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Abstract

Objective: To characterize the frequency, cost, and hospital-
reported outcomes of cachexia and debility in children and
adolescents with complex chronic conditions (CCCs).

Methods: We identified children and adolescents (aged <20
years) with CCCs, cachexia, and debility in the Kids’ Inpatient
Database [Healthcare Cost and Utilization Project, Agency

for Healthcare Research & Quality]. We then compared the
characteristics of patients and hospitalizations, including cost
and duration of stay, for CCCs with and without cachexia and/
or debility. We examined factors that predict risk of inpatient
mortality in children and adolescents with CCCs using a logistic
regression model. We examined factors that impact duration
of stay and cost in children and adolescents with CCCs using
negative binomial regression models. All costs are reported
in US dollars in 2014 using Consumer Price Index inflation
adjustment.

Introduction

Consensus definitions of cachexia (International Classification
of Disease, 9th revision, Clinical Modification (ICD-9-CM) code
799.4) and debility (ICD-9-CM code 799.3) have been slow to
emerge. In fact, these conditions are classified in the ICD-9-
CM as “ill-defined conditions” [1]. Cachexia is associated with
progressive wasting of adipose tissue and skeletal muscle. It is
commonly a sequela from complex chronic conditions (CCCs)
such as cancer and infection by the human immunodeficiency
virus (HIV) in adults [2,3]. Debility refers to weakness, fatigue,
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Results: We estimated the incidence of hospitalization of
cachexia in children and adolescents with CCCs at 1,395
discharges during the sample period, which ranged from 277
discharges in 2003 to 473 discharges in 2012. We estimated

the incidence of hospitalization due to debility in children

and adolescents with CCCs at 421 discharges during the

sample period, which ranged from 39 discharges in 2003 to

217 discharges in 2012. Cachexia was associated with a 60%
increase in the risk of inpatient mortality, whereas debility was
associated with a 40% decrease in the risk of mortality. Cachexia
and debility increased duration of stay in hospital (17% and 39%
longer stays, respectively). Median cost of hospitalization was
$15,441.59 and $23,796.16 for children and adolescents with
cachexia and debility, respectively.

Conclusions: Incidence of hospitalization for cachexia in
children and adolescents with CCCs is less than that for adults
but the frequency of cachexia diagnoses increased over time.
Estimates of the incidence of hospitalization with debility in
children and adolescents with CCCs have not been reported, but
our study demonstrates that the frequency of these discharges
is also increasing.

Keywords: adolescent, cachexia, child, complex chronic
conditions, cost analysis, debility, HIV, pediatrics.

and loss of strength. Debility has been demonstrated to be a
marker for adult mortality [4]. Cachexia has been described in
children and adolescents with CCCs, including (but not limited
to) those with chronic kidney disease, cancer, liver disease, and
Crohn’s disease [5-10]. Studies on inpatient mortality in children
have attributed <24% of deaths to CCCs as an underlying cause
[11,12]. Cachexia increases morbidity and mortality in patients if
present as a sequela with any chronic condition [13]. However,
its ramifications on healthcare utilization and patient outcomes
(especially in children) are important topics of study. Little is
known, however, about the characteristics of patients and
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hospitalizations, including inpatient mortality risk, duration of
stay, and cost associated with cachexia and debility in children
and adolescents with CCCs.

Several definitions for cachexia have emerged within the past
decade. The 2008 Cachexia Consensus Conference formulated
the definition of the syndrome as “ ... a complex metabolic
syndrome associated with underlying illness and characterized
by loss of muscle with or without loss of fat mass. The prominent
clinical feature of cachexia is weight loss in adults ... or growth
failure in children (excluding endocrine disorders)” [14].

The definition from the 2008 Cachexia Consensus Conference
has been updated. However, it remains important because of
its inclusion of children, which more recent definitions appear
to omit, such as those from Muscaritoli et al [2]. Building upon
the definition from the 2008 Cachexia Consensus Conference,
Feron et al established a diagnostic criterion for cachexia:
unintentional weight loss >5%, particularly in cancer patients
[15]. This diagnostic criterion was validated recently in an
international sample of =1,100 patients with advanced cancer
[16]. Simple supplemental nutrition to arrest stunting, wasting,
and other manifestations of cachexia in children has not

been fruitful [17,18]. Therefore, more work is needed to fully
characterize the medical burden of cachexia and debility in
children to support development of successful treatment plans.

