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## 4975251530: MAJOR MEDICINE
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SOMBAT TREEPRASERTSUK: THE NAFLD FIBROSIS SCORE: A PROGNOSTIC
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BACKGROUND: The prognostic Indicators for long-term outcomes of non alcoholic fatty
liver disease (NAFLD) patients have not been well studied. We aimed to validate the NAFLD Fibrosis
Score in the Thai NAFLD population and to assess whether the severity of liver fibrosis estimated by
the NAFLD Fibrosis Score can predict the mortality of patients with NAFLD in long-term follow up..

METHODS: We divided our study into 2 phases; the first phase is a cross sectional study to
collect 115 Thai NAFLD patients prospectively during 2007-2010 in King Chulalongkorn Memorial
Hospital (KCMH) to validate the NAFLD Fibrosis Score. The second phase is a historical cohort
design by using the existing data of NAFLD patients diagnosed during 1980 and 2000 drawn from
the Rochester Epidemiology Project to analyze. Of 479 patients with NAFLD, 302 patients were
included. We used the NAFLD Fibrosis Score for separating NAFLD patients with and without
advanced liver fibrosis.

RESULTS: According to the first phase study, 115 Thai NAFLD patients with mean age of
50.5 £ 12.4 years were included. Seventy seven of the Thai NAFLD patients (67%) were in a group
of low risk of advance fibrosis by using NAFLD Fibrosis Score. Advanced fibrosis was shown in 15
(13%) patients. Using the ROC curve, the NAFLD Fibrosis Score at baseline of >-1.5 was used for
predicting significant liver fibrosis with a sensitivity of 53%, specificity of 70%, PPV of 21% and NPV
of 91%. For phase 2 study, a total of 302 NAFLD patients (mean age 47.3 £12.9 years) were
followed-up for an average of 11.9 & 3.9 years. A low probability of advanced fibrosis (score <-1.5 at
baseline) was found in 60 % while intermediate or high probability of advanced fibrosis (score >-1.5)
was found in 40%. At the end of follow up, 55 patients (18%) developed primary endpoints including
39 patients (13%) who died during follow-up. In a multivariate analysis a higher NAFLD Fibrosis
Score at baseline and presence of new onset of CHD were significantly predictive of death (OR = 2.6
and 9.2, respectively; p <0.0001).

CONCLUSIONS: The NAFLD Fibrosis Score has a high NPV in Thai NAFLD patients. A
higher NAFLD Fibrosis Score at baseline and presence of new onset of CHD were significantly

predictive of death.
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CHAPTER |
INTRODUCTION

1.1 Background and rationale

Nonalcoholic fatty liver disease (NAFLD) is one of the most common causes of
chronic liver disease in Western countries (1). The prevalence of NAFLD is increasing
and varies significantly with ethnicity; from 24% in blacks, 33% in whites, to 45 % in
Hispanics (2). An increasing prevalence of NAFLD is associated with the increasing
incidence of obesity and in 2004, about a third of the population aged 40 to 79 years-old
was obese (3, 4). The mortality rate of NAFLD patients in the community was found to
be higher than that in the general population in the United States (US) in 2000 (5).
During the average 7.6 years of follow up of NAFLD patients, death occurred in 13%
and coronary heart disease (CHD) was the second most common cause of death
following malignancy (6). Another study also revealed that the survival outcome of
patients with nonalcoholic steatohepatitis (NASH) was reduced significantly and they
more often died from CHD (p = 0.04) and liver-related causes (p = 0.04) (5). Current
evidence indicates that NAFLD, obesity and metabolic syndrome (MetS) have a strong
association (7-9). Patients with more severity of liver fibrosis tend to have more liver
complications than those without liver fibrosis.(5) Liver biopsy is a gold standard to
diagnose liver fibrosis severity but it has several limitations for clinical practice including
the expense and the invasive nature of the procedure which is associated with a number
of complications (10). Previous reports showed that nonalcoholic steatohepatitis patients
showed progression of fibrosis in about 5-32% during a 4.3 to 6 years follow up period
(11-13). Recently, there were two important studies to identify the new and simple
noninvasive tools by using the scoring system for liver fibrosis assessment (14, 15).
Angulo P, et al developed a noninvasive and simple “NAFLD Fibrosis Score”, which is a
composite score of age, hyperglycemia, body mass index, platelet count, albumin, and
AST/ALT ratio.(14) These factors were found to be independent indicators of separating
NAFLD patients with and without advanced fibrosis at the initial NAFLD diagnosis.

Another study used the simple clinical score which composed of BMI| >28 kg/m2 (1



point), AST/ALT ratio > 0.8 (2 point) and diabetes mellitus (1 point) and was called the
BARD score. If the total score ranges from 2-4, the chance of liver fibrosis is high with
OR of 17 called BARD score.(15) However, the BARD score had some limitations
because it has no different predictive capacity for patients with higher BMI or higher
ratio of AST/ALT while the NAFLD Fibrosis Score can apply to the different range of BMI
or AST/ALT ratio. Currently, The NAFLD Fibrosis Score has not been validated in the
Thai NAFLD population and has not been studied as a prognostic predictor for liver
complications, cardiac complications and mortality in long-term follow up (primary end

points).

Preliminary Studies
Study of the natural history of nonalcoholic fatty liver disease.

This published study enrolled 420 patients diagnosed with NAFLD in Olmsted
County, Minnesota, between 1980 and 2000. The mean follow up was 7.6 years (range
0.1-23.5) culminating in 3192 person-years of follow up. The mortality rate was 12.6 %
and NAFLD patients-survival was lower than the expected survival for the general
population in 2000. Higher mortality was associated with age, impaired fasting glucose
(IFG), and cirrhosis. Liver disease was the third leading cause of death occurring in
seven of 420 NAFLD patients (1.7%). Twenty-one (5%) patients were diagnosed with
cirrhosis, and 13 (3.1%) developed liver-related complications, including 1 requiring
transplantation and 2 developing hepatocellular carcinoma (6). Our cohort study
showed similar results for the leading causes of death in NAFLD patients as in the study

published by Eksteadt, et al (5).

Study on liver histology changes during the follow up of NAFLD patients.

This published study enrolled 103 patients who underwent serial liver biopsies in
the absence of effective treatment. They were reviewed, and biopsies scored in a blind
fashion. The mean interval between liver biopsies was 3.2 years (range 0.7-21.3).
Fibrosis stage progressed in 37%, remained stable in 34% and regressed in 29%.

Aminotransferase decreased significantly between biopsies, paralleling improvement in



steatosis and inflammatory features but not fibrosis stage. The rate of fibrosis change
ranged from -2.1 to 1.7 stages per year. By multivariate analysis, diabetes (p = 0.007)
and low initial fibrosis stage (p <0.001) were associated with higher rate of fibrosis
progression, as was higher body mass index (p = 0.008). This study showed that liver
fibrosis in NAFLD progresses slowly over time with considerable variability in the rate of
change among patients. Changes of aminotransferase do not parallel changes in
fibrosis stage. Diabetic patients with elevated BMI and low fibrosis stage are at risk for

higher rates of fibrosis progression (16).

Studies related to noninvasive approaches for assessing the severity of liver fibrosis in
NAFLD patients.

Liver biopsy has several limitations for clinical practice including the expense
and the invasive nature of the procedure which is associated with a number of
complications. Transient elastrography (FibroScan), which measures liver stiffness,
based on ultrasonographic features is a noninvasive method to assess liver fibrosis. It
showed a significant correlation between liver stiffness measurement and fibrosis stage
in NAFLD patients but the cost of FibroScan is still expensive (17). Therefore, our
research group with other colleagues constructed and validated a NAFLD fibrosis score
consisting of routinely measured and readily available clinical and laboratory data to
separate NAFLD patients with and without advanced fibrosis. This published study
enrolled 733 patients with NAFLD confirmed by liver biopsy. We found that this scoring
system with 6 variables including age, hyperglycemia, body mass index, platelet count,
albumin, and AST/ALT ratio provided independent indicators of advanced liver fibrosis
(14).By applying this model, a liver biopsy would have been avoided in 75%, with
correct prediction in 496 (90%). By using the low cutoff score (-1.455), advanced liver
fibrosis could be excluded with high accuracy (negative predictive value of 93% and
88% in the estimation and validation groups, respectively). By applying the high cutoff
score (0.676), the presence of advanced liver fibrosis could be diagnosed with high
accuracy (positive predictive value of 90% and 82% in the estimation and validation

groups, respectively) (14). This study helps clinicians to separate NAFLD patients with



and without advanced fibrosis accurately. Moreover, the clinician can avoid
unnecessary liver biopsy for identification of advanced fibrosis for three-quarters of
patients (14). Recently, a study from Japan showing that at a new cutoff level of -0.876
which is modified from the original cut off level (-1.5), had the sensitivity, specificity,
positive and negative predictive values for advanced liver fibrosis of 100%, 82.5%,

63.2%, and 100%, respectively (18)

1.2 Studies of the thesis

Overall Hypothesis: We aim to test the hypothesis that the NAFLD Fibrosis Score is a
good scoring system to apply in Thai NAFLD patients and NAFLD Fibrosis Score is a
good prognostic predictor for overall mortality, cardiac complications, and liver

complications of NAFLD patients.

1.3 Objectives

Our specific aims are: We aim to evaluate the following:

Specific Aim 1: To validate the NAFLD Fibrosis Score in the Thai NAFLD population
Specific Aim 2: To assess whether severity of liver fibrosis estimated by the NAFLD
fibrosis score can predict time to overall mortality, and/or cardiac complications, and/or
liver complications among population of recently diagnosed NAFLD patients who have
at least 5 years at follow up and adequate data for calculation of the NAFLD Fibrosis
Score.

Specific Aim 3: To determine the rate of NAFLD fibrosis score change over the period of
time from the baseline to the end of follow up among population of recently diagnosed

NAFLD patients.



CHAPTER I
LITERATURE REVIEW

Nonalcoholic fatty liver disease (NAFLD) is one of the most common causes of
chronic liver disease in Western countries. Natural history studies of NAFLD show that
1%-5% of patients with simple steatosis developed cirrhosis (19). The mortality rate of
NAFLD patients in the community was higher than that in the general United States
population (6). Death occurred in 12.6%-36% with mean follow up of 7.6-8.3 years (6,
20). Liver related causes were the second or third leading cause of death following
malignancy and coronary heart disease (CHD) (6, 20). Another study revealed that the
survival of patients with nonalcoholic steatohepatitis (NASH) was reduced significantly
and they more often died from CHD (p = 0.04) and liver-related causes (p = 0.04) (5).

