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Abstract

Background—Data regarding the health care costs of inflammatory bowel disease (IBD) in the
United States are limited.

Objectives—1) To estimate the direct costs of Crohn’s disease (CD) and ulcerative colitis (UC) in
the U.S. 2) To describe the distribution of costs between inpatient, outpatient, and pharmaceutical
services, and 3) To identify sociodemographic factors influencing these costs.

Methods—We extracted medical and pharmacy claims from an administrative database containing
insurance claims from 87 health plans in 33 states, occurring between the years 2003-2004. We
identified cases of CD and UC using an administrative definition. For each case, we selected up to
3 non-I1BD controls. Claims were classified as inpatient, outpatient, or pharmaceutical according to
Current Procedural Terminology or National Drug Codes. Costs were based on the paid amount of
each claim. IBD-attributable costs were estimated by subtracting costs for non-1BD patients from
those with IBD. Logistic regression was used to identify the sociodemographic factors affecting these
costs.

Results—We identified 9,056 CD patients and 10,364 UC patients. Mean annual costs for CD and
UC were $8265 and $5066 respectively. For CD, 31% of costs were attributable to hospitalization,
33% to outpatient care, and 35% to pharmaceutical claims. The corresponding distribution for UC
was 38%, 35%, and 27% respectively. Costs were significantly higher for children age < 20,
compared to adults, but did not vary substantially by gender or region.

Discussion—This study demonstrates a substantial economic burden of IBD and can be used to
inform health policy.
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Background

Methods

In 2005, U.S. healthcare spending increased by 6.9 % to almost $2 trillionl. Current data
suggests that healthcare costs now account for over 16 % of the United States gross domestic
product, compared to 13.7 % one decade ago Much of this growth has been attributed to the
rising prevalence of chronlc conditions3: 4, for which direct treatment costs alone are estimated
to be $277 billion annually®.

Crohn’s disease (CD) and ulcerative colitis (UC), collectively known as inflammatory bowel
disease (IBD), are two of the most significant chronic gastromtestlnal conditions. Both are
associated with high morbldlty and decreased quality of life”+ 8. The public health burden of
illness is also quite substantial; between 1 and 1.5 million Americans are estimated to be
affected by these conditions¥-11. Yet, little is know about the economic effects of IBD
treatment in the United States. Current estimates of the treatment costs of IBD do not exist,
and prior estimates 12,13 gre likely to be obsolete in light of newer therapeutic modalities and
changing patterns of hospitalization and surgery Slmllarly, economic analyses in the UK
and other European nations are not generally applicable to the United States, given that different
patterns of healthcare utilization and fayment systems between countries results in marked
variations in healthcare expendltures

Consequently, an updated estimate of the treatment costs of Crohn’s disease and ulcerative
colitis in the United States is urgently needed. In addition, as with other chronic illnesses, a
detailed analysis of the demographic and clinical characteristics of individual patients and their
patterns of service use is also necessary to understand the key factors driving these costs.16

The aims of this study were 1) to estimate the direct costs of treatment of Crohn’s disease (CD)
and ulcerative colitis (UC) in the U.S., 2) to describe the distribution of such costs between
inpatient, outpatient, and pharmaceutical services, and 3) to determine whether costs of IBD
treatment vary by sociodemographic factors such as age, gender, and geographic region.

Study Design and Data Source

In this cross-sectional study, we analyzed the medical, surgical, and pharmaceutical insurance
claims contained in the PharMetrics Patient-Centric Database (IMS Health, Watertown, MA)
for the period January 1, 2003 through December 31, 2004. This longitudinal, patient-level
database has been used in previous epidemiological studies of inflammatory bowel
diseasell, and at the time of this study included claims from 87 health plans in 33 states. The
included plans capture a geographically diverse sample of commercially insured Americans.
The number of plans per major U.S. Census region (i.e., East, South, Midwest, West) ranged
from 12 to 34 (mean=21.75), and the number of states included in each region ranged from 5
to 10 (mean=8.25). No one state contributed more than 41% of enrollees to a region. Prior
studies have reported PharMetrics to be representative of the national commercially-insured
population on a varlet%/ of demographic measures, including geographic region, age, gender,
and health plan type

