile of Turki-
ye. We acknowledge these limitations in the ongoing debate,!'3? yet
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our results support the notion that many patients included in our me-
ta-analysis might have MASLD, according to our cumulative results.

Conclusion

In conclusion, NAFLD is a metabolic disease that involves multiple
pathways related to glucose and lipid metabolism, vascular function, in-
flammation, and acute phase responses. This was demonstrated through
the cumulative meta-analysis of all Turkish NAFLD studies to date. Th-
ese cumulative results are important for defining the metabolic profile
of NAFLD patients in Turkiye and could serve as a valuable reference
for many countries in Europe, Asia, and the Middle East. Additionally,
the new term MASLD could be more appropriate, reflecting the related
metabolic outcomes assessed cumulatively in our meta-analysis.
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