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Introduction

Non-alcoholic fatty liver disease (NAFLD) 1s
characterized by hepatic steatosis associated with
insulin resistance in the absence of excessive alcohol
consump#on or any other competing ewology.
There are two methods to define hepatic steatosis.
The presence of steatosis in more than 5% of he-
patocytes in the histological examination 1s the first
method. The second method is the detection of
more than 5.6% of fatty material in the liver (proton
density fat fracwon) assessed by proton magnetic
resonance spectroscopy (HMRS) or quantitative
fat/water selecive magnetic resonance imaging
(MRI). Non-alcoholic fatty liver (NAFL) 1s the
presence of hepatic steatosis more than 5% without
evidence of hepatocellular injury. Non-alcoholic
steatohepawuws (NASH) can progress to fibrosis,
cirrhosts and hepatocellular carcinoma (HCC) (1).

Pathophysiology

The liver is not a primary organ of fat storage, but,
in pawents with NAFLD, triglycerides accumulate in
the liver. There are 3 main sources of this excess fat;
uptake of non-esterified fatty acids (NEFA) from
plasma, dietary fat and de-novo synthesis of lipid in
the liver (2). Insulin resistance or the mability of the
peripheral tissues to adequately respond to insulin 1s
the main underlying factor of this process. Insulin
usually inhibits lipolysis in the adipose tissue. In
insulin resistance, lipolysis is increased and excess
free fatty acids enter the plasma. Therefore,
increased amounts of fatty acids enter the liver in a
concentrasmon-dependent manner. Insulin resistance
also causes hyperglycaemia which along with
hyperinsulinemia stimulates de-novo lipid synthesis
in the liver (3). Gut microbiota and genewuc factors

also contribute to the pathogenesis of NAFLD. Gut
microbiota increases the delivery of endotoxins,
microbiota metabolites and nutrients to the liver by
increasing gut permeability. This leads to hepatic fat
accumulation and inflammation(4).  Patatin-like
phospholipase domain-containing 3 (PNPLA3) gene
variant which is a determinant of hepatic fat content
is one major genetic factor that contrbutes to
NAFLD (5). The transmembrane 6 superfamily
member 2 (TM6SF2) E167K  gene variant leads to
reduced VLDL. secretion from the liver which results
in triglyceride accumulation in hepatocytes (6).

Epidemiology and NAFLD in lean individuals

NAFLD is the most common liver disorder in
developed countries, affecting 17—46% of adults (1).
The prevalence of NAFLD based on ultrasound scan
findings among a sample of participants from an
urban community in Sri Lanka was 32.6% (7).
NAFLD is also present in 7% of normal-weight
(lean) persons. Lean patients with NAFLD are
younger, more likely to be female and had lower rates
of insulin resistance, hypercholesterolemia, diabetes
and hypertension compared with obese patients with
NAFLD(8). Lean NAFLD is more common in
Astans (9).

Risk factors and associations

Obesity, type II diabetes mellitus, dyslipidaemia,
metabolic syndrome and polycystic ovary syndrome
are  commonly  associated  with  NAFLD.
Hypothyroidism,  obstructive  sleep  apnea,
hypopituitarism, hypogonadism, pancreatoduodenal
resection and psoriasis are its other associations (10).
Risk factors for NAFLD in lean patients include high
body fat, body weight gain even within normal weight
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limits, high fructose and high cholesterol intake, and
genetic risk factors (9).

NAFLD or MAFLD?

The term Non-Alcoholic Fatty Liver Disease was
coined to describe chronic liver cell disease in
patients without a history of significant alcohol
consumption and any other obvious etiology
such as chronic hepatitis infection, autoimmune
liver disease, Wilsons disease and hereditary
haemochromatosis. Therefore, it was essentially a
diagnosis of exclusion and is a heterogenous entity.
However, liver disease associated with metabolic
dysfunction has been identified as a distinct entity
and the term Metabolic dysfunction-associated fatty
liver disease (MAFLD) has been suggested instead
of NAFLD. “Positive” diagnostic criteria have been
proposed for this entity and therefore, it is no
longer considered a diagnosis of exclusion (11).
Furthermore, newer nomenclature appreciates the
fact that MAFLD can co-exist with liver disease of
other etiology such as alcohol and chronic hepatitis
infection. A recent study conducted in Sri Lanka
showed that the MAFLD definition was more useful
in predicting future adverse outcomes than the
NAFLD definition (12).

Natural history

Benign fatty liver has a very low risk of progressing
to cirthosis. However, necroinflaimmation in
initial biopsy is the most significant predictor of
progression to advanced fibrosis. Other predictors of
progression to advanced fibrosis include age (over 50
years), BMI over 28 kg/m2, hypertension, insulin
resistance/  diabetes mellitus and  abnormal
aminotransferases (13). Those with NAFLD have sig-
nificantly higher overall and liver-related mortality
rates compared to the general population and
cardiovascular disease was the leading cause of death
further emphasizing the fact that NAFLD or
MAFLD is the hepatic manifestation of the
multi-system disease of metabolic dysfunction (14).

