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History of NASHHistory of NASH

19801980-- A pattern of liver injury resembling alcoholic A pattern of liver injury resembling alcoholic 
hepatitis in patients with no history of drinking ishepatitis in patients with no history of drinking ishepatitis in patients with no history of drinking is hepatitis in patients with no history of drinking is 
described: described: nnonon--aalcoholic lcoholic ssteatoteatohhepatitis, NASH epatitis, NASH 
(Ludwig)(Ludwig)( g)( g)

19831983-- NASH is described in children (Moran)NASH is described in children (Moran)( )( )

19901990-- Cirrhosis in NASH is describedCirrhosis in NASH is described19901990 Cirrhosis in NASH is describedCirrhosis in NASH is described

20022002-- NASH Clinical Research Network beginsNASH Clinical Research Network begins20022002-- NASH Clinical Research Network beginsNASH Clinical Research Network begins

Some slides care of  J. Molleston



DefinitionsDefinitions

NAFLDNAFLD NonNon--Alcoholic Fatty Liver Disease:Alcoholic Fatty Liver Disease:
Simple steatosis:  Fat, no inflammationSimple steatosis:  Fat, no inflammation

NASHNASH:  Fat, accompanied by inflammation and :  Fat, accompanied by inflammation and 
evidence of hepatocyte injuryevidence of hepatocyte injury

CirrhosisCirrhosis:  Bridging fibrosis with regenerative :  Bridging fibrosis with regenerative 
nodules, possibly without fatnodules, possibly without fat

* No history of significant alcohol consumption* No history of significant alcohol consumption
< 2 drinks/day in women, < 3 drinks/day in men< 2 drinks/day in women, < 3 drinks/day in men



Stages of Fatty Liver DisordersStages of Fatty Liver Disordersg yg y

Fatty Liver Fatty Liver 
1616--35% of Western Population35% of Western Population

9.6% of Children9.6% of Children
1/3 f Ob Child1/3 f Ob Child

yy

16%16%

1/3 of Obese Children1/3 of Obese Children

SteatohepatitisSteatohepatitisSteatohepatitisSteatohepatitis
25%25%

SteatohepatitisSteatohepatitis with Fibrosiswith FibrosisSteatohepatitisSteatohepatitis with Fibrosiswith Fibrosis
20%20%

Steatohepatitis with CirrhosisSteatohepatitis with Cirrhosis
3030% 25%25%

ESLDESLD Liver CancerLiver Cancer



NonNon--NASH Diseases that Can NASH Diseases that Can 
Cause Fatty LiverCause Fatty Liver

Wilson’s DiseaseWilson’s Disease
Metabolic Disorders including mitochondrialMetabolic Disorders including mitochondrialMetabolic Disorders including mitochondrial Metabolic Disorders including mitochondrial 
diseasedisease
Hepatitis CHepatitis CHepatitis CHepatitis C
Cystic FibrosisCystic Fibrosis
Drugs:  Steroids, tamoxifen, methotrexate, Drugs:  Steroids, tamoxifen, methotrexate, 
amiodaroneamiodarone
TPN, starvationTPN, starvation



Conditions Associated with NAFLDConditions Associated with NAFLD

ObesityObesity
DiabetesDiabetesDiabetesDiabetes
Metabolic syndromeMetabolic syndrome
Polycystic Ovary SyndromePolycystic Ovary Syndrome
HyperlipidemiaHyperlipidemia



NAFLD: Adult EpidemiologyNAFLD: Adult Epidemiology

Prevalence estimate 13Prevalence estimate 13--26%26%
MRS prevalence 34%MRS prevalence 34%MRS prevalence 34%MRS prevalence 34%
Ultrasound prevalence:Ultrasound prevalence:

16% of normal weight persons16% of normal weight persons16% of normal weight persons16% of normal weight persons
62% of diabetics62% of diabetics
76% ti t ith BMI >3076% ti t ith BMI >3076% patients with BMI >3076% patients with BMI >30

Autopsy prevalence:Autopsy prevalence:
2 7% f h i h l i h2 7% f h i h l i h2.7% of those with normal weight2.7% of those with normal weight
18.5% of obese persons18.5% of obese persons

Abnormal ALT 2.5Abnormal ALT 2.5--5.5% of adults in US5.5% of adults in US
Adams:  Ann Epidemiol, 2007.