Previous reports showed that patients with NASH had progression of liver
fibrosis in about 5%-32% during a 4 to 6 years follow-up (11-13). The liver fibrosis stage
progression of patients with NAFLD who underwent serial liver biopsies was found in
37%, stability in 34% and regression in 29% (16). Diabetic patients with elevated body
mass index (BMI) and low fibrosis stage had higher rates of fibrosis progression (16).
Changes of aminotransferase do not closely parallel changes in fibrosis stage. Liver
biopsy is the gold standard for evaluation of fibrosis severity; however it has several
limitations for clinical practice including the expense and the invasive nature of the
procedure which is associated with a number of complications (10). The NAFLD Fibrosis
Score consisting of routinely measured and readily available clinical and laboratory data
was constructed and validated to separate NAFLD patients with and without advanced
fibrosis from 733 patients with NAFLD confirmed by liver biopsy (14). The scoring
system has 6 variables including age, hyperglycemia, BMI, platelet count, albumin, and
aspartate aminotransferase and alanine aminotransferase ratio (AST/ALT) as
independent indicators of advanced liver fibrosis (14). The NAFLD Fibrosis Scores were
classified into 2 categories for assessing advanced liver fibrosis (14). The NAFLD
patients with a score less than -1.5 were classified as “low probability of advanced liver

fibrosis” and those with a score of at least -1.5 were classified as “intermediate or high



probability of advanced liver fibrosis” (14). By applying this model, a liver biopsy would
have been avoided in 75% of patients with correct prediction in 90%. Currently, the
NAFLD Fibrosis Score is only used for the initial estimation of disease severity in US and
Europe population but it has not been validated in Thai NAFLD patient and it was not
used as a prognostic predictor for poor outcomes in patients with NAFLD. We aimed to
validate the NAFLD Fibrosis Score in the Thai NAFLD population and to assess whether
the severity of liver fibrosis estimated by the NAFLD Fibrosis Score can predict the

mortality of patients with NAFLD.

2.1 NATURAL HISTORY OF NAFLD

NAFLD is one of the most common causes of chronic liver disease in Western
countries and is becoming more prevalent worldwide. The diagnosis of NAFLD varies
based on the intensity of investigations, from simple liver tests and abdominal
ultrasonography to the more invasive test of liver biopsy for histological confirmation.(21,
22) In general, NAFLD is diagnosed based on the following criteria [1) liver biopsy
showing steatosis in at least 5% of hepatocytes (23) or 2) imaging study confirmation; 3)
exclusion of liver disease of other etiology including alcohol-induced (history of
excessive alcohol consumption greater than 20 gm/day), drug-induced liver disease,
autoimmune or viral hepatitis as well as cholestatic or metabolic/genetic liver disease.(1)

The disease spectrum of NAFLD includes varying severity of liver histology from
simple steatosis to nonalcoholic steatohepatitis (NASH) to cirrhosis. Natural history
studies of NAFLD showed that 1-5% of patients with simple steatosis developed
cirrhosis (1, 24) while patients with NASH showed pathological progression of fibrosis in
15% to 39% within 10 years.(20, 25) The mortality rate of NAFLD patients in the
community was higher than that in the general United States population.(6) Death
occurred ranging from 13% to 45% with mean follow up of 8 to 11 years and coronary

artery disease (CAD) was the leading cause of death (25% to 28% of mortality).(6, 26)



2.2 NAFLD AND RISK OF CAD EVENTS

Patients with NAFLD were associated with more prevalent CAD independent of
other risk factors, including glycemic control and MetS components.(27, 28) This finding
was despite factoring in the other risk factors for CAD and the components of metabolic
syndrome (29). In patients with NAFLD, metabolic abnormalities are commonly found
and vary from 33% to 100% depending on types of study and the selection criteria of
NAFLD patients.(6, 27, 30) Central obesity, high triglyceride levels and hypertension are
the major abnormal metabolic syndrome criteria in patients with NAFLD. Metabolic
syndrome  (MetS)  components including central  obesity, hypertension,
hypertriglyceridemia, decreased high density lipoprotein cholesterol (HDL-C) and
impaired glucose test or type 2 diabetes mellitus (DM) are commonly found in
NAFLD.(31) MetS is defined by the presence of three or more of these metabolic
abnormalities by the 2001 National Cholesterol Education Program Adult Treatment
Panel Ill (NCEP-ATPIIIl) criteria (32) and was modified by the International Diabetes
Federation in 2005 (33) The criteria of MetS are not similarly worldwide as shown in table
1.

The prevalence of metabolic abnormalities such as diabetes and hypertension,
were increased up to 15-fold in patients with NASH compared to steatosis independent
of age or BMI (34) The impact of MetS or its components on CAD events is still
controversy. Some studies showed that patients with MetS had 50% more rapid
coronary artery stenosis progression than those without MetS and there was a strong
relationship of the MetS and a higher mortality rate in patients with stable CAD.(35)
However, other studies showed that diabetes and hypertension were better independent
predictors of the progression and severity of CAD than MetS itself.(36, 37)

Previous cross sectional studies showed supporting evidence of higher CAD in
NAFLD patients than in controls. The incidence of new CAD events in non cirrhotic
patients with NAFLD varied from 2% to 11% with the overall mortality of 12% to 13%
(Table 1).(26, 27, 38-41) The CAD related mortality ranged from 1 % to 3% in NAFLD
(40, 41) and ranged from 12% to16% in patients with NASH.(5, 26) Patients with NASH



had more cardiovascular events than patients without NASH significantly.(5) The
association of liver histological progression and the risk of CAD events is not linear and
need more research studies.(42) The age of onset of CAD events in NAFLD patients
ranged from 45 to 65 years. All had significantly higher estimated CAD risk at 10 years
(17% vs10%) by the Framingham risk score (FRS) than NAFLD patients without new
CAD events.(41)

2.3 POSSIBLE DISEASE MECHANISMS LINKING NAFLD AND ATHEROSCLEROSIS

The mechanism of liver injury in NAFLD is currently thought to be a “multiple-hit
process” involving insulin resistance (IR), oxidative stress, apoptosis, and
adipokines.(43) IR increases free fatty acid and lipogenesis. Apoptosis and oxidative
stress contribute to the progression of NASH. These factors including hyperinsulinemia,
hepatic iron, and lipid peroxidation, are potential mechanisms for producing the
oxidative stress.(44)

The possible pathogenesis associations of CAD in NAFLD patients have been
proposed.

1. Fatty liver may directly promote atherosclerosis.

This hypothesis was supported by evidence of a strong relationship between
higher liver fat content and less hepatic insulin sensitivity. (45) In type 2 diabetic
patients, the increased liver fat correlated significantly with impaired insulin
clearance.(45) Endothelial dysfunction is an important component of IR. The primary
factor which is linked to endothelial dysfunction and IR is the deficiency of endothelial-
derived nitric oxide.(46) This direct atherogenic effect of NAFLD was evident regardless
of other CAD risk factors such as DM status or MetS.(47) Recently, Gastaldelli, et al
showed that the presence of fatty liver assessed by fatty liver index was significantly
associated with increased CAD risk and reduced insulin sensitivity in nondiabetic
subjects.(48) The strength of this study is the exclusion of patients with established
cardiovascular risk factors at baseline. Recently another study performed by Alkhouri, et

al(49) showed that the histologic severity of liver inflammation in NAFLD patients was



strongly associated with an increased cardiovascular risk and an also significantly

associated with higher triglyceride level and lower HDL-cholesterol level (49).

2. The distribution of body fat

People with central obesity have large amounts of visceral adipose tissue (VAT).
VAT is defined as intra-abdominal fat bounded by parietal peritoneum or transversalis
fascia and it is a major source for free fatty acids, interleukin-6 and adipokines delivered
to the liver.(50) Abdominal obesity correlates significantly with left ventricular
dysfunction and all-cause mortality.(51) Another study showed a good correlation
between VAT and the degree of severity of liver inflammation and fibrosis in NAFLD
patients.(52) Waist circumference (WC) is highly correlated with VAT in both genders
and is used as a clinical marker for abdominal obesity.(53) Recently, the increased VAT
assessed by CT showed a significant association with CAD which was defined by the
presence of plaque calcification (54); however, this pathophysiological mechanism
which may contribute to the excess risk of CAD has not been studied in patients with
NAFLD. Further studies to identify the association between NAFLD and CAD through
VAT should be considered.

3. Role of adipokines and CAD

Adiponectin act as a protective adipokine by inhibiting liver gluconeogenesis
and suppressing lipogenesis.(55) Patients with NAFLD have higher levels of oxidative
stress and inflammation, hypoadiponectinemia and higher C-reactive protein (CRP)
levels compared to those in controls.(55) Hypoadiponectinemia is associated with
impaired glucose tolerance tests and CAD in non-diabetic persons.(56) Interestingly,
patients with lower plasma adiponectin concentrations were associated with early CAD
onset and multiple atherosclerotic lesions in coronary arteries and its concentration also
correlated positively with age at onset of CAD.(57) However, adiponectin may not be a
definite predictor of CAD but it may play an important role in the pathogenesis of IR. (58)
Currently, there is no strong prospective data linking adiponectin and CAD in NAFLD

patients.
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DIAGNOSTIC MODALITIES TO PREDICT THE RISK OF CAD EVENTS
1. Cardiovascular risk scoring system

The Framingham Risk Score (FRS) which is a standard and accurate tool. FRS is
based upon assessment of multiple variables such as gender, age, hypertension, serum
LDL-C or total cholesterol, diabetes and smoking, to calculate the risk of CAD events
over 10 years.(59) It has been used to predict CAD events in white and black subjects
of both genders and the calculation of risk can be accessed from the web site,
http://www.framinghamheartstudy.org/risk/coronary.html.(60) Based on FRS estimation
of the 10-year risk for CAD events, it classifies people as low (<10%), intermediate (10%
to 20%), or high risk (>20%).(61) Two studies reported the estimated 10-year coronary
heart disease (CHD) risk derived from the FRS in patients with NAFLD and found that
the overall calculated 10-year CHD risk was significantly higher in the NAFLD patients
than in persons of the same age and sex.(41) Treeprasertsuk et al. (41) showed that

new onset CHD occurred in 11% of NAFLD patients and this was not significantly

different from the FRS estimated 10-year CHD risk at baseline of 10.9 &= 9.3%.

FRS may not be applicable worldwide, as in some populations, it overestimates
cardiovascular risk such as Japanese, Hispanic men and Caribbean Indian patients (62,
63). Currently, there are several newly developed cardiovascular disease risk scoring
systems; for example, the SCORE model which was recommended in 2007 by the
European Society of Cardiology (64). This model differs from the FRS model in two
aspects. First, it estimates the 10 year risk of any first fatal atherosclerotic event
including stroke or CAD-related death and second, it estimates only CAD mortality, not
all cardiovascular events (64). Currently, there is no data about the association of the
SCORE model and NAFLD.

2. C-reactive protein; inflammatory biomarkers

C-reactive protein (CRP) is an index of inflammation synthesized by the liver and

has proved to be a good predictor of CAD. Currently, the high-sensitivity C-reactive

protein (hs-CRP) assay is a new marker of inflammation and may be superior to CRP. A
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meta-analysis of prospective studies showed that subjects with upper tertile of hs-CRP
had a relative odd of 2 (95% CI 1.6-2.5) for major coronary events which was higher
than those subjects in the lower tertile of hs-CRP.(65) In 2003, the American Heart
Association and Centers for Disease Control and Prevention recommended that hs-CRP
may be used as part of a global coronary risk assessment in adults with intermediate
cardiovascular risk (e.g. calculated CAD risk of 10% to 20% by using FRS).(66) An
average of two sequential tests of CRP values, above a cut point of 3 mg/L was
indicative of high risk of CAD.(66)

The association of hs-CRP and the prediction of CAD events in NAFLD patients
have not been well studied. Targher, et al (67) found that plasma level of hs-CRP in
patients with biopsy-proven NASH (2.7 mg/L) was significantly higher than those in non-
obese healthy subjects (0.9 mg/L), and in overweight non-steatotic patients (1.8 mg/L).
Another study showed that NAFLD patients had an increased concentration of
ultrasensitive CRP (>3 ng/ml) independently of other metabolic factors. (68) Further
research to address the association of hs-CRP and the prediction of CAD events in

NAFLD patients is required.

