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Background and Aims: The prevalence of non-alcoholic fatty liver disease (NAFLD) is
increasing in Saudi Arabia (SA), but descriptions of the clinical and metabolic characteristics
of these patients are limited. The present study aims to fill this gap.

Methods: Demographic, clinical, and laboratory data of all NAFLD patients from 2009 to
2019 were retrieved from the Systematic Observatory Liver Disease Registry (SOLID)
[n=832 (337 males; 495 females); mean (+ standard deviation, SD) age was 42.6+13.6
years; mean body mass index (BMI) was 35.0+9.3kg/m?]. Non-invasive surrogate scores
of fibrosis (eg AST to Platelet Ratio Index (APRI), Fibrosis-4 (FIB-4), and NAFLD fibrosis
(NFS) scores) were calculated and analyzed. In addition, data from NAFLD patients with
normal and high alanine aminotransferase (ALT) were compared using two different meth-
ods: the standard laboratory reference range which defines normal as ALT<61 IU/L, and the
range proposed by a recent national study which sets upper limits of normal ALT at 33 TU/I
for men and 22 IU/1 for women.

Results: Hyperlipidemia was the most common comorbidity (41.7%), followed by type 2
diabetes mellitus (T2DM) (35.3%) and hypertension (28.4%). Prevalence of advanced
fibrosis varied widely across definitions [FIB-4, N=19 (2.5%); APRI, N=21 (2.8%); NFS,
N=62 (8.6%)] and exhibited sexual dimorphism with males having worse metabolic char-
acteristics. NAFLD patients with normal ALT were more likely to be older, female, have
a lower BMI, and have a higher prevalence of cirrhosis, DM, hypertension, hyperlipidemia,
and renal dysfunction.

Conclusion: Patients with NAFLD have metabolic characteristics associated with several
comorbidities, including NAFLD patients with normal ALT. Mechanistic studies are needed
to examine and analyze complex, interactive effects between sex, age, and other factors that
may accelerate NAFLD disease progression.

Keywords: non-alcoholic fatty liver disease, non-invasive biomarkers of fibrosis, Systematic
Observatory Liver Disease Registry, Saudi Arabia

Introduction

Non-alcoholic fatty liver disease (NAFLD) is defined as the accumulation of excess
fat in the liver among individuals who consume little or no alcohol."* In particular,
NAFLD is the deposition of fat in the liver exceeding 5% of hepatocytes, as well as
the presence of progressive steatosis with associated pathology (ie hepatitis,
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cirrhosis, or hepatocellular carcinoma [HCC]). NAFLD
patients can exhibit a wide spectrum of histological man-
ifestations, such as simple steatosis, nonalcoholic fatty
liver (NAFL), or nonalcoholic steatohepatitis (NASH).?

Worldwide, the prevalence of NAFLD is 25%, affect-
ing nearly 1 billion individuals.*> Globally, the prevalence
of NAFLD has steadily increased from 15% in 2005 to
25% in 2010.° The steady and rapid increase in the pre-
valence of NAFLD has been attributed to the increased
adoption of Westernized lifestyles, with the disease pro-
jected to be the leading cause of liver failure in the near
future.” While cirrhosis and HCC can lead to liver-related
morbidity and mortality, NAFLD also increases the risk of
cardiovascular diseases, type 2 diabetes mellitus (T2DM),
and chronic kidney disease.®

Associations between metabolic diseases and NAFLD
are bi-directional: NAFLD is a risk factor for metabolic
diseases (ie central obesity, T2DM, dyslipidemia, and
insulin resistance) and metabolic diseases are risk factors
for NAFLD.? Furthermore, obesity increases the odds of
NAFLD-related complications.'® Interestingly, NAFLD
can also be found in non-obese patients. These patients
usually present with unique clinical characteristics, such as
higher levels of transaminases and insulin, as well as
a lower degree of insulin sensitivity.'' Without early diag-
nosis or proper management, NAFLD can progress and
cause patients to suffer from advanced hepatic complica-
tions (eg fibrosis, cirrhosis, or HCC), which in turn leads
to larger economic and clinical burdens on patients and
health care systems.

