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Abstract

Obesity is extremely common in adult liver transplant recipients and healthy U.S. children. Little
is known about the prevalence or risk factors for post-transplant obesity in pediatric liver
transplant recipients. UNOS data on all U.S. liver transplants 1987-2010 in children 6 months—20
yr at transplant were analyzed. Subjects were categorized as underweight, normal weight,
overweight, or obese by CDC guidelines. Predictors of weight status at and after transplant were
identified using multivariate logistic regression. Of 3043 children 6-24 months at transplant, 14%
were overweight. Of 4658 subjects 2-20 yr at transplant, 16% were overweight and 13% obese.
Children overweight/obese at transplant were more likely to be overweight/obese at one, two, and
five yr after transplant in all age groups after adjusting for age, ethnicity, primary diagnosis, year
of transplant, and transplant type. Weight status at transplant was not associated with overweight/
obesity by 10 yr after transplant. The prevalence of post-transplant obesity remained high in long-
term follow-up, from 20% to 50% depending on age and weight status at transplant. Weight status
at transplant is the strongest predictor of post-transplant overweight/obesity. To optimize long-term
outcomes in pediatric liver transplant recipients, monitoring for obesity and its comorbidities is
important.
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In adult liver transplant recipients, concern is rising about an impending “epidemic” of
obesity and post-transplant metabolic syndrome — mirroring obesity in the general
population and exacerbated by the side effects of medications like corticosteroids and other
immunosuppressants (1).

Among healthy U.S. children and adolescents, the prevalence of overweight and obesity has
been climbing over the last several decades (2). Longitudinal studies suggest that childhood
obesity is a strong risk factor for adult obesity — and the morbidity stemming from obesity
complications (3).

A recent analysis of the UNOS data showed increased long-term mortality risk for pediatric
liver transplant recipients that were obese at transplant after adjustment for other variables
(4). But no previous studies have focused on which factors at transplant are associated with
risk of obesity before and after liver transplant in children.

Interestingly, previously reported longitudinal follow-up data suggest persistent deficits in
height but normal weight for age in a large proportion of children, raising concerns that
some children may tip toward overweight or obesity (5, 6). As patient and graft survival at
five yr now exceeds 90% in pediatric liver transplant, attention to long-term complications
and outcomes is important (5).

We utilized UNOS data to explore trends in overweight and obesity in pediatric liver
transplant patients — before and after transplant — from 1987 to 2010. We hypothesized that
the prevalence of post-transplant overweight and obesity would increase with time from
transplant and over the study period, mirroring the increasing prevalence in the general US
pediatric population. We also examined risk factors identifiable at transplant for sustained
overweight and obesity after transplant.

After obtaining approval from the institutional review board at the University of California,
San Francisco, we used the UNOS database to assemble a retrospective cohort of patients
who underwent liver transplant at age 6 months— 20 yr between 1987 and 2010. Of 12 280
patients with baseline records available, we excluded patients who had undergone previous
liver transplant (n = 2115) or had missing height or weight data needed to calculate BMI at
transplant (n = 1583). Those excluded for missing data, compared to those included, had
similar distributions of age at transplant, gender, and primary diagnosis. The percent-age
excluded for missing data did decrease over time (31% of those transplanted 1987-1989,
20% in 1990-1999, and 13% in 2000-2010). Using statistical programs designed by the
CDC, we also excluded children with “BIV” of height, weight, or BMI (n = 831) (7). These
are outliers considered representative of data entry errors or mismeasurement, not extremes
of growth. Younger children were more likely to be excluded for BIV (12% of those 6-24
months at transplant vs. 5% of those older excluded for BIV), which may be related to
difficulties accurately measuring the length and weight of infants. Similar percentages of the
population were excluded for BIV in each decade.
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SAS software programs published by the CDC were used to calculate age- and gender-
specific zscores and percentiles corresponding to all height and weight data (7). Weight-for-
length percentiles were calculated for all children 6—24 months and BMI percentiles for all
children 2-18 yr, also based on the 2000 CDC growth charts. Following guidelines
recommended by the CDC and the American Academy of Pediatrics, children 6-24 months
were classified as underweight if their weight-for-length was less than the 5th percentile for
age and gender, normal weight if it was 5th—95th percentile, and overweight if it was greater
than the 95th percentile. Children 2-18 yr were categorized as underweight if their BMI
percentile was less than the 5th percentile for age and gender, normal weight if it was 5th—
85th percentile, overweight if it was higher than 85th but less than 95th percentile, and obese
if it was 95th percentile or higher (8).