Clinical features

Most patients with NAFLD or MAFLD are
asymptomatic. But some may complain of non
specific symptoms such as fatigue, malaise and
vague right upper abdominal discomfort. The
prevalence of  hepatomegaly among patients
with  NAFLD may vary between 5% to 18%
depending on the setting and the population
studied (15).

Hepatic steatosis in adults
(detected either by imaging techniques, or by liver histology)

!

! !

Overweight/ obesity
(BMI >= 25 kg/m” in
Caucasians or >= 23 kg/m”*
in Asians

Lean/normal weight
(BMI <25 kg/m?* in
Caucasians or BMI <23
kg/m?* in Asians)

Type 2 diabetes mellitus
(According to ADA

criteria)

in Asian men and women)

[SNN ]

specific drug treatment

If presence of at least two metabolic risk abnormalities:
1. Waist circumference 2102/88 ¢m in Caucasian men and women (or 290/80 cm

. Blood pressure 2130/85 mmHg or specific drug treatment
. Plasma triglycerides 2150 mg/dl or specific drug treatment
4. Plasma HDL-cholesterol <40 mg/dl for men and <50 mg/dl for women or

5. Prediabetes (i.e., fasting glucose levels 100 to 125 mg/dl or 2-hour post-load
glucose levels 140 to 199 mg/dl or HbAlc 5.7% to 6.4%)

6. Homeostasis model assessment of insulin resistance score 22.5

7. Plasma high-sensitivity C-reactive protein level >2 mg/L

Y \|r

MAFLD (Metabolic dysfunction associated fatty liver disease)

Figure 1: Proposed diagnostic criteria for MAFLD (BMI — body mass index, ADA — American

diabetes association, HDL — high density lipoprotein)
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Diagnosis

Above criteria have been proposed (Figure 1) for the
diagnosis of MAFLD (11).

Evaluation of a patient with MAFLD

Clinical prediction tools like NFS (NAFLD Fibrosis
Score which is based on age, BMI, hyperglycaemia,
platelet count, albumin and AST/ALT ratio) and
FIB-4 index (based on platelet count, age, AST and
ALT) are better than indices such as BARD (based
on AST/ALT ratio, BMI and diabetes), APRI (based
on AST and platelet count) and AST/ALT ratio and
as good as MR elastography in predicting advanced

Table 1: Imaging modalities used in diagnosis and staging of NAFLD

fibrosis (16). Enhanced liver fibrosis (ELF) panel
which is 2 combination of 9 serum markers of liver

fibrosis showed 90% sensitivity in detecting fibrosis
(17).

A liver biopsy should be considered;

1) In patients with high risk of steatohepatitis
and/or advanced fibrosis

2) When presence of other etiologies for liver
disease cant be excluded without a biopsy
Imaging studies help to detect hepatic steatosis and
quantify it and to detect advanced fibrosis to help
staging and  prognostication of  NAFLD.

Imaging

Comments

Ultra sound scan

CT without contrast

Vibration-controlled transient
elastography — FibroScan

MR elastography/ MR spectroscopy/ Liv-
erMultiScan

2D shear wave elastography

Widely available first line investigation. Sensitivity
and specificity high when hepatic steatosis >20%

Useful in morbidly obese.

Can be point of care. Most reliable in ruling out
advanced hepatic fibrosis (great NPV)

Requires radiology referral
Most accurate of the imaging modalities

May require radiology referral but can be point of
care with minimal training

Management of MAFLD
Management of MAFLD consists of

* Lifestyle modification and weight reduction
* Management of other metabolic risk factors
* Liver directed pharmacotherapy

Diet and lifestyle modifications

Lifestyle modification is the mainstay of the
management of the non-alcoholic fatty liver disease.
The degree of weight loss positively correlates with
the reversibility of damage caused by NAFLD.
A 3% weight loss is associated with reversibility of
steatosis and seven to ten percent of weight loss can
reverse steatohepatitis. More than 10% weight loss
can improve the fibrosis stage. A recent study
(n=293) showed an improvement in liver
steatohepatitis in 58% of those achieving >5% and

in 90% of those achieving >10% weight loss
respectively;  only  the latter demonstratedan
improvement in the fibrosis stage (in 45%) (18).
Similarly, studies in Asian populations support the
dose-response effect of weight loss with a 7-10%
weight loss target; whereas about 40% of those with
MAFLD have some improvement even with 3—5%
weight reduction.