Pediatric NASH EpidemiologyPediatric NASH Epidemiologyp gyp gy

Obesity (90%), Acanthosis nigricans, hepatomegalyObesity (90%), Acanthosis nigricans, hepatomegaly
B 40% Gi lB 40% Gi lBoys 40% > GirlsBoys 40% > Girls
Ages 2Ages 2--17 years (avg 12 years)17 years (avg 12 years)
2525--30% abdominal pain30% abdominal pain
Autopsy data:Autopsy data:pp

Fatty liver in 9.6% of 742 pediatric autopsiesFatty liver in 9.6% of 742 pediatric autopsies
Fatty liver:  Hispanic 12%, Asian 10.2%, White 8.6%, Fatty liver:  Hispanic 12%, Asian 10.2%, White 8.6%, 
AfricanAfrican--American 1.5%American 1.5%
Fatty liver in 38% of obese childrenFatty liver in 38% of obese children
NASH i 3% (23% f h bj i h f li )NASH i 3% (23% f h bj i h f li )NASH in 3% (23% of the subjects with fatty liver)NASH in 3% (23% of the subjects with fatty liver)

Patton et al, JPGN 2006;43:413; Schwimmer et al, Pediatrics 2006;118(4):1388.



NASH Pathophysiology: “2NASH Pathophysiology: “2--Hit Theory”Hit Theory”

First hit:  Hepatic steatosis due to First hit:  Hepatic steatosis due to insulin resistanceinsulin resistance

lipogenesislipogenesis
fat fat 

oxidationoxidation

p gp g

Fatty acidFatty acid
influx intoinflux into

TGTG
influx into influx into 
liverliver



NASH Pathophysiology: “2NASH Pathophysiology: “2--Hit Theory”Hit Theory”NASH Pathophysiology: 2NASH Pathophysiology: 2 Hit TheoryHit Theory

First hit: Hepatic steatosis is caused byFirst hit: Hepatic steatosis is caused byFirst hit:  Hepatic steatosis is caused by First hit:  Hepatic steatosis is caused by 
insulin resistance:insulin resistance:

Leptin may stimulate inflammation fat storageLeptin may stimulate inflammation fat storageLeptin may stimulate inflammation, fat storageLeptin may stimulate inflammation, fat storage

Adiponectin is antiAdiponectin is anti inflammator antiinflammator anti steatoticsteatoticAdiponectin is antiAdiponectin is anti--inflammatory, antiinflammatory, anti--steatoticsteatotic



Recent Bench Data:Recent Bench Data:
Insulin Resistance Underlies NASHInsulin Resistance Underlies NASH

2 rat strains:  One strain obese/insulin2 rat strains:  One strain obese/insulin--resistant, one resistant, one 
notnotnotnot
NASH induced in rats via choline deficient dietNASH induced in rats via choline deficient diet
Non insulinNon insulin--resistant rats were resistant to NASHresistant rats were resistant to NASH
NASH improved only when obese/IR rats were NASH improved only when obese/IR rats were p y /p y /
treated with pioglitazone and increased adiponectintreated with pioglitazone and increased adiponectin

Ota:  Gastroenterology 2007;132(1):282.



NASH Pathophysiology:  2NASH Pathophysiology:  2ndnd HitHit

Oxidative stressOxidative stress
Inflammatory mediators/cytokinesInflammatory mediators/cytokinesInflammatory mediators/cytokinesInflammatory mediators/cytokines
Lipotoxicity: Direct toxicity to hepatocytes (lipid peroxidation)Lipotoxicity: Direct toxicity to hepatocytes (lipid peroxidation)
Mitochondrial permeabilityMitochondrial permeabilityMitochondrial permeabilityMitochondrial permeability
Stellate cell activation/mediators of fibrosisStellate cell activation/mediators of fibrosis
Oth f tOth f tOther factorsOther factors

Sanyal AJ: Gastroenterology 2001;120:1183-92.