2.4 TREATMENT OF NAFLD
PRIMARY PREVENTION FOR CAD RISK IN NAFLD PATIENTS

All NAFLD patients need an overall assessment of CAD risk and the
comprehensive management of atherosclerotic risk factors. This is possible with a
multidisciplinary approach to monitor and control related CAD risk factors. The
combination of lifestyle modification with pharmacological treatment tailored to each
individual's risk factors is also necessary. Asking for leisure-time and work-related
physical activity can be helpful for evaluation of CAD risk. Risk-based algorithms based
on FRS or other cardiovascular disease risk scoring systems, should be applied to all
NAFLD patients. Waist circumference should be measured and it is a first approach to
detect patients with excess VAT or abdominal obesity.(69) Recently, a study showed
that physical inactivity and abdominal obesity were both independently associated with

a higher risk of CAD.(70) The presence and magnitude of other risk factors, for example,
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the levels of cholesterol, HDL-C and triglyceride are important to measure in screening
programs. The frequency of screening is mainly dependent on the patients’ risk factors.
The National Cholesterol Education Program Adult Treatment Panel I (ATP II)
recommendations suggested a 5-year interval of screening for people with previous
normal results and more frequent screening for those who have borderline values.(71)

1. Lifestyle modification

Despite much research evidence that supports the association of NAFLD and
cardiovascular risk, the treatment strategies for NAFLD are still limited. Lifestyle
modifications including dietary restrictions and regular aerobic exercise should be the
first line of management. A meta-analysis of 22 prospective cohort studies examined the
effect of physical activity during leisure time on the primary prevention of CAD in
510,000 healthy individuals and found that a moderate-to-high level of physical activity
during leisure time had a lower risk of CAD incidence of 12 % compared to patients with
low levels of or no physical activity during leisure time.(72) Diet control with
standardized nutritional counseling has been shown to reduce body weight in NASH
patients.(73) The intense dietary intervention improved liver histology in 9 of 15 patients
with a mean weight reduction of 3%.(73) Combined diet control and increasing physical
activity was shown to reduce liver fat by 31% after 9 months of follow up.(74) Recently, a
study of the benefit of exercise and diet control showed an improvement in
anthropometric indices, total cholesterol, insulin sensitivity and liver tests after 10
weeks.(75)

In patients with NASH maintaining weight loss of at least 9% over 9 months also
improved IR and liver histology.(76) The role of behavior treatment has been shown to
effect weight reduction by decreasing excess nutrition and increasing exercise.(77)
Behavioral intervention showed an important role in sustaining lifestyle modifications and
improving blood pressure control in pre-hypertension patients.(78) A multidisciplinary
approach by dietitian, internist and specialist may be needed for NAFLD patients to

achieve the goal of CAD risk reduction.
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2. Bariatric surgery

Weight loss by bariatric surgery in obese patients improved hypertension, DM
and hypercholesterolemia after 1 year of follow up.(79) Interestingly, remission of type 2
DM in obese patients with BMI >30 kg/m2 was achieved by 73% in the surgical group
compared to 13% in the conventional-therapy group with a relative risk of remission for
the surgical group of 5.5 (95% ClI, 2.2-14).(80) A meta-analysis including 15 studies with
766 paired liver biopsies with mean age at the time of surgery ranging from 36 to 49
years, found that the mean BMI reduction ranged from 19 to 42 kg/m2.(81) The
proportions of patients with improvement of liver fibrosis on histology in NASH patients
were 66%.(81) Currently, no study of bariatric surgery in NAFLD patients has shown
improvement of CAD outcome. However, a cohort study of 2010 Swedish patients who
underwent bariatric surgery showed that the overall mortality of patients with bariatric
surgery (5%) was significant lower than that in controls (6%).(82)

3. Pharmacological therapy

3.1 Insulin sensitizing agents

The role of IR and oxidative stress are major factors in the pathogenesis of
NAFLD.(83, 84) Several studies testing the role of insulin sensitizing agents in patients
with NAFLD have been reported. Metformin improves IR in NAFLD patients with or
without diabetes (85) Three randomized clinical trials found that metformin was
associated with more normalization of serum ALT versus diet (OR = 2.8) or versus
vitamin E (OR = 7.7). The improvement of liver histology was inconclusive due to the
small number of patients.(85) Recently, a study of 48 weeks of metformin (2000 mg/day)
therapy in 28 NAFLD patients found that 30% showed a histologic response and
improved insulin sensitivity (86);however, the degree of insulin sensitivity change did not
correlate with histologic improvement. With limited data of the efficacy of metformin in
patients with NAFLD and CAD, we could not draw firm conclusion about its therapeutic
benefit and further studies are required.

Pioglitazone is a thiazolidinedione (TZDs) which activates the peroxisome

proliferator-activated receptor-Y and decrease the hepatic supply of fatty acids from
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adipose tissue. Several studies provided some evidence that the TZDs may be
beneficial in the short term. A randomized, controlled trial of pioglitazone (30 mg/day)
was conducted for 1 year in nondiabetic patients with NASH and showed significant
improvement in MetS components and liver histology.(87) After stopping therapy with
pioglitazone, significant worsening of parenchymal inflammation and steatosis were
found.(88) For safety profile of TZDs, a meta-analysis study reported that rosiglitazone
increased the risk of myocardial infarction and the overall cardiovascular death in
patients with type 2 DM (89) whereas pioglitazone showed a significantly lower risk of
death and myocardial infarction but it increased serious heart failure relating to fluid
retention in patients with type 2 DM.(90) Thus, the long-term benefit and the safety
profiles of TZDs need more study.

3.2 Statins

Statins used to treat hypercholesterolemia are safe and can be used in patients
with NAFLD.(91) Chalasani, et al. (92) conducted a study in hyperlipidemic patients with
statins and showed that 1437 patients with normal transaminase had a significantly
lower incidence of mild-moderate elevations (2%) than those 342 patients with elevated
baseline enzymes (5%). Severe elevations in liver biochemistries were not different
between both groups. Another study was conducted in hypercholesterolemic subjects
with a history of compensated chronic liver disease of at least 6 months duration and
64% of patients had NAFLD. They showed that pravastatin (80 mg/day) lowered LDL-C
and total cholesterol compared to a placebo and was safe and well tolerated.(93) The
potential effect of statins on liver histological change was studied in a small number of
NAFLD patients and showed no improvement in liver fibrosis.(94) Currently, no study
has assessed the efficacy of statins to reduce CAD mortality in NAFLD patients although
the benefit are well recognized for both primary and secondary prevention for CAD and
reduction of the overall mortality in the general populations (95, 96). Thus, statins should
be considered only in NAFLD patients with dyslipidemia and/ or high calculated risk of

coronary artery disease by the Framingham risk score.
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3.3 Antiplatelet agents

Antiplatelet agents have not been studied in NAFLD patients. Only one study
was performed in rats with fatty liver with or without 3 kinds of antiplatelet agents
including aspirin, ticlopidine or cilostazol for 16 weeks.(97) This study showed that all
antiplatelet agents especially cilostazol significantly improved liver steatosis,
inflammation and fibrosis by suppressing mitogen-activated protein kinase activation

induced by oxidative stress.(97)
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Table 1 Definition of Metabolic Syndrome (MetS); by IDF 2005 criteria

1. Central obesity as measured by waist circumference (WC*) (WC for USA men >40

inches [>102 cm]; WC, women >35 inches [>88 cm]) or BMI >30 kg/m2

2. Hypertriglyceridemia; Fasting blood triglycerides (TG) >150 mg/dL [>1.7 mmol/L].

3. Low level of HDL-C, men <40 mg/dL [<1.03 mmol/L], HDL-C, and women <50 mg/dL
[<1.29 mmol/L].

4. Elevated systolic blood pressure (BP) >130 mmHg or diastolic BP >85 mmHg or

treatment of previously diagnosed hypertension (HT).

5. Elevated fasting plasma glucose (FPG) >100 mg/dL (>5.6 mmol/L) or previously
diagnosed type2 DM. (If FPG above 100 mg/dL, oral glucose tolerance test is highly

recommended.)

Note. * different cut-off of WC is based on ethnicity; For south Asian and chinese; central
obesity use WC >90 cm (men), >80 cm (women), for people of European origin; central

obesity use WC >94 cm (men), >80 cm (women).(33)




Table 2. Studies of CAD events in NAFLD patients.

Author (year)/ NAFLD criteria Number Age; years Diagnostic CAD Overall Average time
Country of patients (mean + SD) modalities Prevalence (%) deaths (%) to follow-up
of CAD (years)
Targher, et al. - Abnormal NAFLD (1974)vs 65+ 6 Medical records, NAFLD (26.6) vs. No data No data
(2007)/ abdominal Non NAFLD (418) (NAFLD) ECG, echo- Non NAFLD (18.3);
Italy ultrasound - All diabetic Doppler OR=1.8
patients
Kadayifci, et al”" - Abnormal ALT, NASH cirrhosis 55+9 Medical records, NASH cirrhosis No data No data
(2008)/ liver ultrasound and  (60) vs.. Cirrhosis ~ (NASH) stress echo- (21.6) vs. cirrhosis
United States / or liver histology from other Doppler and/or from other causes
causes(60) coronary. (3.3)
angiography
Hamaguchi , et - Abnormal -NAFLD (231)vs. 49+9 Self-reported NAFLD (2.2) vs. Non  No death 7115 person-
al.[22] (2007)/ abdominal Healthy controls (NAFLD) questionnaire NAFLD (0.3) dueto CAD  years
Japan ultrasound (990)
Schindhelm, et - Divided into - The third ALT 59.7 vs. 62.9 Symptoms / signs Age and 121 10
al.[23] (2007)/ ALT tertiles tertile (468) vs. of CAD followed by  sex-adjusted risk for

Netherlands

the first ALT tertile
(551)

angioplasty
(presence
of >50 % stenosis)

or ECG changes

CAD= 2.0 (1.3-3.1)

Ll



Table 2. Studies of CAD events in NAFLD patients.

Author (year)/ NAFLD criteria Number Age; years Diagnostic CAD Overall deaths  Average time
Country of patients (mean + SD) modalities Prevalence (%) (%) to follow-up
of CAD (vears)
Treeprasertsuk - Abnormal ALT, 309 with the overall 49 + 11 Medical records, 1 13.3 1.5 +41
et al.[24] liver calculated 10-year ECG, and echo (3554 person-
(2009)/ ultrasonography and  CHD risk =10.9 Doppler years)
United States / or liver histology 9.3% (using FRS)
Rafiq, et al[9] - Liver biopsy 173 50 + 14.5 Medical records, CAD death 59.5 18.5
(2009)/ United proven NASH (72) and data from National =12.2%
States Steatosis (101) Death Index Plus

8l



CHAPTER I
METHODOLOGY

3.1 Study population

Study design: We divided our study into 2 phases; the first phase is a cross sectional
study to collect 115 Thai NAFLD patients prospectively during 2007-2010 in King
Chulalongkorn Memorial Hospital (KCMH) to validate the NAFLD Fibrosis Score. The
second phase is a historical cohort design by using the existing data of NAFLD patients
diagnosed during 1980 and 2000 drawn from the Rochester Epidemiology Project to

analyze.