Patient Selection

All individuals in the database with continuous health plan enroliment between January 1, 2003
and December 1, 2004 were eligible for inclusion in this analysis. We |dent|f|ed cases of CD
and UC using a previously reported definition based on administrative data 11, This definition
included patients with at least 3 health care contacts, on different days, associated with an
International Classification of Diseases, 9th Revision, Clinical Modification diagnosis code
for CD (555.xx) or UC (556.xx), or patients with at least one claim for CD or UC and at least
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1 pharmacy claim for any of the following medications: mesalamine, olsalazine, balsalazide,
sulfasalazine, 6-mercaptopurine, azathioprine, infliximab, adalimumab, and enteral
budesonide. For patients who had claims for both CD and UC, disease assignment was made
according to the majority of the last 9 claims. For each case, we randomly selected up to 3 non-
IBD controls, matched for age, gender, health plan, and geographic region.

To avoid underestimating the pharmaceutical costs, we excluded patients and controls whose
health plan did not provide pharmacy coverage for at least 22 out of 24 month observation
period. We also excluded patients 65 years of age or older because the managed Medicare
enrollees in the PharMetrics database might not be representative of the Medicare population
as a whole.

Determination of Costs

We classified each claim as inpatient, outpatient, or pharmaceutical according to Current
Procedural Terminology (CPT), Healthcare Common Procedure Coding System (HCPCS), or
National Drug Codes (NDC). Inpatient episodes were further categorized as “Gl surgical” if
1 more claims during the period of hospitalization contained a procedure code for a
gastrointestinal procedure excluding endoscopy or surgery of oral cavity and liver, biliary tract,
and pancreas. (43020-43135, 4328044346, 44500 — 45190, 45395-46505, 46700-46999,
49000-49999). Otherwise, admissions were counted as “non-Gl surgical”. Outpatient claims
were further categorized into the following categories: office visits, emergency department
visits, endoscopic procedures, radiological procedures, laboratory/pathology, and other
outpatient services based upon CPT codes.

Annual costs were based on the average amount paid by the insurer over the two years of
observation. If the cost reported by the health plan was negative (0.02% of claims), the paid
amount was considered as missing data and deleted from the analysis. If the amount paid was
not reported by the plan (approximately 17.5 % of claims) a paid amount was imputed by
multiplying the charges by the plan’s median paid to charge ratio. The disease-attributable
costs in each category were estimated by subtracting the mean costs of the matched controls
from those with IBD.

Statistical Analysis

All IBD-attributable costs are reported as means (with standard deviation) and medians (with
interquartile ranges). Overall U.S. expenditures for Crohn’s disease and ulcerative colitis were
estimated by multiplying the age, gender, and region specific mean costs for these conditions
by the corresponding number of affected patients previously reported in our prevalence
studyll. Cost data is often not normally distributed (usually skewed to the right), and thus
mean healthcare costs are typically sensitive to outlying high expenditures. Such outliers
contribute to overall expenditures and disease burden, however, and were thus included in our
primary analyses. To determine the extent to which these outliers influenced the results
presented in this manuscript, we repeated all of our analyses after excluding patients whose
total disease-attributable costs were in the top and bottom 1% of the population.

To identify the demographic factors such as patient age, geographic region, and gender that
influence the direct costs of Crohn’s disease and ulcerative colitis in the United States,
multivariate logistic regression was used to identify the demographic predictors of having costs
in the highest quartile, compared with the lowest quartile. In these models, age, region, and
gender were included as predictor variables, after controlling for insurance type (Medicaid
versus commercial insurance). Age, which was assigned at the end of the observation period,
was analyzed as a categorical variable (< 20, 20-39, and 40-64). In order to determine whether
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these results were driven by extreme values in either direction, we repeated our models after
excluding outliers as above.

All statistical analyses were performed using SAS version 9.1 (Cary, NC), and the study
protocol was granted exemption from review by the Institutional Review Boards at the
University of North Carolina Chapel Hill and Harvard Pilgrim Health Care because it involved
the use of existing, de-identified data.

Study Population

Our study population included 9,056 CD patients and their 24,829 matched controls and 10,364
UC patients and their 28,160 matched controls. (Table 1) The mean age of CD and UC patients
was 42 years (s.d. 13 years) and 45 years (s.d. 12 years) respectively. Fifty-six percent of CD
patients and 53% of UC patients were women. Each of the 4 major U.S. census regions were
adequately represented in our patient population. There were no statistically significant
differences between patients and controls in each of these demographic factors.

