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Abstract:

Nonalcoholic fatty liver disease (NAFLD) is a disease of liver occurring due to excess
accumulation of fat in the liver. For defining NAFLD, there must be evidence of
hepatic steatosis (HS), either by imaging or by histology and lack of secondary
causes of hepatic fat accumulation. Frequency of NAFLD is increasing worldwide.
Overall prevalence of NAFLD in Bangladesh is 33.9%. Insulin resistance is the central
factor for the pathogenesis of NAFLD. Most of the children are asymptomatic and
are identified incidentally by elevated serum aminotransferases. The objectives of
this review are to provide the pediatricians an overview of fatty liver disease in
children regarding its etiology, patients’ evaluation and management. This review
also provides the approach to a child with fatty liver disease based on the best
available evidence from electronic literature searches. Obese (BMI for age > 95t
centile) and overweight children (BMI for age between 85" to 951 centile) having
additional risk factors like insulin resistance should be routinely screened for NAFLD.
Estimation of serum ALT and/ or ultrasonography are the recommended screening
tests. Though the treatment of NAFLD includes dietary modifications, physical
activities, drugs and surgery; diet and physical activities are the cornerstone of
management of NAFLD.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is a disease
of liver occurring due to excess accumulation of fat
in the liver. For defining NAFLD, there must be (1)
hepatic steatosis (HS), evidenced by imaging or
histology and (2) absence of secondary causes of
fat accumulation in the liver.! In the majority of
patients, NAFLD is commonly associated with
metabolic co morbidities such as obesity, diabetes
mellitus and dyslipidemia. Pediatric NAFLD is defined
as chronic hepatic steatosis in under 18 children,
which is not secondary to genetic/metabolic
disorders, infections, use of steatogenic medications,
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malnutrition, or alcohol consumption.2 NAFLD can
be categorized histologically into nonalcoholic fatty
liver (NAFL) and nonalcoholic steatohepatitis
(NASH). NAFL or hepatosteatosis means abnormal
accumulation of fat in >5% of hepatocytes without
inflammation. On the other hand non alcoholic
steatohepatitis (NASH) means excess accumulation
of fat in liver with hepatic inflammation. NASH may
ultimately progress to hepatocellular necrosis, fibrosis
and cirrhosis.3

Prevalence and Incidence

The prevalence of NAFLD varies by method of
detection, which may include screening by alanine
aminotransferase (ALT), imaging for steatosis, or
confirmation by liver biopsy. It also varies from country
to country. NAFLD prevalence ranges from 0.7% in
young children of 2-4 years, to 29% -38% in obese
children in North American studies.* Moreover, the
prevalence of NAFLD increased 2.7 fold from the
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late 1980s to the current era.® The overall global
prevalence of NAFLD diagnosed by imaging is
around 25.2%.8 The highest prevalence of NAFLD
is reported from the Middle East (31.8%) and South
America (30.5%) whereas the lowest prevalence rate
is reported from Africa (13.5%).’The prevalence of
NASH among NAFLD patients is estimated to be
59.1%.8 Using ultrasonography or estimation of
serum ALT, the prevalence of NAFLD in children in
general population is about 7% and up to 34% in
obese children.® Incidence of NAFLD from Asian
countries detected by ultrasound was 12%.10 Overall
prevalence of NAFLD in Bangladesh is 33.9%."

The followings are few risk factors for development
of NAFLD12

Obesity, DM type 2, Dyslipidemia, Polycystic ovary
syndrome, Psoriasis, Hypopituitarism Hypothyroidism,
Hypogonadism, Obstructive sleep apnea, Pancreato-
duodenal resection

Pathogenesis of NAFLD

The pathogenesis of NASH has not yet been entirely
understood and the mechanisms leading to NASH
appear to be multifactorial. It is also unknown why
some patients have NAFL for many years, whereas
others develop the progressive NASH, with or without
fibrosis, within a couple of years. Genetic variation is
one of the determinants to develop NASH.

