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ARTICLEINFO ABSTRACT
Keywords: Background and aim; Metabolic associated fatty liver disease (MAFLD) is a new definition in 2020. MAFLD is extremely
MAFLD, away concept from criteria for non-alcoholic fatty liver disease (NAFLD). The most significant differences between MAFLD

Metabolic associated fatty
liver disease,

NAFLD,

Non-alcoholic fatty liver

and NAFLD are diagnosis of MAFLD not need alcohol exclusion, chronic liver diseases and the existence of metabolic
dysregulation is substantial for MAFLD diagnosis. The current study aimed to distinguish risk factors of MAFLD in Fayoum
Governorate. Subjects and methods; In total 1061 subjects of simple random samples from Fayoum University Hospital
were selected to perform the current cross-sectional study. The selected subjects were clinically assessed and investigated
by laboratory tests including Liver enzymes, serum lipid profile, and imaging i.e., abdominal ultrasound and transient
elastography(fibroscan). Results; Level of blood cholesterol and triglycerides were a statistically significantly higher in
patients with MAFLD than those without MAFLD. Multiple forward stepwise logistic regression analysis identified female
sex. High cholesterol level, and high triglycerides level to be statistically significant predictors for MAFLD. Conclusions;
According to our research, patients with MAFLD had a statistically significant higher BMI than those without MAFLD.
Blood triglyceride and cholesterol levels were statistically substantially higher in MAFLD patients than in non-MAFLD
individuals. High numbers of individualswith MAFLD were diabetics and hypertensives.

disease.

1. Introduction

It is known thathighbody mass index (BMI) and waist circumference havean important role in the appearance of metabolic associated fatty liver
disease (MAFLD), and their relationwith MAFLD [1-3]. Multiple logistic regression analysis, with controls for body weight, exercise, and sleep, revealed
that the severity of MAFLD was positively and independently linked with the levels of hemoglobin (HGB), platelets (PLT), triglyceride (TG), and fasting
plasma glucose (FPG) [4]. The liver plays a central role in metabolism of lipids and glucose [5]. Patients with MAFLD have been shown to have lower
high-density lipoprotein cholesterol (HDL-C) levels and higher levels of serum total cholesterol (TC), TG, and low-density lipoprotein cholesterol (LDL-
C), according to numerous research [6-9]. Metabolic syndrome and MAFLD were significantly correlated with elevated alanine aminotransferase (ALT)
levels as elevated ALT levels are indicative [10].

The changing from steatosis to metabolic associated steatohepatitis(MASH) and liver fibrosis may be multi-etiological factors [11]. Changeable
microbiota and permeability of the gut, significant severity of metabolic changes,pro-inflammatory imbalances, and oxidative stress may all be
identified; with genetic factors haveimportant role [12,13]. MAFLD is diagnosed based on clinical history, laboratory and radiographic studies which
are further complemented by histologic information. Abdominal imaging revealing hepatic steatosis may be sufficient for diagnosis of MAFLD and liver
biopsy may not be required if clinical and laboratory data have ruled out other causes of liver disease [14,15]. Therefore, the study's objective was to
determine the Fayoum Governorate's metabolic associated fatty liver disease (MAFLD) risk factors.
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2. Materials and methods

A cross sectional study was conducted on 1061 subjects of simple random samples from Fayoum University Hospital, the study was conducted
from September 2020 to September 2022. The Ethics Review Committee of the Faculty of Medicine at Fayoum University granted ethical permission for
the study. Written informed consent was acquired from every individual involved.

2.1. Inclusion and exclusion criteria:

Inclusion criteria were (a) male or female patients and (b) patients with age more than 18 years old. While exclusion criteria were (a)patients with
end stage liver disease, (b) patients aged less than 18years, and (c)refusal of consent informs.

All patients were subjected tohistory taking and thorough medical examination stressing onfatigue, malaise, and vague right upper abdominal
discomfort. A survey with an emphasis on behavioral variables, family history, pharmaceutical history, disease history, and demographics (such as sex,
age, and education). Anthropometric measurements, included height, weight, waist circumference, hip circumference, systolic and diastolic blood
pressures, and heart rate. BMI was also calculated.