The setting of individualized goals plays an important
role in order to achieve targets of lifestyle
modification. These goals should be specific,
measurable, achievable, relevant, and timely. (known
as SMART). A hypocaloric diet with an energy deficit
of 500-1000 kcal, to induce a weight loss of 500-1000
g weekly is recommended. MAFLD is associated with
unhealthy dietary habits containing processed food
and beverages with refined sugar, saturated fatty acids
and low content of omega 3, 6 fatty acids, fibre,
polyphenols and micronutrients (19). Mediterranean
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Patient diagnosed as MAFLD according to criteria in Figure 1

Y

Search for and treat if present alternative causes of liver disease (Alcohol, Hepatitis B,
C, auto immune liver disease, Wilson’s disease, hereditary haemochromatosis).

Y

Optimize metabolic parameters and exclude or treat common co existing conditions
like hypothyroidism, obstructive sleep apnea and poly cystic ovarian syndrome

Y

Rule out/ in advanced fibrosis (FIB-4 or NAFLD fibrosis score)

P

FIB-4 < 1.3 or NFS < -1.455

Low risk

4

Life style intervention and exercise.
Re-evaluate in 1 year.

AN

N

FIB-4 >= 1.3 or NFS >=-1.455

Y

Intermediate to high risk

Y

Transient elastography

v

IL.SM < 8 kPa — low risk

LSM >= § kPa - Intermediate to high risk

Consider liver biopsy

Figure 2 : Evaluation of a patient with MAFLD (MAFLD — metabolic dysfunction associated
fatty liver disease, FIB-4 — fibrosis- 4 index based on platelet count, age, AST and ALT, NFS —

non-alcoholic fatty liver disease fibrosis score based on age, body mass index, hyperglycaemia,
platelet count, albumin and AST/ALT ratio, LSM — liver stiffness measurement)

diet may be beneficial in NAFLD since, it is mote
enriched in polyphenols, omega 3 fatty acids, with
low-carbohydrate content.

Meta-analysis of observational studies (n = 7) and
RCTs (n = 6) of liver steatosis and cardiometabolic
risk factors in patients with NAFLD following a
Mediterranean diet revealed that Mediterranean diet
is associated with a significant improvement in
hepatic steatosis

Examined by magnetic resonance spectroscopy
(MRS), but not by ultrasound. Mediterranean diet was
also associated with a reduction in BMI, triglycerides,
homeostatic model assessment of insulin resistance
(HOMA-IR) and was inversely associated with
NAFLD (20). Recently conducted, DIRECT PLUS is
a randomized, open-label trial in patients with
abdominal obesity/dyslipidemia following 18 months
of healthy dietary guidelines, Mediterranean diet, or
green-Mediterranean diet (N = 294), showed that the
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latter group was associated with loss of intrahepatic
fat. Green Mediterranean diet is a calorie-restricted
diet rich in vegetables, replacing red meat with
poultry and fish (21). Meta-analysis of 10 interna-
tional clinical trials of low-carbohydrate (<50%)
diets in patients with NAFLD showed that it was as-
sociated with a significant reduction in intrahepatic
lipid content without significant reductions in serum
transaminases. A systematic review and meta-analy-
sis showed a significantly decreased risk of MAFLD
and liver fibrosis among regular coffee drinkets. The
recommended amount is black coffee two to three
cups without added sugar (22).

Sustaining achieved weight loss is crucial in order to
get the maximum benefit. A Muladisciplinary ap-
proach should be applied to encourage maintenance
of lifestyle modification.

Exercise

At least 30 minutes per day of moderate-intensity
exercise for a minimum of 5 days per week or at least
20 minutes of vigorous exercise for a minimum of 3
days per week is recommended for the general
population. Resistance exercises on 2-3 days/week
and flexibility exercises >2 days/week are also
recommended (22). Moderate to vigorous-intensity
exercise showed benefits in preventing the onset of
fatty liver and in the resolution of existing fatty liver
(23). A systematic review suggested that both
acrobic and resistance exercise reduces hepatic
steatosis equally in MAFLD, while resistance
exercise does this with less energy consumption.
Therefore, resistance exercise is found to be a
better-tolerated exercise for MAFLD patients with
poor fitness or for those who cannot tolerate or
participate in aerobic exercise (24). The type and
intensity of exercise have to be individualized in
order to achieve the target weight.