Fats accumulate in adipose tissue and inappropriately
in liver and muscle as free fatty acid and triglycerides.
Insulin resistance promotes gluconeogenesis,
glycogenolysis, and FFArelease from adipose tissue.
Unregulated FFA uptake by hepatocytes increase
triglyceride synthesis and impairs FFA oxidation,
resulting in increased hepatocyte lipid. Progression
of fatty liver to NASH may be due to genetic factors
causing an increased susceptibility of hepatocytes
to oxidative stress. There have been multiple
hypotheses describing the pathogenesis of NASH,
such as the “two hits,” “three hits,” and “multiple hits”
hypotheses. 3813

The “two hits” hypothesis was originally proposed in
1998 in which insulin resistance is the primary and
main factor for dysregulation of fat metabolism.!
Insulin resistance leads to aberrant lipid accumulation
in the liver as the first hit. First hit is followed by a
second hit driven by inflammatory cytokine induced
mitochondrial dysfunction and oxidative stress
leading to hepatocyte death and inflammation.'> In
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the healthy liver, replication of existing mature
hepatocytes replace the dead hepatocytes and
maintain normal liver function.

In NASH, however, the replication of mature
hepatocytes are inhibited and accompanied by
expansion of a progenitor cell population. The
abnormal expansion of progenitor cells contribute to
more unfavorable outcomes such as hepatic stellate
cells activation and liver fibrosis. Thus, a “third hit,”
which induces NASH pathogenesis.'® More recently,
a number of different inflammatory mediators
released from adipose tissue and the liver/gut axis
have been implicated in NASH pathogenesis. Thus,
a “multiple hits” hypothesis involving organ-organ
interactions in NASH pathogenesis take place. Gut-
derived endotoxins due to increased gut permeability
and gut dysbiosis, adipokines secreted from adipose
tissue, are also crucial for NASH.13.14
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Fig.-1: Pathogenesis of NAFLD and NASH: Two-hit
hypothesis

Presentation of NAFLD

Children often have a positive family history for the
metabolic syndrome. NAFLD commonly presents
after the age of 10 years. Most of the children are
asymptomatic and identified incidentally by elevated
serum aminotransferases.'® The most commonly
reported symptoms in children are abdominal pain
and fatigue. Abdominal pain is due to stretching of
liver capsule.

In childhood, NAFLD presenting with overt jaundice
and signs of end-stage liver disease are very rare.®
The majority are overweight (gender-and age-specific
BMI for age > 85th percentile) or obese (BMI for age>
95th percentile). Acanthosis nigricans is common.!”
It is a brown to black, poorly defined, velvety hyper-
pigmentation of skin, found on the back of neck, joint,
groin, armpit, intertriginous area or body fold in about
one third to half of the patients. Presence of
acanthosis nigricans indicates insulin resistance.
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Increased waist circumference is associated with
progression to NASH. Obese children may have
hypertension. Hepatomegaly may also be present.
Patient may present with features of advanced liver
disease.

Abnormal liver functions are found in 7-11% of
patients.8

Whom to screen?

Obese (BMI for age > 95t centile) and overweight
(BMI for age between 85" to 95™ centile) children
having additional risk factors like insulin resistance,
DM, hyperlipidaemia, family history of NAFLD, central
adiposity and sleep apnoea. Screening should be
started after the age of 9 years. When initial screening
tests are negative, repeat screening should be done
every 2 years if risk factors still persist.219

Screening for NAFLD

NAFLD is often asymptomatic. NAFLD is frequently
identified incidentally by liver function tests and
abdominal imagings such as ultrasound, MRI or
computed tomography (CT), done for other
indications. Screening for NAFLD is appropriate
because early detection and treatment can prevent
and reverse the liver damage, if treatment can be
initiated early in the course of disease, especially
before advanced fibrosis has developed.

Screening tests

There is no single screening test for NAFLD. Cheap
and available recommended screening test is
estimation of serum ALT.220 |n the United States
upper limits of normal serum ALT level in children
are 22 mg/dL for girls and 26 mg/dL for boys.2 Twice
normal ALT in overweight and obese children age 10
years or older has a sensitivity of 88% and a
specificity of 26%."-21 About more than fifty percent
of children with NASH do not have elevated serum
ALT and AST levels, even in more advanced
disease.?? While normal AST and ALT levels do not
exclude advanced liver disease in paediatric NAFLD,
when elevated they raise a high level of clinical
suspicion, particularly in overweight or obese patients
with a family history of NAFLD. That is why it is a
good screening test.!821