A consensus definition or diagnostic criterion for debility is
lacking. Despite this lack of consensus definition, debility is
consistently one of the top non-cancer diagnoses for admission
to hospices [15,19]. Given their proximity in the ICD-9-CM and
their mutual association with chronic and terminal conditions,
one could infer that cachexia and debility are closely related.
Indeed, this connection has been postulated in cancer

patients [20-22].

Prevalence of CCCs in children has been increasing during

the past decade because advanced medical technologies are
increasing life-expectancy in children with these conditions
[23]. Given the increased prevalence of CCCs, we hypothesized
that the incidence of cachexia- and debility-related
hospitalizations will have increased over the past decade. By
characterizing cachexia- and debility-related hospitalizations,
we also sought to test if the two conditions occur together.

In adults, cachexia and debility are associated with increased
mortality; we sought to ascertain if this is also true for children.
Finally, we examined the predictors of inpatient mortality,
duration of stay in hospital, and cost of care. By identification of
the medical burden of cachexia and debility, we will be able to
support the design of appropriate treatment plans for children
and adolescents with CCCs.

Methods

Results from the 2003-2012 release of the Kids' Inpatient
Database (KID) were acquired from the Healthcare Cost and
Utilization Project (Agency for Healthcare Research and Quality)

and analyzed. A new version of the KID is released every third
year, so the data utilized in the present study include four
data releases of the KID. Each release of data includes an 80%
sample of discharge summaries of non-birth, hospitalizations
in children and adolescents (age <20 years) across the USA,
representing over 3 million inpatient hospitalizations. The
four data releases comprise 12,722,560 unique discharge
summaries.

Each discharge summary was searched for diagnoses of
cachexia, debility, and CCCs. Each record in the KID includes
<25 discharge diagnoses as specified by ICD-9-CM diagnosis
codes. The dataset was restricted to children and adolescents
with CCCs (Appendix 1). CCCs were classified by the body
system affected (i.e., neuromuscular, cardiovascular, respiratory,
renal, gastrointestinal, hematologic, metabolic, malignancy,
other). Multiple systems may be affected in some children.
Thus, when reporting these results, frequencies did not add up
to 100%. Records were also flagged if they contained cachexia
(ICD-9-CM 799.4) or debility (ICD-9-CM 799.3). We defined
cachexia- and debility-related hospitalizations as a discharge

in which either condition (or both) appeared as one of the

25 discharge diagnoses. Cost of care was calculated for each
discharge using the cost-to-charge ratio from the KID. All costs
are reported in US $ using the Consumer Price Index conversion
factor for each year.

Descriptive statistics (i.e., counts, frequencies, averages)
were calculated for diagnoses and for characteristics of
patients and hospitalizations, which included demographics,
duration of stay, and cost. We grouped hospital discharges
using the following age categories (in years): <4, 5-8, 9-12,
13-16, and 17-20. The agreement for use of data from the
KID stipulates that cell sizes <10 may not be reported. Thus,
a small number of values in descriptive statistics had to be
suppressed. The sample weight assigned to each discharge
summary was used to calculate an estimate of the incidence
of hospitalization for each condition. Characteristics of
demographics and hospitalizations were compared for
cachexia, debility, and CCCs (without either condition)

using univariate and bivariate statistical tools, including
frequencies and chi-square tests. Comparison of duration

of stay and cost between conditions was made using the
Wilcoxon—-Mann-Whitney test, a non-parametric equivalent
to the Student’s t-test.

We also examined factors that affected the risk of inpatient
death, hospitalization stay, and cost of care. Risk of patient
death was calculated using logistic regression. In the logistic
model, inpatient death was treated as the dependent variable,
and cachexia and debility as primary independent variables,
with control of demographic characteristics, hospitalization
characteristics, and the body system affected. Duration of

stay and cost of care were examined using negative binomial
models. In these models, duration of stay and cost of care were
dependent variables and, like the logistic regression model,
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cachexia and debility were primary independent variables,
with control of demographic characteristics, hospitalization
characteristics, and the body system affected.