The Middle East and North Africa (MENA) region has
the highest prevalence of NAFLD in the world.'? Rapid
industrialization, socioeconomic improvements, and the
increased adoption of Westernized diets, particularly in
Saudi Arabia (SA), have negatively impacted public
health. Obesity and T2DM, which are major risk factors
for NAFLD, are exceptionally common in SA,"*'* with
T2DM alone accounting for as much as a third of the
Ministry of Health’s annual budget expenditures.'
Undoubtedly, the aforementioned risk factors contribute
to the high prevalence of NAFLD in SA, with models
estimating that the prevalence of NAFLD will increase to
32% by 2030.'°

Early diagnosis, monitoring, and management of
NAFLD are critically important to ensure that newly diag-
nosed and high-risk patients receive appropriate treatment
(eg anti-obesity medications or bariatric surgery, adoption
of lifestyle modifications, and other weight reduction

strategies).!” However, guidelines for the diagnosis and
management of NAFLD patients vary between medical
associations, possibly due to ethnic differences in clinical
characteristics, lifestyles, and genetic backgrounds across
populations.'® Despite the high prevalence of NAFLD in
SA, the clinical and metabolic characteristics of NAFLD
patients have not been well characterized. Empirical data
that fills this knowledge gap would be advantageous for
physicians who routinely diagnose, and provide care and
treatment to NAFLD patients. Therefore, the purpose of
this study was to identify clinical and metabolic character-
istics of NAFLD patients in SA.

Methods
Study Design and Participants

Demographic, clinical, and laboratory data on all regis-
tered adult (>18 years old) NAFLD patients from multiple
centers in SA between 2009 and 2019 were collected in
the Systematic Observatory Liver Disease Registry
(SOLID). SOLID is a multicenter, observational registry
that collects clinical, biochemical, radiological, and other
medical data on SA residents with liver disease. To be
labelled as a NAFLD patient in the SOLID registry, the
individual should have been diagnosed with fatty liver
based on liver ultrasound scan or had a biopsy with fat
>5%, excluding secondary causes such as viral hepatitis,
autoimmune liver disease, and daily alcohol consumption
>30 g for men and >20 g for women. The majority of
patients included in SOLID are recruited from the follow-
ing medical centers in the country: King Saud University
Medical City (KSUMC) in Riyadh, King Abdulaziz
Medical City (KAMC) in Jeddah and Riyadh, King Fahd
Hospital (KFH) of the University in Al Khobar and KFH
in Jeddah.

This study was approved by Institutional Review
Board (Approval Number: E20-5163), and informed con-
sent was obtained from all patients prior to study enroll-
ment. The data accessed from the SOLID Registry
complied with relevant data protection and privacy
regulations.

Outcomes of Interest

Primary outcomes of interest were clinical and metabolic
characteristics of NAFLD patients. Secondary outcomes
included metabolic differences according to sex and ALT
levels. We compared groups based on two different meth-
ods for evaluating ALT levels: the standard laboratory
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reference range which defines normal as ALT<61 IU/L,
and the range proposed by a recent national study which
sets upper limits of normal ALT at 33 TU/1 for men and 22
[U/1 for women.'? In addition, we assessed differences in
non-invasive biomarkers of fibrosis (eg AST to Platelet
Ratio Index (APRI), Fibrosis-4 (FIB-4), and NAFLD
fibrosis (NFS) scores).

Demographics and Clinical

Characteristics

Demographic and clinical characteristics of NAFLD
patients were retrieved from the database (ie age, sex,
body mass index (BMI), diagnostic site [eg diagnosed in
an outpatient clinic, during or after bariatric surgery or
elective cholecystectomy]) along with the presence of the
diabetes mellitus,

following comorbidities: cirrhosis,

hypertension, hyperlipidemia, and renal dysfunction.