Prevalence of Elevated ALT in Children:  Prevalence of Elevated ALT in Children:  
NHANES IIINHANES III

Strauss.  J Pediatr 2000;136:727.



Significant Histologic Abnormalities in Significant Histologic Abnormalities in 
TTChildren with ALT<60Children with ALT<60

80%

60%

70%

40%

50%

60%

Steatosis:  
> Grade 2

30%

40%
Lobular Inflammation:  
> Grade 2

10%

20%

Molleston:  NASPGHAN Abstract 2008.

0%

ALT <40 ALT 40-59



Fibrosis in Children with NASH Fibrosis in Children with NASH 
and ALT<60and ALT<60and ALT<60and ALT<60

Cirrhosis
Bridging fibrosisBridging fibrosis

Stage 2 fibrosis
3%

6%
3%

Stage 0 or 1 fibrosis

87%

Molleston:  NASPGHAN Abstract 2009.



Imaging of NAFLDImaging of NAFLDImaging of NAFLDImaging of NAFLD

CT Fatty LiverCT Fatty Liver US Fatty LiverUS Fatty Liveryy US Fatty LiverUS Fatty Liver

Images from Medscape



Histology of NASHHistology of NASHHistology of NASHHistology of NASH

BallooningBallooningBallooning Ballooning 
degenerationdegeneration

Mallory’sy
hyalin



Progressive Histology of NASHProgressive Histology of NASH



NASH CirrhosisNASH CirrhosisNASH CirrhosisNASH Cirrhosis



Ad lt NASH C t il b lAdult NASH: Centrilobular 
steatosis, ballooning, Mallory 
bodies, sinusoidal fibrosis

Pediatric NASH: Severe 
diffuse steatosis, periportal 
inflammation and fibrosis

Patton.  JPGN 2006;43:413.



Natural History of NAFLDNatural History of NAFLD

420 adults in USA diagnosed with NAFLD420 adults in USA diagnosed with NAFLD
7.6 (0.1 7.6 (0.1 -- 23.5) year follow23.5) year follow--upup(( ) y) y pp
22% developed diabetes22% developed diabetes
5% with cirrhosis5% with cirrhosis
3.1% with liver3.1% with liver--related complications (including one related complications (including one 
transplant and 2 HCC)transplant and 2 HCC)
Among deaths 13% due to liver disease 25% due to CADAmong deaths 13% due to liver disease 25% due to CADAmong deaths, 13% due to liver disease, 25% due to CADAmong deaths, 13% due to liver disease, 25% due to CAD

Gastroenterology 2005;129:113

RR of Liver Cancer in men BMI>35 is 4.52 (Prostate = 1.34;RR of Liver Cancer in men BMI>35 is 4.52 (Prostate = 1.34;RR of Liver Cancer in men BMI 35 is 4.52 (Prostate  1.34; RR of Liver Cancer in men BMI 35 is 4.52 (Prostate  1.34; 
All cancers = 1.52)All cancers = 1.52)

N Engl J Med 2003;348:1625-1638



Mortality in Adults with NASHMortality in Adults with NASH



N l Hi f NASH i ChildN l Hi f NASH i ChildNatural History of NASH in ChildrenNatural History of NASH in Children