Results

We identified 558,215 hospitalizations (4.39% of the overall KID
sample) that were related to CCCs. Of these hospitalizations,
908 (0.16%) and 287 (0.05%) included diagnoses of

cachexia and debility, respectively (Table 1). Fewer than 10
hospitalizations during the sample period included a diagnosis
of cachexia and debility. Across the four sample years, we
estimated the incidence of cachexia- and debility-related
hospitalizations to be 1,395 and 421, respectively. Cachexia
and debility were coded as secondary diagnoses in all but two
discharges (in which conditions were coded as the primary
discharge diagnosis (PDD)). The frequency of cachexia-related
hospitalizations increased across the sample period from

160 hospitalizations in 2003 to 332 hospitalizations in 2012
(weighted estimate: 277 cases in 2003 to 473 cases in 2012). The
frequency of debility-related hospitalizations also increased
across the sample period from 24 hospitalizations in 2003 to
153 hospitalizations in 2012 (weighted estimate: 39 cases in
2003 to 217 cases in 2012).

Characteristics of demographics and hospitalizations are
shown in Table 1. Proportion of hospitalizations resulting in
inpatient death varied between conditions; 5.73% of cachexia
hospitalizations, 2.44% of debility hospitalizations, and 2.76%
of hospitalizations unrelated to cachexia and debility resulted
in inpatient death. Cachexia was most common in African—
Americans (31.50% of cachexia hospitalizations), followed
closely by Caucasians (29.96%). Debility was more common

in Caucasians than in African—Americans (43.21% and 19.16%
of debility hospitalizations, respectively). This trend followed

a similar pattern in CCCs without cachexia or debility: 39.03%
of these hospitalizations were in Caucasians and 15.53% in
African—-Americans. For all conditions, more hospitalizations
occurred in males than in females. Median age of cachexia
patients was 16 (interquartile range (IQR), 10-19) years. Median
age of debility patients was 18 (IQR, 12-19) years. Median age
for both conditions was significantly older than for the average
CCC patient without cachexia (p<0.0001) or debility (p<0.0001;
12 (IQR: 3-17) years).

Fewer than 10 hospitalizations for either condition included a
minor loss of function. Major and extreme losses of function
were common in hospitalizations related to cachexia and
debility. For cachexia, 45.59% and 36.01% of hospitalizations
had major or extreme losses of function, respectively. For
debility, 42.51% and 41.81% of hospitalizations had major

or extreme losses of function, respectively. In contrast,

just 31.25% and 20.57% of hospitalizations unrelated to
cachexia or debility had major or extreme loss of function,
respectively.

Cachexia was most commonly associated with metabolic
(28.30% of cachexia hospitalizations), hematologic (27.09%)

and neuromuscular (21.70%) CCCs. With regard to debility,

<10 hospitalizations were related to hematologic CCCs.

Debility was most commonly associated with metabolic
(48.43%), cardiovascular (18.12%) and neuromuscular (17.77%)
CCCs. The most common sites of CCCs without cachexia or
debility were cardiovascular (42.02% of hospitalizations),
followed by metabolic (13.38%) and other congenital or genetic
disorders (12.96%).

The most common PDD varied between conditions. The

most common PDD in cachexia-related hospitalizations were
HIV (ICD-9-CM 042; n=172; 18.94%), pneumonia (ICD-9-CM
486; n=34; 3.74%), and failure to thrive (ICD-9-CM 783.41;

n=28; 3.08%). The most common PDD in debility-related
hospitalizations were admissions for rehabilitation (ICD-9-CM
V57.89; n=51; 17.77%), septicemia (ICD-9-CM 03.89; n=13; 4.53%),
and anti-neoplastic chemotherapy (ICD-9-CM V58.11; n=10;
3.48%). If neither cachexia nor debility were included on the
discharge summary, the most common PDD were acute febrile
mucocutaneous lymph node syndrome (MCLS) (ICD-9-CM
446.1; n=12,190; 2.19%), pneumonia (ICD-9-CM 486; n=11,189;
2.01%), and congenital anomalies of the skull and face bones
(ICD-9-CM 756.0; n=10,178; 1.83%).

A total of 31.89% of CCC hospitalizations without cachexia or
debility had a major procedure in the operating room, but far
fewer patients with cachexia (17.65%) and debility (16.96%)

had a major procedure in the operating room (Table 2). Heart
transplantation was the most common major procedure in

the operating room for cachexia patients (n<10; <1.01%).

When examined more broadly, the most common medical
procedures undertaken during hospitalizations for cachexia
were parenteral infusion of concentrated nutritional substances
(n=39; 5.93%), continuous invasive mechanical ventilation for

96 h consecutively (n=35; 5.32%), and transfusion of packed cells
(n=34; 5.17%). Implantation of a cardioverter/defibrillator was
the most common major procedure in the operating room for
debility (n<10; <3.48%). When examined more broadly, the most
common medical procedures carried out during hospitalizations
related to debility were continuous invasive mechanical
ventilation for 96 h consecutively (n=26; 11.35%), continuous
invasive mechanical ventilation for <96 h consecutively

(n=17; 7.42%), and venous catheterization (n=16; 6.99%).