Laboratory Values

The following laboratory values were included: ALT,
aspartate aminotransferase (AST), alkaline phosphatase
(ALP), gamma-glutamyl transferase (GGT), albumin,
bilirubin, hemoglobin, international normalized ratio
(INR), prothrombin time (PT), platelets, alpha-fetoprotein
(AFP), glycated hemoglobin (HbAlc), cholesterol, trigly-
cerides, low-density lipoprotein (LDL), high-density lipo-
protein (HDL),
hormone (TSH).

creatinine, and thyroid-stimulating

Non-Invasive Biomarkers of Fibrosis

Age and other laboratory values extracted from the data-
base were used to calculate APRI, FIB-4, and NFS scores
at the time of diagnosis. Formulas that were used to
calculate these respective non-invasive biomarkers of

fibrosis can be found elsewhere.?’%?

Statistical Analysis

Data were analyzed using SPSS version 21.5 (IBM,
Chicago, IL, USA). Data were presented as mean + stan-
dard deviation (SD) for continuous variables and frequen-
cies (percentages, %) for categorical variables. The
independent samples 7-test and chi-square were used to
compare means and frequencies between patient groups,
respectively. The Mann—Whitney U-test was used for non-
normally distributed continuous variables. Figures were
plotted in MS Excel. Significance was set at p<0.05.

Results

Clinical and Metabolic Characteristics:
Effects of Gender

The majority of NAFLD patients were diagnosed in out-
patient clinics (51.9%), while the remainder were diag-
nosed after an elective cholecystectomy (25.1%) or
bariatric surgery (23.0%). The mean age was 42.6 + 13.6
years and the mean BMI was 350 = 9.3 kg/m’.
Hyperlipidemia was the most common comorbid meta-
bolic abnormality (41.7%), followed by T2DM (35.3%),
and hypertension (28.4%) (Table 1).

Female patients were more common than males. No
statistical differences were observed between genders for
age, prevalence of cirrhosis, T2DM, hypertension, and
renal dysfunction. Female patients had significantly higher
BMI (p=0.001) and were more likely to have hyperlipide-
mia (p=0.04) than males. Compared to female patients,
male patients had significantly higher levels of ALT,
AST, albumin, bilirubin, INR, triglycerides, and creatinine.
On the other hand, female patients had significantly higher
platelet counts, HDL-cholesterol, and ALP than males
(Table 1).

Patients who were diagnosed with NAFLD in outpati-
ent clinics had the highest prevalence of cirrhosis (10.6%),
T2DM (52.3%), hypertension (38.7%), and hyperlipidemia
(50.9%) (Figure 1). Levels of ALT between groups were
not statistically different.

Effects of Gender on Non-Invasive

Biomarkers of Fibrosis

Mean FIB-4, APRI, and NFS cores were 0.8 £ 1.0, 0.4 +
0.6, and —1.7 + 1.8, respectively (Table 2). The prevalence
of advanced fibrosis ranged from 2.5% to 8.6%. Male
patients had significantly higher FIB-4 (0.9 = 1.2 vs 0.8
+ 0.8, p=0.02) and APRI scores (0.4 + 0.5 vs 0.35 + 0.6,
p=0.03) than females. Female patients were more likely to
have low APRI scores (84.9% vs 76.1%, p=0.007). No
gender differences were seen in NFS scores.

