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Background: Inflammatory bowel diseases (IBD) are rising in prevalence and are associated with high health care costs. We estimated trends
in U.S. health care spending in patients with IBD between 1996 and 2016.

Methods: We used data on national health care spending developed by the Institute for Health Metrics and Evaluations for the Disease
Expenditure Project. We estimated corresponding U.S. age-specific prevalence of IBD from the Global Burden of Diseases Study. From these
2 sources, we estimated prevalence-adjusted, temporal trends in U.S. health care spending in patients with IBD, stratified by age groups
(<20 years, 20-44 years, 45-64 years, >65 years) and by type of care (ambulatory, inpatient, emergency department [ED], pharmaceutical pre-
scriptions, and nursing care), using joinpoint regression, expressed as an annual percentage change (APC) with 95% confidence intervals.

Results: Overall, annual U.S. health care spending on IBD increased from $6.4 billion (95% confidence interval, 5.7-7.4) in 1996 to $25.4 billion
(95% confidence interval, 22.4-28.7) in 2016, corresponding to a per patient increase in annual spending from $5714 to $14,033. Substantial
increases in per patient spending on IBD were observed in patients aged >45 years. Between 2011 and 2016, inpatient and ED care accounted
for 55.8% of total spending and pharmaceuticals accounted for 19.9%, with variation across age groups (inpatient/ED vs pharmaceuticals: ages
>65 years, 576% vs 11.2%; ages 45-64 years, 49.5% vs 26.9%; ages 20-44 years, 59.2% vs 23.6%).
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Conclusions: Even after adjusting for rising prevalence, U.S. health care spending on IBD continues to progressively increase, primarily in
middle-aged and older adults, with unplanned health care utilization accounting for the majority of costs.

Key Words: costs, expenses, value-based care, Crohn disease, colitis

Introduction

In the United States, approximately 1.8 to 3.1 million adults
are affected by IBD, and although the incidence may have
stabilized, prevalence of the disease continues to rise par-
ticularly among middle-aged and older adults.! ? Patients
with IBD are typically diagnosed at a young age and experi-
ence a protracted, relapsing-and-remitting course that ne-
cessitates repeated health care encounters in both the elect-
ive and emergent setting, along with high associated health
care costs. With the advent of biologic agents, clinical out-
comes have improved with higher rates of remission and a
lower risk of surgery, along with a decline in hospitalization
in Canada and some European countries.>* However, rates
of unplanned health care utilization, including inpatient
care and emergency department (ED), visits have continued
to rise in patients with IBD in the United States.®® Although
health care spending in patients with IBD has shifted from
inpatient care toward biologic therapy in Europe and
Canada, there has been limited evaluation of trends and
patterns in health care spending in patients with IBD in the
United States.

We evaluated trends and patterns of health care spending
in patients with IBD in the United States between 1996 and
2016, overall, by age, and by type of care, using 2 large pub-
licly available databases. The U.S. Disease Expenditure (DEX)
2016 project aggregates data from 183 sources, leveraging
the strength of each source to produce modeled estimates of
spending and volume for 154 health conditions in the United
States.” The Global Burden of Disease (GBD) 2017 study ag-
gregates data from multiple sources to estimate prevalence,
incidence, deaths, and other epidemiologic metrics by age and
sex groups for 354 conditions.!?

METHODS

Data Sources and Study Population

This study used publicly available data from the DEX project
and the GBD 2017 study.” 1

DEX

Estimates of personal health care spending and service vol-
ume were extracted from the DEX project, available at
www.healthdata.org/dex. Details of the data source have
been specifically described previously.” Briefly, the study esti-
mated U.S. health care spending and service volume annually
from 1996 to 2016 and synthesized information on health
care spending from 183 sources, leveraging the strength of
each source to produce modeled estimates of spending and
volume disaggregated by 154 health conditions, 38 age
and sex groups, and 6 types of care: ambulatory, inpatient,
ED, dental, retail pharmaceutical, and nursing facility care.
Microdata consisted of administrative records, insurance
claims, or household surveys that reported health spending
by cause of illness or reason for the health care event and
type of good or service, along with necessary demographic
information. Specifically, the primary data sources to ascer-
tain spending and volume on each type of care in DEX are
listed in Supplementary Table 1. Several adjustments were

