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Abstract

Background: Childhood obesity is linked with adverse health outcomes and associated costs.
Current information on the relationship between childhood obesity and inpatient costs is limited.

Objective: The objective of this study was to describe trends and quantify the link between
childhood obesity diagnosis and hospitalization length of stay (LOS), costs, and charges.

Research Design: We use the National Inpatient Sample data from 2006 to 2016.

Subjects: The sample includes hospitalizations among children aged 2-19 years. The treatment
group of interest includes child hospitalizations with an obesity diagnosis.

Measures: Hospital LOS, charges, and costs associated with a diagnosis of obesity.

Results: We find increases in obesity-coded hospitalizations and associated charges and costs
during 2006-2016. Obesity as a primary diagnosis is associated with a shorter hospital LOS (by
1.8 d), but higher charges and costs (by $20,879 and $6049, respectively); obesity as a secondary
diagnosis is associated with a longer LOS (by 0.8), and higher charges and costs of
hospitalizations (by $3453 and $1359, respectively). The most common primary conditions
occurring with a secondary diagnosis of obesity are pregnancy conditions, mood disorders,
asthma, and diabetes; the effect of a secondary diagnosis of obesity on LOS, charges, and costs
holds across these conditions.

Conclusions: Childhood obesity diagnosis-related hospitalizations, charges, and costs increased
substantially during 2006-2016, and obesity diagnosis is associated with higher hospitalization
charges and costs. Our findings provide clinicians and policymakers with additional evidence of
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the economic burden of childhood obesity and further justify efforts to prevent and manage the

disease.
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Childhood obesity is a serious public health concern in the United States.! Prevalence of
childhood obesity remains high, with 18.5% of children living with obesity.2 Childhood
obesity can result in higher health care costs, as it is associated with an increased risk of
insulin resistance,3# hypertension,® asthma, and depression.’

Prior studies find associations between childhood obesity and hospital care utilization and
costs. Trasande et al® find that obesity as a secondary diagnosis in children aged 2-19 years
is associated with a 0.85-day higher length of stay (LOS), $1634 higher charges, and $727
higher costs (in 2005 dollars). Another study in 2000 shows that a secondary obesity
diagnosis is associated with higher charges in hospitalizations with appendicitis, asthma,
pneumonia, and affective disorders.? Wang and Dietz10 report an increase in obesity-
associated annual hospital costs for children from $35 million during 1979-1981 to $127
million during 1997-1999. Trasande et al® update these findings by demonstrating a near-
doubling in obesity-coded child hospitalizations and a rise in costs from $125.9 to $237.6
million during 2001-2005.

These studies provide information on the inpatient costs of childhood obesity and their
trends from the late 1970s to the mid-2000s. However, published studies on obesity-
associated hospital care utilization and costs for children over the last decade are lacking.
Our study analyzes the hospital LOS, charges, and costs associated with an obesity diagnosis
among children aged 2-19 years over 2006-2016. We also present the overall patterns in
obesity-coded hospitalizations, as well as the most frequent co-occurring conditions, where a
primary diagnosis in a hospital setting exists in tandem with a secondary diagnosis of
obesity.

METHODS

Our sample includes ~4.1 million discharges of children aged 2-19 years during 2006—2016,
from the National Inpatient Sample (NIS) database. NIS is the largest publicly available and
nationally representative all-payer inpatient health care database in the United States.

We differentiate between primary diagnosis and secondary (other) diagnoses. Primary
diagnosis is the first-listed diagnosis, or “the condition established after study to be chiefly
responsible for occasioning the admission of the patient to the hospital for care.”11
Secondary diagnoses are listed in positions 2—-30 on the medical record.

To identify discharges with obesity diagnosis, we use the International Classification of
Diseases, Ninth Revision (ICD-9) codes of 278.00 and 278.01 and the International
Classification of Diseases, 10th Revision (ICD-10) codes of E66.8, E66.9, E66.0, E66.01,
and E66.09. To identify primary conditions that co-occur with the secondary diagnosis of
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obesity, we use the Clinical Classifications Software (CCS) tool that clusters the ICD
diagnoses into distinct categories.

We convert charges and costs into 2016 dollars, using the Personal Consumption
Expenditures: Health Care Index.12 All data transformations are described in Appendix Al
(Supplemental Digital Content 1, http://links.lww.com/MLR/C20).

First, we plot the trends in hospitalizations, total and average charges, and costs (all
unadjusted measures). Statistical significance of trends is assessed using nonparametric tests
for trend across ordered groups. Then we identify 14 most frequent primary CCS diagnosis
categories co-occurring with secondary obesity diagnosis over 2006—-2016. Next, we use
logistic regression, where the dependent variable is the presence of secondary obesity
diagnosis, and the independent variables of interest are year, primary CCS diagnosis
category (categorical variable with 14 categories), and their interaction. The average
marginal effect of year represents the absolute annual change in the proportion of
hospitalizations with a secondary diagnosis of obesity.