Clinical and Metabolic Characteristics of

NAFLD Patients with Normal ALT

The prevalence of elevated ALT levels among NAFLD
patients was only 25% when using the standard laboratory
reference range. However, using the lower cut-off values
suggested by a recent national study resulted in a higher
proportion of patients with elevated ALT (77.5%).
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Table | Bivariate Comparisons of Male and Female NAFLD Patients on Clinical and Metabolic Characteristics
Parameters All (n=832) Male Patients (n=337) Female Patients (n=495) P-value
NAFLD Diagnosis, N (%)
Bariatric surgery 191 (23.0) 64 (19.0) 127 (25.7) <0.001
Outpatient clinic 432 (51.9) 222 (65.9) 210 (42.4)
Elective cholecystectomy 209 (25.1) 51 (15.1) 158 (31.9)
Age (years) 42,6 + 13.6 42.0 % 13.2 43.0 £ 14.0 0.29
BMI (kg/m?) 350+93 337 £97 358 +89 0.001
Comorbidities, N (%)
Cirrhosis 49 (5.9) 23 (6.8) 26 (5.3) 0.36
Diabetes mellitus 294 (35.3) 116 (34.2) 178 (36.0) 0.6l
Hypertension 237 (28.4) 92 (27.1) 145 (29.3) 0.50
Hyperlipidemia 348 (41.7) 127 (37.5) 221 (44.6) 0.04
Renal dysfunction 33 (4.0 15 (4.4) 18 (3.6) 0.60
Hematologic Profile, mean + SD
Hemoglobin (g/L) 13419 148 + 1.5 125+ 1.5 <0.001
INR 12 +£04 1.3+£04 1.2 +£04 <0.001
Prothrombin time 3.1 +£25 20+22 40+ 24 0.13
Platelets (x10°/L) 263.1 £ 738 244.0 + 67.6 275.6 £ 75.1 <0.001
Lipid Profile, mean + SD
Total cholesterol (mmol/L) 48 % I.1 47 £ 1.1 48 £ |.1 0.35
Triglycerides (mmol/L) 1.9+14 21 £ 1.6 1.7 £ 1.1 <0.001
LDL-cholesterol (mmol/L) 30+ 1.3 3.1 1.6 30+ 1.0 0.31
HDL-cholesterol (mmol/L) 1.2 + 04 1.0 £0.3 12 £ 04 <0.001
Liver Profile, mean * SD
ALT (IU/L) 49.0 + 36.8 58.1 + 35.8 427 + 36.2 <0.001
AST (IU/L) 29.4 £ 29.3 323 £24.2 274 £ 323 0.02
ALP (IU/L) 104 + 8.0 95.8 + 37.6 112.6 £ 62.4 <0.001
Albumin (g/L) 38.1 £ 6.6 39.7 £ 59 37.1 £ 69 <0.001
Bilirubin (umol/L) 104 +75 124 + 8.0 9.0+ 68 <0.001
Other Metabolic Tests, mean + SD
HbAlc (%) 6.9 + 2.1 70+ 19 69 +23 0.75
Creatinine (umol/L) 73.7 £ 45.1 844 + 47.7 66.3 +41.7 <0.001
TSH (plU/mL) 3.6 £80 34+ 10.1 36166 0.79

Abbreviations: SD, standard deviation; BMI, body mass index; INR, international normalized ratio; LDL, low-density lipoprotein; HDL, high-density lipoprotein; ALT, alanine
transaminase; AST, aspartate transaminase; ALP, alkaline phosphatase; HbA ¢, hemoglobin Alc; TSH, thyroid-stimulating hormone.

Compared to patients with elevated ALT levels (based on
the standard laboratory reference range for ALT), those with
normal ALT levels were significantly older, had higher BMI,
and higher levels of HDL-cholesterol. Patients with elevated
ALT levels were more likely to be male and to have
a significantly higher prevalence of hyperlipidemia (total
cholesterol, LDL-cholesterol), and significantly higher levels
of hemoglobin, AST, ALP, albumin, and bilirubin than the
group with normal ALT levels (Table 3).

However, when comparisons were made using the
newly proposed national range, more differences were

observed; patients with normal ALT were more likely to
be older, female, and have lower BMI. They also had
a higher prevalence of cirrhosis, DM, hypertension, hyper-
lipidemia, and renal dysfunction. They had lower lipid
profile levels, AST, ALP, and albumin (Table 3).