Phase 1: Patients residing in Thailand who had been diagnosed with NAFLD in King
Chulalongkorn Memorial Hospital (KCMH) were included prospectively during 2007-
2010. The inclusion criteria were the patients with age of at least 18 years old and
NAFLD was diagnosed base on liver biopsy with standard criteria. Exclusion criteria
were the incomplete data needed for the NAFLD Fibrosis Score calculation. Patients
who fit in the inclusion and exclusion criteria were admitted for liver biopsy under
standard procedure with ultrasonography guidance. Data of all patients were recorded
including demographic data, anthropometric data and biochemical tests on the day of
liver biopsy or within 2 weeks of procedure. All patients were followed-up for the results
of liver histological findings within the next 2 weeks. We used the NAFLD Fibrosis Score
to calculate in all included patients and validate with the histological findings of liver
fibrosis. The liver fibrosis staging is divided into stage 0O to stage 4 as shown in figure 1.
One hundred and fifteen Thai NAFLD patients were included during the three years of
study period.

Phase 2: Patients residing in Olmsted County, Rochester, Minnesota, US who had been
diagnosed with NAFLD-Fatty liver (HICDA Code 05710420) Fatty Liver (HICDA Code
05710421) Hypertrophy, Liver, Fatty (HICDA Code 05710422) Cirrhosis, Liver, Fatty
(HICDA Code 05710423) Steatohepatitis or NASH (HICDA Code 05710431) Fatty liver,
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Steatohepatitis (HICDA Code05710-42-43) or Steatosis (HICDA Code 02790-44-1) over
a 20-year period, between January 1, 1980, and January 1, 2000, were drawn from the
Rochester Epidemiology Project (REP) master diagnostic index. The REP index is a
unique database system of medical diagnoses of the population living in Olmsted
County, Minnesota (98). Although fatty liver was recognized prior to 1980, this liver
condition was better characterized in 1980 (99), therefore, we chose to identify patients

after this date.

3.2 Inclusion Criteria

From the 479 patients with NAFLD assessed, three-hundred and two patients
(63%) aged greater than 18 years old were included. All of them were followed-up and
medical charts were reviewed until August 31, 2009 or the date when the first primary
end point occurred. By using a standardized case record form, we recorded detailed
history and physical examinations and use of pharmacologic agents of unproven
efficacy for NAFLD during the follow up period for further analysis and adjusted for these

variables in the regression model.

3.3 Exclusion criteria

We excluded NAFLD patients who lacked data needed for the NAFLD Fibrosis
Score calculation, patients with pre-existing poor outcomes including overt CHD or overt
liver complications at the time of NAFLD diagnosis or patients with duration of follow up
less than 5 years. One hundred and seventy seven NAFLD patients were excluded due
to missing data needed for the NAFLD Fibrosis Score calculation at baseline or at the
end of follow up (N = 95), overt CHD confirmed at baseline (N = 63), liver cirrhosis with
complications confirmed at baseline (N = 11) and patients who had duration of follow-

up of less than 5 years (N = 8).
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3.4 Definition

The diagnosis of NAFLD was based on the following criteria 1) liver biopsy
showing steatosis in at least 5% of hepatocytes or 2) fatty infiltration of the liver was
confirmed on imaging studies (ultrasound, computed tomography, or magnetic
resonance imaging) (23) and 3) exclusion of liver disease of other etiology including
alcohol-induced (history of excessive alcohol consumption greater than 20 gm/day),
drug-induced liver disease, autoimmune or viral hepatitis as well as cholestatic or
metabolic/genetic liver disease (1).
The staging of liver inflammation and fibrosis in patients with NAFLD is based on the

Kleiner D, et al.(23) and was summarized in the figure 1.

Liver biopsy: gold standard for diagnosis and
assess severity: Grading of NASH

* For NAFLD Activity Score (NAS=0-8), combined
these criteria:

- Grading of steatosis (0-3)
- Lobular inflammation (0-3)
- Ballooning (0-2)
+ For Stage of fibrosis was scored as:
- 0=None
- 1 = Periportal or perisinusoidal fibrosis
- 2 = Perisinusoidal and portal/periportal fibrosis
 -3=Bridging fibrosis oo o o]
- 4 = Cirrhosis
Figure 1 Staging of liver inflammation and fibrosis in patients with NAFLD is based on

ADVANCED LIVER FIBROSIS

the Kleiner D, et al.(23)

- Cirrhosis was defined (100, 101) based on the pathological term for the chronic liver
diseases which grossly showed the irregular surface of the liver. By histopathological
findings, it showed a diffuse fibrotic change and the distortion of normal liver
architecture into liver nodules. The progression of liver cirrhosis commonly takes long
term in several years but it may occur within few weeks or months in some etiologies.
The staging of liver fibrosis usually divided into fibrosis stage 0 to stage 4 depending on

the etiologies for example using Brunt criteria in NAFLD patients.(21)
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- The primary endpoint was defined by the presence of all-cause mortality, and/or
cardiac complications, and/or liver complications.

- The cardiac complications included new onset of CHD events which were based on
the medical records with designation as validated congestive heart failure (CHF),
unstable angina or myocardial infarction and/or a documented flow-limiting stenosis
from angiography or angina requiring revascularization during follow up and need for
hospitalization (59).

- The liver complications were diagnosed by clinical signs and symptoms (100) included
the presence of ascites, variceal bleeding, severe grade of hepatic encephalopathy,
liver failure or hepatocellular carcinoma (HCC) which occurred during follow up and
need for hospitalization with/or without death (102). However, mild grades of hepatic
encephalopathy may be difficult to detect and some of these patients may be included
in the study. All causes of death listed on the death certificates or pathological findings
(underlying, intermediate, immediate and other major conditions) using International
Classification of Diseases (ICD)-10 revision were recorded.

- The presence of metabolic syndrome (MetS) was defined by using the 2001 National
Cholesterol Education Program Adult Treatment Panel IIl (NCEP-ATPIII) criteria and the
new definition which required the presence of at least three of the five features (33, 103).
BMI was calculated as weight divided by height squared (kg/mz). As the majority of
patients did not have waist circumference (WC) measurements, we defined obesity
using BMI >30 kg/m2 in accordance with the World Health Organization (WHO) definition
of the insulin resistance syndrome (104, 105).

- The NAFLD patients with a histological liver fibrosis stage of 1-2 were classified as
“mild liver fibrosis” and those with a histological fibrosis stage of 3-4 were classified as
“advanced liver fibrosis” according to Brunt, et al (21, 23).

- Baseline NAFLD Fibrosis Scores calculation
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The NAFLD fibrosis score composed of 6 variables including age,
hyperglycemia, body mass index (BMI), platelet count, albumin, and aspartate
aminotransferase and alanine aminotransferase ratio (AST/ALT) ratio as independent
indicators of advanced liver fibrosis (14). In this study, the NAFLD Fibrosis Scores were
classified into 2 categories for assessing advanced liver fibrosis (14). The NAFLD
patients with a score less than -1.5 were classified as “low probability of advanced liver
fibrosis” and those with a score of at least -1.5 were classified as “intermediate or high
probability of advanced liver fibrosis” (14). Angulo, et al proposed that if applying this
model, a liver biopsy would have been avoided in 75% of patients with correct
prediction in 90%.(14) The range of the NAFLD Fibrosis Score proposed by Angulo P, et
al(14) was classified into 3 subgroups including the low probability of fibrosis (NAFLD
Fibrosis Score<-1.5), the intermediate probability of advanced liver fibrosis (NAFLD
Fibrosis Score>-1.5 and <0.67) and the high probability of advanced liver fibrosis
(NAFLD Fibrosis Score> 0.67),

Since the information required for the NAFLD Fibrosis Score may not all be
available at the same day scores were calculated at the time of NAFLD diagnosis and
were used data from the medical records for visits within 3 months of the “true” NAFLD
diagnosis date and the last follow up date. If more than one assessment for a given
variable was available in the medical record during this time period the value closest to

the “true” follow up date was used for the NAFLD Fibrosis Score calculation (14).

3.5 Conceptual frameworks

The disease spectrum of NAFLD includes varying severity of liver histology from
simple steatosis to nonalcoholic steatohepatitis (NASH) to cirrhosis. Natural history
studies of NAFLD showed that 1-5% of patients with simple steatosis developed
cirrhosis (1, 24) while patients with NASH showed pathological progression of fibrosis in
15% to 39% within 10 years.(20, 25)

We summarized the possible related factors which aggravated the progression
of liver fibrosis including older age, female gender, higher body mass index, and

presence of diabetes as shown in figure 2 (5, 6, 14, 30).
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‘ Possible pathophisiology of liver fibrosis in PATIENTS WITH NAFLD ‘

= Adipocyte
— o - x
C Dysllpldem|a D ( vlsceral adipose tlssue apogroalsrt

¢ Diabetes )

e — — -t ->
/ ~ Lipid toxicityl |== | Pro- Inflammatory
H : Tatzs okines ?
Insulin ‘Omdatwe stressl_ o= @ Partitioning? ik
resistance

TR
&‘HObesny/ )

| Multi-Hits | < Genetics Variability >

[ Cheung O, San;;nJTCu_rr;nt Opinion in Gastro 2010; 26: 202-8

Figure 2 Related factors which aggravated the progression of liver fibrosis in patients

with NAFLD

3.6 Sample-size/statistical power considerations

Phase 1: We assumed that NAFLD patients with mild liver or fibrosis FO-F2 were
classified as controls whereas the patients with advanced liver fibrosis or F3-F4 were
classified as cases. We use the sample size calculation formula by the analytic case-
control study and the number of patients in each group was calculated as the
followings;

Number per group (group1 = FO-F2 and group 2 = F3-F4)

= (zOL,, \ 2PQ + 2B\ p1g1+p0q0)* (p1-p0)°

if zOL=1.645, zB = 1.28 , p0=0.4, 40 = 0.6

OR=0.56, p1 =0.78, g1 =0.22,

Thus, the number of patients in each group was 52 cases and the total number of

enrolled patients is 104 cases.
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Phase 2: We assumed that the overall mortality rate in NAFLD would be 12% and liver-
related complications may occur in at least 3%, and cardiac complications may occur in
11% from the previous study (6). We anticipated that at least 150 patients or 50% of total
cohort would be classified as “low probability of advanced liver fibrosis” using the
NAFLD Fibrosis Score and at least 150 would be classified as “intermediate or high
probability of advanced liver fibrosis”. (16) However, some patients may develop new
CHD events, liver complications and death. Therefore, we anticipated that 15% of
patients would be identified as having experienced a primary endpoint. We assumed
that at most 10% of the patients with low probability of advanced liver fibrosis would
experience events within 5 years and at least 20% of the patients with intermediate or
high probability of advanced liver fibrosis would experience events within 5 years, to get

a statistical power of at least 82%.

3.7 Statistical Analyses

Phase 1: Thai NAFLD patients were categorized by the severity or staging of liver
fibrosis into 2 groups of the mild and advanced liver fibrosis. Continuous outcomes were
presented as mean * standard deviation (SD) and categorical data were presented as
numbers (percentage).Differences between both group were tested by independent t
tests for continuous variables and were tested by the Chi-square test for proportions. P
value less than 0.05 was taken to be statistically significant. The overall accuracy of the
NAFLD Fibrosis Score in identifying the mild or advanced stage of liver fibrosis was
analyzed using the area under the receiver operating characteristics curve (ROC). The
sensitivity, specificity, positive predictive value (PPV) and negative predictive value

(NPV) were calculated.

Phase 2: Patients were categorized by the NAFLD Fibrosis Score into 2 groups of the
probability of advanced liver fibrosis. Differences between the primary endpoint
including the overall mortality, new onset CHD events or liver complications of those two
groups of low and high NAFLD Fibrosis Scores were tested using the Chi-square test.