2.2. Laboratory investigations

Some laboratory investigations were performed includecomplete blood count, fasting blood glucose,serum lipid profile, HBA1C, HOMA IR
CRP,measurement of liver enzymes, serumaspartate aminotransferase (AST), and ALT.

2.3. Statistical analysis

Values were presented as mean * standard deviation, median, and interquartile range for descriptive statistics, where applicable. The non-
parametric Mann-Whitney test was employed to determine significance. P-values and frequency (%) were used to display data for categorical variables.

3. Results

This cross-sectional study has included 1061 persons. Compared to patients without MAFLD, those with MAFLD were older (mean + SD=49.5 +
13.7 vs. 47.5 * 14.8), which was a statistically significant, p=0.033. Prevalence rate of MAFLD was found to be higher in females (72.5 %) than males
(63.2%) (OR =1.537,95% CI =1.183-1.997, p=0.001) as demonstrated in Table (1).

Table 1: Relation between socio-demographics and prevalence of MAFLD.

m‘:;r?]) (N=715)SD II:I/[(;I‘\;IIAFLD (N=354D6) Mean Difference (95% CI) P-value
Age 49.5 13.7 47.5 14.8 2.022 (0.167-3.877) 0.033*
N % N % 0dds ratio (95% CI) P-value
Sex
Male 367 63.2% 214 36.8% R
Female 348 72.5% 132 27.5% 1.537 (1.183-1.997) 0.001*

MAFLD; Metabolic associated fatty liver disease and SD; standard deviation.

Table (2) indicated that patients with MAFLD had a statistically significant higher BMI ,waist circumference than patients without MAFLD (mean
+SD=28.4 + 3.7 vs. 25.3 + 2.5), p<0.001, (mean * SD=102.2 + 13.7),p- value 0.17.Cutoff values of BMI were: normal weight - BMI greater than or equal
to 18.5 to 24.9 kg/m”2, and overweight - BMI greater than or equal to 25 to 29.9 kg/m"2. While, obesity - BMI greater than or equal to 30 kg/m”2.

Table 2: Difference in BMI ,waist circumference according to MAFLD.

MAFLD (N=715) No MAFLD (N=346) Mean Difference (95% CI) P-value
Mean SD Mean SD
BMI 28.4 3.7 25.3 2.5 3.060 (2.684-3.436) <0.001*
N % N % Odds ratio (95% CI) P-value
BMI
Normal 121 37.9% 198 62.1% R
Overweight 336 73.5% 121 26.5% 4.544 (3.342-6.178) <0.001*
Obese 258 90.5% 27 9.5% 15.636 (9.906-24.681) <0.001*
Waist circumference (cm) 102.2 13.7 103.3 11.4 0.17

BMI; Body mass index, SD; standard deviation, MAFLD; Metabolic associated fatty liver disease, and values of waist circumference comparison are mean
+SD.

Compared with normal body weight, increasing levels of obesity was associated with increasing odds of MAFLD: for overweight, OR = 4.544 (95%
Cl: 3.342-6.178, with a statistical significant p<0.001) and for obese, OR = 15.636 (95% CI: 9.906-24.681, p<0.001) as presented in Table (3).
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Table 3: Co-morbidities in relation to MAFLD

MAFLD (N=715) No MAFLD (N=346) Odds ratio (95% CI) P-value
N % N %

D.M

Not present 390 65.3% 207 34.7% R

Present 325 70.0% 139 30.0% 1.241 (0.956-1.610) 0.104

HTN

Not present 372 65.4% 197 34.6% R

Present 343 69.7% 149 30.3% 1.219 (0.941-1.579) 0.133

MAFLD; Metabolic associated fatty liver disease and SD; standard deviation.

According to Table (4) patients with MAFLD had statistically substantially higher levels of AST and ALT than patients without MAFLD (mean * SD=
48.9 +11.7 vs. 35.7 £ 10.4 for AST and 49.1 + 11.6 vs. 36.0 + 10.6 for ALT, p<0.001).