Discussion

The present study is arguably the largest clinical cohort
study to detail the clinical and metabolic characteristics of
patients with NAFLD in SA. Patients were enrolled during
outpatient visits and after elective surgery, allowing for
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Figure | Prevalence of comorbidities among NAFLD patients according to site of diagnosis.

a selected and well-characterized cohort that represents

patients seeking medical care. Notable results include the

conducted by Al-Hamoudi and colleagues,

(34.2%), hyperlipidemia (29.7%),

P <0.0001

Hyperlipidemia

diabetes

and hypertension

high prevalence of metabolic comorbidities including
hyperlipidemia, T2DM, hypertension, and elevated ALT
levels. These findings are consistent with one of the ear-
liest single-center studies conducted in SA that assessed
the epidemiological, clinical, and biochemical characteris-

tics of NAFLD patients.”®> In the prospective study

(26.7%) were the most frequent comorbidities among
NAFLD patients, and prevalence estimates of elevated
ALT levels among NAFLD patients were identical to the
findings of the current study when using the lab reference
values.”> The current study also replicates the prevalence
of NAFLD found among published cohorts in other

Table 2 Bivariate Comparisons of Male and Female NAFLD Patients on Non-Invasive Biomarkers of Fibrosis

Non-Invasive Biomarkers of Fibrosis All (n=832) Sex P-value
Male Patients (n=337) Female Patients (n=495)

FIB-4 08+ 1.0 09 +12 08 +0.8 0.02
Low Fibrosis (<1.30) 651 (86.3) 250 (84.5) 401 (87.6) 0.21
Medium Fibrosis (1.30 to 3.25) 84 (11.1) 35(11.8) 49 (10.7)

High/Advanced Fibrosis (>3.25, or >2.0 if >65 yrs) 19 (2.5) I (3.7) 8 (1.7)

APRI 0.4 +£0.6 0.4 +£0.5 035+0.6 0.03
Low Fibrosis (<0.5) 613 (81.4) 226 (76.1) 387 (84.9) 0.007
Medium Fibrosis (0.5 to 1.5) 1119 (15.8) 62 (20.9) 57 (12.5)

High/Advanced Fibrosis (>1.5) 21 (2.8) 9 (3.0 12 (2.6)

NFS Score -1.7+18 -1.8+ 17 -1.7+18 0.78
Low Fibrosis (<-1.455) 425 (59.2) 166 (60.4) 259 (58.5) 0.85
Medium Fibrosis (—1.455 to 0.675) 231 (32.2) 85 (30.9) 146 (33.0)

High/Advanced Fibrosis (>0.675) 62 (8.6) 24 (8.7) 38 (8.6)
Abbreviations: FIB-4, Fibrosis-4; APRI, AST to Platelet Ratio Index; NFS, NAFLD fibrosis score; ALT, alanine transaminase.
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14 submit your manuscript 1171
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international  studies that examined biopsy-proven
NASH,*?* highlighting that similar metabolic risk profiles
exist in non-Saudi and Saudi patients.

With regard to sexual differences, although female
patients accounted for the majority of NAFLD cases in
the current study, male patients had more pronounced
hematologic and liver profile abnormalities, as well as
higher FIB-4 and APRI scores suggestive of a higher pre-
valence of advanced hepatic fibrosis. In the literature,
a higher prevalence of NAFLD and more advanced disease
stages have been described in male patients.*>*® These
gender differences are however lost in post-menopausal
women, highlighting age as an important factor for sex-
related differences in NAFLD. The molecular mechanisms
that underpin these gender disparities are not fully under-
stood, but several theories have been proposed.?’
Differences in how men and women store fat have been
implicated: women tend to store more fat subcutaneously,
and men have more visceral fat compared to women with
similar body fat levels.”*’ Visceral fat releases excess
free fatty acids into the portal vein, and more of this type
of fat exacerbates the metabolic strain on the liver.*
Estrogen appears to be another key player behind these
sex-specific differences.®’ Estrogen is protective against
the development and progression of NAFLD, possibly by
preventing the development of hypercholesterolemia and
anti-inflammatory effects.>' **> Consequently, men and
post-menopausal women are more susceptible to liver
damage, which is consistent with the generally higher
ALT values reported herein and in similar studies.>*
Insulin resistance is also closely associated with the devel-
opment of NAFLD.?> Males are more prone to develop