Differences between NAFLD patients with and without primary endpoints were tested by
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independent t tests for continuous variables and were tested by the Chi-square test for
proportions. Continuous outcomes were presented as mean * standard deviation (SD)
and categorical data were presented as numbers (percentage). Logistic regression
analysis was used to identify the factors significantly associated with death among
NAFLD patients. Only those variables with a p value <0.1 by univariate analysis were
included in multivariate analysis. In order to avoid overestimation of the model, we
excluded those variables used as a part of the NAFLD Fibrosis Score calculation. We
estimated receiver operating characteristics (ROC) of related variables for predicting of
death to maximize the area under the curve (AUC). Two-sided P values <0.05 were
considered to indicate statistical significance. The rate of NAFLD Fibrosis Score change
in each patient was calculated by the difference of NAFLD Fibrosis Score at the end of
follow-up and at baseline divided by the duration of follow up time (A NAFLD Fibrosis
Score / A time).

Both phases of study used the SPSS statistical software package (SPSS Version
15.0.1.1, Windows VISTA, July 3, 2007) for analysis. The study was approved by the
Institutional Review Board (IRB) of the Faculty of Medicine, Chulalongkorn University,
Bangkok, Thailand (phase 1) and the IRB of the Mayo Clinic, Rochester, MN, US and all

participants provided permission for their medical information to be used for research.



CHAPTER IV
RESULTS

Phase 1 study
4.1 Validation of the NAFLD Fibrosis Score in Thai NAFLD patients

According to the first phase study, 115 Thai NAFLD patients with mean age of
50.5 & 12.4 years were included during the three years of the study period. Male and
female were 1:1 Fifty percent of Thai NAFLD patients had BMI above 28 kg/m2 and 50%
had type 2 diabetes or impaired fasting glucose. Fifty-four percent had hypertension
whereas 80% had dyslipidemia. Baseline characteristics of 115 Thai patients with
NAFLD were shown in table 3. Seventy seven of the Thai NAFLD patients (67%) were in
a group of low risk of advance fibrosis by using NAFLD Fibrosis Score. By histological
findings, the advanced fibrosis was found in 15 patients (13%). Patients with advanced
fibrosis were significantly older and had higher blood glucose level than those with mild
liver fibrosis. Using the ROC curve with the cut-off level of NAFLD Fibrosis Score at
baseline >-1.5, the sensitivity, specificity, PPV and NPV for identifying the Thai NAFLD
patients with advance liver fibrosis (F3-F4) were 53%, 70%, 21% and 91% respectively
with AUC of 0.64 (95% CI 0.49-.78; P = 0.09) (Figure 3).

Phase 2 study
4.2 Baseline Characteristic data of 302 patients with NAFLD

Three hundred and two NAFLD patients were predominantly middle-aged (47.3
T 12.9 years; range 21-86 years). Most patients were white (95%) and 44% were male.
Obesity was present in 73% of the population. History of diabetes and hypertension
were found in 16% and 41% respectively. At baseline, patients with NAFLD included in
this study were significantly younger, less often male, had less diabetes, lower plasma
glucose levels, lower levels of AST and ALT and were more often white than those
excluded from the study. The average NAFLD Fibrosis Score at baseline of included
and excluded patients was not significantly different (P = 0.7). The characteristics of 302

patients based on degree of advanced liver fibrosis estimating by the NAFLD Fibrosis
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Score at baseline were shown in Table 4. A low probability of advanced liver fibrosis
(score <-1.5) was found in 60 % while intermediate or high probability of advanced liver
fibrosis (score >-1.5) was found in 40%. The mean (£ SD) values of NAFLD Fibrosis

Score in patients with a low probability of advanced liver fibrosis was -2.6 + 0.8 and was

lower than those in patients with an intermediate or high probability of advanced liver

fibrosis (-0.4 & 0.9; P <0.0001). The proportion of male patients in a low probability of
advanced liver fibrosis was higher than those in an intermediate or high probability of
advanced liver fibrosis (51% versus 33%; P = 0.002). Patients with a low probability of
advanced liver fibrosis had lower CHD risk at baseline estimating by the Framingham
risk score calculation than those with an intermediate or high probability of advanced
liver fibrosis (14% versus 19%; P = 0.003 ).

Liver biopsy was performed in 46 patients (15% of 302 patients). Mild liver
fibrosis (stage F0-2) was found in 34 patients (74%) while advanced fibrosis (stage F3-
F4) was found in 12 patients (26%). NAFLD patients with liver biopsy had significantly
lower diastolic blood pressure, lower BMI and higher AST level than those without liver
biopsy (P<0.05). The average of NAFLD Fibrosis Score at baseline of patients with and
without liver biopsy was not significantly different (-1.8 + 1.6 versus -1.7 + 1.4; P = 0.6).
The NAFLD Fibrosis Score at baseline of patients with histological advanced liver
fibrosis (n = 12) was significantly higher than those with histological mild liver fibrosis (n
= 34) (-0.7 versus -2.4, respectively, P <0.0001). By using the ROC curves, the NAFLD
Fibrosis Score at baseline of -1.8 was the best cut off value for the detection of
histological advanced liver fibrosis based on a sensitivity of 92%, specificity of 65%,
positive predictive value (PPV) of 48%, and negative predictive value (NPV) of 96% with
AUC of 0.8

4.3 Clinical Outcomes of Long-Term Follow-Up
The mean follow-up of the total cohort was 11.9 & 3.9 years for a total of 3594
person-years. About 47% of patients with a low probability of advanced liver fibrosis at

baseline progressed to an intermediate or high probability of advanced liver fibrosis at



29

the end of follow up while 94% of patients with an intermediate or high probability of
advanced liver fibrosis remained in the same group.

Table 5 shows that at the end of follow up, patients with an intermediate or high
probability of advanced liver fibrosis had significantly higher BMI, more frequent
diabetes, more frequent patients with history of hypothyroidism, history of
cholecystectomy and history of obstructive sleep apnea, more use of metformin,
glitazones and aspirin than those with a low probability of advanced liver fibrosis. For
laboratory findings at the end of follow up, patients with an intermediate or high
probability of advanced liver fibrosis had significantly higher glucose, and higher
AST/ALT ratio than those with a low probability of advanced liver fibrosis. Hematocrit,
platelet counts, AST, ALT, albumin, cholesterol and LDL-cholesterol levels were
significantly lower in patients with an intermediate or high probability of advanced liver
fibrosis compared to those with a low probability of advanced liver fibrosis.

Table 2 shows that 55 patients (18%) developed primary endpoints including 39
patients (13%) who died during follow-up, 30 patients (10%) with new onset of CHD and
6 patients (2%) with liver complications. Patients with an intermediate or high probability
of advanced liver fibrosis had primary endpoints, all-cause death, and liver
complications more often than those with a low probability of advanced liver fibrosis (P
<0.05).

The leading causes of death were non liver cancer (n = 13; 33.3%), CHD (n = §;
20.5%), and liver related mortality (n = 5; 12.8%). The other 13 patients (33.3%) died
from various causes as shown in table 6. The primary location of cancers were gastric
cancer (n = 2), colon cancer (n = 2), pancreatic cancer (n = 2), breast cancer (n = 2),
leiomyosarcoma of uterus (n = 1), diffuse B cell lymphoma (n = 1), endometrial cancer
(n = 1), lung cancer (n = 1) and unknown primary cancer with liver metastasis (n = 1).
Of 30 patients with new onset CHD, 8 of them (27%) died during follow up. Patients with
new CHD events (n = 30) were significantly older, had higher SBP, higher Framingham
risk score at baseline, higher calculated %CHD risk at baseline and higher NAFLD

Fibrosis Score at the end of follow up and lower ALT than those without new CHD events
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(n = 272) (P <0.05).The NAFLD Fibrosis Score at baseline was not significantly different

between patients with and without new CHD events (-1.2 £ 1.6 versus -1.8 = 1.4; P =
0.07).

Liver complications occurred in 6 patients and 5 of them (83%) died during
follow-up. The liver complications included massive ascites requiring abdominal
paracentesis (n = 3), hepatopulmonary syndrome (n = 1) and hepatocellular carcinoma

(n=1).

4.4 Predicting of mortality

Table 7 shows that at baseline, patients who died (n = 39) were significantly
older, had higher SBP, higher NAFLD Fibrosis Score (Figure 4), higher FRS, higher
glucose, more frequent diabetes, lower diastolic blood pressure, lower ALT and lower
albumin than those who survived (n = 263) (P <0.05). At the end of follow up, patients
who died had significantly higher NAFLD Fibrosis Scores, greater NAFLD Fibrosis score
changes per year, higher creatinine, higher AST/ALT ratio, more frequent patients with
CHD or liver complications and more frequent patients with an intermediate or high
probability of advanced liver fibrosis, lower hematocrit, lower albumin and less use of
metformin and simvastatin than those who survived (P <0.05). Figure 5 showed that
patients with primary endpoint (n = 55) had higher NAFLD Fibrosis Score than those
without primary endpoint (n = 247).

Table 8 shows results of 3 models of the multivariate analysis to identify the best
fit model for predictors of death. We analyzed by using 3 models as shown in table5. In
model 1, we added 9 variables including gender, systolic blood pressure, diastolic
blood pressure, NAFLD Fibrosis Score at baseline, use of metformin, use of simvastatin,
use of aspirin, presence of new onset of CHD and new onset of liver complications
without interaction among these variables. Model 2 used 10 included variables; gender,
systolic blood pressure, diastolic blood pressure, NAFLD Fibrosis Score at baseline,
NAFLD Fibrosis Score changes per year, use of metformin, use of simvastatin, use of

aspirin, presence of new onset of CHD and new onset of liver complications without
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interaction among variables. Finally, model 3 added the interaction between NAFLD
Fibrosis Score at baseline and NAFLD Fibrosis Score changes per year, the interaction
among use of aspirin, metformin, aspirin and simvastatin into model 2. We did not add
the FRS into these models due to the repetition of several variables in the NAFLD
Fibrosis Score and the FRS.

Model 3 was the best fit model which found that a higher NAFLD Fibrosis Score
at baseline and more frequent new onset of CHD were significantly predictive of death
(OR = 2.6 and 9.2, respectively; P <0.0001). Use of metformin or simvastatin were
significantly associated with fewer death in patients with NAFLD (OR = 0.2 and 0.03
respectively; P<0.05).

Using the ROC curves for the detection of death, we found that the NAFLD
Fibrosis Score at baseline of -0.9 was the best cut off value based on a sensitivity of

62%, specificity of 76%, PPV of 28%, and NPV of 93% and AUC of 0.7 (Figure 6).

4.5 The rate of NAFLD Fibrosis Score change

The median rate of NAFLD Fibrosis Score change per year of 302 patients was
0.1 with IQR of 0.02, 0.13 and it was not normally distributed. The rate of NAFLD Fibrosis
Score change per year in patients with an intermediate or high probability of advanced
liver fibrosis predicted by the NAFLD Fibrosis Score was significantly lower than those in
a low probability of advanced liver fibrosis (0.06 versus 0.09; P = 0.004). The NAFLD
Fibrosis Score change per year in patients who died was significantly higher than those
in survived patients (0.14 versus 0.07; P = 0.03). By linear regression, the NAFLD
Fibrosis Score at baseline had a small relationship with the FRS (R2 = 0.13; P <0.0001).
Additionally, the NAFLD Fibrosis Score at the end of follow-up had a significant
relationship with Child-Pugh score (R2 = 0.15; P <0.0001), and Model for End-Stage
Liver Disease score (MELD) (R2 = 0.03; P <0.04).