applied to improve the accuracy of the estimates to account
for comorbidities and for the difference between charge and
payment data. These adjusted data tracked spending associ-
ated with each disease rather than simply spending associ-
ated with the primary diagnosis appearing in the raw data.
Spending estimates were also scaled to the official estimate of
U.S. health spending from the National Health Expenditure
Accounts, which ensured that no spending was counted twice.
Note that spending estimates were produced to reflect actual
spending on health, also known as expenditure or payments,
rather than charges made by medical providers. All spending
estimates from the project data set were adjusted for inflation
and expressed in 2016 U.S. dollars. A more detailed approach
to estimating health expenditure data in the DEX is reported
in the Supplementary Material.

GBD study

The age-specific prevalence of IBD was extracted from the
GBD study, which estimated prevalence, incidence, deaths,
and other epidemiologic metrics by age and sex groups
for 354 conditions for 1990, 1995, 2000, 2005, 2010, and
2015.'° To estimate the disease incidence and prevalence for
each age and sex group in the United States, a total of 1604
data sources were used, including hospital data, claims data,
and surveys. In general, a patient with prevalent IBD was
diagnosed if a patient had at least 1 inpatient or 2 outpatient
encounters with an appropriate International Classification
of Diseases code as any diagnosis. The denominator for these
estimates was the national population. A Bayesian meta-
regression tool developed specifically for the GBD, DisMod-
MR, was used to generate the modeled estimates of preva-
lence and incidence. Log-linear interpolation was used to
estimate prevalence and incidence rates for years where data
were not directly reported; substantive short-term variations
were unlikely. A more detailed approach to estimating health
expenditure data in GBD is reported in the Supplementary
Material.

From these data sources, we specifically abstracted data
on annual health care spending on IBD (DEX) and the age-
specific prevalence of IBD in the United States (GBD) between
1996 and 2016. Separate estimates for Crohn disease and ul-
cerative colitis were not available.

Outcomes

Our primary outcome was annual health care spending on
IBD, adjusted for age-specific disease prevalence. Trends in
health care spending were analyzed between 1996 and 2016,
overall, by age groups: ages <20 years (children and adoles-
cents), ages 20 to 44 years (young adults), ages 45 to 64 years
(middle-aged adults), and ages 265 years (older adults), and
by type of care: ambulatory, inpatient, ED, pharmaceutical
prescriptions, and nursing care.” Ambulatory care included
preventive, curative, and rehabilitative medical and psychi-
atric services; procedures (including elective outpatient en-
doscopy); and medications administered in a physician’s of-
fice, freestanding clinic, or hospital outpatient departments.
Inpatient care included all spending in an inpatient hospital
facility, whether diagnostics, pharmaceuticals, or devices. ED
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care included all services provided at hospital-based EDs.
Nursing facility care included nursing care provided in nursing
homes or other residential institutions. Pharmaceutical pre-
scriptions included all prescription medications purchased
in a retail pharmacy setting and specialty drugs, excluding
over-the-counter medications and therapeutic devices. We ex-
cluded spending on general administrative costs.

To account for specialty drugs such as biologics that may not
be captured in national surveys like the Medical Expenditure
Panel Survey, the DEX project specifically obtained a dataset
of drugs from 2010 to 2018 from the pharmaceutical con-
sulting firm IQVIA that mapped 136 specialty drugs to a pri-
mary health condition for each year to generate a specialty
drug spending model specific for year, age, sex, and health
condition. These data, from 2010 to 2018, were backcasted
for 1996 to 2009, using a hierarchical regression model
estimating total spending per specialty drug to create a com-
plete time series of specialty drug expenditures from 1996 to
2016. Per the DEX project, these data sources likely under-
estimated specialty drug spending.

Posthoc, based on reviewers’ comments, we examined
drivers of change in health care spending for patients with IBD.
Drivers of change were available for data between 1996 and
2013. Changes in spending were categorized into 5 variables:
(1) adjustment for the total U.S. population size; (2) adjustment
for the proportion of the population in each age and sex group,
to account for differences in population aging; (3) changes in
disease prevalence and incidence; (4) changes in service util-
ization; and (5) changes in service price and intensity.!! Service
utilization was measured by mean visits per prevalent or inci-
dent patient with IBD for ambulatory costs and mean bed-days
per prevalent patient with IBD for inpatient costs. Service price
and intensity were measured by the mean spending per visit.

