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Abstract

Background—Data on the quality of life (QOL) of children with Nonalcoholic fatty liver
disease (NAFLD) are needed to estimate the true burden of illness in children with NAFLD.

Aim—To characterize QOL and symptoms of children with NAFLD, and to compare QOL in
children with NAFLD to a sample of healthy children.
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Methods—QOL and symptoms were assessed in children with biopsy-proven NAFLD enrolled
in the NASH Clinical Research Network. PedsQL scores were compared to scores from healthy
children. For children with NAFLD, between groups comparisons were made to test associations
of demography, histologic severity, symptoms and QOL.

Results—239 children (mean age 12.6 years) were studied. Children with NAFLD had worse
total (72.8 vs. 83.8, p<.01), physical (77.2 vs. 87.5, p<.01) and psychosocial health (70.4 vs. 81.9,
p<.01) scores compared to healthy children. QOL scores did not significantly differ by histological
severity of NAFLD. Fatigue, trouble sleeping, and sadness accounted for almost half of the
variance in QOL scores. Impaired QOL was present in 39% of children with NAFLD.

Conclusions—cChildren with NAFLD have a decrement in QOL. Symptoms were a major
determinant of this impairment. Interventions are needed to restore and optimize QOL in children
with NAFLD.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD), characterized by the accumulation of large
droplets of triglyceride within hepatocytes in the absence of chronic alcohol consumption is
the most common cause of pediatric liver disease.1 The high prevalence of NAFLD and its
risk for future morbidity have resulted in the recognition of NAFLD as an important disease
entity in children.276 While the hepatic, cardiovascular, and endocrine effects of NAFLD
are evident,7 NAFLD may also be associated with effects on quality of life (QOL).8

QOL, a subjective measure of a disease’s overall impact from an individual’s perspective, is
an important component to the complete understanding of disease burden. Traditional
indicators of disease burden such as mortality and objective measures of morbidity may
underestimate the impact of disease on an individual. Symptoms have the potential for direct
effects on QOL. However, the range of symptoms in children with NAFLD is not well
characterized. In some cases, NAFLD may be associated with symptoms such as abdominal
pain or fatigue. Recent data demonstrate that fatigue is highly prevalent in adults with
NAFLD,9 and fatigue is independently associated with lower QOL in adults with other
types of chronic liver disease.10 In addition to the potential for symptoms to directly effect
QOL, indirect effects such as the emotional influence of worrying about one’s disease may
also decrease QOL. Emotional effects of chronic illnesses are often greater than physical
effects on the QOL of children11:12 and are only quantifiable using a validated QOL
instrument. Thus, QOL measurement provides information on disease-related burden of
illness that may otherwise be missed if relying solely on standard clinical measures.

The study aim was to describe the QOL of children with NAFLD using baseline data from a
large, multi-center sample of NAFLD. In order to place the findings in a meaningful context,
we compared the QOL of children with NAFLD to a reference sample of healthy children. A
secondary aim was to characterize the range and severity of symptoms in children with
NAFLD.

Aliment Pharmacol Ther. Author manuscript; available in PMC 2011 February 1.
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METHODS

Subjects

Measures

The Nonalcoholic Steatohepatitis Clinical Research Network (NASH CRN) was established
in 2002 to assess the natural history, pathogenesis, and therapy of NAFLD in the United
States.13:14 Data for this study came from two NASH CRN studies: (1) an observational
cohort study, the NAFLD Database, and (2) a randomized, placebo-controlled pediatric
treatment trial entitled ‘Treatment of Nonalcoholic Fatty Liver Disease in Children’
(TONIC) (Clinical Trial #NCT00063635). These studies were conducted by 8 Clinical
Centers and a central Data Coordinating Center (see acknowledgments for roster). Study
protocols were approved by all participating center institutional review boards. Participant
selection criteria for inclusion in the NASH CRN have been previously reported.15
Inclusion criteria for the present analysis were age 5-17 years and biopsy-proven NAFLD.
Participants with < 5% steatosis or missing histology or QOL data were excluded.