We classified diagnosis based on the categories defined by the SPLIT Research Group (5).
We defined cases of post-transplant diabetes as children who did not have diabetes at
transplant but were recorded as having diabetes or insulin dependence in at least one follow-
up record.

Statistical analysis

The distribution of baseline demographic variables across age and weight status categories
was compared using chi-squared analysis. Prevalence of post-transplant diabetes was
examined using chi-squared analysis and Mantel-Haenszel adjusted OR.

We used multivariate logistic regression to evaluate demographic variables predictive of
overweight/obesity at transplant and after transplant in short-term (one and two yr),
medium-term (five yr), and long-term (10 yr) follow- up. For each time period, we included
patients who had follow-up records within three months of their one and two yr post-
transplant dates and within four months of their five and 10 yr dates. We excluded follow-up
records after a patient was re-transplanted or lost to follow-up (n = 4590 with at least one
utilizable follow-up record available).

Children were divided into three age groups and modeled separately because of (i) different
definitions of overweight/obesity at transplant for children in different age categories and (ii)
different distribution of primary diagnoses, with biliary atresia accounting for the majority of
younger children. For both age groups, male gender, Caucasian race, and acute liver failure
diagnosis were used as reference groups.

The UNOS database contains incomplete information regarding ascites and dialysis
preceding transplant, which are possible confounders of weight status. Sensitivity analyses
and likelihood ratio tests including children with data available on both ascites and dialysis,
ascites only, and dialysis only were performed to examine potential confounding. Adding
ethnicity (Latino vs. not Latino) as a separate variable following US census conventions did
not contribute significantly to any of the models. Models were refitted using the subset of
children for whom data on rejection treated within one yr of transplant was available.
Goodness-of-fit testing gave Hosmer—Lemeshow statistics >0.20 for all multivariate models.
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Results

Overweight/obesity before liver transplant

There were statistically significant differences in the distribution of weight status across
demographic variables, although absolute differences were minimal; p-values were likely
driven by large sample size. Most notable was the young median age of children obese at
transplant (5.7, inter-quartile range 3.3-13.3, p = 0.0001) compared with those underweight,
normal weight, or overweight at transplant (Table 1).

Contrary to our expectations, the prevalence of overweight/obesity prior to transplant does
not appear to have been changing over the study period. The study period was divided into
both decades and into five-yr intervals; neither categorization showed a significant difference
in weight status distribution over time (Fig. 1).

For children aged 6-24 months at transplant, in multivariate regression adjusting for gender,
race/ethnicity, and diagnosis, the odds of being overweight at transplant increased by 3% for
each one month increase in age (95% CI 1-5%, p = 0.003). Compared to acute liver failure
as a reference, biliary atresia was associated with decreased risk of overweight/obesity at
transplant (OR 0.48, 95% CI 0.33-0.72, p < 0.0005). Diagnosis of tumor approached
statistically significant decrease in the odds of overweight/obesity (OR 0.53, 95% CI 0.27-
10.01, p = 0.055).

For children 25 months—20 yr at transplant, diagnosis affected weight status differently at
different ages after adjusting for gender and race/ethnicity. In children transplanted for
biliary atresia — the most common diagnosis in our cohort — age 2—6 yr was associated with
3.5-fold odds of overweight/obesity compared to age 6— 20 yr (OR 3.5, 95% CI 2.6-4.8, p <
0.0005). In contrast, in children transplanted for acute liver failure, children 2—6 yr old were
less likely to be overweight/obese at transplant (OR 0.65, 95% CI 0.47-0.89, p = 0.008) than
older children.

In multivariate regression, including only children 2—6 yr at transplant, gender, race/
ethnicity, and diagnosis were not associated with overweight/obesity before transplant.

In multivariate regression, including only children 6-20 yr of age, female gender (OR 1.81,
95% CI 1.53-2.14, p < 0.0005), and African American ethnicity (OR 1.45, 95% CI 1.17-
1.79, p = 0.001) increased the odds of overweight/obesity at transplant. Compared to acute
liver failure — which likely represents children with relatively recent-onset disease, chronic
diseases were all associated with decreased risk of overweight/obesity at transplant: tumor
(OR 0.32, 95% CI 0.20-0.53, p < 0.0005), cholestatic conditions (OR 0.31, 95% CI 0.22—
0.42, p < 0.0005), biliary atresia (OR 0.48, 95% CI 0.36-0.65, p < 0.0005), metabolic liver
disease (OR 0.65, 95% CI1 0.50-0.83, p = 0.001), or “other” diagnoses (OR 0.79, 95% ClI
0.63-0.98, p = 0.034) (see Table 1 for diagnoses defined as “cholestatic” and “other”).