Abdominal ultrasonography is the most commonly
used screening test for NAFLD. Relatively low cost,
wide availability, safety and high acceptability makes
it a good screening tool.2 It is an effective tool for
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identifying pure hepatic steatosis and mild NASH in
children and has led to a great increase in findings
of NAFLD in recent years. In NAFLD, the liver usually
enlarged and appears “bright,” or echogenic, due to
fat accumulation within the parenchyma. It is difficult
to quantify the true extent of steatosis and its
sensitivity diminishes significantly in cases where
hepatic fat accumulation remains below 30%, in
individuals who are severely obese (BMI for age >95"
centile) and in children with severe NASH. USG is
not able to differentiate between simple steatosis and
steatohepatitis or exclude fibrosis reliably. The
diagnostic efficacy of abdominal ultrasound is also
greatly dependent upon operator proficiency and
lacks standard methods of interpretation for paediatric
NAFLD.22

Magnetic Resonance Imaging (MRI) and CT
scanning exhibit high sensitivity and specificity for
paediatric NAFLD. These tests can identify the extent
of steatosis and fibrosis. They can differentiate simple
steatosis from NASH. However, the relatively high
cost, need for sedation in young children and high
radiation exposure in CT scan limit the use of this
modality.23

Investigations of NAFLD

The following investigations are to be done for
confirming the diagnosis and for exclusion of
differential diagnosis.

1. Liver function tests: ALT, AST, Prothrombin time.
Liver function tests are to be done to see the
extent and progression of liver disease.

2. Biochemical tests: Fasting blood sugar, fasting
lipid profile and fasting insulin level. Fasting blood
sugar usually remains normal but fasting insulin
level and serum triglyceride level are usually high.

3. Calculation of Homostatic Model Assessment for
Insulin Resistance (HOMA-IR) 24

Fasting serum insulin (microunit/L) X Fasting blood sugar (nmol/L)
HOMA-IR=

225

It is a method of assessing insulin resistance.
High HOMA-IR indicates insulin resistance and
low value value indicates insulin sensitivity. 22.5
is a constant.

4. Ultrasonography of hepatobiliary system

Magnetic Resonance Imaging: unlike abdominal
ultrasound, MRI exhibits high sensitivity and
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specificity for paediatric NAFLD and is able to
differentiate, even in severely obese patients,
between simple steatosis and NASH'7-20_ |t is
also able to quantify the distribution and severity
of even mild steatosis and fibrosis throughout
the entire liver and with moderate to strong
correlation with histological grading in children
and adults. However, due to high cost and need
of sedation in young children widespread use of
MRI in clinical practice is prohibited and, as such,
it remains primarily a research tool. It also unable
to assess the extent of inflammation or cirrhosis
in the liver parenchyma but rather identifies the
consequences of chronic liver disease, such as
hepatosplenomegaly and portal hypertension.

Computerized Tomography (CT) offers greater
sensitivity than abdominal ultrasound in detecting
the presence and extent of hepatic fat
accumulation in NAFLD but the high radiation
exposure prohibits its routine use in young
children. Furthermore, it is also unable to detect
mild steatosis and small changes in fat content.
Any child having high serum ALT should be
screened for other liver diseases. These include
viral hepatitis, Wilson disease, autoimmune
hepatitis, celiac disease, etc.

6. Serum biomarkers- Several biomarkers are
associated with NAFLD. These biomarkers are
cytokeratin 18 (CK-18) fragments, apolipoprotein
A1, hyaluronic acid, C-reactive protein, fibroblast
growth factor-21, interleukin 1 receptor
antagonist, adiponectin, and TNF.2°

Elevated serum CK-18 fragments is a marker of
NASH. Plasma CK-18 levels are markedly
elevated in patients with NASH, in compared with
simple steatosis, and are able to predict NASH
accurately. CK-18 is a potential marker of NASH
if once the diagnosis of NAFLD had been made,
as hepatocyte apoptosis may occur in conditions
other than NAFLD. Though it has significant
clinical potential, CK-18 is not readily available
and a standard cut-off value not established yet.