Anthropometrics—Height and weight (without shoes or heavy clothing) were measured.
Body Mass Index (BMI) was calculated as weight (kg) / [height (m)]2. BMI z-scores and
percentiles were calculated using data provided on the CDC web site.16 Obesity was
defined as a BMI > the age- and gender-specific 95! percentile from the 2000 CDC BMI
Charts. Overweight was defined as BMI > the 85! but < the 95™ percentiles.

Histology—The NASH CRN Pathology Committee developed a feature-based histological
scoring system that encompasses the spectrum of lesions of NAFLD.17 Liver biopsy slides
were rigorously evaluated through a central reading by the Pathology Committee during
which biopsies were according to the published system.17 Steatosis was scored according to
the percentage of hepatocytes containing fat droplets. A diagnosis of NAFLD required the
presence of > 5% steatosis. Fibrosis was staged as follows: stage 1a (mild) and 1b
(moderate) zone 3 perisinusoidal fibrosis; stage 1c--portal fibrosis only; stage 2--zone 3
perisinusoidal plus periportal fibrosis; stage 3--bridging fibrosis; and stage 4--definite or
probable cirrhosis. Each biopsy was classified into one of the following diagnostic
categories: not steatohepatitis, borderline steatohepatitis (zone 3 or zone 1 pattern), and
definite steatohepatitis.

Quality of life—The PedsQL 4.0 (Pediatric Quality of Life Inventory™ Version 4.0) is a
general quality of life measure comprised of 23 items that make up 4 core scales: Physical
Functioning (8 items), Emotional Functioning (5 items), Social Functioning (5 items), and
School Functioning (5 items).18:19 The PedsQL was self-administered for parents and for
children ages 8 to 17 and interview administered for children ages 5 to 7, in their preferred
language (Spanish or English). The PedsQL uses a 5-point likert scale (O=never a problem;
4=almost always a problem). Items are reverse-scored and linearly transformed to a zero to
100 scale (0=100, 1=75, 2=50, 3=25, 4=0), so that higher scores indicate better health-
related QOL. A total QOL score (derived by the mean of all 23 items), a physical health
summary score (mean of items in the physical health subscale) and a psychosocial health
summary score (mean of items in the emotional, social, and school functioning subscales)
are calculated to provide a summary of the child or adolescent’s health-related QOL.
Children with NAFLD were also categorized as having impaired QOL and not impaired
QOL in order to examine factors associated with impaired QOL. Impaired QOL was defined
using established criteria20 as being >1 standard deviations below the mean total QOL score
of the healthy reference population (i.e., a score of < 71.2). QOL was quantified as not
impaired if the total QOL score was > the mean total QOL score of the healthy reference
population (i.e., > 83.8).

Aliment Pharmacol Ther. Author manuscript; available in PMC 2011 February 1.
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Symptoms, Frequency and Severity—~Participants self-reported the presence of the
following symptoms using the NIDDK Symptoms of Liver Disease questionnaire:
Neuropsychological: fatigue, irritability, sadness, trouble concentrating, and trouble
sleeping; Physical: diarrhea, nausea, swelling of abdomen, swelling of ankles; and Pain:
headache, liver pain, muscle aches/cramps. Participants reported whether they were bothered
by the symptom in the past month: not at all (none), a little bit (mild), medium (moderate),
quite a bit or extremely (severe).

Data analysis

RESULTS

Descriptive statistics (mean, median, standard deviation, frequencies, and percentages) were
used to characterize the sample population. A student’s t-test (continuous data) or chi-square
test (categorical data) was used to compare characteristics between boys and girls. A
student’s t-test was used to compare PedsQL scores between boys and girls and between the
NASH CRN sample and the established reference sample of healthy children.19 The healthy
reference sample included slightly more boys than girls and had a similar age range (5 to 18)
and ethnic distribution (Hispanic 62%) as the NASH CRN sample. Analysis of variance
(ANOVA) was used to compare PedsQL scores by degree of fibrosis. Multiple regression
analysis was conducted to identify factors independently associated with PedsQL score.
Factors included in the multiple regression models were: gender, age (<10 years, 10-13
years, and 14-17 years), race (non-Hispanic White, Non-Hispanic, non-White or non-
Hispanic, multi-ethnic, and Hispanic), BMI z-score, and presence of each symptom (yes/no).
Clinical site was also included in the multivariate analyses to account for potential
confounding. Dummy variables were created for categorical variables with more than two
levels. In all multiple regression models, multicollinearity among variables was assessed by
examining Tolerance and Variance-inflation factor values (multicollinearity defined as
Tolerance < .20 and/or Variance-inflation factor >4). Homoscedasticity was assessed by
simple regression plots, and outliers were assessed by examining standardized residuals
[outlier defined as standardized residuals greater than 3.3). A p-value of <.05 was
considered statistically significant. To examine determinants of impaired QOL, children
who met the definition of impaired QOL were compared to children who did not have
impaired QOL. Logistic regression was conducted to identify factors independently
associated with impaired QOL.