Year of transplant was not a significant predictor of overweight/obesity risk in any of the
models; including it did not appreciably change any of the OR for other variables.
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In sensitivity analyses, all models were evaluated including children with data available on
both ascites and dialysis, ascites only, and dialysis only. These variables were collected only
after 2000, so sample size was limited in these models. After adjustment for year of
transplant, none of these variables were associated with weight status at transplant. Including
them did not improve goodness-of-fit for any of the models. Those missing data on ascites
and dialysis did not differ substantially in other demographics from those with data
available. Thus, ascites and dialysis were left out of final models to maximize sample size.

Overweight/obesity after liver transplant

In all three age groups (6—-24 months at transplant, 2—6 yr at transplant, and 6-20 yr at
transplant), those who were overweight/obese at transplant were significantly more likely to
remain overweight/obese at one and two yr after transplant. This difference persisted at five
yr for the youngest and oldest groups but resolved for the 2—6 yr olds. By 10 yr, the
prevalence of overweight/obesity no longer differed by weight status at transplant — although
the numbers still in follow-up were small (Fig. 2).

In multivariate logistic regression — adjusting for age, gender, race/ethnicity, and primary
diagnosis, the predictors of overweight/obesity in short-term follow-up were similar across
age groups. The strongest predictor in all age categories was weight status at transplant —
with underweight children having a decreased risk of overweight/obesity and overweight/
obese children having an increased risk. This persisted to five yr after transplant but not to
10 yr after transplant (Table 2).

Hispanic ethnicity was associated with increased risk of post-transplant overweight/obesity
in all age groups in shorter-term follow-up, and in the younger children over the long-term
(Table 2). Type of transplant (living vs. cadaveric donor, whole vs. split liver) and year of
transplant were not associated with weight status after transplant in any age group.

Data on rejection within one yr of transplant were available on a subset of patients. This is
the best available proxy for increased corticosteroid exposure, as the UNOS database does
not include information on specific immunosuppressive agents in this population. In
multivariate models adjusting for age, gender, race/ethnicity, primary diagnosis, and weight
status at transplant, rejection within one yr was associated with increased risk of overweight/
obesity only in 6— 20 yr olds at one yr after transplant (OR 1.80, 95% CI 1.20-2.71, p =
0.005). Adjusting for rejection within one yr in the multivariate model generally
strengthened the relationship between weight status at transplant and risk of post-transplant
overweight/obesity (Table 3). However, of those with non-missing data on rejection within
one yr, the incidence of rejection treatment was very high: 50% of those with follow-up data
at one yr (n = 1568), 50% at two yr (n = 1188), 57% at five yr (n = 568), and 89% at 10 yr (n
= 83). Given the large amount of missing data for these variables, the available data may
undercount children nottreated for rejection.

BMI greater than the 99th percentile has been associated with very high risk of adult obesity
and its comorbidities (9). Before transplant, 4% of children 2—20 yr (n = 188) had a BMI
>99th percentile. These children had a much lower mean age (5.5 + 4.6 yr) than those with
BMI <95th percentile (10.5 + 5.5 yr, p = 0.001 by ANOVA) despite similar distribution of
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other demographic variables (data not shown). After transplant, the prevalence of BMI >99th
percentile remained relatively stable: 5.2% at one yr (n = 2338), 3.3% at two yr (n = 1458),
1.7% at five yr (n = 724), and 3.6% at 10 yr (n = 196).

Diabetes after liver transplant

In children without diabetes at transplant who had data available about post-transplant
diabetes (n = 2305), the percentage with post-transplant diabetes at any time during follow-
up decreased as weight increased: 6.7% in underweight children, 2.9% in normal weight
children, and 1.8% in overweight/obese children (p < 0.0005). After adjustment for age,
primary diagnosis, and ethnicity, the odds of ever having diabetes in follow-up did not differ
by weight status during follow-up.

Conclusions

The prevalence of overweight/obesity in pediatric liver transplant recipients at transplant has
been relatively stable over the last 23 yr. But even in long-term follow-up, 20-50% of
pediatric liver transplant recipients were overweight or obese. The strongest and most
consistent factor associated with overweight/obesity after liver transplant was weight status
at transplant — with those underweight at transplant less likely to become overweight/obese
and those already overweight or obese likely to remain so.