Direct Costs of Crohn’s disease and ulcerative colitis

For patients with CD, the mean total costs were $10,952 per year, compared to $2,898 for the
matched controls. The mean (SD) and median (interquartile range) annual CD associated
treatment costs were $8,265 (21,342) and $3,203 ($530-$9,935) per patient-year (Table 2).
Pharmaceutical claims accounted for the largest proportion of direct costs (35.3%). Infliximab
was the most costly medication; approximately 10% of Crohn’s disease patients had at least 2
claims for infliximab infustions. The utilization and costs of other medications is shown in
Table 4. Hospitalization and outpatient services accounted for 31.4% and 33.3% respectively
(Figure 1). Of the hospitalization costs, 40% were incurred during surgical hospitalizations.

For UC, the mean total costs for patients were $7,948 per year, compared to $2,715 for the
matched controls. The mean (SD) and median (interquartile range) annual UC associated
treatment costs were $5,066 (17,928) and $1,963 ($68—$5,278) per patient-year (Table 3).
Hospitalization accounted for the largest proportion of direct costs (37.6%). Pharmaceutical
and outpatient services accounted for 27.5% and 34.9% respectively. Oral and rectal
aminosalicylates accounted for the highest proportion of UC medication costs. At least 2 claims
for these agents were observed in 43% and 20% of UC patients respectively (Table 4). Similar
to Crohn’s disease, 42% of the hospitalization costs were incurred during surgical
hospitalizations.

Based on this cost data and prevalence data recently reported by our group11(436,000
Americans with CD; 512,000 with UC), we estimate the annual disease-attributable direct costs
of IBD in the United States to be $6.3 billion ($3.6 billion for CD, $2.7 billion for UC).

After removing extreme outliers (patients in the top and bottom 1% of costs), the mean (SD)
annual treatment costs for CD and UC were $7,189 ($11,778) and $4,186 ($8,975) respectively.
The extrapolated treatment costs of IBD in the U.S. would be $3.1 billion for CD and $2.1
billion for UC)

Demographic factors related to health care costs

Total disease-attributable costs of Crohn’s disease varied significantly by age group. In
unadjusted analyses, the mean costs for Crohn’s disease in children (age less than 20) were
$9,555, compared to $8,094 for adults aged 20-39 and $8,179 for adults aged 40-64 (Figure
3). After adjusting for the effects of geographic region, gender, and insurance type, adults were
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significantly less likely than children to have costs in the highest quartile versus the lowest
quartile [OR, 0.52; 95 % CI 0.40-0.68 for adults aged 20-39 compared to children; OR, 0.40;
95 % CI 0.31-0.52) for adults aged 40—-64 compared to children] (Table 5). The effects of
geographic region and gender were not statistically significant. To determine the type of service
(s) responsible for the higher costs of pediatric CD compared to adult CD, we also modeled
inpatient, outpatient, and pharmaceutical costs. As with total costs, the costs of inpatient and
outpatient services were considerably less in adults compared to children; differences in
pharmaceutical costs were not as substantial (data not shown). This suggests that differences
in CD-associated costs between children and adults are driven largely by ambulatory and
inpatient services, rather than pharmaceutical services.

As with Crohn’s disease, treatment costs for ulcerative colitis were also less in adults compared
to children. In unadjusted analyses, the mean costs for UC in children (age less than 20) were
$10,063, compared to $4,610 for adults aged 20-39 and $4897 for adults aged 40-64 (Figure
3). In our adjusted models, adults were significantly less likely than children to have costs in
the highest quartile versus the lowest quartile [OR, 0.30; 95 % CI 0.21-0.43 for adults aged
20-39 compared to children; OR, 0.24; 95 % CI 0.17-0.34) for adults aged 40-64 compared
to children] (Table 4). Regional differences were statistically significant, but the magnitude of
the differences was small. No gender differences were observed. Similar to CD, the UC-
associated costs of inpatient and outpatient services were also much greater for children than
the other age groups; however, pharmaceutical costs did not differ by age group (data not
shown).

After repeating our models after excluding outliers as above, we again found that age, but not
region or gender, was significantly associated with total costs for both CD and UC.