insulin resistance,%’37

and this has been postulated as
another potential explanation for sexual dimorphism in
NAFLD. While a full understanding of the pathogenesis
of NAFLD has not yet been achieved, it is clear that
NAFLD disease progression is quite complex, and that
NALFD affects men and women differently. As such,
iterative studies are encouraged to go beyond dichotomous
sex comparisons and to consider close examination and
analysis of complex, interactive effects between sex, age,
and hormonal status that may accelerate NAFLD disease
progression and severity. Findings from such studies could
increase the potential for effective precision medicine for
NAFLD, which in turn will likely reduce the development
of cirrhosis and HCC, and improve survival in NAFLD
patients. Moving forward, prospective studies exploring
a balanced male and female population will be needed to

define potential sex-specific differences in the prevalence
and disease severity of NAFLD in SA.

An important finding in the current study was the low
prevalence of advanced fibrosis among NAFLD patients
according to surrogate scores of hepatic fibrosis. Overall,
2.5%, 2.8%, and 8.6% of participants exhibited high FIB-4,
APRI, and NFS scores, respectively. These are in contrast to
studies conducted elsewhere, where the prevalence of
advanced fibrosis among NAFLD patients ranged from
20% to 30%.°*2° A meta-analysis reported that approxi-
mately 14.5% of NAFLD patients have advanced fibrosis at
baseline or at the time of diagnosis. At follow-up, 34.5% of
the entire sample of NAFLD patients developed progressive
fibrosis, 38.8% remained stable, and 26.7% achieved fibrosis
regression. Unlike that meta-analysis or studies included in
that meta-analysis, the current study was cross-sectional and
did not prospectively follow fibrosis outcomes in NAFLD
patients. However, additional studies that analyze fibrosis
NAFLD patients
Nonetheless, several studies have demonstrated that one-

over time in Saudi are needed.
third to one-half of NAFLD patients eventually progress to
advanced stages of fibrosis.**** More studies are needed to
identify factors that inhibit and that hasten fibrosis progres-
sion and regression, and additional studies are needed to
examine monitoring protocols that most optimally minimize
the onset of fibrosis progression.

Another observation from the current study was the dif-
ference between normal and high ALT levels in NAFLD
patients. ALT is a marker of liver inflammation, yet there is
no optimal cut-off level to predict NASH and fibrosis.** In
a recent systematic review of 11 studies with 4084 patients,
25% of NAFLD patients and 19% of NASH patients had
normal ALT values.** In our study, we have a high proportion
of NAFLD patients with normal ALT (75%). However, by
using the lower reference range proposed by a recent national
study (<35 IU/L for males and <26 IU/L for females),'” we
found a higher proportion of patients with elevated ALT
levels comparable to many international studies.

Compared to patients with elevated ALT levels, we
found that patients with normal ALT levels were older,
which is consistent with previous studies.****® In addition,
we observed that normal ALT levels were more common
in females than males, which is consistent with the find-
ings from a meta-analysis conducted by Ma.** In this
meta-analysis, NAFLD patients with normal ALT values
were more likely to be affected by diabetes, hypertension,
and metabolic syndrome, which is consistent with our

findings using the lower cut-offs for ALT. These
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Table 3 Bivariate Comparisons of NAFLD Patients with Normal and High ALT on Clinical and Metabolic Characteristics