Statistical Analysis

Trends in health care spending on IBD adjusted for disease
prevalence, overall and by predefined strata, were cal-
culated as population-standardized annualized rates of
change from 1996 through 2016. The annualized rate of
change was the year-over-year rate of change necessary
to reflect the total change in spending observed between
1996 and 2016. To calculate the population-standardized
rate of change, the population size, age, and sex structure
from 2016 was multiplied by the 1996 per-person spend-
ing rates for each age group and sex category. This process
estimated what spending would have been in 1996 had the
2016 population been present.

Joinpoint regression was used to assess for statistical inflec-
tion points in temporal trends, testing whether a segmented
line with inflections at joinpoints was a significantly better fit
for the data than a straight line. The grid search method was
used, and model selection was based on the permutation test
with 4499 permutations and an overall significance level of
0.05. A minimum percentage point difference of 5 between
consecutive annual percentage change segments was selected
a priori, and we specified that a minimum of 2 observations
between joinpoints was required to avoid overfitting. We
evaluated relative spending by type of care in each age group
over time by averaging total and proportional spending over
a 5-year period.

All analyses were performed using Stata 14.2 (StataCorp
LLC, College Station, TX) and the Joinpoint Regression
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Program 4.0.1 (Statistical Research and Applications
Branch, National Cancer Institute, Bethesda, MD;
available at https://surveillance.cancer.gov/joinpoint/).
Institutional review board ethics approval was not re-
quired because all data in this analysis are deidentified
and publicly available.

Role of Funding Source

This study did not receive any direct funding. This article con-
tains information available for download from the Institute
for Health Metrics and Evaluation website, which has been
made available through the Creative Commons Attribution-
Non Commercial 4.0 International License (https:/
creativecommons.org/licenses/by-nc/4.0/), and from the GBD
Study 2017 Database, which has been made available under
the Open Data Commons Attribution License through the
Global Burden of Disease Collaborative Network website
(ghdx.healthdata.org).

RESULTS

Overall Health Care Spending and Prevalence

Fig. 1 shows the overall trends in health care spending, with
corresponding changes in disease prevalence from 1996 to
2016. Table 1 shows population-standardized annualized
rates of change in spending by type of care and age group. In
2016, estimated total health care spending in patients with
IBD was $25.4 billion (95% confidence interval [CI], 22.3-
28.7). Inpatient care ($10 billion [95% CI, 9.0-11.0]) and
ED care ($4.6 billion [95% CI, 3.9-5.2]) accounted for the
majority of spending, representing an annual 7.1% (95%
CI, 6.2-7.9) increase in spending from estimated health care
spending in 1996 of $6.4 billion. Corresponding to the in-
creased health care spending, from 1996 to 2016, the total
number of patients with IBD increased from 1.12 million
(95% uncertainty interval [UI], 1.06-1.18) to 1.81 million
(95% CI, 1.72-1.90), with a corresponding increase in es-
timated prevalence from 415 per 100,000 persons in 1996
(95% CI, 394-437) to 560 per 100,000 in 2016 (95% CI,
532-588). Overall, there was a disproportionate increase
in annual spending per patient with IBD, increasing from
$5714 to $14,033. Spending per patient increased by 3.1%
(2.8-3.4) annually between 1996 and 2013, and then more
rapidly by 18.6% per year (11.1-26.6) between 2014
and 2016.

