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Abstract
Aim: To evaluate weight history in chronic liver disease 

and assess for associations with advanced fibrosis. Weight 
and Lifestyle Inventory (WALI) was used to assess lifelong 
weight and eating habits. Results: 38 patients had a diagnosis 
of nonalcoholic fatty liver disease (NAFLD) and 37 had other 
chronic liver disease. The body mass index (BMI) did not 
predict the presence of advanced fibrosis. The time with BMI 
over 30 kg/m2 was 19.2 years ± 15.7 with advanced fibrosis 
and 8.6 years ± 10.4 in the non-advanced group (p = 0.002). 
Independent predictors of fibrosis were: 1) Non-NAFLD 
(OR 6.2); 2) obesity, with a BMI over 30 for more than 15 
years (OR 12.4); 3) at least moderate alcohol use (OR 12.2); 
4) advanced age (OR 3.3). Weight history did not impact 
NALFD differently from Non-NAFLD. Conclusions: BMI 
over 30 for more than 15 years increases the risk of advanced 
fibrosis in all chronic liver diseases, on par with the risk of 
alcohol ingestion.
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Introduction
Two of the most common etiologies of chronic liver 

disease seen in the United States are chronic hepatitis C 
(CHC) and non-alcoholic fatty liver disease (NAFLD) [1, 
2]. Factors known to contribute to, or are associated with 
advanced fibrosis, include age, concurrent alcohol use, 
thrombocytopenia, and the FIB 4 Index (uses AST, ALT 
and platelet count) [3-6]. In some studies an elevated body 
mass index (BMI) was found to be related to higher rates 
of advanced fibrosis in CHC and other liver diseases [7, 8]. 

Higher BMI also decreases response to antiviral therapy in 
patients with CHC [9]. 

The aim of this study was to evaluate weight history 
related factors and variables in patients with chronic liver 
disease and to assess for associations with advanced fibrosis. 
A secondary goal was to evaluate whether weight history 
affected NAFLD patients differently than patients with other 
liver diseases. 

In this study, we used a validated lifetime weight and 
lifestyle inventory instrument (WALI) to gather the weight 
related history [10, 11]. 

Patients and methods
Seventy-five patients with chronic liver disease were 

recruited to the study in a consecutive manner from the 
hepatology clinic beginning in September 2006 and 
continuing through December 2007. In the last several 
months of recruitment, only NAFLD patients were enrolled 
to equalize the number of NAFLD patients and those 
with other liver diseases as required by pre-study power 
calculations. To obtain alpha of 0.05 and power of 80% if a 
25% difference in advanced fibrosis rate was expected, 35 
patients were determined to be required in each arm. 

Patients with: 1) a history of bariatric surgery; 2) 
decompensated liver disease; 3) ascites or history of ascites, 
and a 4) history of diuretic use were excluded so as not to 
confound weight history. Other exclusion criteria were: 
absence of chronic liver disease or a poor grasp of the English 
language given the complexity and length of the study. 
Patients with encephalopathy, dementia and reduced mental 
capacity were excluded for similar reasons. Candidates 
were asked to participate and sign an informed consent 
with a 95% rate of acceptance. The WALI, a validated 
instrument developed at the University of Pennsylvania as 
a tool to assess lifelong weight and eating habits, was taken 
home and completed within 2 weeks then returned in a pre-
paid envelope. The average time to complete the WALI is 
estimated to be 60-90 minutes. A small incentive (a Penn 
State coffee mug) was offered which resulted in a reasonable 
rate of return of the completed WALI at 60%. A liver biopsy 
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had to be available within 3 years of completion of WALI or 
anytime previously if the biopsy documented cirrhosis. Four 
patients were excluded because no biopsy was available. 
Laboratory data was collected and recorded within 6 months 
of the time of the acquisition of the questionnaire.