7. Transient elastography (TE) is a non-invasive
technique of assessing hepatic steotosis. It is
painless and user friendly. Cirrhosis can be
identified easily. It can detect liver stiffness and
steatosis from the same region of interest. TE
has limited value in ascites, obesity, and narrow
intercostal space, in heart failure and in acute
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and chronic hepatitis.2®

8. Liverbiopsy is to be done to confirm the diagnosis
and to differentiate NASH from hepatosteatosis.
Indications of liver biopsy are serum
aminotransferase >2.5 times upper limit of
normal, AST/ALT >1, inhomogenous liver
parenchyma on ultrasonography and who were
treated empirically but failed to resolve laboratory
abnormalities. Histologically NASH is of two
types- Type 1(adult type) and Type 2 (Paediatric
type). Macrovesicular steatosis, lobular
inflammation, balloon degeneration of hepatocyte
with Mallory hyaline and perisinusoidal fibrosis
but absence of intraportal inflammation are the
histological features of Type 1 NASH. In type 2
NASH typical histological pictures are greater
degree of macrovesicular steatosis, intraportal
inflammation and fibrosis. Ballooning
degeneration and perisinusoidal fibrosis is not a
feature of type 2 NASH.2”

Treatment of NAFLD

Treatment should be given to all children with NAFLD.
Goals of treatment are to regression of NAFLD,
resolution of NASH, prevention of liver related
morbidity-mortality and improvement of cardio
metabolic co morbidities.! Regression of NAFLD can
be identified on the basis of decrease in steatosis,
inflammation, and/or fibrosis. As liver biopsy is an
invasive procedure, decrease in ALT is often used
as a marker of improvement of histology. Principles
of treatment in NAFLD include dietary modification,
physical activity, drugs and surgery.?

Dietary modifications include decrease calorie, fat,
fructose and alcohol intake. Low calorie diet can
mobilize liver fat and may reduce cardiovascular risk.
Ten percent reduction in calorie intake may result in
improvement of hepatosteatosis and insulin
resistance.? Taking food of low glycaemic index is
preferable. Intake of refined sugar, glucose and
fructose may induce increased insulin production,
thus promoting FFA synthesis and liver fat
accumulation. Sugar sweetened beverage should be
avoided. Intake of saturated fatty acid with low poly
unsaturated fatty acid may aggravate NAFLD. Caloric
restriction is the main therapy. Snacking between
meals is to be avoided. There is debate about the
benefit of intermittent fasting. Mediterranean diets
high in fish oil and PUFA with low carbohydrate are
beneficial.28: 1
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Physical activities are encouraged but rapid weight
reduction is not recommended. Slow weight reduction
is preferable. Sustained exercise for 20 minutes on
3 days in a week may significantly be effective. One
hour daily exercise is more effective in improvement
of insulin resistance, reduction of liver fat
accumulation and lowering of serum amino-
transferase level. Screen time activities should be
limited to <2 hours/day.29: 30

Drugs are used for preventing or reversing hepatic
steatosis, inflammation, and fibrosis, reducing body
weight, improving hyperinsulinaemia and treating
hyperlipidaemia.3! Common drugs are

- Metformin

- Thiazolidonedione- pioglitazone, rosiglitazone

- Antioxidant- vit E

- Ursodeoxycholic acid

- Obetocholic acid

- Omega 3 fatty acid

- Nicotinic acid

- Orlistat

- Statin

- Probiotics- still under trial to be used in NASH

- Angiotensin Il receptor blockers

Uses of these drugs are not universally accepted but
their beneficial effects have been found in different
studies. Efficacy of any intervention should be
assessed after 6 months. If ineffective, additional
therapeutic options are to be considered.

Metformin- It is a drug that reduces insulin
resistance and hyperglycemia. It acts by increasing
glucose uptake in peripheral tissues, decreasing FFA
release from adipose tissue resulting in decrease
uptake of FFA by the liver and decreasing appetite.
Five hundred mg twice daily for 24 weeks was found
to be effective in several studies. NASPGHAN and
AASLD do not recommend the use of this drug in
NAFLD children because of limited safety data32

Thiazolidonedione- Pioglitazone and rosiglitazone
are the drugs of this group. They are peroxisome
proliferator activated receptor gamma (PPARg)
agonist and act by increasing FFA uptake by
adipocytes and thus transporting triglyceride from
liver and muscle to adipose tissue. It also increases
insulin sensitivity. Side effect of this drug is
cardiotoxicity, obesity and fracture. Itis recommended
in adults but not in children.33
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Vitamin E- oxidative damage is the main mechanism
in NAFLD. Oxidation of FFA produces free radicles.
Normally liver have got counter protective
mechanisms against oxidative stress, but over
production of free radicals cannot be combated.
Antioxidants protect liver from oxidative injury. Dose
is 400 to 1200 mg daily for 4 to 10 months. There is
extensive controversy about using this drug. Though
it is beneficial in NAFLD, further evidences are
needed before its routine recommendation.34