Table 4: Difference between patients with MAFLD and those without as regards Liver enzymes

MAFLD No MAFLD Mean Difference P-value
(N=715) (N=346) (95% CI)
Mean SD Mean SD
AST 48.9 11.7 35.7 10.4 13.178 (11.788-14.569) <0.001*
ALT 49.1 11.6 36 10.6 13.072 (11.662-14.482) <0.001*

MAFLD; Metabolic associated fatty liver disease, SD; standard deviation.

According to Table (5), individuals with MAFLD had statistically substantially higher blood levels of triglycerides and cholesterol (HDL, LDL) than
patients without MAFLD (mean + SD= 219 + 23.5 vs. 200 * 14.5 for cholesterol and 214.7 + 44.7 vs. 153.9 + 22.9 for triglycerides, p<0.001).

Table 5: Association between Lipid profile and MAFLD

m‘:;?]) (N—712) II:I/[Z;flAFLD (N_S3§6) Mean Difference (95% CI) P-value
Cholesterol 219.9 235 200 14.5 19.838 (17.531-22.144) <0.001*
TAG 214.7 44.7 153.9 229 60.791 (56.719-64.863) <0.001*
N % N % 0Odds ratio (95% CI) P-value
Hypercholesterolemia
Desirable 185 46.5% 213 53.5% R
Borderline 339 72.7% 127 27.3% 3.073 (2.315-4.081) <0.001*
High 191 97.0% 6 3.0% 36.651 (15.884-84.572) <0.001*
Hypertriglyceridemia
Normal 28 10.3% 243 89.7% R
Borderline 170 70.0% 73 30.0% 20.210 (12.634-32.587) <0.001*
High 517 94.5% 30 5.5% 149.650 (87.409-255.905) <0.001*
HDL-cholesterol (mg/dL) 44 11 45 11 0.4
LDL-cholesterol (mg/dL) 122 68 149 73 0

MAFLD; Metabolic associated fatty liver disease, SD; standard deviation.

As compared to desirable level of blood cholesterol, increasing levels was a statistically significantly associated with increasing risk of MAFLD: for
borderline level, OR = 3.073 (95% CI: 2.315-4.081, p<0.001) and for high level, OR = 36.651 (95% CI: 15.884-84.572, p<0.001). Cutoff values of blood
cholesterol are: Normal: Less than 200 mg/dL. Borderline high: 200 to 239 mg/dL. High: At or above 240 mg/dL.

Likewise, increasing levels of blood triglycerides was a statistically significantly associated with increasing risk of MAFLD as follow; for borderline
level, OR = 20.210 (95% CI: 12.634-32.587, p<0.001) and for high level, OR = 149.650 (95% CI: 87.409-255.905, p<0.001).Cutoff values of blood
triglycerides are: Normal — Less than 150 milligrams per deciliter (mg/dL), or less than 1.7 millimoles per liter (mmol/L) Borderline high — 150 to
199 mg/dL (1.8 to 2.2 mmol/L) High — 200 to 499 mg/dL (2.3 to 5.6 mmol/L).

Multiple forward stepwise logistic regression analysis identified that female sex {OR = 1.486 (95% CI: 1.073-2.059, p=0.017)}, high cholesterol
level {OR = 4.667(95% CI: 1.910-11.401, p<0.001)}, and high triglycerides level {OR = 19.798 (95% CI: 12.972-30.216, p<0.001)} to be statistically
significant predictors for MAFLD, as shown in Table (6).

Table 6: Multiple logistic regression.

B P-value Odds ratio 95% CI for odds ratio
Lower Upper
Sex (female vs. male) 0.396 0.017 1.486 1.073 2.059
Blood cholesterol(High cholesterol vs. normal and borderline) 1.54 <0.001 4.667 1.910 11.401
Blood triglycerides (High triglycerides vs. normal and borderline)  2.986 <0.001 19.798 12.972 30.216
Constant -0.665 <0.001 0.514