Medicaid was the most common primary expected payer for
CCC-related hospitalizations, including 59.91% of cachexia-
related hospitalizations and 46.34% of debility-related
hospitalizations. (Medicaid was also the most common primary
payer for discharges without cachexia and debility [49.49%].)
The overall median cost of hospitalization was higher for
patients with debility ($23,796.16 [IQR: $7,803.91-55,889.35])
than patients with cachexia ($15,441.59 [IQR: $6,572.28—
35,619.59]; p<0.01) (Table 2). However, there was no significant
difference in median cost per hospitalization day between
debility ($1,694.68 [IQR: $1,056.45-2,927.34]) and cachexia
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Table 1. Characteristics of demographics and hospitalizations for children and adolescents with complex chronic
disease with cachexia and debility, including estimates of the incidence of hospitalization.
Cachexia Debility Cachexia or Complex chronic condition
debility without cachexia or debility
Incidence estimate 1,395 421 1,808 839,288
Population (n) 908 287 1,189 557,026
Inpatient death (%) 5.73 2.44 479 2.76
Age (median) 16 18 17 12
Interquartile range 10-19 12-19 12-19 3-17
Age category (%)
<4 years 17.84 15.33 17.24 70.25
5-8 years 5.51 5.57 5.55 5.25
9-12 years 12.22 8.71 11.35 5.08
13-16 years 22.14 11.15 19.51 6.89
17-20 years 42.29 59.23 46.34 12.53
Ethnicity
Caucasian 29.96 43.21 32.97 39.03
African-American 31.50 19.16 28.60 15.53
Hispanic 17.40 14.98 16.90 19.19
Other 21.15 22.65 21.53 26.25
Sex (%)
Male 58.37 59.58 58.87 53.26
Female 41.63 40.42 4113 46.45
Not specified 0.00 0.00 0.00 0.29
Region (%)
North East 22.47 4.88 18.33 16.15
Midwest 17.07 28.57 19.85 22.27
South 42.18 52.96 44.58 36.82
West 18.28 13.59 17.24 24.76
Hospital location (%)
Rural 2.64 <3.48 2.52 3.18
Urban (non-teaching) 11.01 20.91 13.20 21.47
Urban (teaching) 82.93 74.91 81.16 71.41
Not specified 3.42 <3.48 3.12 3.94
Expected primary payer
Medicare 297 3.14 3.03 0.75
Medicaid 59.91 46.34 56.60 49.49
Private 26.65 42.86 30.61 41.93
Self-payer 4.41 3.83 4.29 294
Other 6.06 3.83 5.47 4.89
Loss of function (%)
Minor <1.01 <3.48 1.01 18.11
Moderate 17.51 13.94 16.74 29.76
Major 45.59 42.51 44.83 31.25
Extreme 36.01 41.81 37.34 20.57
Not specified <1.01 0.00 <0.84 0.31
(Continued)
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Table 1. Characteristics of demographics and hospitalizations for children and adolescents with complex chronic
disease with cachexia and debility, including estimates of the incidence of hospitalization (continued).
Cachexia Debility Cachexia or Complex chronic condition
debility without cachexia or debility
Body system affected (%)
Neuromuscular 21.70 17.77 20.86 10.59
Cardiovascular 16.74 18.12 17.16 42.02
Respiratory 2.53 5.57 3.28 12.41
Renal <1.01 0.00 <0.84 0.60
Gastrointestinal 8.48 732 8.24 9.77
Hematologic/immunodeficiency  27.09 <348 21.11 3.63
Metabolic 28.30 48.43 32.80 13.38
Malignancy <1.01 <3.48 <0.84 2.10
Other congenital or genetic 4.74 6.62 5.21 12.96
disorder

Table 2. Duration of stay, hospitalization cost, and number of diagnoses.