Discussion

This study provides an updated estimate of the treatment costs of Crohn’s disease and ulcerative
colitis in the United States, a necessary step in understanding the overall burden of
inflammatory bowel disease in this country. In our sample of nearly 20,000 U.S. children and
adults with inflammatory bowel disease, we found that the mean treatment costs for CD were
$8265 per year, and for UC were $5066 per year. As in many illnesses, a disproportionate
amount of the overall societal costs resulted from the individuals with the highest resource
utilization as indicated by the differences in the mean and median costs presented here.
Healthcare expenditures for both conditions were significantly greater in children, compared
to adults, but did not vary substantially by gender or geographical region. Based on data, we
extrapolate that the total IBD associated treatment costs in the United States are $6.3 billion
($3.6 billion for CD, $2.7 billion for UC).

No recent studies have reported the direct costs of IBD in the United States. Therefore, this
cost analysis represents an important contribution to the existing literature describing the
burden of these gastrointestinal conditions. Comparisons between this study and older cost
estimates of IBD in the U.S. are limited due to varying methodologies, but can be useful to
illustrate gross changes in health care utilization and costs over time. For example, based on
an analysis of 1988-1989 data, Hay estimated the average annual medical costs of Crohn’s
diseae and ulcerative colitis in the U.S. as $6561 and $1488 respectivelylz. Using the medical
Consumer Price Index (CPI) to inflate these costs to 2004 amounts, this would equal $13,844
for CD and $3140 for UC. Using data from 1994-1995, Feagan et al estimated the annual cost
of care for Crohn’s disease was $12,41713. Inflated to 2004 dollars, this figure would equal
$18,750. Notably, the proportion of all CD costs that was attributable to hospitalization
decreased from roughly 55%, as reported in these earlier studies, to 31.4% as observed here.
Conversely, outpatient pharmaceutical costs increased from approximately 4% of total
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expenditures in prior studies to 35.3% of total expenditures in this current study. In dollar
amounts, the medication costs for CD (adjusted to 2004 dollars) were $844-1416 in the Hay
study (2 different cost methods used) and $670 in the Feagan study, compared to $2919 in this
present study. Therefore, it appears that a shifting pattern of resource utilization may be
emerging, particularly for Crohn’s disease, with increasing pharmaceutical expenditures
offsetting some of the costs of hospitalization and surgery.

Although resource utilization is expected to vary between countries due to differences in
practice patterns and methods of healthcare financing, the cost data presented here is
surprisingly similar to that reported in other Western countries. For example, Bassi et al
reported the 6 month direct costs of CD and UC in the United Kingdom (based on 2004 data)
as £1652 and £1256 respectively18. Using January 2004 exchange rates and annualizing over
a 1 year period, this would equal approximately $6000 USD for CD and $4600 USD for UC.
Odes et al recently reported the mean annual costs of CD and UC among 8 European countries
and Israel as €2548 and €1524 respectively (or $3200 USD for CD and $1900 USD for UC,
based on January 2004 exchange rates), with nearly 4 fold variation in total IBD costs between
countriesL®. Similar to our study, these recent European studies also found that a relatively
high proportion of costs were attributable to pharmaceuticals (nearly 25% of total costs for CD
and UC combined). Although the cost data presented in this U.S. study can not be directly
compared to that reported in these prior European studies due to the different methods used as
well as possible differences in the study populations (e.g. ratio of incident to prevalent cases,
etc), it appears that while total expenditures for IBD are somewhat higher in the United States
than in other countries, the profile of spending is quite similar.

The most striking finding in our study was the significantly increased costs incurred by children
with IBD, compared to adults. Several factors might explain this difference. First, it is likely
that the pediatric population includes a higher proportion of incident cases than the adult
population, and medical costs are known to be higher in the year following diagnosis compared
to subsequent years. Secondly, some authors have speculated that early onset IBD is a specific
subtype of IBD with greater extent and severity then adult onset 1BD19: 20, T the extent that
this is true, the higher costs incurred by children with IBD are to be expected. Finally, there
may be differences in practice patterns between pediatric and adult gastroenterologists,
including the frequency of scheduled office visits and the threshold for hospital admission.
Indeed, this study demonstrated that the excess costs in pediatric patients were driven largely
by the ambulatory and inpatient services, rather than pharmaceutical costs.