All statistical models include the following controls: race/ethnicity, sex, age group, hospital
region, the median income for the patient’s ZIP code (in quartiles), payer type, hospital
location, and teaching status, year indicator, and ICD change indicator. We create a separate
category for unreported race/ethnicity, sex, and income. All statistical analyses use the 5%
significance level and are performed using SAS 9.4 and Stata/MP 15.1.

Next, we estimate the association between the diagnosis of obesity and 3 dependent
variables: hospitalization LOS (model 1), charges (model 2), and costs (model 3). Model 1 is
a negative binomial model with the log link function3; models 2 and 3 are generalized
linear models with the log link and gamma distribution.14 The independent variables of
interest are the primary and secondary diagnoses of obesity (reference: no obesity
diagnosis). Incremental differences are calculated as average marginal effects.

In addition, we analyze whether the link between obesity diagnosis (primary or secondary)
and LOS, charges, and costs differs by sex or by primary CCS diagnosis. To accomplish this,
we reestimate the 3 models above, introducing interactions between sex and obesity
diagnosis (primary or secondary). We also reestimate the 3 original models, introducing
primary CCS diagnostic category (categorical variable with 14 categories) and its interaction
with the secondary diagnosis of obesity.

In our sample of child hospitalizations over 2006-2016, mean hospital LOS is 3.8 days,
mean charges and costs are $29,333, and $9192 per hospitalization (Appendix Table A2,
Supplemental Digital Content 1, http://links.lww.com/MLR/C20).

During 2006-2016, hospitalizations with a primary, secondary, and no obesity diagnosis
increased by 56%, 83%, and 27%, respectively (Fig. 1). In hospitalizations with a primary,
secondary, and no obesity diagnosis, the unadjusted total charges increased by 86%, 263%,
and 48%, while the total costs increased by 47%, 182%, and 12%, respectively.
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Among hospitalizations with a secondary diagnosis of obesity, pregnancy-related conditions
represent the most frequent primary CCS diagnostic category, followed by mood disorders,
asthma, and diabetes (Table 1). The proportion of hospitalizations with a secondary
diagnosis of obesity ranges from 1.53% (within pneumonia CCS) to 14.56% (within biliary
tract disease CCS). This proportion has increased from 0.12 percentage points (in
pregnancy-related hospitalizations) to 0.72 percentage points annually (in biliary tract
disease hospitalizations).

Obesity as a primary diagnosis (vs. no diagnosis of obesity) is associated with 1.8-day lower
LOS, but $20,879 higher charge and $6049 higher cost (all < 0.001) (Table 2). Obesity as
a secondary diagnosis (vs. no diagnosis of obesity) is associated with 0.8-day higher LOS,
$3453 higher charge, and $1359 higher cost (all £< 0.001). This positive association
between secondary obesity and LOS holds in 10 of 14 primary CCS categories—ranging
from 0.3 days for asthma to 0.9 days for lower limb fracture (Table 2). This association is
not significant among hospitalizations for biliary tract disease, schizophrenia, or “other
nervous system disorders,” and negative among hospitalizations for “other bone disease and
musculoskeletal deformities.” The positive association between secondary obesity diagnosis
and charges (costs) holds in 9 of 14 primary CCS categories. This association is not
significant among hospitalizations for biliary tract disease, schizophrenia, or epilepsy, and
negative among hospitalizations for “other bone disease and musculoskeletal deformities” or
“other nervous system disorders.”

The incremental difference in charges (costs) associated with a primary obesity diagnosis is
higher in females, while the incremental difference in charges (costs) resulting from a
secondary obesity diagnosis is higher in males. The association between LOS and obesity
diagnosis is not statistically different by sex. The same incremental differences are shown as
percentages in Appendix Table A3 (Supplemental Digital Content 1, http://
links.lww.com/MLR/C20).

A robustness check using “any diagnosis of obesity” as the independent variable of interest
yields marginal effects similar to those of secondary obesity diagnosis (results not shown).