Ursodeoxycholic acid- It is a synthetic bile acid that
protects hepatocytes and has got antioxidant
property. Ursodeoxycholic acid in combination with
Vit E was found to be effective in improving liver
functions. Further studies are needed before its
recommendation to use in NASH.3% 36

Omega 3 fatty acid- It is not recommended in
NAFLD or NASH in children but can be used in
treating hyperlipidaemia in NAFLD. It has got anti-
inflammatory, antithrombotic, antiarrhythmic,
hypolipidaemic and vasodilator properties.35

Orlistat- Human intestine does not absorb orlistat. It
is approved by FDA for children after 12 years of age
for treating paediatric obesity. It is enteric lipase
inhibitor. It inhibits the pancreatic and gastric lipase,
thus reducing fat absorption in intestine. It is effective
in weight reduction and reduction of FFA. Many
clinical trials have been conducted with this drug and
were found beneficial but still its use in NAFLD in
children is controversial. Moreover it has got
gastrointestinal side effects including diarrhoea, fecal
incontinence and oily stool.36

Statin- By inhibiting HMG-CoA reductase enzyme,
statins block the synthesis of cholesterol in the liver.
Most of the circulating cholesterol comes from
internal synthesis rather than from diet. When the
liver can no longer produces cholesterol, levels of
cholesterol in the blood will fall. Common statins are
atorvastatin and simvastatin. American Association
for Study of Liver Disease recommends use of statin
in adult but its use in children is controversial.3®

Angiotensin Il receptor blockers (Telmisartan,
Losartan)- are angiotensin Il type 1 (AT1) receptor
blocker. Telmisartan have an agonistic effect on
peroxisome proliferator-activated receptor (PPAR)-
& in addition to the effect of angiotensin Il blockade.
Telmisartan blocks the first hit by modulating PPAR-
& activity and thereby increasing insulin sensitivity,
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which decreases hepatic fat accumulation.
Telmisartan, by blocking angiotensin Il receptor,
inhibits hepatic stellate cell activation and thus
suppresses hepatic fibrogenesis. Telmisartan is also
effective in reducing blood pressure. These drugs
are still not recommended in children.35

Surgery- Bariatric surgery is indicated in severely
obese adolescent children with BMI of 35 kg/m? or
more having NASH in whom dietary modifications,
physical activities and drugs fail to improve the
condition. Surgical procedures include gastric
banding, gastrectomy, biliopancreatic diversion and
roux-en-Y gastric bypass. Aims of these procedures
are to promote satiety and delay gastric emptying.3°

Follow up: the child should be followed up clinically
and by investigations. Frequency of follow up
schedule depends upon the severity of NAFLD.

Clinical: Body weight, BMI for age, waist
circumference, acanthosis nigricans, blood pressure
and hepatomegaly should be monitored.

Laboratory: The following laboratory tests should be
done periodically to observe improvement of the
condition

e Liver function- ALT

* USG of liver to see fat content

* Fasting lipid profile

» Fasting blood sugar

* Fasting serum insulin

«  HOMA-IR

«  Liver biopsy is needed in some cases.

Conclusion

Nonalcoholic fatty liver disease in children was
thought an uncommon disease previously. Now a day,
it is found more prevalent than other form of liver
disease. Pediatric NAFLD is defined as chronic
hepatic steatosis in under 18 children, which is not
secondary to genetic/metabolic disorders, infections,
use of steatogenic medications, malnutrition, or
alcohol consumption. NAFLD is strongly associated
with obesity. Insulin resistance is the primary and
most important factor for developing NAFLD. Most
patients with NAFLD have no symptoms caused by
the liver disease, although many patients may
progress to cirrhosis. Screening for NAFLD should
be performed in all children with obesity (BMI for age
e”95t" percentile), and for those who are overweight
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(BMI for age e”85'" percentile) having additional risk
factors. Screening should consist of measurement
of serum ALT with or without ultrasonography. Most,
but not all, children with NAFLD have mild elevations
of ALT. A provisional diagnosis of NAFLD can be
made by excluding other causes of liver disease.
Dietary modification and physical activity are the main
modality of treatment for NAFLD. Medications have
limited role in the routine treatment of NAFLD in
children.

References:

1. Temple JL, Cordero P, Li J, Nguen V, Oben JA. A guide to
non- alcoholic fatty liver disease in childhood and
adolescence. Int J Mol Sci 2016; 17: 947-60.