The data from the WALI and the clinical information 
were entered in an Excel spread sheet. Comparisons were 
made between those with Metavir 0 or 1 fibrosis scores and 
those with more advanced stage fibrosis (Metavir 2, 3, and 
4) for chronic hepatitis and NAFLD stage as assessed by 
the Brunt system (see Table I for Stage assessment method 
employed) [12]. The Brunt classification was used to define 
a NAFLD case [12]. 

The characteristics of those with and without advanced 
fibrosis (regardless of clinical diagnosis) are shown in Table 
III. The BMI did not predict the presence of advanced 
fibrosis. However, the time spent in years with BMI over 
30 was 19.2 years ± 15.7 in the advanced fibrosis group and 
8.5 years ± 10.5 in the non-advanced group (p = 0.002). 
As expected, the platelet count was lower in the advanced 
fibrosis group. 

Table I. Staging system
Stage I Stage II, III and IV

Chronic hepatitis Metavir 0, 1 Metavir 2, 3, and 4

NAFLD Brunt stage 1 Brunt stage 2, 3, and 4

Table II. Clinical variables in the NAFLD and other liver 
disease groups

NAFLD 
N=38

Other Liver Dx 
N=37

P value

Age (yrs) 48.6 ± 12.7 49.9 ± 11.1 ns

Gender (% male) 42 57 ns

Race (% white) 92 89 ns

Hypertension (%) 50 35 ns

Diabetes (%) 42 19 .03

BMI 34.5 ± 7.1 28.7 ± 6.3 <0.001

Hyperlipidemia (%) 58 22 0.001

Advanced fibrosis (%) 29 54 0.03

If a co-morbid liver condition was present it was also 
counted as a NAFLD case. The rationale for this decision was 
to go against the null hypothesis which for example errors 
on the side of making it more difficult to show NAFLD is 
any different than other liver diseases. Another rationale for 
the decision was to better balance the total case numbers. 
If 20 grams per day or more of alcohol were consumed this 
excluded the NAFLD diagnosis. At least moderate alcohol 
use was determined to be two or more alcoholic drinks 
daily. The pathologists were blinded to the rest of the study’s 
information. 

Comparisons were made between those with NAFLD and 
those with other liver diseases. Chi-square was applied to 
bi-variate comparisons and the Student t-test for continuous 
variables. For ALT and AST variables the distribution was 
log-normal therefore a geometric mean and coefficiency of 
variance was applied. SAS was utilized for a multivariate 
analysis using logistic regression with stepwise subtraction 
approach. Interactions were sought but not found. The 
final model included variables that had a p value < 0.05 on 
univariate analysis. 

The study was approved by the Institutional Review 
Board at the Penn State Hershey Medical Center and a 
certificate of confidentiality was obtained.

Results 
Thirty-eight patients had a diagnosis of NAFLD and 

37 had other causes for their chronic liver disease. In the 
other liver disease group, 24 had CHC, five had primary 
biliary cirrhosis/primary sclerosing cholangitis, two each 
had autoimmune hepatitis, hepatitis B, granulomatous 
hepatitis, and cryptogenic hepatitis. In the NAFLD 
group, three had a significant co-morbid liver condition 
(CHC, hemochromatosis and primary biliary cirrhosis, 
respectively). The clinical variables between NAFLD and 
other liver disease groups were compared in Table II. As 
expected, the metabolic syndrome was significantly more 
common in the NAFLD group.

 

Table III. Clinical variables in those with and without 
advanced fibrosis

Stage 1 
(n=44)

Stage 2/3/4 
(N=31)

P value

Age (years) 47.1± 12.3 52.4 ±10.7 0.06

BMI 31.3 ± 7.4 32.2 ± 7.1 0.61

ALT (IU)** 52.8 (0.66) 58.7 (0.75) 0.52

AST (IU)** 43.4 (0.52) 54.7 (0.64) 0.09

TV hours / day 3.8 ± 2.4 4.1 ± 3.0 0.69

Sedentary score 
1-9, active 9

5.8 ± 2.2 5.1 ± 2.5 0.16

Eat out / week 4.4 ± 4.8 3.6 ± 5.6 0.52 

Platelet count 227 ± 80 180 ± 94 0.03

Time Obese 
(years)