66 Children followed for up to 20 years66 Children followed for up to 20 years
4/66 (6%) developed diabetes in 44/66 (6%) developed diabetes in 4--11 years11 years4/66 (6%) developed diabetes in 44/66 (6%) developed diabetes in 4 11 years11 years
4/5 children with multiple liver biopsies showed 4/5 children with multiple liver biopsies showed 
progression of fibrosisprogression of fibrosisprogression of fibrosisprogression of fibrosis
2 children died2 children died
2 children were transplanted for decompensated cirrhosis2 children were transplanted for decompensated cirrhosis2 children were transplanted for decompensated cirrhosis 2 children were transplanted for decompensated cirrhosis 
(both had recurrent NASH in the graft)(both had recurrent NASH in the graft)
StandardizedStandardized mortality ratiomortality ratio 13.613.6Standardized Standardized mortality ratiomortality ratio 13.613.6

Feldstein et al, Gut, 2009



NASH ComorbiditiesNASH ComorbiditiesNASH ComorbiditiesNASH Comorbidities

Obstructive sleep apnea may correlate with ALTObstructive sleep apnea may correlate with ALTObstructive sleep apnea may correlate with ALTObstructive sleep apnea may correlate with ALT
NASH is associated with increased risk of NASH is associated with increased risk of 
cardiovascular disease in adultscardiovascular disease in adultscardiovascular disease in adultscardiovascular disease in adults
NASH is associated with higher carotid artery intimal NASH is associated with higher carotid artery intimal 
thi k i hildthi k i hildthickness in childrenthickness in children
NAFLD is associated with increased risk of metabolic NAFLD is associated with increased risk of metabolic 

d i hildd i hildsyndrome in childrensyndrome in children

Loomba : Hepatology, 2009.



Proposed NASH Causes and Proposed NASH Causes and pp
TreatmentsTreatments

CauseCause

ObesityObesity
TreatmentTreatment

Diet exerciseDiet exerciseObesityObesity
Nutritional deficienciesNutritional deficiencies
Insulin resistanceInsulin resistance

Diet, exerciseDiet, exercise
•• Increase vitamins/fiberIncrease vitamins/fiber

Metformin pioglitazoneMetformin pioglitazoneInsulin resistanceInsulin resistance
Oxidative stressOxidative stress
C tokines adipokinesC tokines adipokines

Metformin, pioglitazoneMetformin, pioglitazone
AntioxidantsAntioxidants
Antic tokine therapAntic tokine therapCytokines, adipokinesCytokines, adipokines

Bacterial overgrowthBacterial overgrowth
H li id iH li id i

•• Anticytokine therapyAnticytokine therapy
•• Probiotics/antibioticsProbiotics/antibiotics

A ih li id iA ih li id iHyperlipidemiaHyperlipidemia •• AntihyperlipidemicsAntihyperlipidemics

Adapted from NEJM 2006;355(22):2361.  (commentary)



NASH TreatmentNASH Treatment
//Lifestyle/Weight LossLifestyle/Weight Loss

Studies in adults:Studies in adults:
4 studies (40 subjects) of calorie restriction4 studies (40 subjects) of calorie restriction
10 studies (626 subjects) of diet + exercise10 studies (626 subjects) of diet + exercise

Beneficial effects have been seen on ALT, insulin Beneficial effects have been seen on ALT, insulin 
resistance, liver fat, and inflammation/fibrosisresistance, liver fat, and inflammation/fibrosis, , /, , /

Bellantani Hepatology 2007



Treatment of Adult NASHTreatment of Adult NASH
MetforminMetformin

RCT in 110 adults with NASH:RCT in 110 adults with NASH:RCT in 110 adults with NASH:RCT in 110 adults with NASH:
-- 55 treated with metformin 1g bid55 treated with metformin 1g bid

55 d i h i h i i E di55 d i h i h i i E di-- 55 treated with either vitamin E or diet55 treated with either vitamin E or diet
ALT improved in all groups, especially metforminALT improved in all groups, especially metformin
In metformin patients, improvement in fat, In metformin patients, improvement in fat, 
inflammation, and fibrosis on biopsyinflammation, and fibrosis on biopsy, p y, p y

Bugianesi.  Am J Gastroenterol 2005;100:1082.