Cachexia Debility Cachexia or Complex chronic
debility condition without
cachexia or debility

Duration of stay (days)

Median number of days 8 12 9 5

IQR 4to 17 71024 5t019 2t0 16

Sum total hospital days 14,656 5,353 19,337 9,473,378
Comorbidities (diagnoses)

Median number of comorbidities 12 15 13 7

IQR 9to 16 10to 20 9to 17 4to N
Procedures

Median number of procedures 2 3 2 2

IQR 0to4 1to6 Oto4 0to5

Percentage of patients with a major 17.65% 16.96% 17.58% 31.89%

procedure in the operating room

Hospitalization cost ($)

Median cost 15,441.59 23,796.16 16,125.23 9,726.76

IQR cost 6,572.28 10 35,619.59 7,830.91 t0 55,889.35 6,619,81t038,581.15 3,505.87 to 33,190.15
Median cost/hospitalization day 1,787.69 1,694.68 1,785.60 1,723.28

IQR cost/hospitalization day 1,182.02 to 2707.81 1,056.45t02,927.34  1,149.15t0 2,717.58  1,057.34 to 2,877.14
Sum total cost 16,757,716 5,419,216 22,115,696 12,363,214,271

IQR, Interquartile range.

($1,787.69 [IQR: $1,182.02-2,707.81]; p=0.49). Median duration cachexia and debility in KID was $22,115,696 during sample
of stay for a patient with debility (12 [IQR: 7-24] days) was periods (=$16.77 million for cachexia and =$5.42 million for
significantly longer than in patients with cachexia (8 [IQR: debility). Using the sampling weights included in the KID, we
4-17] days; p<0.01). The sum total cost of care for patients with estimated the national annual cost of hospitalization care for
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regression model).
OR LCI ucl

Cachexia

Not diagnosed Reference

Diagnosed 1.60 117 2.18
Debility

Not diagnosed Reference

Diagnosed 060 028 129
Age (years)

<4 110 1.02 1.18

5-8 0.55 048 0.64

9-12 0.78 0.69 0.89

13-16 0.92 0.82 1.03

17-20 Reference
Ethnicity

Caucasian Reference

African—-American 1.23 117 1.30

Hispanic 1.02 0.97 1.08

Other 1.16 m 1.21
Sex

Female Reference

Male 1.01 0.97 1.04
Region

North East Reference

Midwest 0.96 0.90 1.02

South 1.04 099 1.10

West .02 096 1.08
Hospital location

Rural Reference

Urban (non-teaching) 1.00 0.85 1.18

Urban (teaching) 136 116 1.59

Table 3. Predictors of inpatient mortality in children and adolescents with complex chronic conditions (logistic

Expected primary payer

Private Reference
Medicare 0.67  0.51 0.88
Medicaid 1.03 099 1.08
Self-payer 220 200 242
Loss of function (%)
Minor Reference
Moderate 099 086 116
Major 6.13 5.42 6.94
Extreme 4396 3998 49.58
Median household income
First quartile (lowest) 1.21 1.15 1.28
Second quartile 1.16 1.10 1.22
Third quartile 1.04 098 1.10
Fourth quartile (highest) Reference

Body system affected (reference is not affected)

Neuromuscular 075 0.68 0.83
Cardiovascular 1.22 1.15 1.29
Respiratory 044 042 0.47
Renal 1.08 0.84 1.39
Gastrointestinal 085 079 091
Hematologic/ 053 043 065
immunodeficiency

Metabolic 065 060 0.71
Malignancy 0.17 0.08 0.36
Other congenital or 1.92 1.80 2.04

genetic disorder

OR, Odds ratio; LCI, lower confidence interval; UCI, upper
confidence interval.

patients with cachexia and debility was $6.55 million and
$2.06 million, respectively.

Cachexia significantly increased the risk of inpatient death
(Table 3). The odds of death increased 60% when cachexia

was present (controlling for characteristics of patients and
hospitalizations). However, in patients with debility, the risk of
inpatient death was decreased by 40% but this decrease was
not significant. Compared with patients between ages 17 years
and 20 years, children aged <4 years had a 10% greater risk of
death. For all conditions, self-paying patients had a significantly
increased risk of death compared with those paying private
insurance. Self-pay status more than doubled the risk of
inpatient death for all hospitalized children and adolescents
with CCCs. The highest increase in risk of inpatient death was

seen with major and extreme losses of function, regardless
of the diagnosis.

Cachexia and debility significantly increased the duration of stay
(Table 4). Cachexia was associated with a 17% increase in duration
of stay compared with patients without cachexia (controlling

for characteristics of patients and hospitalizations). Debility was
associated with a 39% increase in duration of stay compared
with patients without debility. Children aged <4 years stayed
82% longer in hospital than patients aged between 17 years and
20 years. The risk of death was increased in self-paying patients,
but the duration of stay was lower in these patients (19%
decrease) compared with those paying private insurance.