8.6 ± 10.4 19.2 ± 15.7 0.002

**Geometric mean and coefficient of variation reported due to 
skewness of distribution

Table IV compares the clinical characteristics of those 
with and without advanced fibrosis. The NAFLD patients 
had less fibrosis in comparison to patients with other liver 
disease (p = 0.03). Having one extreme episode of weight 
loss of 23 kilograms or more approached or was at a 
statistical significance in predicting advanced fibrosis (p 
= 0.055). Having a BMI of over 30 for more than 15 years 
was predictive of advanced fibrosis (p = 0.002). Yo-Yo 
dieting (defined by at least 2 weight losses of 9 kilograms) 
approached, but did not reach clinical significance. Negative 
eating habits (as defined in Appendix 1) when rated moderate 
or more as a group were positively associated with more 
advanced fibrosis (p = 0.01). At least moderate alcohol use 
(defined by use of > 20 g per day) in a life time was associated 
with more advanced liver disease (p =0.01). 
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No statistical differences were noted in fibrosis degree 
between those that gained and lost over 36 kilograms in a 
lifetime and those who did not. Other assessed items not 
associated with advanced fibrosis were a mood disorder 
diagnosis, the presence of multiple different life stressors, 
ALT, AST levels (approached but did not reach significance), 
sedentary lifestyle, amount of hours per day of television 
watching, times per week eating out, binge eating, loss of 
control while eating, presence of an eating disorder, having 
a physical limitation, having a family history of obesity, or 
the significant other being obese. 

By multivariate analysis, the most important variables 
predicting fibrosis were: 1) a diagnosis other than NAFLD, 
2) obesity with BMI over 30 for 15 years or more 3) past 
history of at least moderate alcohol use; 4) advanced age 
(Table V). In the multivariate analysis, the studied variables 
did not impact NAFLD differently than from other liver 
diseases. 

the full spectrum of NAFLD and not limit the population 
to those with the more severe forms of NAFLD – i.e. non-
alcoholic steatohepatitis (NASH) [15, 16]. 

The BMI itself was not a determinant of fibrosis. 
However, the length of time spent obese (defined as BMI 
over 30) was a critical variable. A cut-off of 15 years was 
useful clinically and highly statistically significant. If a 
patient had periods of prolonged obesity (15 years or longer) 
then the likelihood of advanced fibrosis was 12.4 times 
higher. Such a cut-off may prove useful when developing an 
algorithm to determine which patients should have a biopsy 
to help in staging the disease. This concept would need to 
be tested in a prospective fashion.

It is well established that moderate alcohol use is a 
significant risk factor for advanced fibrosis in the setting of 
chronic liver disease [17]. Our study shows the surprising 
finding that prolonged obesity is an equivalent risk factor to 
at least moderate alcohol consumption. 

In this study weight and lifestyle variables did not affect 
the outcome of fibrosis development differently between the 
NAFLD and other liver disease subjects. Regardless of the 
etiology of the patient’s liver disease, the time spent obese 
was a critical determinant of fibrosis. Clinicians should be 
cognizant of the importance of prolonged obesity as a risk 
factor for advanced hepatic fibrosis and should actively 
address this issue. 

Without taking other variables into consideration, poor or 
negative eating habits (many relate to moderate overeating 
behaviors as seen in Appendix 1) and extreme weight shifts 
increased the risk for advanced fibrosis in those with chronic 
liver disease. Although these behaviors were not independent 
predictors of advanced fibrosis, they likely contribute to or 
reflect prolonged periods of obesity. Modern weight loss 
surgery corrects many of the metabolic abnormalities and 
perhaps explains why a similar degree of sudden weight 
loss does not exhibit this same risk for advanced hepatic 
fibrosis [18]. 