According to the three subgroup of low, intermediate and high probability of
fibrosis, classified by the NAFLD Fibrosis Score by using cutoff level of <-1.5 for low, >-
1.5 and <0.67 for intermediate and > 0.67 for high probability of fibrosis, we defined the

patients into 3 subgroups at the end of the follow up by using the progression pattern of
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the NAFLD Fibrosis Score at baseline and at the end of follow up. The first group of
stable fibrosis defines as the stable of the subgroup of fibrosis using the NAFLD Fibrosis
Score during the follow up period.

The second group of patients with regression of fibrosis defines as the presence
of reduction of the NAFLD Fibrosis Score with changing the subgroup of probability of
fibrosis during the follow up period. Last, the group of patients with progression of
fibrosis defines as the presence of increasing of the NAFLD Fibrosis Score with
changing the subgroup of probability of fibrosis during the follow up period. Most
patients were in the stable fibrosis (60%) and progression fibrosis (37%) whereas only
3% were in the regression fibrosis (Table 6-7). The annual rate of liver fibrosis
progression in the group of progression fibrosis and the stable diseases was 0.19 +0.02
and 0.05 +0.08 respectively (Table 9-10).

Table 11 showed the association between the subgroups of progression pattern
of liver fibrosis and the primary outcomes. We found that there was no association of the
progression pattern of liver fibrosis during the follow up period and the proportion of
patients with new onset of CHD (P = 0.80). The primary outcomes including death or
liver complications associated with the progression pattern of liver fibrosis significantly
(P = 0.001). Table 12 showed the comparison of NAFLD patients with and without new
CHD events, we found that the NAFLD Fibrosis Score at baseline in patients with and
without new CHD events had no statistical significant difference (-1.2 +16vs. -1.8 %

1.4, P=0.07).

4.6 The association between use of metformin or simvastatin and death in patients with

NAFLD

As results shown in table 13 that use of metformin or simvastatin were
significantly associated with fewer death in patients with NAFLD (OR = 0.2 and 0.03
respectively; P<0.05). We found the significant association between use of metformin or

simvastatin and death in patients with NAFLD as shown in Table 13. In our study, the
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definition of use of metformin or simvastatin was the presence of prescription for at least

3 months at any time during the follow-up.

Table 3 Baseline characteristics of 115 Thai patients with NAFLD

Variable at baseline; Patients with Patients without P value*
Mean + SD or Number (%) advanced liver advanced liver
fibrosis (N = 15) fibrosis (N = 100)

Age 58 7 49 113 0.01*
Male 5 (33%) 52% 0.18
Diabetes/ IFG 8 (53%) 41% 0.36
Hypertension 9 (60%) 53% 0.61
Dyslipidemia 12 (80%) 80% 1.0
BMI (kg/m’) 29+ 4 30+8 0.14
Obesity (BMI>28 kg/m2) 10 (67%) 47% 0.16
AST (UIL) 7129 56 T 31 0.84
ALT (U/L) 103+ 37 104 49 0.36
AST/ALT ratio 07Fto0>2 06103 0.66
NAFLD Fibrosis Score baseline 17+11 22o91t14 0.31
Platelet (X 10 /L) 270174 270158 0.47
Albumin (g/dL) 42+ 04 43+04 0.81
Cholesterol (mg/dL) 218 + 68 207 t 48 0.09
Triglyceride (mg/dL) 154 + 70 162 = 69 0.79
Glucose (mg/dL) 151 + 60 116 + 33 <0.001*




Table 4 Demographic data of 302 patients with NAFLD by NAFLD Fibrosis Score at
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baseline.
Variable at baseline; Total Patients with a low Patients with an P value*
Mean + SD or Number (%) (N =302) probability of advanced intermediate or high
liver fibrosis probability of advanced
(score <-1.5) liver fibrosis
(N =181) (score >-1.5) (N = 121)
Age (years) 4731129 4291+ 11.1 5381+ 12.8 <0.0001
Sex (% male) 132 (44) 92 (51) 40 (33) 0.002
Race, number (%White) 288 (95) 170 (94) 119 (97.5) 0.15
History of diabetes 48 (16) 5(2.8) 43 (35.5) <0.0001
History of hypertension 125 (41) 55 (30.4) 70 (58) <0.0001
BMI (kg/m’) 336162 32t52 36169 <0.0001
Presence of obesity (BMI 221 (73) 121 (67) 100 (82.6) 0.002
>30 kg/m®)
Systolic blood pressure 136+ 18 133+ 17 139+ 18 0.003
(mmHg)
Diastolic blood pressure 8319 84+8 81109 0.01
(mmHg)
Cholesterol (mg/dL) 214+ 48 215+ 46 214 + 50 0.78
Triglycerides (mg/dL) 221+ 167 208+ 123 242 £ 218 0.15
Glucose (mg/dL) 115 + 41 103+ 25 132 54 <0.0001
ALT (U/L) 615+ 433 69.7 t+ 46 4941357 <0.0001
AST/ALT ratio 081t04 07103 1.0+06 <0.0001
Platelet (X 10°/L) 240+ 62 259 1+ 60 21253 <0.0001
Albumin (g/dL) 43+04 44403 41103 <0.0001
Alkaline phosphatase (U/L) 196 + 88 186 + 68 211 =111 0.03
Framingham Risk Score 84+e62 69+ 6.4 105% 5.2 <0.0001
Calculated CHD risk (%) 16.2 t 146 1411138 19.3+15.2 0.003
NAFLD Fibrosis Score 47%14 26108 -04%0.9 © <0.0001

Note: * P <0.05 means significant difference between patients in a low probability of

advanced liver fibrosis groups versus those in an intermediate or high probability of

advanced liver fibrosis group.
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Table 5 Clinical parameters, laboratory features and clinical outcomes at the end of

follow-up by NAFLD Fibrosis Score at baseline.

Variable at the end of follow- Patients with a low probability Patients with an intermediate P value*
up; Mean + SD or Number (%) of advanced liver fibrosis or high probability of

(score <-1.5) (N = 181) advanced liver fibrosis

(score >-1.5) (N =121)

A. Clinical findings
BMI (kg/m°) 329466 349+76 0.02
Obesity (BMI >30 kg/m’) 119 (65.8) 91 (75.2) 0.08
NAFLD Fibrosis Score 147113 04X 1.4 <0.0001
NAFLD Fibrosis Score of 85 (47) 114 (94) <0.0001
intermediate or high probability
of advanced liver fibrosis (%)
History of diabetes 54 (29.8) 83 (68.6) <0.0001
Use of metformin 32 (17.7) 48 (39.7) <0.0001
Use of glitazones 10 (5.5) 19 (15.7) 0.003
Use of aspirin 84 (46) 83 (69) 0.0001
History of hypothyroidism 19 (10.5) 31(25.6) 0.0005
History of cholecystectomy 27 (15) 33 (27.3) 0.008
History of obstructive sleep 33 (18.2) 34 (28.1) 0.04
apnea
B. Laboratory findings
AST (U/L) 3891306 332%17.8 0.04
ALT (U/L) 5391497 38.9t+ 21 0.0004
AST/ALT ratio 08105 1008 0.03
Hematocrit (%) 404+ 4.4 38.6 5.3 0.003
Platelet (X 10°/L) 259+ 67 217174 <0.0001
Albumin (g/dL) 41+04 39106 <0.0001
Cholesterol (mg/dL) 193 40 178 £ 43 0.005
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Table 5 Clinical parameters, laboratory features and clinical outcomes at the end of

follow-up by NAFLD Fibrosis Score at baseline.

Variable at the end of follow-up; Patients with a low Patients with an P value*®
Mean + SD or Number (%) probability of advanced liver intermediate or high

fibrosis probability of advanced

(score <-1.5) (N =181) liver fibrosis
(score >-1.5) (N =121)

LDL-cholesterol (mg/dL) 109 = 34 92130 <0.0001
Glucose (mg/dL) 119+ 42 131+ 42 0.02
C. Clinical outcomes at the end
of follow-up 27 (15) 8 (7)
- Lost to follow up 131(72) 81 (67)
- Alive with continued follow-up 23 (13) 32 (26) 0.002
- Presence of primary endpoints
- All-cause death 12 (6.6) 27 (22.3) <0.0001
- New events of coronary heart 15 (8.3) 15(12.4) 0.24
disease
- Liver complications 1(0.6) 5(4.1) 0.03

Note: ** P <0.05 means significant difference between patients in a low probability of

advanced liver fibrosis groups versus those in an intermediate or high probability of

advanced liver fibrosis group.
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Causes of death; Number (%)

All causes mortality

(% of death)

All causes mortality

(% of 302 patients)

Non-liver cancer 13 (33.3) 4.3
Coronary heart disease 8 (20.5) 2.6
Liver-related mortality (including

hepatocellular carcinoma) 5(12.8) 1.7
Infection (including sepsis) 4 (10.3) 1.3
Stroke 3(7.7) 1.0
Cardiac arrhythmia 2 (5.1) 0.7
COPD and/ or respiratory failure 2(5.1) 0.7
Other causes of death (Gl bleeding,

renal failure) 2 (5.1) 0.7
Total 39 (100) 12.9
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Table 7 Comparison of NAFLD patients with versus those without death

Variables NAFLD patients without NAFLD patients with P value
Mean + SD, Number (%) death (N=263) death (N=39)

A. At baseline
Age (years) 452% 115 6111138 <0.0001*
Sex (% male) 120 (45.6) 12 (30.8) 0.08
History of diabetes 37 (14.1) 11(28.2) 0.02*
Systolic blood pressure (mmHg) 134 + 17 143 + 21 0.02*
Diastolic blood pressure (mmHg) 83+s 79+ 10 0.03*
Glucose (mg/dL) 112 £ 386 13271543 0.03
AST (UL) 4221255 35.51+20.0 0.06
ALT (UL) 64.2+ 44.6 43.6 1274 0.0002*
AST/ALT ratio 0.8 0.4 1.0f0.7 0.06
Albumin (g/dL) 43103 40%04 <0.0001*
Framingham Risk Score (FRS) 79+t62 114+t52 0.0003*
Calculated CHD risk (%) 1531+ 14.0 2224171 0.02*
NAFLD Fibrosis Score -19+13 08t17 0.0004*
NAFLD Fibrosis Score of intermediate 94 (35.7) 27 (69.2) <0.0001*

or high probability of advanced liver

fibrosis (%)

Presence of histological advanced 7/35 (20.0) 5/11 (45.5) 0.09

liver fibrosis**

B. During the follow-up periods

Use of metformin 77 (29.3) 3(7.7) 0.004*
Use of aspirin 151 (57.4) 16 (41.0) 0.05*
Use of simvastatin 107 (40.7) 3(7.9) <0.0001*
New events of coronary heart disease 16 (6.1) 14 (35.9) <0.0001*
Liver complications 1(0.4) 5(12.8) <0.0001*

C. At the end of follow-up
BMI (kg/m2) 33.9%6.9 31.81%82 0.1
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Variables NAFLD patients without NAFLD patients with P value
Mean + SD, Number (%) death (N=263) death (N=39)

Hematocrit (%) 40.4 + 4.1 345163 <0.0001*
Glucose (mg/dL) 122 386 139 £ 62.3 0.12
AST/ALT ratio 09%05 1.3%£1.0 0.01*
Albumin (g/dL) 41+03 33+07 <0.0001*
Creatinine (mg/dL) 1.0x05 1.7+13 0.004*
NAFLD Fibrosis Score 09t14 07+23 <0.0001*
NAFLD Fibrosis Score change per 0.07 (0.02, 0.12) 0.14 (0.01, 0.31) 0.03*
year (Median; IQR)
NAFLD Fibrosis Score of intermediate 168 (63.9) 31(79.5) 0.05*

to high probability of advanced liver
fibrosis (%)

Note:* P <0.05, all variables with P <0.1 by univariate analysis were included in

multivariate analysis model. ***P <0.05 for NAFLD patients with available results of liver

biopsy (n = 46). In order to avoid overestimation of the model, we excluded those

variables used as a part of NAFLD Fibrosis Score calculation (age, history of diabetes,

AST/ALT ratio, platelet counts, albumin, BMI and Framingham risk score).
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Table 8 Multivariate Logistic Regression Model showing OR (95% Cl) of predictors for

death in 302 patients with NAFLD.