As regards FIB-4,patients with level less than 1.45 were 47.9%,patients with level between 1.45and 3.25 were 19.9%and patients with level more
than 3.25 were 5.1% (Table 7). Patients with MAFLD have higher level of FIB4 than non MAFLD patients (mean + SD=1.370 + 1.026) .p-value 0.14. Using
a lower cutoff value of 1.45, a FIB-4 score <1.45 had a negative predictive value of 90% for advanced fibrosis (Ishak fibrosis score 4-6 which includes
early bridging fibrosis to cirrhosis). In contrast, a FIB-4 >3.25 would have a 97% specificity and a positive predictive value of 65% for advanced fibrosis.
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Table 7: FIB-4, Association between FIB -4 and MAFLD

FIB-4 N %
<1.45 795 74.9%
1.45-3.25 212 19.9%
>3.25 54 5.1%
Association between FIB -4 and MAFLD
MAFLD No MAFLD P-value
1.370 + 1.026 1.145 + 0.828 0.14

MAFLD Metabolic associated fatty liver disease. Values of FIB 4 comparison are mean + SD.

Table (8) demonstrated the U/S and fibro-scan findings. In about one third of study participants 346/1061 (32.6%), U.S was normal. While in near
half 525/1061 (49.5%), U.S showed mild steatosis. Moderate and severe steatosis was found in 150/1061 (14.1%) and 40/1061 (3.8%), respectively.
By the same manner, about one third of study participants 344/1061 (32.4%), had SO by fibro-scan. While in less than half 509/1061 (48.0%), fibro-
scan revealed S1.S3, S4 were found in 163/1061 (15.4%) and 45/1061 (4.2%), respectively. According to Table (9) the HOMA-IR, HBA1C and FPG were
found to be are significantly higher in patients with MAFLD.

Table 8: U/S and fibro-scan findings

N %
Ultrasound
Normal 346 32.6%
Mild 525 49.5%
Moderate 150 14.1%
Severe 40 3.8%
Fibro-scan
SO 344 32.4%
S1 509 48.0%
S2 163 15.4%
S3 45 4.2%
Table 9 : Association between labs and MAFLD
MAFLD (N=715) No MAFLD (N=346) P-value
Mean SD Mean SD
Platelet count (109/L) 259 76 278 83 0.04
Hemoglobin (g/dL) 13 1.8 13 1.7 0.9
HBAlc, % 9 1.4 7.2 1.4 0.71
FPG, 73 18 97 23 0.02
HOMA-IR score 8.64 9.48 27 9.5% 0.1

MAFLD Metabolic associated fatty liver disease,SD standard deviation.

4. Discussion

MAFLD is diagnosed based on a radiologically diagnosed hepatic steatosis and the presence of any one of the following three conditions, namely
overweight/obesity, presence of diabetes mellitus (DM), or evidence of metabolic dysregulation. Increased cardiometabolic and MAFLD risk defined as
the presence of at least two ofthe following at-risk criteria: (a) Waist circumference 2102/88 cm in Caucasian men and women or 290/80 cm in Asian
men and women). (b) Blood pressure 2130/85 mmHg or specific drug treatment. (c) Plasma triglycerides 2150 mg/dl (=1.70 mmol/L) or specific drug
treatment. (d) Plasma HDL-cholesterol <40 mg/dl (<1.0 mmol/L) for men and <50 mg/dl (<1.3 mmol/L) for women or specific drug treatment. (e)
Prediabetes (i.e., fasting glucose levels 100 to 125 mg/dl [5.6 to 6.9 mmol/L], or 2-hourpost-load glucose levels 140 to 199 mg/dl [7.8 to 11.0 mmol] or
HbA1c 5.7% to 6.4% [39 to47 mmol/mol]). (f) Homeostasis model assessment of insulin resistance score 22.5. (g) Plasma high-sensitivity C-reactive
protein level >2 mg/L.

Mean + SD of blood cholesterol and triglycerides were 213.4 + 23 and 194.9 * 48.3, respectively. Level of blood Cholesterol and triglycerides were
a statistically significantly higher in patients with MAFLD than those without MAFLD (mean + SD= 219 # 23.5 vs. 200 + 14.5 for cholesterol and 214.7 +
44.7 vs. 153.9 + 22.9 for triglycerides, p<0.001). As compared to desirable level of blood cholesterol, increasing levelswas a statistically significantly
associated with increasing risk of MAFLD: for borderline level, OR = 3.073 (95% CI: 2.315-4.081, p<0.001) and for high level, OR = 36.651 (95% CI:
15.884-84.572, p<0.001). Likewise, increasing levels of blood triglycerides was a statistically significantly associated with increasing risk of MAFLD as
follow; for borderline level, OR = 20.210 (95% CI: 12.634-32.587, p<0.001) and for high level, OR = 149.650 (95% CI: 87.409-255.905, p<0.001).