Aggressive nutritional education and counseling for 
those with chronic liver disease could potentially help 
to ameliorate progression of fibrosis by removing these 
behaviors and by preventing prolonged obesity. Further 
prospective evaluation is required to test the efficacy of 
dietary behavioral modification in fibrosis modulation in 
the setting of chronic liver disease.

One weakness of our study is recall bias: patients are 
asked to remember over many years an often complicated 
weight history. This should have had a minimal effect on 
the results with the effect distributed equally among all 
groups; furthermore patients with encephalopathy, dementia 
and reduced mental capacity were excluded. On a self 
assessment of weight history accuracy (10 point scale: 
1 lowest accuracy and 10 perfect recall), there was no 
difference between groups with an average of 7 out of 10 
rating for those with advanced fibrosis and those without. 
Other possible weaknesses include a biopsy time difference 
of up to 3 years. This delay would have worked against the 
null hypothesis and is therefore acceptable but could have 

Table IV. Comparison by degree of fibrosis
Values 
(% with)

Stage 1 
(n=44)

Stage 2/3/4
(n =31)

P values

NAFLD 61 35 0.03

Yo-Yo dieting 20 36 0.15

One extreme weight gain 
or loss

21 43 0.055

Negative eating 
behaviors

28 57 0.01

BMI > 30 for >15 years 23 58 0.002

Life time weight gained 
and loss > 36 kg

48 55 0.53

Table V. Model for advanced fibrosis
OR (odds ratio of 

fibrosis stage 2,3 or 4)
95% CI

Other liver disease 
(non-NAFLD)

6.2 1.4-27.7

Length of time obese 
greater then 15 years 
(BMI >30)

12.4 2.6-57.7

At least moderate alcohol 
use

12.2 1.7-87

Age (for every 15 years) 3.3 1-10.5

Discussion
Lifestyle choices and weight have been clearly associated 

with the development of NAFLD [13, 14]. How weight and 
lifestyle choices affect the degree of fibrosis in NAFLD and 
other liver diseases have not been thoroughly studied. In 
this study, using the validated instrument the Weight And 
Lifestyle Inventory (WALI), we were able to define the 
relationships between weight history and eating behaviors 
and the degree of hepatic fibrosis in the setting of chronic 
liver disease. 

NAFLD, in our study, was protective in terms of 
advanced fibrosis. This may reflect our decision to include 



302� Riley et al

made it more difficult to prove that some variables had a 
real effect. The study may be prone to type II errors where 
true associations are not detected secondary to a low overall 
number of subjects. 

Future work might include assessing for risk factors for 
the development of decompensated liver cirrhosis using the 
WALI and carefully controlling for weight changes related 
to ascites, paracentesis and diuretic usage. 

In conclusion, obesity with BMI over 30 for more than 
15 years dramatically increases the risk of having advanced 
fibrosis in all chronic liver diseases, on par with the well 
described risk of alcohol ingestion. 
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SECTION H: EATING HABITS

1. Please indicate the degree to which you believe each of the following 
behaviors causes you to gain weight. In answering these questions, please 
use the 5-point scale below. Pick the one number that best describes how 
much the behavior contributes to your increased weight:

1. does not contribute at all          4. contributes a large amount
2. contributes a small amount      5. contributes the greatest amount
3. contributes a moderate amount

a. Eating too much food m. Eating while cooking or preparing 
food

b. Overeating at breakfast n. Eating when anxious

c. Overeating at lunch o. Eating when tired

d. Overeating at dinner p. Eating when bored

e. Snacking between meals q. Eating when stressed

f. Snacking after dinner r. Eating when angry

g. Eating because I feel 
physically hungry

s. Eating when depressed/upset

h. Eating because I crave 
certain foods

t. Eating when socializing/celebrating

i. Continuing to eat because I 
don‘t feel full after a meal

u. Eating when happy

j. Eating because I can‘t stop 
once I‘ve begun

v. Eating when alone

k. Eating because of the good 
taste of foods

w. Eating with family/friends

l. Eating in response to the 
sight or smell of food

x. Eating at business functions
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