Multivariate analysis; P value OR 95% Cl
Model 1*
- Presence of new onset of CHD <0.0001 9.0 2.9-28.4
- NAFLD Fibrosis Score at baseline <0.0001 1.9 1.4-2.6
- Use of metformin 0.02 0.2 0.04-0.8
- Use of simvastatin 0.001 0.05 0.01-0.3
Model 2**
- NAFLD Fibrosis Score changes per year 0.04 14.9 1.1-206.4
- Presence of new onset of CHD 0.001 8.0 2.4-26.1
- NAFLD Fibrosis Score at baseline <0.0001 2.1 1.5-2.9
- Use of metformin 0.02 0.2 0.04-0.7
- Use of simvastatin 0.001 0.06 0.01-0.3
Model 3***
- Presence of new onset of CHD <0.0001 9.2 2.6-32.2
- NAFLD Fibrosis Score at baseline <0.0001 2.6 1.7-3.9
- Use of metformin 0.03 0.2 0.04-0.8
- Use of simvastatin 0.001 0.03 0.003-0.2
- Interaction between NAFLD Fibrosis 0.004 0.06 0.008-0.4
Score at baseline and NAFLD Fibrosis Score
change per year
- NAFLD Fibrosis Score changes per year 0.6 2.2 0.07-67.8

Note: Model 1* without interaction among 9 included variables; gender, systolic blood

pressure, diastolic blood pressure, NAFLD Fibrosis Score at baseline, use of metformin,

use of simvastatin, use of aspirin, presence of new onset of CHD and new onset of liver

complications.
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Model 2** without interaction among 10 included variables; gender, systolic blood
pressure, diastolic blood pressure, NAFLD Fibrosis Score at baseline, NAFLD Fibrosis
Score changes per year, use of metformin, use of simvastatin, use of aspirin, presence
of new onset of CHD and new onset of liver complications.

Model 3*** added variables of interaction between NAFLD Fibrosis Score at baseline
and NAFLD Fibrosis Score changes per year, interaction among use of aspirin,

metformin, aspirin and simvastatin into model 2.

Figure 3 Using the ROC curve with the cut-off level of NAFLD Fibrosis Score at baseline

>-1.5 to identify the Thai NAFLD patients with advance liver fibrosis (F3-4)
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Figure 4 Comparison of the NAFLD Fibrosis Score at baseline of patients with (n = 39)

versus those without death (n = 263)
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Figure 5 Comparison of the NAFLD Fibrosis Score at baseline of patients with (n = 55)

versus those without primary endpoint (n = 247)
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Figure 6 Presence of death estimated by the NAFLD Fibrosis Score at baseline
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Note: Using the ROC curve, the NAFLD Fibrosis Score at baseline of -0.9 was the best

cut off value for predicting death based on a sensitivity of 62%, specificity of 76%,

positive predictive value (PPV) of 28%, and negative predictive value (NPV) of 93% and

AUC of 0.7
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Table 9 Association of the NAFLD Fibrosis Score at baseline and at the end of follow up

categorized by the probability of advanced liver fibrosis in 302 patients with NAFLD

Grading of the NAFLD Low prob. of intermediate prob. of High prob. of Total
Fibrosis Score advanced liver | advanced liver fibrosis | advanced liver
fibrosis (at the end) (at the end) fibrosis (at the end)

Low prob. of advanced 96 (52.5%) 76(42%) 10 (5.5%) 181
liver fibrosis (at baseline)
Intermediate prob. of 7 (6.5%) 73(67.6%) 28 (25.9%) 108
advanced liver fibrosis (at
baseline)
High prob. of advanced 0 (0%) 3(23%) 10 (77%) 13
liver fibrosis (at baseline)
Total 102 152 48 302

Table 10 Comparison of the NAFLD Fibrosis Score change per year in 3 subgroups of
patients categorized by the progression of the NAFLD Fibrosis Score at the end of

follow-up and at baseline.

The progression of the NAFLD Number of patients NAFLD Fibrosis Score

Fibrosis Score at the end of change per year (Mean+SD)

follow up and at baseline*

Stable fibrosis 178 (60%) 0.05 +0.08
Regression of fibrosis 10 (3%) -0.2 £0.25
Progression of fibrosis 114 (37%) 0.2 +£0.02

Note: *P <0.0001 among the group by ANOVA,

According to the three subgroup of low, intermediate and high probability of fibrosis,

patients with stable fibrosis defines as the stable of the subgroup of fibrosis using the

NAFLD Fibrosis Score during the follow up period.

- Patients with regression of fibrosis define as the presence of reduction of the NAFLD

Fibrosis Score with changing the subgroup of probability of fibrosis during the follow up

period.
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- Patients with progression of fibrosis define as the presence of increasing of the NAFLD
Fibrosis Score with changing the subgroup of probability of fibrosis during the follow up

period.

Table 11 Primary outcomes among the NAFLD patients categorized by the progression

of the NAFLD Fibrosis Score at the end of follow up and at baseline.

The progression of the NAFLD Number of Presence of new Presence of new
fibrosis score at the end of follow patients onset of CHD* onset of primary
up and at baseline* endpoints**
Stable fibrosis (60%of total) 178 16 (9%) 17 (9.6%)
Regression of fibrosis (3% of total) 10 1(10%) 5 (50%)
Progression of fibrosis (37% of total) 114 13 (11.4%) 18 (15.8%)
total 302 30 40

Note: * P=0.80, **P = 0.001 among the group by chi-square,

According to the three subgroup of low, intermediate and high probability of fibrosis,
patients with stable fibrosis defines as the stable of the subgroup of fibrosis using the
NAFLD fibrosis score during the follow up period.

- Patients with regression of fibrosis define as the presence of reduction of the NAFLD
fibrosis score with changing the subgroup of probability of fibrosis during the follow up
period.

- Patients with progression of fibrosis define as the presence of increasing of the NAFLD
fibrosis score with changing the subgroup of probability of fibrosis during the follow up

period




Table 12 Comparison of NAFLD patients with and without new CHD events.
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Variables NAFLD patients NAFLD patients P value
Mean + SD, Number (%) without CHD events with new CHD
(N =272) events (N = 30)
Age (years) 462124 57.1£13.8 0.0002*
Sex (% male) 116(42.7) 16(53.3) 0.26
History of current smoking 33(12.1) 6(20) 0.22
History of hypertension 109(40.1) 15(50) 0.29
BMI at baseline (kg/m”) 33.7+63 328+ 54 0.39
Systolic blood pressure (mm Hg) 1346 + 16.7 144.5 + 232 0.03*
Diastolic blood pressure (mm Hg) 82.9+83 799+ 119 0.18
Cholesterol (mg/dL) 21291473 228.8 1485 0.10
ALT (UL) 63.51 44.6 44.2 £ 231 0.0003*
Framingham risk score at 81+6.2 11.1+t53 0.006*
baseline
Calculated CHD risk (%) at 151+ 13.9 255+ 18.0 0.005*
baseline
NAFLD Fibrosis Score at baseline 18*t14 12+16 0.07
NAFLD Fibrosis Score at the end -08t16 0051+ 1.8 0.04

of follow up

Table 13 Association between use of metformin or simvastatin and death in patients with

NAFLD
Variables Survived NAFLD NAFLD patients P value
Mean = SD, Number (%) patients (N=263) with death (N=39)
- Use of metformin 77 (29.3) 3(7.7) 0.004*
- Use of simvastatin 107 (40.7) 3(7.7) <0.0001*
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Table 14 Data of three studies of the all cause mortality of patients with NAFLD

Study Year, Authors, No. of NAFLD Proportion of NASH| All causes mortality
Type patients, Age NAFLD (%)
(mean + SD) years
2006, Ekstedt M, N =129, 55% 20% (26/129)
Cohort study etal. Age 51 +12.9 - DM = 53% Most common cause
Liver biopsy |- FU. for an average of death was
(from of CVD (42%),
Sweden) 13.7 = 1.3 years extrahepatic
malignancy
(15%), liver-related
causes (8%).
2009, data from | Rafig N, et al, {N =173 42% 45% (78/173)
National Death |[Liver biopsy | Age at biopsy = - DM = 29% Most common cause
Index Plus. (from US) 502+ 145 of death was
- NASH group CAD (28%),
had a median malignancy (18%) and
follow-up of 10.5 yr. liver- related death
(15%).
2011 N =302, Intermediate or 13% (39/302)
Present study [Treeprasertsuki Age 47.3.11t12.9 high Most common cause
S, - Mean follow-up of | prob. of advanced |of death was non
etal. 11.9+309 years fibrosis (score >- | liver malignancy
Ultrasound 1.5) (33%), CHD (21%),
(from US) =40 %, - DM = and liver-related death
16% (13%)

4.7 DISCUSSION

In the phase 1 study, we demonstrate that the NAFLD Fibrosis Score with the
cut-off value of less than 1.5 had high NPV of 91% and low PPV of 21%, for excluding
advanced liver fibrosis in Thai NAFLD patients which is similar to the previous report
from China(106). The low prevalence of advanced liver fibrosis in Asian NAFLD patients

which was 11% in China and 13% in current study were much lower than those found in
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the original study (27%) by Angulo P, et al. and another study in Argentina (27%) (14,
107) With the limited sensitivity and specificity of the accuracy of this scoring system in
Thai NAFD patients, we can use the NAFLD Fibrosis Score for excluding the patients
with severe disease because of the high NPV of 91%. In this current study, we can avoid
liver biopsy in 67% of patients if we used the cut-off level of less than -1.5. Our phase 1
study has some limitations. First, we had small number of NAFLD patients with
advanced liver fibrosis however this study design was a prospective cohort which is
clearly better than the results from retrospective study. Second, we had limited
information of long-term follow up whereas the natural history of liver complications or
the presence of new onset of CHD took longer duration for detection. Last, we included
the patients from hospital based which may be more severe than the community based
patients. Thus, our results may not be applicable in the community based NAFLD
patients.

In the phase 2 study, we demonstrate that a higher NAFLD Fibrosis Score at
baseline and the presence of new onset of CHD were significantly predictive of death
(OR = 2.6 and 9.2, respectively). Currently, there is limited information about
noninvasive methods used to predict the poor clinical outcomes in NAFLD patients
during follow-up. Recently, Vuppalanchi, et al. (108) suggested that studies of
noninvasive markers to identify steatohepatitis patients from NAFLD require validation
before being widely used. Even though liver biopsy is the recommended current
practice for identifying liver fibrosis in NAFLD patients with risk factors including older
age, diabetes, severe obesity and metabolic syndrome, but serial liver biopsies are
invasive and are not applicable in clinical practice. Most of these risk factors are the
components of NAFLD Fibrosis Score (14) and thus, the benefit of our current study is to
extend the clinical use of the NAFLD Fibrosis Score system for predicting death in
patients with NAFLD.