Bariatric surgery for NAFLD

The prevalence of NAFLD and NASH among
obese is found to be 50-90% and 10-50%
respectively compared to the prevalence in the
general population which is 10-30% and 3-5% for
NAFLD and NASH respectively (25). Though
lifestyle modification and weight reduction through
diet and exercise have been shown to improve the
progression of NAFLD the long-term adherence to
diet and exercise is limited. Bariatric sutrgery
including Roux en Y bypass (RYGB) and sleeve
gastrectomy  (SG)  procedure  has  shown
improvement in steatosis, hepatitis, ballooning, or
fibrosis in obese patients even with significant

pre-procedure  histology at  baseline  (26,27).
A meta-analysis has demonstrated improvement in
histopathology of NAFLD in more than 75% of
patients and complete resolution of steatosis in the
majority (27). Also, a case-control study of 2942
biopsy-proven NAFLD patients who underwent
bariatric surgery was found to have a reduced risk of
progression to cirrhosis compared to controls (28).

However, data regarding bariatric surgery is not
conclusive and randomized control studies are
lacking. A systematic review that found no
randomized control trial and was carried out among
21 retrospective and prospective cohort studies also
confirmed  improvement in  steatosis  and
inflammation but 4 trials noted worsening of fibrosis
following surgery (29). Also, there was significant bias
and underreporting of adverse effects.

Roux-en-Y  gastric  bypass (RYGB), sleeve
gastrectomy (SG) adjustable gastric band (AGB) and
biliopancreatic diversion (BPD) all appear to benefit
the majority of patients with NAFLD. A meta-
analysis of different bariatric procedures showed a
pooled outcome of improvement of steatosis in 88%,
steatohepatitis in 59% and fibrosis in 30%. RYGB
showed improvement above the average of pooled
analysis (30).

Due to the inconsistencies in the evidence, NAFLD is
not a sole indication for bariatric surgery. 1f bariatric
surgery is performed in a patient with suspected
NAFLD, taking a needle biopsy is advised duting the
surgery and monitoring of liver transaminases is
advised to identify the patients who develop
worsening of fibrosis.

Pharmacological treatment
In patients without diabetes

PIVENS trial conducted among biopsy-proven
NAFLD patients without diabetes in 2010 showed
significant lowering of hepatic aminotransferases and
hepatic steatosis, lobular inflammation and NAFLD
activity score with Vitamin E at a dose of 800IU daily
and Pioglitazone at a dose of 30mg daily. But fibrosis
was not improved with either of these treatments and
steatohepatitis was reduced only with Pioglitazone

(31).

Subsequent meta-analysis has shown not only
improvement of  serum  transaminases  but
improvement  of  liver  histology  including
steatohepatitis and fibrosis with the use of Vitamin E
(32). In addition, vitamin E therapy has been shown
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to improve transplant-free survival and the rate of
decompensation among patients with established
bridging fibrosis (33). However, the SELECT study
has shown an increase in the incidence of prostate
cancer among long term vitamin E users (34). Since
the studies showed benefit with Vitamin E enrolled
patients without diabetes its use in patients with
diabetes is not recommended. Thus, Vitamin E
should be reserved for patients without diabetes
with biopsy-proven NASH.

In patients with diabetes

Similarly, pioglitazone has also been shown to
improve liver histology including  balloon
degeneration, steatohepatitis and fibrosis in a
meta-analysis (35,36). Therapy with pioglitazone was
associated with peripheral oedema, weight gain
without significant change in body fat composition
and reduction in bone mineral density (36,37). There
was no change in HOMA_IR score with
pioglitazone use (37). Though the initial animal
studies and a clinical trial has shown an increased
risk of bladder cancer with pioglitazone use (38) this
was subsequently not proved in the meta-analysis
(39). Therefore, Pioglitazone is recommended in
patients with or without diabetes with biopsy-proven
NASH and due to the safety concerns should not be
used without biopsy-proven NASH.

Metformin

Meta-analyses have shown that though Metformin
use improves transaminase levels and HOMA-IR
score in patients with NAFLD, it does not improve
liver histology (40,41).

Newer hypoglycaemic drugs in the management of
NAFLD

GLP1 receptor agonists

Diabetes and obesity are the main risk factors
associated with NAFLD. Also, weight loss has been
positively associated with the reversal of histological
effects of NASH. Thus, it is natural to assume newer
antidiabetic drugs such as SGLT2 inhibitors and
GLP1 receptor agonists to be effective in treating
NAFLD.

Weekly 1.8mg of liraglutide was studied in a
randomized control trial in obese patients with
clinical evidence of NASH, and an end of treatment
biopsy was obtained which showed less likelthood of
tibrosis progression and higher steatosis resolution
in the treatment group (42).

Semaglutide has been shown to significantly improve
glycaemic control as well as cardiovascular outcomes
in the SUSTAIN series of trials among patients with
diabetes (43). Its effect on weight reduction among
non-diabetics was confirmed in a tecent randomized
control trial which showed a mean 14.9% weight
reduction compared to 2.4% in placebo at 68 weeks
with a weekly semaglutide dose of 2.4mg (44).