Debility significantly increased the cost of hospitalization
(Table 5). Debility was associated with a 50% increase in
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binomial regression model).

Table 4. Predictors of hospitalization stay for children and adolescents with complex chronic conditions (negative

IRR LCI udi

Cachexia

Not diagnosed Reference

Diagnosed 117 1.10 1.26
Debility

Not diagnosed Reference

Diagnosed 1.39 1.24 1.56
Age (years)

<4 1.82 1.80 1.84

5-8 098 097 1.00

9-12 1.03 1.02 1.05

12-16 1.05 1.05 1.07

17-20 years Reference
Ethnicity

Caucasian Reference

African-American 1.08 1.07 1.09

Hispanic 0.99 0.98 1.00

Other 1.03 1.02 1.04
Sex

Female Reference

Male 0.98 0.98 0.99
Region

North East Reference

Midwest 093 092 094

South 0.95 0.94 0.96

West 095 094 095
Hospital location

Rural Reference

Urban (non-teaching) 1.49 1.47 1.52

Urban (teaching) 1.58 1.55 1.61

Expected primary payer

Private Reference
Medicare 090 087 093
Medicaid 1.03 1.02 1.04
Self-payer 0.81 079  0.82
Loss of function (%)
Minor Reference
Moderate 1.85 1.84  1.87
Major 4.07 404 41
Extreme 8.77 8.69 8.86
Median household income
First quartile (Lowest) 1.03 1.02 1.04
Second quartile 1.02 1.01 1.03
Third quartile 1.01 1.00 1.02
Fourth quartile (highest) Reference

Body system affected (reference is not affected)

Neuromuscular 117 1.15 1.19
Cardiovascular 1.47 1.45 1.49
Respiratory 1.98 1.95 2.00
Renal 1.09 1.05 1.13
Gastrointestinal 1.19 117 1.20
Hematologic/ 1.07 1.05 1.09
immunodeficiency

Metabolic 1.57 1.55 1.59
Malignancy 1.15 1.13 118
Other congenital or genetic 098  0.97 0.99
disorder

IRR, Incidence rate ratio; LCl, lower confidence interval;
UCI, upper confidence interval.

hospitalization costs compared with patients without
debility (controlling for characteristics of patients and
hospitalizations). Cachexia was associated with an 8%
decrease in hospitalization cost. Compared with patients
aged between17 years and 20 years, care for children aged
<4 years cost 14% more.

Discussion

Our exploratory study found unique differences in children
and adolescents with CCCs with comorbid cachexia and
debility. Cachexia was more frequently listed on discharge
summaries for pediatric CCC hospitalizations than debility.
Importantly, cachexia and debility were listed together
only rarely as comorbidities. We estimated the incidence

of hospitalizations related to cachexia to be =1,400
hospitalizations during the sample period. However, the sample
included only four years’ worth of data. Thus, the incidence

of these hospitalizations was likely to be >3,100 discharges
across 2003-2012. Similarly, our estimate of the incidence of
debility-related hospitalizations was lower than the actual
value. It is likely that the actual incidence of debility-related
hospitalizations was closer to 950 discharges across 2003-2012.

For both conditions, there was a notable increase in the
incidence of hospitalization, increasing twofold for cachexia
and a remarkable six-fold for debility from 2003 to 2012. This
phenomenon may be an effect of the increase in scientific and
clinical awareness of cachexia in recent years (which has led
to better understanding of its pathophysiology) along with
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binomial model).
IRR LCI ucl

Cachexia

Not diagnosed Reference

Diagnosed 092 0.83 1.01
Debility

Not Diagnosed Reference

Diagnosed 1.50 1.24 1.80
Age (years)

<4 1.14 113 1.16

5-8 1.02 1.00 1.04

9-12 1.06 1.04 1.08

13-16 1.07 1.06 1.09

17-20 Reference
Ethnicity

Caucasian Reference

African—-American 099 0.98 1.00

Hispanic 1.03 1.02 1.04

Other 0.98 0.97 0.99
Sex

Female Reference

Male 1.02 1.01 1.02
Region

North East Reference

Midwest 0.82 0.81 0.83

South 0.73 0.72 0.74

West 1.10 1.09 11
Hospital location

Rural Reference

Urban (non-teaching) 144 141 1.47

Urban (teaching) 206 202 210

Table 5. Predictors of hospitalization cost in children and adolescents with complex chronic conditions (negative