Our study found that the annual NAFLD Fibrosis Score change in patients who
died were two times higher than those in survived patients. Thus, the NAFLD Fibrosis

Score should be calculated in newly diagnosed patients. More recent data by Rafig, et
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al.(26) showed that at least 3 risk factors including type 2 diabetes, older age and low
albumin level were predictors for mortality and liver related mortality which was similar to
our result.

The annual rate of NAFLD Fibrosis Score change in the group of progression
fibrosis was about 4 times higher than the progression rate in the group of stable
diseases (0.2 +0.02 vs. 0.05 +0.08, respectively) whereas the median (IQR) rate of
NAFLD Fibrosis Score change was 0.1 per year. Thus, the median value of the rate of
NAFLD Fibrosis Score change may be used as a surrogate marker for progression of
liver fibrosis and it needs further study to confirm.

The long-term outcome of patients with NAFLD is not uniform across the
spectrum of disease (5, 20, 26). Poor outcomes are more frequent in patients with
nonalcoholic steatohepatitis (NASH). This finding was confirmed by our results showing
that patients with an intermediate or high probability of advanced liver fibrosis had
primary endpoints, all-cause death, and liver complications more often than those with a
low probability of advanced liver fibrosis. Differences in study patient populations and
their components of metabolic syndromes may explain the different results among
studies. For instance, the prevalence of diabetes or impaired glucose tolerance, a well-
known risk factor for increased mortality was three times higher in the Swedish study
than in our study (53% versus 16%) (5). In addition, previous studies showed a higher
mortality rate than our study (13%) which varied from 30% to 45% and may be explained
by the different patient selection. One of the most important reasons is that previous
studies did not exclude patients with known CHD or known liver complications at
baseline as shown in table14 (5, 20, 26).

Obese patients or high BMI (>30(kg/m°) are found in both groups of low and
high probability of liver fibrosis by using the NAFLD Fibrosis Score which was not
changed significantly from baseline and at the end of follow up. This finding may be
explained by the fact that there was no standard pharmacological therapy for NAFLD
during the study period. Currently, the obesity is a common complex problem

worldwide(109) and new information of the linkage between the obesity and NAFLD are
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published continuously. (110, 111) The role of visceral adipose tissue is important and
plays roles in secreting of free fatty acids and adipokines which effects on the
pathophysiology of NAFLD.(110, 111)

Our study showed that use of metformin or simvastatin are the protective factor
for death which can not be explained easily due to the limitation of historical cohort
design study however, it may relate to the effect of improving insulin resistance.
Moreover, the definition of use of metformin or simvastatin in our study was the presence
of prescription for at least 3 months at any time during the follow-up which may had
some improvement effects on the insulin resistance. Recent data showed that diabetes
mellitus was one of the important predictors for developing moderate to severe liver
fibrosis (OR = 1.6) (112) and Loomba, et al (86) found that treatment with metformin
improved liver histology and ALT levels in one-third of patients with NASH. The limitation
of this study is the presence of the confounding factors of significant weight loss (6 kg)
in these patients (86). The other two studies suggested that metformin improved only the
insulin sensitivity but it did not improve liver histology in NASH patients (85, 113). With
limited data about the efficacy of metformin in patients with NAFLD, we could not draw
firm conclusions about its therapeutic benefit and further studies are required.

Our study also demonstrated that use of simvastatin was also a preventive factor
for death in patients with NAFLD. It may relate to the effect of the prevention of the new
onset of CHD. CHD was the second leading cause of death and accounted for 20% of
death in our study. Recent data showed that the statin is safe and well tolerated in
patients with NAFLD (91, 92, 114). No study has assessed the efficacy of statins to
reduce CHD mortality in NAFLD patients although the benefits are well recognized for
both primary and secondary prevention for CHD and reduction of the overall mortality in
the general population (95, 96). A meta-analysis study found that for every 10%
reduction in serum cholesterol, the risk of CHD was reduced by 15% (95) and another
study showed that an average reduction in total cholesterol by 22% can reduce the
overall mortality of 22% (96). Thus, statins should be considered in NAFLD patients with

dyslipidemia and/ or high calculated risk of coronary heart disease by the Framingham
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Risk Score. There are data to confirm its safety and efficacy in NAFLD patients for
reduction of the hepatic steatosis.(115, 116)

The main strengths of our phase 2 study are the inclusion of NAFLD patients
from the community along with the long-term follow up. All patients had complete data
for calculation of the NAFLD Fibrosis Score at the time of NAFLD diagnosis and at the
end of follow-up. The exclusion of known CHD or liver cirrhosis with complications at
baseline is important to reduce the overestimation of the incidence of primary endpoints
or mortality rate during the follow-up period.

Our phase 2 study has some limitations. First, only 6.6% of the patients with a
low probability of advanced liver fibrosis died which was less than expected (10%) in
sample size calculation and may affect the power of the study. Second, only 63% of our
patients with NAFLD were included and excluded patients were significantly older, were
more often male, and had diabetes more often than those included in the study. This
may be explained by the exclusion criteria of known CHD (N = 63) or known liver
cirrhosis with complications at baseline (N = 11). Therefore, extrapolation of these
results to all patients with NAFLD has to be done with some caution. Finally, most of our
patients in Olmsted County are white, and recent data showed that non-Caucasian race
was an important predictor of decreased survival (26). Thus, our results may not be
entirely applicable in other ethnic groups.

Our current study is important because it is not only to validate the accuracy of
the NAFLD Fibrosis Score in Thai patients with a high NPV (91%) but also to extend the
clinical use of the NAFLD Fibrosis Score system for predicting death or liver
complications in NAFLD patients. A higher NAFLD Fibrosis Score and higher creatinine
at the end of follow-up can be used as prognostic predictors for mortality and liver
complications among NAFLD patients. Currently, there is limited information about
noninvasive methods used to predict the poor clinical outcomes in NAFLD patients
during follow-up. Moreover, the prognosis of patients with NAFLD varies across the

spectrum of disease. Further research is needed to validate the benefit of the NAFLD
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Fibrosis Score for predicting death or liver complications in NAFLD patients; however
some conclusions from our study should be used in clinical practice.

1. The NAFLD Fibrosis Score seem to be simpler and less invasive than liver
biopsy for initial evaluation of degree of liver fibrosis in Thai patients with NAFLD. It
should be calculated for all patients with NAFLD at initial consultation to estimate the
probability of advanced liver fibrosis. According to our results, we can avoid liver biopsy
in 67% of patients if we used the cut-off level of less than -1.5.

2. Our phase 2 study showed that 40% of patients with NAFLD were in an
intermediate or high probability of advanced liver fibrosis at baseline and 94% of them
were still in advanced liver fibrosis group at the end of follow up. Only 6% of these
patients improved the degree of liver fibrosis. Thus, further studies of clinical trials are
needed to identify the treatment options to improve the degree of liver fibrosis and
should focus on patients with an intermediate or high probability of advanced liver
fibrosis. Using the NAFLD Fibrosis Score as a marker of the severity of liver fibrosis for
follows up after treatment will be another important area to study.

3. Our phase 2 study showed that 60% of patients with NAFLD were in a low
probability of advanced liver fibrosis at baseline and 47% of them turned to be patients
in an intermediate or high probability of advanced liver fibrosis group at the end of follow
up. Further studies are needed to identify the appropriate treatment to slow down the
progression rate of liver fibrosis.

4. We found that use of simvastatin or metformin appeared protection in patients
with  NAFLD. Thus, further prospective cohort study with long-term follow up is
necessary to evaluate the efficacy of simvastatin or metformin for reduction of the overall
mortality and liver complications in patients with NAFLD.

5. NAFLD have a higher 10-year CHD risk than predicted in the general
population.

6. One of the limitations of our study is that we are unable to extract an accurate
dates of primary events especially date of CHD event or liver complications event which

were not recorded clearly.
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The larger cohort, prospective and multicenter study with liver biopsy—proven
NAFLD is necessary to validate the diagnostic accuracy of the NAFLD Fibrosis Scoring
for separating patients with and without poor outcomes. The future study may focus on
subgroups of population with high risk for example NAFLD patients with diabetes or
metabolic syndrome. The subsequent validated studies may show lower accuracy of
this scoring system for predicting of mortality but it is useful for clinical application.
Therefore, extrapolation of our current results to all patients with NAFLD has to be done

with some caution.

SUMMARY

Our study aims to validate the NAFLD Fibrosis Score in Thai NAFLD patients and
to assess whether the severity of liver fibrosis estimated by the NAFLD Fibrosis Score
can predict time to death or liver complications among NAFLD patients. We divided our
study into 2 phases; the first phase is a cross sectional study to collect 115 Thai NAFLD
patients prospectively during 2007-2010 in King Chulalongkorn Memorial Hospital
(KCMH) to validate the NAFLD Fibrosis Score. The second phase is a historical cohort
design by using the existing data of NAFLD patients diagnosed during 1980 and 2000
drawn from the Rochester Epidemiology Project to analyze. Of 479 patients with NAFLD,
302 patients were included. We used the NAFLD Fibrosis Score for separating NAFLD
patients with and without advanced liver fibrosis.

According to the first phase study, 115 Thai NAFLD patients with mean age of
50.5 & 12.4 years were included. Seventy seven of the Thai NAFLD patients (67%) were
in a group of low risk of advance fibrosis by using NAFLD Fibrosis Score. Advanced
fibrosis was shown in 15 (13%) patients. Using the ROC curve, the NAFLD Fibrosis
Score at baseline of >-1.5 was used for predicting significant liver fibrosis with a

sensitivity of 53%, specificity of 70%, PPV of 21% and NPV of 91%. For the second
phase study, a total of 302 NAFLD patients (mean age 47.3 £12.9 years) were followed-

up for an average of 11.9 & 3.9 years. A low probability of advanced fibrosis (score <-

1.5 at baseline) was found in 60 % while intermediate or high probability of advanced
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fibrosis (score >-1.5) was found in 40%. At the end of follow up, 55 patients (18%)
developed primary endpoints including 39 patients (13%) who died during follow-up. In
a multivariate analysis a higher NAFLD Fibrosis Score at baseline and presence of new
onset of CHD were significantly predictive of death (OR = 2.6 and 9.2, respectively; p
<0.0001). The NAFLD Fibrosis Score seem to be simpler and less invasive than liver
biopsy for initial evaluation of degree of liver fibrosis in Thai patients with NAFLD.
Additionally, the NAFLD Fibrosis Score should be calculated for all patients with NAFLD
to predict the poor outcomes and liver complications. Further studies of clinical trials are
needed to identify the treatment options to improve the degree of liver fibrosis. Using the
NAFLD Fibrosis Score as a marker of the severity of liver fibrosis for follows up after

treatment will be another important area to study.

STUDY HIGHLIGHTS
1.  What is known knowledge?

The NAFLD Fibrosis Score was constructed and validated to separate NAFLD
patients with and without advanced fibrosis in Caucasian patients. The mortality rate of
NAFLD patients in the community was higher than that in the general United States
population
2. What is current knowledge from our study?

- The NAFLD Fibrosis Score (<-1.5) can be applied in Thai NAFLD patients with
a high negative predictive value of 91% for excluding patients with advanced liver
disease

- The NAFLD Fibrosis Score change per year in patients who died or
developed liver complications was significantly higher than those in survived NAFLD
patients.

- A higher NAFLD Fibrosis Score at baseline and presence of new onset of

CHD were significantly predictive of death (OR = 2.6 and 9.2, respectively).
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