2. Vos MB, Abrams SH, Barlow SE, Caprio S, Daniels SR,
Kohli R, et al. NASPGHAN Clinical Practice Guideline for
the Diagnosis and Treatment of Nonalcoholic Fatty Liver
Disease in Children: Recommendations from the Expert
Committee on NAFLD (ECON) and the North American
Society of Pediatric Gastroenterology, Hepatology and
Nutrition (NASPGHAN). JPGN 2017; 64: 319-33.

3. Clemente MG, Mandato C, Poeta M, Vajro P. Pediatric non-
alcoholic fatty liver disease: recent solutions, unresolved
issues and future research directions. World J
Gastroenterol 2016; 22: 8078-93.

4. Louthan MV, Theriot JA, Zimmerman E. Decreased
prevalence of nonalcoholic fatty liver disease in black obese
children. J Pediatr Gastroenterol Nutr 2005; 41:426-29.

5. Schwimmer JB, Deutsch R, Kahen T, Lavine JE, Stanley
C. Prevalence of fatty liver in children and adolescents.
Pediatrics 2006; 118: 1388-93.

6. Strauss RS, Barlow SE, Dietz WH. Prevalence of abnormal
serum aminotransferase values in overweight and obese
adolescents. J Pediatr 2000; 136:727-33.

7. Welsh JA, Karpen S, Vos MB. Increasing prevalence of
nonalcoholic fatty liver disease among United States
adolescents, 1988-1994 to 2007-2010. J Pediatr 2013;
162:496-500.

8. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L,
Wymer M. Global epidemiology of nonalcoholic fatty liver
disease-Meta-analytic assessment of prevalence,
incidence, and outcomes. Hepatology 2016; 64: 73-84.

9. Hannah WN, Jr., Harrison SA. Noninvasive imaging
methods to determine severity of nonalcoholic fatty liver
disease and nonalcoholic steatohepatitis. Hepatology 2016;
64: 2234-43.

10. Sayiner M, Koenig A, Henry L, Younossi ZM. Epidemiology
of nonalcoholic fatty liver disease and nonalcoholic
steatohepatitis in the United States and the rest of the world.
Clin Liver Dis 2016; 20: 205-214.

11.  Alam S, Fahim SM, Chowdhury MAB, Hassan MZ, Azam
G, Mustafa G et al. prevalence and risk factors of
nonalcoholic fatty liver disease in Bangladesh. JGH Open
2018; 2: 39-46.

12.  Wiegand S, Keller KM, Rébl M, I'Allemand D, Reinehr T,
Widhalm K, Holl RW. Obese boys at increased risk for
nonalcoholic liver disease: evaluation of 16 390 overweight



Non Alcoholic Fatty Liver Disease- Is it a Rarity in Children

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

or obese children and adolescents. Int J Obesity. 2010;
34:1468-74.

Sundaram SS, Sokol RJ, Capocelli KE, Pan Z, Sullivan
JS, Robbins K, Halbower AC. Obstructive sleep apnea and
hypoxemia are associated with advanced liver histology in
pediatric nonalcoholic fatty liver disease. J Pediatr
2014;164:699-706.

Ahmed A, Wong RJ, Harrison SA. Nonalcoholic fatty liver
disease review: diagnosis, treatment, and outcomes. Clin
Gastroenterol Hepatol. 2015;13: 2062-70.

Marra F, Svegliati-Baroni G. Lipotoxicity and the gut-liver
axis in NASH pathogenesis. J Hepatol. 2018;68: 280-95.

Caldwell S, Argo C. The natural history of non-alcoholic
fatty liver disease. Dig Dis 2010; 28:162-68.

Hassan H, Henderson J, Vanhoesen K, Ghishan F,
Bhattacharyya A. Nonalcoholic fatty liver disease in
children: a single center experience. Clin Gastroenterol
Hepatol. 2008;6:799-802.

Feldstein AE, Charatcharoenwitthaya P, Treeprasertsuk S,
Benson JT, Enders FB, Angulo P. The natural history of
non-alcoholic fatty liver disease in children: a follow-up
study for up to 20 years. Gut. 2009;58:1538-44.

Maffeis C, Banzato C, Rigotti F, Nobili V, Valandro S,
Manfredi R, Morandi A. Biochemical parameters and
anthropometry predict NAFLD in obese children. J Pediatr
Gastroenterol Nutr. 2011;53:590-93.