Expected primary payer

Private Reference
Medicare 093 089 097
Medicaid 096 095 097
Self-payer 072  0.71 0.74
Loss of function (%) 1.07 1.05 1.09
Minor Reference
Moderate 1.79 1.77 1.81
Major 456  4.51 4.61
Extreme 1206 1190 12.21
Median household income
First quartile (lowest) 0.93 0.92 0.94
Second quartile 094 093 0.95
Third quartile 0.95 094 0.6
Fourth quartile (Highest) Reference

Body system affected (reference is not affected)

Neuromuscular 086 085 0.88
Cardiovascular 1.43 1.41 1.45
Respiratory 1.66 1.64  1.69
Renal 1.01 0.96 1.05
Gastrointestinal 1.19 117 1.21
Hematologic 1.1 1.08 1.14
Metabolic 1.42 1.39 1.44
Malignancy 1.36 1.32 1.40
Other 1.20 118 1.22

IRR, Incidence rate ratio; LCl: lower confidence interval;
UCI, upper confidence interval.

advancements in clinical interventions to arrest its progress [2].
No such advances have been made in understanding and
addressing debility. Consistent with previous studies, we found
that among all patient groups, inpatient death was reported

more often in patients with cachexia than in those with debility.

In our regression model, cachexia was a more robust predictor
of inpatient death compared with debility.

Our previous study on cachexia with hospitalized adults in
the USA established an increased medical burden of loss

of function in patients with cachexia [24]. In the present
study, we found a similar correlation between cachexia and
loss of function, as well as debility. This finding regarding

loss of function in patients with debility might be intuitive.
Importantly, patients with debility experienced more extreme
loss of function when compared to those with cachexia. This

finding may be explained by the similarity in the ontologies of
debility and loss of function. Interestingly, cachexia and debility
were associated with similar CCCs, including metabolic and
neuromuscular diseases.

The relationship between cachexia, debility, and metabolic
diseases is plausible because skeletal muscle contains tissue
with the highest metabolic demands in the body. In addition,
with degeneration of motor units, muscle wasting and loss

of strength is inevitable. Therefore, cachexia and debility are
expected in neuromuscular diseases [25]. However, cachexia
was highly associated with hematologic disorders, but debility
was not. Anemia is a characteristic of cachexia and cachexia

is associated with infection by HIV, so it is pertinent that

our findings demonstrate a prevalence of cachexia in children
diagnosed with hematologic disorders. In addition, levels of
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tumor necrosis factor-alpha (TNF-a) are elevated in children
with anemia, including sickle-cell anemia; TNF-a is known to
exacerbate cachexia [26,27].

Debility was highly associated with cardiovascular disorders
and cachexia was not. Cachexia and muscle wasting may not
be prevalent with pediatric cardiovascular disease. Weakness,
which is a characteristic of debility, is also a hallmark of cardiac
dysfunction. CCCs in children are usually from birth or in the
early stages of development of children. Pediatric quality of
life is significantly affected by cardiovascular disease [28].

This effect may be manifested as debility in children with
cardiovascular disease.

HIV infections were the most common primary diagnosis for
children with cachexia. This observation is translated from
observations in studies with adult patients in whom cachexia-
based neuropathy was found to be a primary neuropathy in
HIV [29]. Consistent with earlier findings, the predominant
procedural intervention in patients with debility was related to
the heart and in patients with cachexia (they were related to
infusion-based treatments usually associated with hematologic
disorders and malnutrition).

A remarkable observation in exploring payer status between
patients with cachexia and patients with debility was seen in
the distribution of Medicaid as the primary payer between the
two groups. More hospitalizations with cachexia had Medicaid
as the primary payer than that for hospitalizations with debility.
This phenomenon may be seen as an approximation of the
relative difference in the moribund nature of cachexia and
debility. Cachexia is usually associated with terminal conditions,
which carry a tremendous financial burden. Such cases

are primarily given Medicaid enrollment, especially for end-
of-life care. Debility resulted in a significantly longer duration
of stay and higher cost during hospitalizations compared with
cachexia. This difference may be attributed to a predominance
of surgical procedures associated with hospitalizations with
debility when compared with those for cachexia.