Participants Baseline Characteristics

Of the 331 children enrolled in the NASH CRN as of May 2007, 239 met inclusion and
exclusion criteria and were included in this analysis (Table 1). Participants were from the
following clinical centers: Case Western Reserve University (n=14), Indiana University
(n=31), Johns Hopkins (n=16), Saint Louis University (n=19), University of California, San
Diego (n=124), University of California, San Francisco (n=10), Virginia Commonwealth
University (n=7), University of Washington (n=18). Children from UC San Diego were
significantly more likely to be Hispanic than children from centers, but did not differ with
respect to the distribution of age or gender. The mean age of participants was 12.6 + 2.5
years. Consistent with the epidemiology of pediatric NAFLD, there were more boys than
girls.1:21 The mean BMI of participants was 32.8 + 5.6 Kg/m2. The distribution of disease
severity was: NAFLD but not NASH 23% (54/239), borderline NASH 38% (91/239), and
definite NASH 39% (94/239). There were no significant differences between boys and girls
for presence of NASH or stage of fibrosis (Table 1).
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Symptom Frequency and Severity

Figure 1 shows the frequency and severity of reported symptoms. The presence of multiple
symptoms was common, with 50% of participants reporting having 5 or more symptoms.
Irritability was the most common individual symptom (reported by 73% of children). Other
common symptoms were fatigue (68%), headache (60%), trouble concentrating (55%), and
muscle aches or cramps (53%). The other symptoms were reported as being present by less
than half of the children. In addition to being the most frequently reported symptom,
irritability was the most severe symptom, with 65 of 239 children (27%) reporting severe
irritability. Other symptoms frequently rated as severe were trouble concentrating (21%) and
fatigue (17%).

QOL of Children with NAFLD versus Healthy Children

The mean total QOL score for children with NAFLD was 72.7 + 15.5 (Table 2). There were
no significant differences in QOL between participants with NAFLD but not NASH,
borderline NASH, or definite NASH (p=0.49). Similarly, there were no significant
differences in QOL by degree of fibrosis (p=0.71).

As shown in Table 2, children with NAFLD reported significantly (p<0.01) lower QOL
(72.7) compared to healthy children (83.8). Physical health and psychosocial health were
also significantly (p<0.01) lower for children with NAFLD. The greatest discrepancy in
scores between children with NAFLD and healthy children was in psychosocial health. The
largest contributor to poor psychosocial health in children with NAFLD was school
functioning.

Comparison of QOL between Boys and Girls with NAFLD

Boys reported significantly (p=0.02) higher total QOL (74.0) than girls (69.0). The
difference in total QOL was primarily due to the large difference in physical health for boys
(79.1) compared to girls (71.9), p=0.005. Psychosocial health scores did not significantly
differ between boys and girls (Table 3).

Factors Associated with QOL in Participants with NAFLD

QOL scores of participants from UC San Diego were compared to participants from the
remaining 7 centers. Participants from UC San Diego were found to have a significantly
(p=0.04) higher mean QOL score (74.7) compared to participants from the other centers
(70.5). Therefore in addition to demography, histology, obesity, and symptoms; clinical site
was included in the multiple regression models. Symptoms were the only factors
independently associated with total QOL, as well as for the subscales of physical and
psychosocial health. Symptoms significantly associated with lower QOL included: fatigue
(p=0.030), sadness (p=0.002), and trouble sleeping p=0.010) (model R? = 0.45). Fatigue
(p=0.026), sadness (p=0.027), and trouble sleeping (p=0.017) were also significantly
associated with lower physical health (model R2 = 0.29). Lower psychosocial health was
associated with sadness (p=0.002), trouble sleeping (p=0.029), nausea (p=0.005), diarrhea
(p=0.025), muscle aches or cramps (p=0.016), and trouble concentrating (p=0.037) (model
R2 = 0.47). Based upon the presence or absence of each symptom, the 3 symptoms that had
the strongest association with QOL were fatigue, trouble sleeping, and sadness. Therefore
we examined the relationship between the severity of each of these symptoms and QOL. As
shown in Figure 2, there was a significant (p < 0.01) inverse relationship between symptom
severity and overall QOL.