Kim E, Kang Y, Hahn S, Lee MJ, Park YN, Koh H. The
efficacy of aspartate aminotransferase-to-platelet ratio
index for assessing hepatic fibrosis in childhood
nonalcoholic steatohepatitis for medical practice. Korean
J Pediatr. 2013; 56:19.

El-Koofy N, El-Karaksy H, EI-Akel W, Helmy H, Anwar G,
El-Sayed R, El-Hennawy A. Ultrasonography as a non-
invasive tool for detection of nonalcoholic fatty liver disease
in overweight/obese Egyptian children. Eur J Radiol
2012;81:3120-23.

Govender P, Jonas MM, Alomari Al, Padua HM, Dillon BJ,
Landrigan-Ossar MF, Chaudry G. Sonography-guided
percutaneous liver biopsies in children. Am J Radiol. 2013;
201:645-50.

Awai HI, Newton KP, Sirlin CB, Behling C, Schwimmer JB.
Evidence and recommendations for imaging liver fat in
children, based on systematic review. Clin Gastroenterol
Hepatol. 2014; 12:765-73.

Moller DE, Flier JS. Insulin resistance—mechanisms,
syndromes, and implications. N Engl J Med. 1991; 325:938-
48.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

BANGLADESH J CHILD HEALTH 2020; VOL 44 (2) : 103

Chen J, Zhu'Y, Zheng Q, Jiang J. Serum cytokeratin 18 in
the diagnosis of non alcoholic steatohepatitis: A meta
analysis. Hepatol Res. 2014; 44:854-62.

Noureddin M, Lam J, Peterson MR, Middleton M, Hamilton
G, Le TA, Bettencourt R, Changchien C, Brenner DA, Sirlin
C, Loomba R. Utility of magnetic resonance imaging versus
histology for quantifying changes in liver fat in nonalcoholic
fatty liver disease trials. Hepatology. 2013; 58:1930-40.

Brown GT, Kleiner DE. Histopathology of nonalcoholic fatty
liver disease and nonalcoholic steatohepatitis. Metabolism
2016; 65:1080-86.

Feldstein AE, Alkhouri N, De Vito R, Alisi A, Lopez R, Nobili
V. Serum cytokeratin-18 fragment levels are useful
biomarkers for nonalcoholic steatohepatitis in children. Am
J Gastroenterol 2013; 108:1526-31.

Deldin AR, Lee S. Role of physical activity in the treatment
of nonalcoholic fatty liver disease in children and
adolescents. Appl Physiol Nutr Metab. 2013; 38: 805-12.

Whitsett M, VanWagner LB. Physical activity as a treatment
of non-alcoholic fatty liver disease: A systematic review.
World J Hepatol. 2015;7:2041-52.

Malespin M, Sleesman B, Lau A, Wong SS, Cotler SJ.
Prevalence and correlates of suspected nonalcoholic fatty
liver disease in Chinese American children. J Clin
Gastroenterol 2015;49:345-49.

Lavine JE, Schwimmer JB, Molleston JP, Scheimann AO,
Murray KF, Abrams SH, Rosenthal P, Sanyal AJ, Robuck
PR, Brunt EM, Unalp A. Treatment of nonalcoholic fatty
liver disease in children: TONIC trial design. Contem Clin
Trials 2010; 31:62-70.

Singh DK, Sakhuja P, Malhotra V, Gondal R, Sarin SK.
Independent predictors of steatohepatitis and fibrosis in
Asian Indian patients with non-alcoholic steatohepatitis.
Dig Dis Sci. 2008; 53:1967-76.

Shields WW, Thompson KE, Grice GA, Harrison SA, Coyle
WJ. The effect of metformin and standard therapy versus
standard therapy alone in nondiabetic patients with insulin
resistance and nonalcoholic steatohepatitis (NASH): a pilot
trial. Ther Adv Gastroenterol 2009; 2:157-63.

Gawrieh S, Chalasani N. Pharmacotherapy for nonalcoholic
fatty liver disease. Semin Liver Dis 2015; 35:338-48.

Lindor KD, Kowdley KV, Heathcote EJ, Harrison ME,
Jorgensen R, Angulo P, Lymp JF, Burgart L, Colin P.
Ursodeoxycholic acid for treatment of nonalcoholic
steatohepatitis: results of a randomized trial. Hepatology.
2004; 39:770-78.