The strengths of this study include both the size and diversity of the study population. By
drawing from a large number of health plans of varying size, type, and location, we believe
that the cost data presented here are broadly generalized to the commercially insured population
of the United States. Another strength of this study was that costs were determined by the actual
amounts paid l?/ health plans, rather than deriving costs by multiplying units of resource use
by unit costs 18,15,

An inherent limitation to using administrative data for epidemiological studies is the lack of
clinical detail, resulting in the possibility misclassification of our included patients. We used
a stringent case definition that required either multiple IBD-related health contacts or IBD-
specific pharmaceutical claims to establish a diagnosis of CD or UC. Similar administrative
definitions have been previously reported by our group11 and others?L 22 Although we feel
reasonably confident that the cases included in this analysis are actual cases, this study would
not have identified milder cases that did not seek medical attention or utilize health care
services. Similarly, the use of claims data dose not allow precise determination of which
medical services used by patients identified as having IBD were used specifically to treat IBD
versus other co-morbid conditions. Therefore, in our analysis we matched IBD patients with
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non-IBD patients of similar age, gender, region, and health plan and estimated disease-
associated costs (including total pharmaceutical costs) in the IBD patients after subtracting the
costs of the non-IBD controls. A third limitation is that this study was a non-random sample
of the US population, and thus might not fully represent the geographic, ethnic, and
socioeconomic distribution of the overall population. For example, this analysis was limited
to individuals with two years of continuous health plan enrollment and at least 22 months of
pharmacy benefits. These strict enrollment criteria help ensure complete utilization data for
included individuals, though may limit generalizability. In addition, our analysis included a
small number of Medicaid patients analyzed (1% of included patients), and the exclusion of
uninsured individuals and those receiving Medicare. To the extent that Medicaid and Medicare
reimbursements are lower than those from commercial payors, the direct costs reported here
may overestimate total US costs. Nevertheless, we believe that the robust sample size, diversity
of patients and health plans, and the precise cost data used in the analysis outweigh these
limitations. Finally, our study did not estimate indirect costs, for example transportation costs,
out-of-pocket costs, or productivity costs due to missed work for patients or parents. Such
indirect costs, which represented approximately 20% of direct costs in the British study, further
contribute to the economic burden of illness.

In conclusion, this study presents a contemporary estimate of the treatment costs of IBD in the
United States, and as such represents an important step in understanding the care for persons
with these conditions. Indeed, Crohn’s disease and ulcerative colitis are costly medical
conditions, both at the level of the individual patient and in aggregate. This findings can 1)
inform IBD-related health policy, including the planning of appropriate clinical services and
allocating research funding commensurate with the overall disease burden, 2) identify risk
factors for increased costs (i.e. children) for which to target more effective treatments 3) support
IBD advocacy work, and 4) help put into perspective the cost of emerging therapeutics and
facilitate future economic studies of IBD care.
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Figure 1.
“Proportional costs of outpatient, inpatient, and pharmaceutical health care services delivered
to patients with Crohn’s disease in the United States”
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Figure 2.
“Proportional costs of outpatient, inpatient, and pharmaceutical health care services delivered
to patients with ulcerative colitis in the United States”
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Figure 3.

“Comparison of inflammatory bowel disease treatment costs between U.S. children and
adults.” Mean costs of CD and UC in a sample of commercially insured individuals in the
United States, broken down by age group. Odds ratios denote the odds of a patient having costs
in the highest quartile,compared to the lowest quartile after adjusting for gender, geographical
region, and insurance insurance status (Medicaid versus commercial) using logistic regression.
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Table 1
Characteristics of CD and UC Patients and Controls
CD patients CD controls UC patients UC controls
Mean age (s.d.) 42 (13) 42 (13) 45 (12) 45 (12)
Age
<20 n (%) 737 (8.1) 2066 (8.3) 488 (4.7) 1394 (5.0)
20-39 n (%) 2755 (30.4) 7510 (30.3) 2661 (25.7) 1760 (25.4)
40-64 n (%) 5564 (61.4) 15253 (61.4) 7215 (69.6) 19606 (69.6)
Gender
Female n (%) 5090 (56.2) 13965 (56.2) 5464 (52.7) 14828 (52.7)
Male n (%) 3966 (43.8) 10864 (43.8) 4900 (47.3) 13332 (47.3)
Region
Northast n (%) 2124 (23.5) 5818 (23.4) 2402 (23.2) 6567 (23.3)
Midwest n (%) 2114 (23.3) 5903 (23.8) 2276 (22.0) 6339 (22.5)
West n (%) 1859 (20.5) 4930 (19.9) 2367 (22.8) 6190 (22.0)
South n (%) 2959 (32.7) 8178 (32.9) 3319 (32.0) 9064 (32.2)
Total 9056 24829 10364 28160
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Table 2
Annual Direct Costs of CD in the United States
Mean (SD) Median (interguartile range)