A recent randomized control trial among
biopsy-proven NASH and liver fibrosis stage F1-F3
showed that NASH resolution was achieved among
59% of patients treated with Semaglutide at a dose of
0.4mg compared to 17% in the placebo group.
Though lower doses also showed significant
improvement compated to placebo they were less
effective. Though there was a numerically higher
number of patients with improvement of fibrosis
stage in Semaglutide treated group this finding was
not significant statistically. The mean weight loss
achieved was 14% in the semaglutide treated group
(45). There were more gastrointestinal side effects,
primarily nausea reported in the treatment group.
Further studies on higher doses of Semaglutide and
additional data on histological outcome is needed for
routine use of this drug in the clinical setting in the
absence of other indications.

SGLT2 inhibitors

The effect of empagliflozin in liver fat was studied via
MRI derived proton density fat fraction in an E-LIFT
study among 50 diabetic patients with NASH (46).
Empagliflozin was associated with a significant
reduction of liver fat content and ALT levels
compared to placebo. Small scale studies done to
evaluate the effects of SGLT2 inhibitors on the
histological parameters of NASH has shown a
reduction in steatohepatitis, ballooning and fibrosis
(47). These effects have to be confirmed in large scale
clinical trials before these drugs can be
prescribed routinely in the absence of other
indications. The effect of SGLT2 inhibitors on
NASH in non-diabetics also need further evaluation.

Cardiovascular risk reduction in MAFLD

Cardiovascular disease is the commonest cause of
death in MAFLD (48). In patients with metabolic
syndrome, fatty liver is an independent predictor of
carotid atherosclerosis (49). Therefore, management
of MAFLD should focus not only on slowing the
progression of liver disease but also on cardiovascular
risk reduction. A post hoc analysis of the GREECE
study (Greek Atorvastatin and Coronary Heart
Disease Evaluation) showed that statin therapy can

Sri Lanka Journal of Diabetes, Endocrinology and Metabolism

Page | 26



improve liver function tests and reduce
cardiovascular events (50). A post hoc analysis of
the IDEAL study showed that the cardiovascular
risk reduction benefit of high-intensity statin
therapy was greater in patients with mild to
moderately elevated ALT at baseline than those with
normal ALT at baseline (51). Therefore, in patients
at high risk of cardiovascular disease moderately
elevated liver function tests should not be a barrier
to even high-intensity statin therapy.

Patients with NAFLD have a higher risk of
developing new-onset hypertension and vice versa.
Proposed pathophysiological mechanisms for this
bi-directional relationship include insulin resistance,
activation of renin-angiotensin-aldosterone system
and sympathetic nervous system, and arterial
stiffness. Proper blood pressure control may result
in attenuation of progression to liver fibrosis.
Multiple small studies have shown the benefit of
angiotensin-converting enzyme inhibitors and
angjotensin receptor blockers in attenuation of
progression or amelioration of liver fibrosis (52).
However large randomized controlled trials are
needed to confirm these findings.

Summary

Diagnostic criteria have been proposed for the
diagnosis of MAFLD thus making it a better
defined entity. Scoring systems, non-invasive
imaging and serum markers help to identify patients
who may need a liver biopsy and liver-directed
pharmacotherapy. While dietary modifications,
lifestyle interventions and exercise remain the
cornerstone of therapy pharmacotherapy of
MAFLD remains an area of uncertainty and
research interest. Mitigating the cardiovascular
disease risk with optimal control of metabolic risk

factors plays a pivotal role in the management of
MAFLD.

References

1. Marchesini G, Day CP, Dufour JE Canbay A,
Nobili V, Ratziu V, et al. EASL-EASD-EASO
Clinical \Practice Guidelines for the
management of non-alcoholic fatty liver
disease. | Hepatol [Internet]. 2016;64(0):
1388—402. Available from: http://dx.doi.otrg/
10.1016/j.jhep.2015.11.004

2. Donnelly KL, Smith CI, Schwarzenberg S]J,
Jessurun ], Boldt MD, Parks EJ. Sources of
fatty acids stored in liver and secreted via
lipoproteins in patients with nonalcoholic

10.

11.

fatty liver disease. | Clin Invest. 2005;115(5)
:1343-1351.

Smith GI, Shankaran M, Yoshino M, et al
Insulin  resistance drives hepatic de novo
lipogenesis in nonalcoholic fatty liver disease.
Journal — of  Clinical — Investigation. 20205130
(3):1453-1460.

Jiang X, Zheng J, Zhang §, Wang B, Wu C, Guo
X. Advances in the Involvement of Gut
Microbiota in Pathophysiology of NAFLD.
Front Med. 2020;7(July):1-16.

Romeo S, Kozlitina J, Xing C, Pertsemlidis A,
Cox D, Pennacchio LA, et al. Genetic variation
in  PNPLA3 confers susceptibility to
nonalcoholic fatty liver disease. Nat Genet.
2008;40(12):1461-5.