Impaired QOL was noted in 39% of children. Children with impaired QOL had a mean QOL
score of 57.6 = 12.3. Sex and ethnicity were both associated with impaired QOL. Girls, 54%
(35/65) had a significantly (p <0.001) higher frequency of impaired QOL than boys, 33%
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(58/175). Children of Hispanic ethnicity, 32% (47/148) were significantly (p < 0.01) less
likely to have impaired QOL than children of non-Hispanic ethnicity (48%, 36/75). No
measure of obesity (weight [p=0.61], BMI percentile [p=0.19], or BMI Z score [p=0.19])
had a significant association with impaired QOL. Additionally there was no association
between impaired QOL and age, study site, diagnosis of NASH, or stage of fibrosis. As
shown in Table 4, children who had impaired QOL were significantly (p<.05) more likely to
report having more symptoms than children without impaired QOL. Impaired QOL, after
adjustment for sex, ethnicity, and each symptom, had a significant independent association
with 4 symptoms: fatigue (B= —1.52, p=0.04), trouble concentrating (= —1.83, p=.01),
sadness (B= —1.82, p=.04), and nausea (p= —1.67, p=.03).

DISCUSSION

In a large, multi-center study, children with biopsy-proven NAFLD reported lower QOL
scores than a reference sample of healthy children. Furthermore, nearly 40% of children
with NAFLD had impaired QOL. Among children with NAFLD, QOL did not differ by
histological severity of disease. There was a high rate of symptoms reported by children
with NAFLD. The symptoms of fatigue, trouble sleeping, and sadness accounted for almost
half of the variance in QOL scores in children with NAFLD.

The current data advance the understanding of QOL in children with NAFLD. The QOL
scores reported by children with NAFLD were comparable with the range of scores reported
by children with other chronic diseases such as asthma or diabetes19:22. Because the
majority of children with NAFLD are obese, careful consideration is warranted regarding
the relationship between obesity and QOL. There is a large body of literature showing lower
QOL in obese children compared to children who are not obese.19:20' 23727 In such
studies, the severity of obesity as measured by BMI or BMI z-score has a significant
negative correlation with QOL.20:24:28 Notably, in the current study of children with
NAFLD BMI z-score was not associated with QOL score nor the category of impaired QOL.
One important difference is that children studied from obesity clinics typically have much
higher BMIs (i.e. BMI of 35 to 50)20:23:29 than children with NAFLD. In order to fully
evaluate the effect of NAFLD on QOL separate from obesity a study of obese children
without NAFLD is required. Such a study could only be done utilizing magnetic resonance
to accurately classify obese children as having or not having NAFLD.

Beyond NAFLD, the study of QOL in pediatric liver disease is relatively nascent. The
majority of studies have focused on QOL after liver transplantation,30~34 and have
demonstrated impaired QOL compared to healthy reference groups. Three studies have
reported QOL data for children with chronic viral hepatitis. Initially, a small study of 19
children with chronic hepatitis C showed lower QOL compared to a normative sample.35
Conversely, the multi-center PEDS-C study found no difference between children with
chronic hepatitis C and a normative sample of children.36 While another study found a
decrease in QOL for children with chronic hepatitis C or hepatitis B only during treatment
with alpha interferon.37 These studies used a different QOL instrument than used in the
current study so no direct comparison can be made. In one study of adults, QOL was lower
in adults with NAFLD than in adults with hepatitis B.38 Lastly, the only previous data on
QOL in children with NAFLD was from a small pilot study of children with biopsy-proven
NASH and it showed significant impairment in QOL prior to treatment.8 A recent study
from the NASH CRN found that in adults with NAFLD, QOL was low compared to healthy
peers with the decrement particularly attributable to physical health.39 When taken in
aggregate, these limited studies, using different instruments, demonstrate marked
impairment of QOL in children following liver transplantation, moderate impairment in
children with NASH, and inconsistent findings for children with chronic viral hepatitis.