Trends in Health Care Spending by Age and Type
of Care

Figs. 2 and 3 show trends in health care spending in patients
with IBD by age group with the corresponding change in
disease prevalence from 1996 to 2016. Table 2 shows tem-
poral trends in spending by age and by type of care. Overall,
adjusting for disease prevalence, a rapid increase in health
care spending was observed in middle-aged and older adults
with IBD in the last decade. From 1996 to 2013, health care
spending in middle-aged adults increased by 4.3% annually
(95% CI, 3.7-4.8) to 18.1% annually (95% CI, 13.2-23.9)
from 2013 to 2016. Similarly, from 1996 to 2014, health care
spending in older adults increased by 1.1% annually (95%
CL, 0.8-1.5) to 32.8% annually (95% CI, 24.0-42.2) from
2014 to 2016. In contrast, a more modest increase in spend-
ing was observed in younger adults and in adolescents.
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Overall, spending on ambulatory care, inpatient care,
ED care, pharmaceutical prescriptions, and nursing care in-
creased by 5.2%, 7.8%, 6.8%, 8.6%, and 3.7% annually,
respectively, albeit with substantial variability over time. In
evaluating trends, over the last decade, we observed a sub-
stantial increase in health care spending in patients with
IBD in inpatient and ED care, with a more modest increase
in spending on ambulatory care. In contrast, pharmaceut-
ical spending increased progressively in the 2000s but then
settled to a steady level between 2011 and 2016. With the
rising prevalence of IBD in older adults, a progressive in-
crease in spending on nursing care was observed in the
last decade.

Supplementary Fig. 1 shows relative patterns of spend-
ing by type of care. Over the 2 decades of the study, relative
spending on inpatient care decreased modestly from 37.7%
of total health care costs in 1996 to 2000 to 35.1% in 2011
to 2016, without substantial changes in spending on ED
care (1996-2000, 20.4% to 2011-2016, 20.7%); in contrast,
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relative spending on pharmaceuticals increased from 12.8%
(1996-2000) to 19.9% (2011-2016).

Patterns of Health Care Spending by Age

Fig. 4 shows trends in patterns of health care spending by age
group. In younger adults and middle-aged adults, a relative
decrease in spending on inpatient care (younger adults: 1996-
2000, 35.6% vs 2011-2016, 32.9%; middle-aged adults:
1996-2000, 39.4% vs 2011-2016, 34.6%) was accompan-
ied by an increase in pharmaceutical spending (younger
adults: 1996-2000, 15.7% vs 2011-2016, 23.6%; middle-
aged adults: 1996-2000, 20.4% vs 2011-2016, 26.9%). In
middle-aged adults, spending on ED care increased from
9.0% (1996-2000) to 14.9% (2011-2016), with an accom-
panying decrease in relative spending on ambulatory care
(1996-2000, 30.7% vs 2011-2016, 23.2%). In contrast, in
older adults, spending on inpatient care (1996-2000, 40.2%
vs 2011-2016, 42.1%) and ED care (1996-2000, 11.0% vs
2011-2016,15.5%) remained stable to slightly increased, and
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Figure 1. Trends in overall spending in patients with IBD by changes in prevalence of IBD.

Table 1. Health Care Spending in Patients With IBD

Age Group Ambulatory Care Inpatient Care ED Care Pharmaceuticals
2016 Percentage 2016 Percentage 2016 Percentage 2016 Percentage
($, in mi) Change From  ($, in mi) Change From ($, in mi) Change From  ($, in mi) Change
1996 1996 1996 From 1996
<20y 836 8.1% 494 2.6% 595 2.2% 20 2.1%
20-44y 824 2.8% 2500 6.0% 1900 6.3% 1100 7.5%
45-64y 1600 6.8% 4000 10.4% 1300 12.7% 1700 10.2%
265y 706 3.6% 3130 8.4% 790 8.6% 490 7.4%

Overall and population-standardized annualized rates of change, by type of care and age, between 1996 and 2016. mi, millions.
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spending on pharmaceuticals only increased modestly (1996-
2000, 7.2% vs 2011-2016, 11.2%).

Drivers of Change in Health Care Spending
From 1996 to 2013 for patients with IBD, the predominant
driver of cost was an increase in the price and intensity of

inpatient care, representing a total change of $1.49 billion
(95% CI, $1.07 billion-$1.93 billion] and an annual percent-
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age change of 8.20% (95% CI, 5.60%-11.50%). Data spe-
cifically for surgical vs medical admissions are not available.