Kozlitina  J,  Smagris  E, Stender S,
Nordestgaard BG, Zhou HH, Tybjerg-Hansen
A, et al. Exome-wide association study
identifies a TMOSF2 wvariant that confers
susceptibility to nonalcoholic fatty liver disease.
Nat Genet. 2014;46(4):352—06.

Dassanayake AS, Kasturiratne A, Rajindrajith
S, et al. Prevalence and risk factors for non-
alcoholic fatty liver disease among adults in an
urban Sri Lankan population. Journal of
Gastroenterology — and — Hepatology.  2009;24(7):
1284-1288.

Younossi ZM, Stepanova M, Negro F, Hallaji S,
Younossi Y, Lam B, et al. Nonalcoholic fatty
liver disease in lean individuals in the United
States. Med (United States). 2012;91(6):319-27.

Albhaisi S, Chowdhury A, Sanyal A]. Non-
alcoholic fatty liver disease in lean individuals.
JHEP  Reports  Internet].  2019;1(4):329—41.
Available from: https://doi.org/10.1016/].jhe
pr.2019.08.002

Chalasani N, Younossi Z, Lavine JE, et al. The
diagnosis and management of nonalcoholic
fatty liver disease: practice guidance from the
american association for the study of liver
diseases: hepatology, vol. Xx, no. X, 2017.
Hepatolggy. 2018;67(1):328-357.

Eslam M, Newsome PN, Sarin SK, et al. A new
definition ~ for  metabolic  dysfunction
associated fatty liver disease: An international
expert consensus statement. Journal of

Sri Lanka Journal of Diabetes, Endocrinology and Metabolism

Page | 27



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Hepatology. 2020,73(1):202-209.

Nitiella MA, Ediriweera DS, Kasturirathe A,
et al. Outcomes of NAFLD and MAFLD:
Results from a community-based, prospective

cohort study. Vespasiani-Gentilucci U, ed.
PLoS ONE. 2021;16(2):e0245762.

Argo CK, Caldwell SH. Epidemiology and
natural history of non-alcoholic
steatohepatitis.  Clinics  in Liver  Disease.
2009;13(4):511-531.

Ong JP, Pitts A, Younossi ZM. Increased
overall mortality and liver-related mortality in
non-alcoholic fatty liver disease. Jowrnal of
Hepatology. 2008;49(4):608-612.

Amarapurkar D, Kamani P, Patel N, et al.
Prevalence of non-alcoholic fatty liver
disease: population based study. ~Ann Hepatol.
2007;6(3):161-163.

Imajo K, Kessoku T, Honda Y, et al. Magnetic
resonance imaging more accurately classifies
steatosis and fibrosis in patients with
nonalcoholic fatty liver disease than transient
elastography.  Gastroenterology.  2016;150(3)
:626-637.¢7.

Rosenberg WMC, Voelker M, Thiel R, et al.
Serum markers detect the presence of liver
fibrosis: A cohort study. Gastroenterology.
2004;127(6):1704-1713.

Vilar-Gomez E, Martinez-Perez Y,
Calzadilla-Bertot L, TorresGonzalez A,
Gra-Oramas B, Gonzalez-Fabian 1., et al.
Weight loss through lifestyle modifcation
signifcantly reduces features of nonalcoholic
steatohepatitis.  Gastroenterology.  2015;149
(367-378).

Mouzaki M, Allard JP. The role of nutrients in
the development, progression, and treatment
of nonalcoholic fatty liver disease. | Chn
Gastroenterol. 2012;46(6):457—67.

Akhlaghi M, Ghasemi-Nasab M, Riasatian M.
Mediterranean diet for patients with non-
alcoholic fatty liver disease, a systematic
review and meta-analysis of observational and

clinical investigations. [  Diabetes  Metab
Disord. 2020;19(1):575-84.

Yaskolka Meir A, Rinott E, Tsaban G, Zelicha

22.

24.

25.

20.

27.

28.

H, Kaplan A, Rosen P, et al. Effect of
green-Mediterranean diet on intrahepatic fat:
the DIRECT PLUS randomised controlled
trial. Gut. 2021;gutjnl-2020-323106.

Garber CE, Blissmer B, Deschenes MR,
Franklin BA, Lamonte M]J, Lee I-M,
et al. American College of Sports Medicine
position  stand. Quantity and  quality
of exercise for developing and maintaining
cardiorespiratory,  musculoskeletal,  and
neuromotor fitness in apparently healthy
adults: guidance for prescribing exercise:

Guidance for prescribing exercise.
Med Sci Sports Exere. 2011;43(7):1334-59.