Aliment Pharmacol Ther. Author manuscript; available in PMC 2011 February 1.
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NAFLD is not as asymptomatic as previously thought; the number and severity of symptoms
reported by children with NAFLD was higher than anticipated. To what extent these
symptoms are a direct result of NAFLD is unclear. Symptoms, in particular the symptom of
fatigue, were associated with reduced QOL in children with NAFLD. Fatigue was
independently associated with both QOL score and impaired QOL. Fatigue is associated
with an imbalance of sleep, stress, and/or psychological coping skills and has a profound
negative effect on one’s well-being. For many chronic conditions, fatigue is regarded as one
of the most debilitating symptoms experienced.40™42 In adults with NAFLD, fatigue was
similar to that of adults with primary biliary cirrhosis.9 While fatigue has been described as
occurring in children and adolescents with NAFLD,43 the frequency and potential effects of
fatigue had not previously been assessed.

The frequency of fatigue in children with NAFLD, 68% in the NASH CRN, appears to be
greater than in healthy children. In a nationally representative sample, fatigue was reported
in 15% of boys and 25% of girls.44 Although the majority of children with NAFLD are
obese, obesity cannot be assumed to be the cause of fatigue in children with NAFLD.
Prospective studies in children and adolescents have shown that obesity is not independently
associated with either incident or persistent fatigue.45:46 Moreover, in the current sample,
the severity of obesity as measured by BMI z-score was not associated with the symptoms
experienced. Thus while the cause of fatigue remains to be determined, it is important to
appreciate that fatigue was very common in children with NAFLD and was associated with
decreased QOL.

Fatigue may be thought of as biopsychosocial complex of conditions with many components
beyond general fatigue. Viewed in this framework many symptoms reported by children
with NAFLD may not be unrelated but rather fit into a rubric as has been previously
proposed for fatigue.47749 Thus, the symptoms in addition to fatigue that were significantly
associated with QOL and impaired QOL can be classified as neuropsychological (trouble
sleeping, trouble concentrating, sadness) and physical (nausea) symptoms associated with
fatigue. In adults, structured exercise programs have decreased fatigue associated with
medical conditions as well as fatigue experienced by healthy individuals. Structured exercise
may also be beneficial for fatigue in children with NAFLD, and exercise is already
recommended in the treatment of NAFLD. Whether fatigue is a meaningful deterrent to
exercise in children with NAFLD is unknown; future studies should consider this possibility
as well as test exercise as a treatment for fatigue and QOL in children with NAFLD.

The multi-center design of the NASH CRN was a key strength of this study. Although the
ascertainment of participants from the 8 clinical sites was not equal the sample was of
sufficient size and diversity as to provide the best representation to date of the QOL of
children and adolescents with NAFLD. However, the timing of the development of NAFLD,
the development of symptoms, and the impairment of QOL cannot be determined from a
cross-sectional study. Despite the large sample size, the smaller number of girls was also an
important limitation. While this is to be expected given the epidemiology of pediatric
NAFLD, future studies should endeavor to include a larger number of girls in order to
characterize NAFLD in girls in more detail.

In summary, children with NAFLD have a decrement in QOL relative to healthy children.
Given the high prevalence of pediatric NAFLD, this finding portends a potentially large
number of children at risk for poor QOL. Symptoms, particularly fatigue, are common in
children with NAFLD, and are a major determinant of both QOL score and impaired QOL.
It remains unclear whether fatigue in children with NAFLD is related to liver disease itself
or some other aspect of the metabolic syndrome phenotype. The care of children with
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NAFLD should be broadened to include evaluation of both symptoms and QOL.
Interventions are needed to restore and optimize QOL in children with NAFLD.
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Figure 1.
Frequency and severity of symptoms in children with NAFLD
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Figure 2.