DISCUSSION

Our study spanning the 2006-2016 period finds increases in the obesity-coded
hospitalizations from 36,176 to 65,895, the associated total charges from $850.9 million to
$3.03 hillion, and costs from $313 to $868.4 million (in 2016 dollars). To the best of our
knowledge, these data have not been updated since a 2009 analysis that finds a near-
doubling in the number and total cost of hospitalizations with any obesity diagnosis over the
19992005 period.8 The increase in hospitalizations, charges, and costs could be explained
by a similar secular trend among all health conditions; however, our analysis shows a
decrease in the overall number of child hospitalizations and an increase in obesity-associated
hospitalizations, which partly explains the relative increase in obesity-associated total costs
and charges. Increased hospitalizations with an obesity diagnosis could be explained by an
increase in obesity-associated conditions and/or improved coding of obesity over time.
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Pregnancy conditions constitute the most common primary CCS category in hospitalizations
with a secondary diagnosis of obesity. Our findings of the most frequent primary diagnoses
co-occurring with the secondary diagnosis of obesity are consistent with those of Trasande
et al.8 We find significant annual increases in the proportion of hospitalizations with a
secondary diagnosis of obesity within all most frequent primary CCS categories.

Hospitalizations with a primary obesity diagnosis exhibit a significantly shorter LOS, but
higher charges and costs, compared with hospitalizations with no obesity diagnosis.
Principal procedures associated with these hospitalizations include gastroenterostomy,
gastrectomy, gastroplasty, and gastric bypass. These costly procedures, often associated with
bariatric surgery, may be associated with a shorter LOS, compared with other
hospitalizations.1® This may be due to the efficiency of these procedures and/or
heterogeneity of hospitalizations in the reference category. Some examples include
laparoscopic gastroenterostomy (2.13 mean LOS; $47,438 mean charge) and sleeve
gastrectomy (1.84 mean LOS; $46,576 mean charge) versus the reference category most
frequent primary diagnoses: pregnancy-related conditions (2.65 mean LOS; $14,266 mean
charge) and mood disorders (6.76 mean LOS; $18,130 mean charge).

Hospitalizations with a secondary diagnosis of obesity exhibit a significantly longer LOS,
and higher charges and costs than hospitalizations without an obesity diagnosis. This is
consistent with previous studies of 1999-2005 data.8:° This positive association holds in
pediatric conditions that commonly co-occur with obesity, such as asthma, mood disorders,
and diabetes,8:816-19 a5 well as pregnancy-associated hospitalizations. Given that
pregnancy-associated hospitalizations account for around 18% of all hospitalizations with a
secondary diagnosis of obesity, these hospitalizations contribute significantly to total charges
and costs.

Among “other nervous system disorders,” which include benign intracranial hypertension,
obesity diagnosis shows no link with LOS and negative associations with charges and costs.
These findings may be due to multiple factors including: (1) the heterogenous nature of the
condition; and (2) the possibility that obesity as a disease associated with intracranial
hypertension may be recognized more readily, thus leading to earlier discharges and reduced
costs.20-23

The association between obesity diagnosis and charges (costs) significantly differs by sex,
which may be explained by the differences in the nature of hospitalizations by sex.

Our study has limitations. First, the adoption of obesity-related performance measures and
increased recognition of childhood obesity as a public health problem during the study
period may have affected provider coding behavior. Therefore, caution should be used in any
final interpretation of the trend data. The second limitation is the shift in coding from ICD-9
to ICD-10, which we account for my including an indicator variable in all models. Third, the
incremental differences in LOS, charges, and costs do not represent the causal effect of
obesity on these measures, but their correlation with a diagnosis of obesity. Fourth, due to
under-coding of obesity in claims, the total number, charges, and costs of obesity-associated
hospitalizations are underestimated, while the incremental differences in LOS, charges, and
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costs may be underestimated or overestimated. This approach was used because the
measured body mass index is not available in this dataset. Fifth, cost-to-charge ratios are
missing in ~3% of the observations, but we follow the Agency for Healthcare Research and
Quality (AHRQ) guidelines to impute and reweight the cost estimates. Sixth, we do not
control for Medicaid expansion by state, since the NIS dataset lacks state identifiers. Finally,
findings may be affected by the increased number of allowable listed diagnoses per
hospitalization across the years. Since only 0.88% of secondary obesity cases are recorded
due to the increase, we argue that the effect of this increase on our results is likely
negligible.

This paper presents evidence that hospitalizations for other conditions are more costly when
obesity is present as a diagnosis and provides a rationale for why obesity prevention is
important. It provides clinicians and policymakers with additional evidence of the economic
burden of childhood obesity and further justifies efforts to prevent and manage the disease.
Future research could link measured body mass index to medical claims—based expenditures,
to more accurately capture the costs associated with obesity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Trends in hospitalizations, costs, and charges among children and youth aged 2-19 years,

2006-2016. Estimates of hospitalizations, charges, and costs are unadjusted measures. The
percentages represent the relative percent change of each measure from 2006 to 2016, not
annual change. §”< 0.05 in the nonparametric tests for the trends in the number of
hospitalizations, mean, and total charges and costs. Source: Authors’ analysis of data from
the National Inpatient Sample (NIS), 2006-2016.
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