Parameters Normal ALT | High ALT P-value | Normal ALT <35 IU/L for | High ALT (n=644) P-value
Lab Range Lab Range Male <26 IU/L for Female
(n=623) (n=209) (n=188)
Male 217 (34.8) 120 (57.4) <0.001 79 (42) 251 (39.0) 0.10
Age (years) 435+ 135 40.7 £ 13.8 0.02 47.50 £ 13.48 41.50 £ 13.38 <0.0001
BMI (kg/m?) 350+89 33.5+£90 0.04 3291 +838 35.27 £ 9.18 0.003
Comorbidities, N (%)
Cirrhosis 38 (6.1) 11 (5.2) 0.95 20 (10.6) 29 (4.5) 0.001
Diabetes Mellitus 213 (34.2) 74 (35.4) 0.13 72 (38) 218 (33.9) 0.045
Hypertension 182 (29.2) 50 (24) 0.59 67 (35.6) 167 (25.9) 0.001
Hyperlipidemia 246 (39.5) 88 (42) 0.04 65 (34.5) 273 (42.3) 0.34
Renal dysfunction 26 (4.2) 7 (3.35) 0.82 14 (7.4) 19 (3.0 0.002
Hematologic Profile, mean + SD
Hemoglobin (g/L) 132+ 1.8 142+ 1.8 <0.0001 | 13.06 £ 2.04 13.47 £ 1.79 0.02
INR 12 +04 1.2 £ 04 0.07 1.24 + 043 1.18 £ 0.38 0.07
Prothrombin time 3727 25+23 0.37 3.25 + 1.50 3.00 +2.83 0.87
Platelets (x10°/L) 264.3 £ 743 2569 +71.7 | 0.25 261.75 + 81.37 263.45 + 72.13 0.80
Lipid Profile, mean + SD
Total cholesterol (mmol/L) 47 = 1.1 50+ 1.1 0.002 453 £ 1.16 483 = 1.10 0.005
Triglycerides (mmol/L) 18+ 1.3 1.96 + 1.3 0.19 1.66 + 1.12 1.91 £ 1.42 0.052
LDL-cholesterol (mmol/L) 29+ 1.0 3419 0.003 277 £ 093 3.09 + 1.36 0.01
HDL-cholesterol (mmol/L) 12+04 1.1 £0.3 0.002 1.18 £ 0.37 I.16 £ 0.39 0.51
Liver Profile, mean * SD
AST (IU/L) 214+ 125 564 + 474 <0.0001 | 19.95 + 12.00 31.81 +31.6l <0.0001
ALP (IU/L) 99.7 + 38.0 126.4 + 882 | <0.0001 | 92.95 + 36.34 109.11 + 57.87 0.001
Albumin (g/L) 376 £ 66 402 + 64 <0.0001 | 37.21 £5.72 38.39 + 6.86 0.04
Bilirubin (umol/L) 9.7 £ 6.6 133 +£9.6 <0.0001 | 10.41 + 6.64 10.50 + 7.77 0.89
Other Metabolic Tests, mean + SD
HbAlc (%) 69 +22 72+ 18 0.32 7.05 + 2.05 6.92 + 2.17 0.61
Creatinine (pmol/L) 73.0 £ 493 75.9 + 304 0.47 79.82 + 65.84 72.03 + 37.81 0.057
TSH (ulU/mL) 40+93 2.7 3.0 0.20 4.86 + 13.88 329 £ 598 0.15

Abbreviations: SD, standard deviation; BMI, body mass index; INR, international normalized ratio; LDL, low-density lipoprotein; HDL, high-density lipoprotein; AST,

aspartate transaminase; ALP, alkaline phosphatase; HbA I c, hemoglobin Alc; TSH, thyroid-stimulating hormone.

differences are not consistent with all studies. Uslusoy
et al demonstrated no significant difference between the
clinical characteristics of patients with elevated ALT and
normal ALT values.*®

The current analysis has notable limitations and
strengths. Causality cannot be inferred given the cross-
sectional nature of the study. Findings cannot be general-
ized to children and adolescents in SA, as the study only
included adults. Future studies should aim to include and
characterize NAFLD among children and adolescents in

SA. We could not differentiate NASH from non-NASH

disease, as this cohort lacked biopsy data for many
patients. Nonetheless, we used non-invasive surrogate
scores to define the prevalence of advanced fibrosis. This
study has important implications as it included patients
from multiple centers in SA. To the best of our knowledge,
this is the largest analysis of patients with NAFLD in SA
and the entire Middle East region.

In summary, the present study adds to the growing body
of literature on NAFLD, including the growing body of
literature that suggests men are more severely affected by
NAFLD than women. Mechanistic studies are needed to
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more fully understand NAFLD pathogenesis. Findings from
mechanistic studies can inform and enhance guidelines for
clinical management and treatment of NAFLD.
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