This was in line with the findings of Al Omary et al. [1], who stated that two putative sub-types of MAFLD have significantly different lipid
compositions in their livers, according to a recent study. Patients with subtype 2 based on carrying the PNPLA3 risk genotype at rs738409 have
polyunsaturated triacylglycerols (TAG), whereas subtype 1 based on insulin resistance patients typically have monounsaturated TAGs and free fatty
acids loaded with ceramides in the liver.This also was in agreement with Jongraksak et al. [16] who reported that TG (mmol/L) in patients with MAFLD
was 2.16+ 1.62, while TG in Non MAFLD patients was1.46+ 1.08, LDL-C (mmol/L) in patients with MAFLD was 3.13+ 0.86,while LDL in Non MAFLD
patients was 2.93+0.85,HDL-C (mmol/L) in patients with MAFLD was 1.15+ 0.26,while HDL in non MAFLD patients 1.33+ 0.31.

In about one third of study participants 346/1061 (32.6%), U.S was normal. While in near half 525/1061 (49.5%), U.S showed mild steatosis.
Moderate and severe steatosis was found in 150/1061 (14.1%) and 40/1061 (3.8%), respectively. By the same manner, about one third of study
participants 344/1061 (32.4%), had SO by fibro-scan. While in less than half 509/1061 (48.0%), fibro-scan revealed S1. S3, S4 fibrosis was found in
163/1061 (15.4%) and 45/1061 (4.2%), respectively.

This was in line with the findings of Eslam, et al. [17] who stated that non-invasive fibrosis scores should be used to rule out severe fibrosis in
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hepatic steatosis patients. The emergence of non-invasive scores and the liver stiffness cutoffs from Transient Elastography in various demographics,
with a focus on obese and diabetic individuals as specific subpopulations.

This was also consistent with the findings of Boursier, et al. [18] who stated that abdominal ultrasonography (USG), which measures the liver's
increased echogenicity, is a coincidental method of diagnosing hepatic steatosis. USG has a sensitivity range of 60 to 94%, specificity of 84 to 95%, and
a sensitivity of more than 90% when a liver biopsy reveals more than 20% steatosis in the liver.

Also this was in agreement with Eslam, et al. [17] whostated that research shows a strong correlation between CAP score and steatosis grades in
actual clinical settings. For estimating hepatic steatosis grades like S1, S2, and S3, the ideal CAP cut-off values are > 263 dB/m, = 281 dB/m, and = 283
dB/m, respectively. Hepatic steatosis was similarly graded in another study according to CAP value: S1 > 238 dB/m, S2 = 260 dB/m, and S3 = 293 dB/m.

In our study,individuals who were not obese exhibited a more favorable metabolic profile compared to obese individuals, as evidenced by their
reduced BMI, waist circumference, fasting blood sugar, lipid profile, and liver enzymes.

This was consistent with a study by Fouad, et al. [ 19] that found non-obese MAFLD patients had a favorable metabolic profile because, by definition,
they had lower BMI, waist circumference, fasting blood sugar, and HOMA-IR, but not significantly lower lipid profiles or other characteristics when
compared to their obese counterparts.

5. Conclusion

In Fayoum governorate, our findings showed that higher body mass index, waist circumference, triglyceride, cholesterol, fasting plasma glucose,
were risk factors for MAFLD. Level of blood Cholesterol and triglycerides were a statistically significantly higher in patients with MAFLD than those
without MAFLD. High percentages of patients with MAFLD were diabetics and hypertensives. Multiple forward stepwise logistic regression analysis
identifies female sex, high cholesterol level, and high triglycerides level to be statistically significant predictors for MAFLD. With the recent consensus,
this is the ideal moment to solidify the increasing momentum for change and, going forward, to priorities efforts by redefining the illness.
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