Discussion

Studies have shown that IBD is one of the top 5 most ex-
pensive gastrointestinal conditions, with annual costs in the
United States exceeding $25 billion.”® In a comprehensive
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Figure 2. Trends in overall spending in patients with IBD ages < 20 years and ages 20-44 years with corresponding change in prevalence of IBD.
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Figure 3. Trends in overall spending in patients with IBD ages 45-64 years and ages >65 years with corresponding change in prevalence of IBD.
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US HEALTHCARE SPENDING IN PATIENTS WITH I1BD, BY AGE, OVER TIME
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Figure 4. Patterns of health care spending in patients with IBD by age and over time.

analysis using 2 large publicly available databases used to
generate national estimates of disease burden and spending,
we estimated trends and patterns in health care spending in
patients with IBD in the United States from 1996 to 2016,
adjusting for disease prevalence, and made several key obser-
vations. First, annual health care spending in patients with
IBD increased from $6.4 billion in 1996 to $25.4 billion in
2016, increasing by 7.1% per year, corresponding to an in-
crease in annual spending per patient with IBD from $5714 to
$14,033, after adjusting for disease prevalence and inflation.
Second, despite an increase in spending on pharmaceuticals
from 12.8% to 19.9% of total spending, inpatient and ED
care still accounted for 56% of total health care spending in
patients with IBD. The predominant driver of cost was an in-
crease in the price and intensity of inpatient care. Third, pat-
terns of health care spending vary significantly by age groups
over time. Middle-aged and older adults with IBD saw the
most rapid increases in health care spending in the last dec-
ade of the study. However, although spending on inpatient
care decreased accompanied by an increase in pharmaceut-
ical spending in middle-aged adults, relatively modest changes
have been observed in patterns of health care spending in
older adults, in whom disease prevalence is rising progres-
sively. Taken together, our findings confirm IBD as an ex-
pensive and financially volatile condition with high ongoing
spending on unplanned health care utilization, despite rising
spending on pharmaceuticals. These findings call for priori-
tizing proactive population health management strategies to
decrease unplanned health care utilization while simultan-
eously optimizing the rational and appropriate use of biologic
agents.'?

Prior studies have shown an increase in rates of unplanned
health care utilization in patients with IBD, with an increase
in IBD-related hospitalization and ED visits and a plateauing
of outpatient visits.® We observed similar patterns in health
care spending over the 2 decades of this study with a dis-
proportionate increase in spending on inpatient and ED care,
without an increase in ambulatory care. These findings are of

concern because the fundamental types of care delivered in
ambulatory and hospital-based settings are different. Whereas
ED and inpatient treatment focus on managing acute disease
flares or disease-related complications, ambulatory care offers
opportunities to proactively optimize disease and treatment
monitoring that favor influence long-term outcomes. From a
health systems perspective, accessing hospital-based services
is also significantly costlier than ambulatory visits.!313

The relative spending on pharmaceuticals increased over
the 2 decades of this study, accounting for ~20% of total
spending in patients with IBD, particularly in younger adults
and middle-aged adults with IBD. Although we are unable
to directly attribute costs to biologic therapy, it is likely that
the relative increase in pharmaceutical health care spending
is attributed to biologics. Prior studies using the pharma-
ceutical consulting firm IQVIA have suggested that specialty
drugs may contribute to 43% of net pharmaceutical spend-
ing across all health conditions despite only being 2% of the
volume in 2016.' In a claims-based analysis, Yu and col-
leagues'” observed that the proportion of patients with IBD
using biologics increased from 7.1% in 2007 to 20.5% in
2015. Note that our estimates of pharmaceutical spending on
biologics may be conservative and are likely underestimated,
as noted as a limitation in the original DEX project.” Our
findings are in contrast to a prior U.S. health claims—based
study of 5000 patients with Crohn disease in which phar-
macy utilization accounted for 45% of the total insurance-
paid costs whereas inpatient costs accounted for only 23% of
the costs.'® However, this study was not representative of the
entire U.S. population and was limited to costs paid by com-
mercial insurance, failing to account for patient-responsible
copayments, deductibles, and coinsurance amounts paid by
the members, along with the costs covered by public insur-
ance.