Inpatient costs

Surgical 1,026 (7,136) 0(0,0

Medical 1,567 (9,853) 0(0,0)
Total inpatient costs 2,593 (13,416), 0(0, 726)
Outpatient costs

Emergency Department 97 (647) 0(=25,73)

Office 319 (773) 175 (=49, 512)

Gl Endoscopy 266 (456) 120 (0,434)

Lab, Pathology 318 (961) 158 (6,419)

Radiology 272 (1,085) 53 (-71, 399)

Other outpatient services 1,480 (10,767) 197 (=200, 1.322)
Total outpatient costs 2,753 (12,078) 1,157 (—31, 3,276)
Outpatient Medication costs 2,919 (6.298) 1,014 (83, 3.005)
Overall Total Cost 8,265 (21,342) 3,203 (530, 9.935)

*
Costs reported in $USD per patient-year, determined during the period between January 1, 2003 and December 31, 2004
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Table 3

Annual Direct Costs of UC in the United States

Mean (SD) Median (interguartile range)l

Inpatient costs

Surgical 807 (7,255) 0(0,0)

Medical 1,099 (9.062) 0(0,0)
Total inpatient costs 1,906 (12,674) 0(0,0)
Outpatient costs

Emergency Department 44 (569) 0(=31,19)

Office 244 (709) 130 (81, 424)

Gl Endoscopy 306 (463) 204 (0, 471)

Lab, Pathology 283 (708) 150 (5, 390)

Radiology 165 (1,105) 0(-118, 226)

Other outpatient services 727 (7,785) 58 (—313, 801)
Total outpatient costs 1,768 (8,827) 782 (-202, 2,373)
Outpatient medication costs 1,393 (3,115) 696 (1, 2,008)
Overall Total Cost 5,066 (17,928) 1,963 (68, 5,278)

*
Costs reported in $USD per patient-year, determined during the period between January 1, 2003 and December 31, 2004
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Table 4

Costs and Utilization of Inflammatory Bowel Disease Mediations in the United States

Page 15

Crohn’s Disease

Ulcerative Colitis

Medication Category

Mean annual costs
(SD)

Proportion (%o)of
patients with at least 2
claims

Mean annual costs
(SD)

Proportion of patients
with at least 2 claims

Oral steroids 4(18) 14 4(17) 12
Oral salicylates 495 (768) 39 563 (812) 43
Rectal salicylates 28 (169) 7 145 (431) 20
Thiopurines 194 (491) 25 83 (320) 11
Methotrexate 2 (25) 2 1(17) 1
lleal-release budesonidel 41 (169) 5 12 (101) 1
Adalimumab 17 (385) <1 12 (353) <1
Infliximab 1523 (5133) 10 92 (1248) <1
Other 1168 (3078) 1065 (2258)

Total 3474 (6253) 1977 (2987)

*
Costs reported in $USD per patient-year, determined during the period between January 1, 2003 and December 31, 2004
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Table 5
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Independent Effects of Demographic Factors on the Cost of Inflammatory Bowel Disease in the United States

Variable Crohn’s Disease odds ratio(95% CI)” Ulcerative Colitis odds ration (95% CI) *
Age
<20 reference reference
20-39 0.52 (0.40-0.68) 0.30 (0.21-0.42)
40-64 0.40 (0.31-0.52) 0.24 (0.17-0.34)
Region
Northeast 0.89 (0.74-1.06) 1.3 (1.15-1.58)
South 0.94 (0.80-1.11) 1.03 (0.88-1.19)
Midwest 0.96 (0.80-1.13) 1.12 (0.95-1.31)
West reference reference
Gender
Male reference reference
Female 1.04 (0.92-1.17) 1.06 (0.95-1.19)

*

Odds Ratios and 95% confidence intervals derived from multivariate logistic regression comparing costs in the highest quartile to those in the lowest
quartile. In these models, age, region, and gender were included as predictor variables, after controlling for insurance type (Medicaid versus commercial
insurance). Age, assigned at the end of the observation period, was analyzed as a categorical variable (2-19, 20-39, and 40-64).
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