Sung K-C, Ryu §, Lee J-Y, Kim J-Y, Wild SH,
Byrne CD. Efect of exercise on the
development of new fatty liver and the
resolution of existing fatty liver. | Hepatol.
2016;65:791-797.

Hashida R, Kawaguchi T, Bekki M, Omoto M,
Matsuse H, Nago T, et al. Aerobic vs.
resistance exercise in non-alcoholic fatty liver
disease: A systematic review. | Hepatol.
2017;66(1):142-52.

Vernon G, Baranova A, Younossi ZM.
Systematic ~ review: the  epidemiology
and natural history of non-alcoholic fatty
liver disease and non-alcoholic
steatohepatitis in adults. ~Almentary pharmacolo-
gy & therapentics. 2011 Aug;34(3)
:274-85.

Clark JM, Alkhuraishi AR, Solga SE, Alli P,
Diehl AM, Magnuson TH. Roux-en-Y gastric
bypass improves liver histology in patients
with non-alcoholic fatty liver disease. Obesity
research. 2005 Jul;13(7):1180-6.

Mummadi RR, Kasturi KS, Chennareddygari
S, Sood GK. Effect of bariatric surgery on
nonalcoholic fatty liver disease: systematic
review and meta-analysis. Clinical
Gastroenterology —and  Hepatology. 2008  Dec
1;6(12):1396-402.

Wirth KM, Sheka AC, Kizy S, Irey R, Benner
A, Sieger G, Simon G, Ma §, Lake J, Aliferis C,
Leslie D. Bariatric surgery is associated with
decreased progression of nonalcoholic fatty
liver disease to cirrhosis: a retrospective
cohort analysis. Annals of surgery. 2020 Jul
1;272(1):32-9.

Sri Lanka Journal of Diabetes, Endocrinology and Metabolism

Page | 28



29.

30.

31.

32.

33.

34.

35.

36.

Chavez-Tapia  NC, Tellez-Avila FI,
Barrientos-Gutierrez T, Mendez-Sanchez N,
Lizardi-Cervera J, Uribe M. Bariatric surgery
for non-alcoholic steatohepatitis in obese

patients.  Cochrane  Database of — Systematic
Reviews. 2010(1).

Fakhry TK, Mhaskar R, Schwitalla T,
Muradova E, Gonzalvo [P, Murr MM.
Bariatric surgery improves nonalcoholic fatty
liver disease: a contemporary systematic
review and meta-analysis. Surgery for Obesity and
Related  Diseases. 2019 Mar 1;15(3):502-11.

Sanyal AJ, Chalasani N, Kowdley KV,
McCullough A, Diehl AM, Bass NM,
Neuschwander-Tetri BA, Lavine JE, Tonascia
J, Unalp A, Van Natta M. Pioglitazone,
vitamin E, or placebo for nonalcoholic
steatohepatitis. New  England ~ Journal  of
Medicine. 2010 May 6;362(18):1675-85.

Sato K, Gosho M, Yamamoto T, Kobayashi Y,
Tshii N, Ohashi T, Nakade Y, Tto K, Fukuzawa
Y, Yoneda M. Vitamin E has a beneficial
effect on nonalcoholic fatty liver disease: a

meta-analysis of randomized controlled trials.
Nistrition. 2015 Jul 1;31(7-8):923-30.

Vilar-Gomez E, Vuppalanchi R, Gawrich S,

Ghabril M, Saxena R, Cummings OW,
Chalasani  N.  Vitamin E  improves
transplant-free  survival and  hepatic
decompensation among  patients  with

nonalcoholic steatohepatitis and advanced
fibrosis. Hepatology. 2020 Feb;71(2):495-509.

Klein EA, Thompson IM, Tangen CM,
Crowley JJ, Lucia MS, Goodman PJ,
Minasian LM, Ford LG, Parnes HL, Gaziano
JM, Karp DD. Vitamin E and the risk
of prostate cancer: the Selenium and
Vitamin E  Cancer Prevention  Trial
(SELECT). Jama. 2011 Oct12;306(14):1549
-56.

Cusi K, Orsak B, Bril E, Lomonaco R, Hecht
J, Ortiz-Lopez C, Tio F, Hardies |, Darland C,
Musi N, Webb Al Long-term
pioglitazone treatment for patients with
nonalcoholic steatohepatitis and
prediabetes or type 2 diabetes mellitus: a

radomized trial. Awnnals of internal medicine.
2016 Sep 6;165(5):305-15.

Boettcher E, Csako G, Pucino F, Wesley R,

37.

38.

39.

40.

41.

42

43.

44,

Loomba R. Meta-analysis: pioglitazone
improves liver histology and fibrosis in
patients with non-alcoholic steatohepatitis.

Alimentary — pharmacology & therapentics.
2012 Jan;35(1):66-75.