Total QOL score by severity of (A) sadness, (B) fatigue, and (C) trouble sleeping. ANOVA
demonstrated significant (p<0.001) overall differences for each symptom. Tukey’s post-hoc
test demonstrated that: * significantly (p<0.01) different from category none; ¢ significantly
(p=<0.01) different from category mild. Boxes=median scores; whiskers=interquartile range
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Table 1

Baseline Characteristics of Children Enrolled in the NASH CRN

Total Boys Girls p
N=239 N=174 N=65
Age, mean (SD), y 126+25 126+24 125+27 0.683
Age Category, n (%)
<10 years 24 (10.0) 14 (8.0) 10 (15.4)  0.089
10 -13 years 131 (54.8) 102 (58.6) 29 (44.6)
14 - 17 years 84 (35.1) 58 (33.3) 26 (40.0)
Race, n (%)
Hispanic 148 (61.9) 106 (60.9) 42 (64.6)
White, Non-Hispanic 75 (31.5) 59 (33.3) 16 (24.6)  0.229
Non-White, Non-Hispanicl 16 (6.7) 9(5.7) 7(10.8)
Weight, mean (SD), Kg 85.6+233 87.4+230 818+254 0.050
Height, mean (SD), m 1.60+.140 162+.142 156+.115 0.001
BMI
mean (SD), Kg/m2 328+56 328+52 33.0x6.9 0.945
Z-score, mean (SD) 232+035 235+0.35 224+0.37 0.055
Percentile, mean (SD) 985+17 986+18 982+18 0.160
BMI percentile category, n(%)
Overweight (85t — <95t 9%) 10 (4) 7(4) 3(5) 0.545
Obese (>=95" %) 228 (95) 166 (96) 62 (95)
Type 2 Diabetes, n(%)
Yes 9(4) 2(1) 7(11) 0.002
No 230 (96) 172 (99) 58 (89)
NAFLD pattern, n(%)
NAFLD but not NASH 54 (23) 36 (21) 18 (28) 0.425
Borderline NASH 91 (38) 66 (38) 25 (38)
Definite NASH 94 (39) 72 (41) 22 (34)
Fibrosis stage, n(%)
Stage 0 68 (29) 47 (27) 21(32) 0.534
Stage 1a, 1b, 1c 98 (41) 74 (43) 24 (37)
Stage 2 39 (16) 28 (16) 11 (17)
Stage 3-4 34 (14) 25 (14) 9(14)

Category includes 4 multi-racial subjects (non-Hispanic), and 1 subject missing race
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Table 3

QOL Scores Stratified by Sex
Boys Girls
N=174 N=65
Mean (SD) Mean (SD) P

Total Score 74.0 (16.1) 69.0 (12.9) 0.02
Physical health score 79.1(17.7) 71.9(16.4) 0.005
Psychosocial health score  71.4 (17.5) 67.5(14.2) 0.11
Emotional Functioning  69.9 (20.8)  64.6 (19.8)  0.08
Social Functioning 77.6(21.6) 75.3(185) 0.45
School Functioning 66.6 (19.8) 62.5(19.2) 0.15
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Baseline Characteristics of Children Enrolled in the NASH CRN with Impaired Versus not impaired QOL

Symptoms Present, n(%) Total Impaired  Not Impaired p
(n=239) (n=93) (n=50)
Neuropsychological
Fatigue 163 (68) 83 (89) 18 (36) <0.001
Irritability 174 (73) 79 (85) 24 (48) <0.001
Sadness 112 (47) 65 (70) 4(8) <0.001
Trouble concentrating 132 (55) 68 (73) 11 (22) <0.001
Trouble sleeping 118 (49) 64 (69) 9(18) <0.001
Physical
Diarrhea 85(35) 50 (54) 5 (10) <0.001
Nausea 117 (49) 65 (70) 12 (24) <0.001
Swelling abdomen 49 (20) 29 (31) 7(14) 0.027
Swelling ankles 36 (15) 23 (24) 6 (12) 0.083
Pain
Headache 143 (60) 66 (71) 16 (32) <0.001
Liver pain 99 (41) 55 (59) 9 (18) <0.001
Muscle aches/cramps 126 (53) 64 (69) 17 (34) <0.001
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