Studies outside of the United States have suggested that
in patients with IBD, there has been a gradual shift in total
spending toward pharmaceuticals with biologics. In Canada,
prescription drugs account for 42% of total direct costs in
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IBD patients, and there has been a decline in surgery and hos-
pitalizations over the last 2 decades.>!>?* In a European, pro-
spective, population-based inception cohort of patients with
IBD, medical therapies and surgeries accounted for 36% and
26% of total health care expenditures, respectively, in the first
year after diagnosis, whereas biologic therapy and standard
medical care accounted for 14% and 22% of total health care
costs, respectively.?! In contrast, in a large Dutch cohort, hos-
pitalization accounted for 20% to 23% and biologic therapy
accounted for 31% to 64% of total health care costs in pa-
tients with IBD.’

These differences in relative spending on hospitalization
and pharmaceutical therapy in the United States vs Western
countries outside the United States may be related to differ-
ences in approaches to management and/or health care access
and affordability. Most Western countries outside the United
States have varying degrees of socialized medicine, where
health care is deeply discounted, accessible, and affordable.
Access to biologics may be more restrictive but is significantly
discounted in socialized health care systems, as compared to
the United States. As a result, patients with IBD in the United
States frequently experience financial toxicity, with 1 in 4 pa-
tients reporting financial hardship because of medical bills,
1 in 6 reporting cost-related medication non-adherence,
and two-thirds of patients reporting personal and/or health-
related financial distress.?? These financial difficulties are not
just limited to those without insurance, but they are not infre-
quent in those with private insurance, highlighting the prob-
lems of underinsurance.

We also confirmed a progressive increase in prevalence and
a disproportionately rapid increase in health care spending
in older adults with IBD. These findings are of particularly
concern given trends suggesting increased spending on ED
visits and hospitalization in these patients, with only a mod-
est increase in spending on pharmaceuticals. There is rather
limited evidence-based guidance on the management of older
patients with IBD, who are at higher risk of treatment-related
complications, and whose goals and targets of therapy may
be different than those of younger adults.?? With older adults
poised to form a significant proportion of patients with IBD
over the next decade, the standardization of medical manage-
ment with accurate risk stratification is warranted to mitigate
disease-related health care costs in these older patients with
IBD.*

Our study has several strengths. First, we used 2 compre-
hensive data sources designed to study the burden and health
care spending of different diseases nationally, and hence the
work is representative. Both the DEX project and the GBD
are used nationally and globally and are routinely used to in-
form U.S. health policy and legislation. Second, by combining
the assessment of health care spending with trends in disease
prevalence, we were able to accurately assess trends in per
capita spending.

With our approach, there are also inherent limitations. First,
our findings may not accurately represent direct IBD-specific
health care costs but may more broadly represent health care
spending in patients with IBD. Whereas the former helps one
to understand the direct impact of IBD, the latter is a more
patient-centered approach. Second, the data used in the DEX
project are imperfect. For example, the Medical Expenditure
Panel Survey and other data sources exclude active military
personnel, incarcerated individuals, and homeless individuals,
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and spending data on specialty drugs may be underestimated.
However, overall, the DEX estimates represent the most com-
prehensive evaluation of health care spending in the United
States and provide the best approximations of national health
care spending, which is directly relevant to policy makers, pa-
tients and providers, and health care administrators. Third,
it is difficult to infer causality based on trends in health care
spending by age groups and type of care. Moreover, we did
not have data on spending by IBD-specific factors such as
phenotype (Crohn disease or ulcerative colitis) and behavior,
along with demographic factors such as geographical region,
race, or income.

Conclusions

In summary, using 2 large databases, we observed that health
care spending in patients with IBD increased from $6.4 bil-
lion in 1996 to $25.4 billion in 2016, increasing by 7.1%
annually, with per capita prevalence-adjusted annual health
care spending increasing from $5714 to $14,033. Older and
middle-aged adults saw the most rapid increases in spend-
ing over the last decade of the study. Despite an increase in
pharmaceutical spending from 12.8% to 19.9% in 2020,
inpatient and ED care still account for 56% of health care
spending in patients with IBD. There is an urgent need to im-
plement high-value population health management strategies
in patients with IBD to achieve the triple aim of improving
quality of care and population health outcomes while redu-
cing health care costs.

Supplementary Data

Supplementary data are available at Inflammatory Bowel
Diseases online.
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