He L, L X, Wang L, Yang Z.
Thiazolidinediones for nonalcoholic

steatohepatitis: A meta-analysis of random
ized clinical trials. Medicine. 2016 Oct;95(42).

Yki-Jarvinen H. The PROactive study: some
answers, many questions. The Lancet. 2005
Oct 8;366(9493):1241-2.

Filipova E, Uzunova K, Kalinov K, Vekov T.
Pioglitazone and the risk of bladder cancer: a
meta-analysis. Diabetes Therapy. 2017 Aug;
8(4):705-206.

Musso G, Gambino R, Cassader M, Pagano
G. A meta-analysis of randomized trials for
the treatment of nonalcoholic fatty liver
disease. Hepatolpgy. 2010  Jul;52(1):79-104.

Li Y, Liu L, Wang B, Wang JU, Chen D.
Metformin in non-alcoholic fatty liver disease:
A systematic review and meta analysis.
Biomedical - reports. 2013 Jan  1;1(1):57-64.

Armstrong MJ, Gaunt P, Aithal GP, Barton D,
Hull D, Parker R, Hazlehurst JM, Guo K,
Abouda G, Aldersley MA, Stocken D.
Liraglutide safety and efficacy in patients with
non-alcoholic  steatohepatitis (LEAN): a
multicentre,  double-blind,  randomised,
placebo-controlled phase 2 study. The Lancer.
2016 Feb 13;387(10019):679-90.

Marso SP, Bain SC, Consoli A, Eliaschewitz
FG, Jodar E, Leiter LA, Lingvay I, Rosenstock
], Seufert J, Warren ML, Woo V. Semaglutide
and cardiovasculatr outcomes in patients with
type 2 diabetes. N Eng/ | Med. 2016 Nov
10;375:1834-44.

Wilding JP, Batterham RL, Calanna S, Davies
M, Van Gaal LE Lingvay I, McGowan BM,
Rosenstock ], Tran MT, Wadden TA,
Wharton S. Once-weekly semaglutide in
adults with overweight or obesity. New

England  Journal of Medicine. 2021 TFeb 10.

Newsome PN, Buchholtz K, Cusi K, Linder
M, Okanoue T, Ratziu V, Sanyal AJ, Sejling
AS, Harrison SA. A placebo-controlled trial

Sri Lanka Journal of Diabetes, Endocrinology and Metabolism

Page | 29



40.

47.

48.

49.

50.

51.

52.

of subcutaneous semaglutide in nonalcoholic
steatohepatitis. New England Journal of Medicine.
2021 Mar 25;384(12):1113-24.

Kuchay MS, Krishan S, Mishra SK, Farooqui
K], Singh MK, Wasir ]S, Bansal B, Kaur P,
Jevalikar G, Gill HK, Choudhary NS. Effect
of empagliflozin on liver fat in patients with
type 2 diabetes and nonalcoholic fatty liver
disease: a  randomized controlled  trial
(E-LIFT Trial). Diabetes care. 2018 Aug 1;41
(8):1801-8.

Lai LL, Vethakkan SR, Mustapha NR,
Mahadeva S, Chan WK. Empagliflozin for the
treatment of nonalcoholic steatohepatitis in
patients with type 2 diabetes mellitus.
Digestive  diseases  and  sciences. 2020  Feb;65
(2):623-31.

Ekstedt M, Franzén LE, Mathiesen UL, et al.
Long-term follow-up of patients with
NAFLD and elevated liver enzymes.
Hepatology. 2006;44(4):865-873.

Pais R, Giral P, Khan J-F et al. Fatty liver is an
independent predictor of eatly carotid

atherosclerosis.  Journal — of  Hepatology.
2016;65(1):95-102.

Athyros VG, Tziomalos K, Gossios TD, et al.
Safety and efficacy of long-term statin
treatment for cardiovascular events in patients
with coronary heart disease and abnormal
liver tests in the Greek Atorvastatin and
Coronary Heart Disease Evaluation (Greace)
Study: a post-hoc analysis. The Lancer. 2010;
376(9756):1916-1922.

Tikkanen MJ, Fayyad R, Faergeman O, et al.
Effect of intensive lipid lowering with
atorvastatin on cardiovascular outcomes in
coronary heart disease patients with
mild-to-moderate  baseline elevations in
alanine aminotransferase levels. Infernational
Journal of Cardiology. 2013;168(4)
:3846-3852.

Oikonomou D, Georgiopoulos G, Katsi 'V, et
al. Non-aleoholic fatty liver disease and
hypertension: coprevalent or correlated?
European — Jowrnal — of  Gastroenterology — &
Hepatology. 2018;30(9):979-985.

Sri Lanka Journal of Diabetes, Endocrinology and Metabolism

Page | 30