Treatment of Adult NASHTreatment of Adult NASH
PioglitazonePioglitazone

55 adults with insulin resistance and NASH55 adults with insulin resistance and NASH
RCT 6 months: RCT 6 months: 

hypocaloric diet + pioglitazonehypocaloric diet + pioglitazone
hypocaloric diet + placebohypocaloric diet + placebo

PioglitazonePioglitazone DietDietPioglitazonePioglitazone DietDiet
ALT:ALT: 58% 58% 34%34%
liver fat:liver fat: 54% 54% 0%0%

Improved inflammation but not fibrosisImproved inflammation but not fibrosispp

Belfort et al,  NEJM 2006;355(22):2297.



Improvement in ALT in Adult NASH Improvement in ALT in Adult NASH 
on Pioglitazoneon Pioglitazone

Belfort.  NEJM 2006;355(22):2297.



Summary of  Adult Clinical Studies 
R di TZD d NASH

Author/YearAuthor/Year NN DesignDesign AgentAgent DurationDuration
LiverLiver AminoAmino--

HistologyHistology

Regarding TZDs and NASH
Author/YearAuthor/Year NN DesignDesign AgentAgent DurationDuration

BiopsyBiopsy transferasestransferases
HistologyHistology

Caldwell, et al. Caldwell, et al. 
20012001 1010 Open Open 

labellabel TroglitazoneTroglitazone 33--6 Months6 Months 55 ImprovedImproved Improved mild Improved mild 
inflammationinflammation

NeuschwanderNeuschwander--
Tetri, et al. 2003Tetri, et al. 2003 3030 Open Open 

labellabel RosiglitazoneRosiglitazone 48 Weeks48 Weeks 2222 ImprovedImproved Improved steatosis and Improved steatosis and 
inflammationinflammation

Promrat, et al. Promrat, et al. 
20042004 1818 Open Open 

labellabel PioglitazonePioglitazone 48 Weeks48 Weeks 1818 ImprovedImproved
Improved steatosis, Improved steatosis, 
inflammation, and inflammation, and 

fibrosisfibrosis

Improved steatosisImproved steatosis
Sanyal, et al. 2004Sanyal, et al. 2004 2121 RCTRCT PioglitazonePioglitazone 6 Months6 Months ?? ImprovedImproved

Improved steatosis, Improved steatosis, 
inflammation and inflammation and 

fibrosisfibrosis

Belfort, et al.  Belfort, et al.  5555 RCTRCT PioglitazonePioglitazone 6 Months6 Months 4747 ImprovedImproved Improved steatosis and Improved steatosis and 
20062006 5555 RCTRCT PioglitazonePioglitazone 6 Months6 Months 4747 ImprovedImproved inflammationinflammation

Parekh.  Gastroenterology 2007;132:2191.



Adult NASH PIVENS Trial:Adult NASH PIVENS Trial:
Pi liPi li Vi i EVi i E Pl bPl bPioglitazone Pioglitazone vsvs Vitamin E Vitamin E vsvs PlaceboPlacebo
247 Adult patients randomize to Pioglitazone or Vitamin E or247 Adult patients randomize to Pioglitazone or Vitamin E or247 Adult patients randomize to Pioglitazone or Vitamin E or 247 Adult patients randomize to Pioglitazone or Vitamin E or 
placebo for 2 years in NASH CRNplacebo for 2 years in NASH CRN
Histologic improvement endpoint reached by:Histologic improvement endpoint reached by:g p p yg p p y

43% of Vitamin E43% of Vitamin E
34% of Pioglitazone 34% of Pioglitazone 
19% of placebo19% of placebo

steatosis, inflammation, ALT in Pioglitazone and Vitamin E steatosis, inflammation, ALT in Pioglitazone and Vitamin E 
groupgroup
Ave weight gain: PioglitazoneAve weight gain: Pioglitazone-- 5 kg5 kg

Vitamin EVitamin E 0 4 kg0 4 kgVitamin EVitamin E-- 0.4 kg0.4 kg
PlaceboPlacebo-- 0.8 kg0.8 kg

Hepatology 50(4), 2009.  