This study had several limitations. An important limitation of
the KID is that new release of data is available only every third
year. The KID was selected because it includes an 80% sample
of pediatric hospitalizations, thereby allowing for the study

of rare diseases. However, we were unable to speculate about
hospitalizations that occur during the years in which there

is not a KID data release. An alternative database that could

be accessed readily is the Nationwide Inpatient Sample (NIS;
recently renamed as the “National Inpatient Sample”). The NIS
includes a 20% sample of hospitalizations occurring at non-
federal community hospitals each year. The NIS would allow us
to examine the frequency and characteristics of cachexia- and
debility-related hospitalizations in a more continuous fashion
across years. However, the NIS is not age-specificand has a
smaller sampling frame, so we may not be able to capture these
rare conditions with as much precision. In a future contribution,
we plan to validate the present study in the NIS to see if the

observed trends hold true for the years in which we were
unable to examine data using the KID.

Based on the data elements included in the KID, we relied on
ICD-9-CM diagnoses of cachexia and debility (binary measures)
rather than symptomology, scales, and clinical data. An
important limitation of the KID is the potential for miscoding,
which we could not reconcile with clinical data. The data in the
KID are de-identified, so it is not possible to verify a discharge
record with clinical data for individual patients. Diagnoses

of cachexia and debility may be encoded in a patient’s
discharge record when the condition is most pronounced in

its manifestations. This strategy is supported by the fact that
the vast majority of discharges with cachexia and debility were
accompanied by major or extreme losses of function. By relying
on diagnoses rather than symptoms, we may have understated
the disease burden of these two conditions in children and
adolescents with CCCs. Further clinical study is needed to
confirm the burden of cachexia and debility in children and
adolescents with CCCs.

Conclusion

This study is the first to describe the impact of cachexia and
debility on children and adolescents with CCCs. Both conditions
are prevalent in children with metabolic and neuromuscular
diseases. With increases in diagnoses of cachexia and debility, as
well as an increased incidence of hospitalization, cachexia and
debility contribute to a significant medical burden to children

and adolescents with CCCs. We believe that our findings may be
useful in the refinement of definitions of cachexia and debility,
and perhaps development of treatments for these conditions

that would assist in combatting metabolic, hematological,
cardiovascular, and neuromuscular diseases in children. By helping
to clarify these conditions, our study may assist in identification of
cachexia and debility at earlier stages of CCCs, which will be useful
in delaying precipitous decline in quality of life.
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Appendix 1. International Classification of Disease, 9t" Revision (ICD-9) codes for complex chronic conditions,
cachexia, and debility.

Body system ICD-9-CM code Body system ICD-9-CM code
Neuromuscular Hematology and
Brain and spinal cord 740.0-742.9 immunodeficiency
malformations Sickle-cell disease 282.5-282.6
Mental retardation 318.0-319.0 Hereditary anemias 282.0-282.4
CNS degeneration and disease 330.0-337.9 Hereditary immunodeficiency 279.0-279.9,
Infantile cerebral palsy 343.0-343.9 288.1-288.2,446.1
Epilepsy 345.0-345.9 Human immunodeficiency virus 42
Muscular dystrophies 359.0-359.3 Metabolic
Gl Eaa b Amino acid metabolism 270.0-270.9
Heart and great vessel 745 0-747 49 Carbohydrate metabolism 271.0-271.9
malformations Lipid metabolism 272.0-272.9
Cardiomyopathies 425.0-425.4,429.1 Storage disorders 277.3,277.5
Conduction disorders and 426.0-427.4, Other metabolic disorders 275.0-275.3,277.2,
dysrhythmias 427.6-427.9 277.4,277.6,
277.8-2779

Respiratory

Other congenital or genetic defect

Respiratory malformations 748.0-748.9
. . . Chromosomal anomalies 758.0-758.9
Chronic respiratory disease 770.7 o )
) ) Bone and joint anomalies 259.4,737.3,
Cystic fibrosis 756.0-756.5
Renal Diaphragm and abdominal wall ~ 553.3, 756.6-756.7
Congenital anomalies 753.0-753.9 defects
Chronic renal failure 585 Other congenital anomalies 759.7
Gastrointestinal Malignancy
Congenital anomalies 750.3, 751.1-751.3, Malignancy 140.0-239.9
751.6-751.9 Cachexia and debility
Chronic liver disease and cirrhosis  571.4-571.9 Cachexia 799.4
Inflammatory bowel disease 550.556.9 Debility 799.3
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