The high prevalence of pediatric post-transplant obesity parallels, and may even exceed, the
prevalence of overweight/obesity in healthy U.S. children over a similar time period —
approximately 20% for 2-5 yr olds and 30% for 6-19 yr olds based on NHANES data from
1999 to 2008. We found Hispanic ethnicity, a relatively consistent risk factor for overweight/
obesity, and African American race, a risk factor in groups; NHANES data show similar
trends (10, 11). Our estimates are significantly higher than the 12% of patients reported
obese (BMI >95th percentile) at five yr post-transplant in the SPLIT multicenter registry (5).
The high prevalence in the larger UNOS database points to the importance of attention to
obesity and its long-term complications in pediatric liver transplant recipients.

Pretransplant obesity is also associated with post-transplant obesity in adult liver transplant
recipients (12). In adults, risk of post-transplant obesity increases with increased steroid use
and number of rejection episodes (1). Because we were limited to the variables available in
the UNOS database, we were not able to assess the role of specific immunosuppressive
regimens or cumulative dose of steroids in pediatric post-transplant obesity. As described,
the UNOS database currently contains limited data on rejection that may not accurately
reflect the true incidence in pediatric liver transplant recipients.

In adults, post-transplant obesity is associated with post-transplant metabolic syndrome —
which develops in 43-58% and carries increased risk of cardiovascular events, acute
rejection, and mortality in some studies. Other risk factors for post-transplant metabolic
syndrome in adults include age, male gender, and steroid or cyclosporine use (1). We could
not assess the prevalence of metabolic syndrome, its components, or its relationship to
obesity in children, as the UNOS database does not include information on measurements
used to diagnose metabolic syndrome (blood pressure, waist circumference, fasting lipids,
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and insulin-resistance measures) in follow-up data. But given the percentage of children with
post-transplant obesity, these complications may be more common than previously thought.

Other limitations relate to the retrospective nature of our study. Records missing data on
height or weight had to be excluded because weight status could not be calculated. Patients
transplanted in the earlier time periods were more likely to be excluded for missing data,
limiting definitive conclusions about trends over the study period. However, we have no
reason to suspect that weight status contributed to the likelihood of having missing or BIV
measurements or that data were missing or mismeasured systematically in certain
demographic groups. Incomplete data were available on confounders of interest including
ascites and dialysis at transplant, although sensitivity analysis suggested that this did not bias
our results.

The few studies that address comorbidities of obesity in pediatric liver transplant recipients
suggest that they may be quite common. One study of hyperlipidemia in pediatric liver
transplant recipients found 20% had fasting cholesterol 200 mg/dL or higher and 56% had
fasting triglycerides 140 mg/dL or higher — values considered elevated even in adults (13). In
the SPLIT registry, 7% of patients had hypercholesterolemia, 10% hypertriglyceridemia, and
13% diabetes mellitus at five yr post-transplant (5).

The SPLIT database also suggested that most post-transplant diabetes in children occurs in
the first 6 months—1 yr after transplant and subsequently resolves (14). Previous analysis of
UNOS data, including only 2004-2008 data, showed no association of baseline BMI
percentile with post-transplant diabetes and increased prevalence in those under or normal
weight six months after transplant (15). A large percentage of those who develop diabetes
were transplanted for metabolic disease, which may be affecting their risk of underweight
status and diabetes. Our study further supports the idea that post-transplant diabetes in
children is not driven by obesity, at least within the first several years following liver
transplant.

Attention to obesity and related comorbidities is essential in the long-term care of children
following liver transplant. Screening for comorbidities is particularly important given the
likely risk of post-transplant metabolic syndrome. More research about the comorbidities of
obesity — including hypertension, insulin resistance and diabetes, hyperlipidemia and
cardiovascular disease, and other problems — is needed to understand the impact of post-
transplant obesity in children as they age. Additional research could also help characterize
the effects of immunosuppressive medications on post-transplant obesity in children. Such
research would help guide the development of management techniques that encourage
appropriate growth but help prevent obesity and related morbidities.
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Fig. 1.

Distribution of weight status before transplant in pediatric liver transplant recipients, by age
and year of transplant (n = total number of patients in each group).
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Fig. 2.
Prevalence of overweight/obesity after liver transplant, by age and weight status at transplant

(n = total number in follow-up per age/weight category at each time period). **p < 0.0005.
p-values for all other comparisons >0.05.
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