Effects of Bariatric Surgery on Effects of Bariatric Surgery on g yg y
NASH:  A MetaNASH:  A Meta--analysisanalysis

15 Studies, 766 paired liver biopsies15 Studies, 766 paired liver biopsies
R d i i BMI f 19% 42%R d i i BMI f 19% 42%Reduction in BMI of 19% to 42%Reduction in BMI of 19% to 42%
Steatosis improved 92%Steatosis improved 92%
Steatohepatitis improved 81%Steatohepatitis improved 81%
Fibrosis improved 66%Fibrosis improved 66%Fibrosis improved 66%Fibrosis improved 66%
Complete resolution of NASH 70%Complete resolution of NASH 70%

Moummadi: Clin Gastroenterol Hepatol, 2008.



NASH Treatment in Children: NASH Treatment in Children: 
M tf iM tf iMetforminMetformin

OpenOpen--label pilot study: 10 children NASH and elevatedlabel pilot study: 10 children NASH and elevatedOpenOpen label pilot study:  10 children NASH and elevated label pilot study:  10 children NASH and elevated 
ALT; Treatment 6 monthsALT; Treatment 6 months

Mean ALT 184      Mean ALT 184      9898

MRI Liver fat 30%      MRI Liver fat 30%      23%23%

HRQOL improvedHRQOL improved

Weight decreased by 1kg BMI by 1 6 (80% of subjects didn’tWeight decreased by 1kg BMI by 1 6 (80% of subjects didn’tWeight decreased by 1kg, BMI by 1.6 (80% of subjects didn t Weight decreased by 1kg, BMI by 1.6 (80% of subjects didn t 
lose weight)lose weight)

Schwimmer et al,  Aliment Pharmacol Ther 2005;21:871. 



NASH Treatment in Children:  NASH Treatment in Children:  
Vitamin EVitamin E

OpenOpen--label Pilot study in 11 children with NASHlabel Pilot study in 11 children with NASHOpenOpen label Pilot study in 11 children with NASH label Pilot study in 11 children with NASH 
Vitamin E 400Vitamin E 400--1200 IU, for 21200 IU, for 2--4 months4 months
All 11 li d ALT i h i h lAll 11 li d ALT i h i h lAll 11 normalized ALT, without weight lossAll 11 normalized ALT, without weight loss

Lavine et al, J Pediatr 2000;125:239.



Pediatric NASH TONIC TrialPediatric NASH TONIC Trial
MetforminMetformin vsvs Vit EVit E vsvs PlaceboPlaceboMetformin Metformin vsvs Vit E Vit E vsvs PlaceboPlacebo

Inclusion criteria:Inclusion criteria:
A 8A 8 1818Ages 8Ages 8--18 years18 years
Liver biopsy showing NASH within last 6 monthsLiver biopsy showing NASH within last 6 months
ALT >60 IU/LALT >60 IU/L

Outcomes:Outcomes:
ALTALT
BiopsyBiopsy
HRQOL, etc, etcHRQOL, etc, etc



SummarySummaryyy
NASH is a potentially serious disease NASH is a potentially serious disease 
Diet and exercise resulting in slow steady Diet and exercise resulting in slow steady 
weight loss should, for many reasons, be weight loss should, for many reasons, be 

d d d i NASHd d d i NASHrecommended and can improve NASHrecommended and can improve NASH
Vitamin E appears to be helpful for the Vitamin E appears to be helpful for the 

f NASH i d lf NASH i d ltreatment of NASH in adultstreatment of NASH in adults
Insulin sensitizers like metformin and Insulin sensitizers like metformin and 

i li b h l f l f fi li b h l f l f fpioglitazone may be helpful for treatment of pioglitazone may be helpful for treatment of 
NASHNASH
M i fM i f bidi ibidi iMonitor for coMonitor for co--morbiditiesmorbidities


