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OBJECTIVE

To analyze national and state-specific trends in diabetes-related hospital admis-
sions and determine whether disparities in rates of admission exist between
demographic groups and geographically dispersed states.

RESEARCH DESIGN AND METHODS

We conducted serial cross-sectional analyses of the National Inpatient Sample (2008,
2011, 2014, and 2016) and State Inpatient Databases for Arizona, Florida, Kentucky,
Iowa, Maryland, Nebraska, New Jersey, New York, North Carolina, Utah, and Vermont
for 2008, 2011, 2014, and 2016/2017 among adult patients with type 1 and type 2
diabetes–related ICD codes (ICD-9 [250.XX] or ICD-10 [E10.XXX, E11.XXX, and
E13.XXX]. We measured hospitalization rates for people with diabetes (all-cause hos-
pitalizations) and for admissions with a primary diagnosis of diabetes or diabetes-
related complications (diabetes-specific hospitalizations) per 10,000 people per year.

RESULTS

Nationally, all-cause and diabetes-specific hospitalizations declined by 3.1% (95%
CI 25.5, 20.7) and 19.1% (95% CI 221.6, 216.6), respectively, over 2008 to
2016. The analysis of individual states showed that diabetes-specific admissions
in individuals ‡65 years old declined during this time (16.3–48.8% decrease) but
increased among patients 18–29 years old (10.5–81.5% increase) and that rural
diabetes-specific admissions decreased in just over half of the included states
(15.2–69.2% decrease). There were no differences in changes in admission rates
among different racial/ethnic groups.

CONCLUSIONS

Overall, rates of diabetes-related hospitalizations decreased over 2008 to 2016/
2017, but there were large state-level differences across subgroups of patients.
The rise in diabetes hospitalizations among young adults is a cause for concern.
These state- and subpopulation-level differences highlight the need for state-
level policies and interventions to address disparities in diabetes health care use.

An estimated 34.2 million individuals in the U.S. have diabetes (1). Between 2012
and 2017, the total inflation-adjusted costs of diabetes increased from $261 billion

1Division of General Internal Medicine, Department
of Medicine, School of Medicine, Emory University,
Atlanta, GA
2Department of Family and Preventive Medicine,
School of Medicine, Emory University, Atlanta,
GA
3Hubert Department of Global Health, Rollins
School of Public Health, Emory University, Atlanta,
GA
4Division of Endocrinology and Metabolism,
Department of Medicine, School of Medicine,
Emory University, Atlanta, GA
5Department of Health Policy and Management,
Rollins School of Public Health, Emory University,
Atlanta, GA
6Merck & Co., Inc., Kenilworth, NJ

Corresponding author: Sara D. Turbow, sara.
turbow@emory.edu

Received 31 August 2021 and accepted 6
March 2022

This article contains supplementary material online
at https://doi.org/10.2337/figshare.19337621.

© 2022 by the American Diabetes Association.
Readers may use this article as long as the
work is properly cited, the use is educational
and not for profit, and the work is not altered.
More information is available at https://www.
diabetesjournals.org/journals/pages/license.

EP
ID
EM

IO
LO

G
Y/H

EA
LTH

SER
V
IC
ES

R
ESEA

R
C
H

Diabetes Care Volume 45, June 2022 1355

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/45/6/1355/684199/dc211837.pdf by guest on 17 April 2024

mailto:sara.turbow@emory.edu
mailto:sara.turbow@emory.edu
https://doi.org/10.2337/figshare.19337621
https://www.diabetesjournals.org/journals/pages/license
https://www.diabetesjournals.org/journals/pages/license
http://crossmark.crossref.org/dialog/?doi=10.2337/dc21-1837&domain=pdf&date_stamp=2022-05-24


to $327 billion (2). Moreover, in 2017,
24.8% of inpatient days nationally were
among individuals with diabetes, and
13.9% of total inpatient days could be
attributed to diabetes (2). As health
care expenditures nationally continue to
increase (3), understanding and reducing
diabetes-related admissions is an area
of focus for health care professionals,
payers, and policy makers.

Although data on national trends in
diabetes-related inpatient hospitalizations
are useful, they may not reveal differences
in rates of diabetes-related care across
subpopulations. Previous work has shown
that racial and ethnic minorities are more
likely to have diabetes and that their dia-
betes is more likely to be uncontrolled
(4,5). Additionally, among Medicare bene-
ficiaries with diabetes, Hispanic patients
experience higher rates of hospital admis-
sions for diabetes compared with non-His-
panic White patients (6).

Examinations of disparities in diabe-
tes-related hospitalizations by age, sex,
and rural/urban status have been more
limited. Diabetes is highly prevalent in
older adults, with 2012 estimates plac-
ing the prevalence of diabetes between
22 and 33% among adults >65 years
old (7). Older adults are more likely to
experience complications from diabetes,
may be more prone to hypoglycemia,
and have more hospitalizations overall
(7); however, recent investigations into
the impact of age on the rate of diabe-
tes-specific hospitalizations have not been
performed. Similarly, while biological sex
has a well-described effect on diabetes
incidence and complications (8), few stud-
ies have focused on disparities in the
need for hospitalizations for diabetes by
sex. One study, published in 2010, found
that diabetes-associated hospitaliza-
tions were increasing among younger
women and older men (9). Regarding
urban/rural disparities, a study describing
emergency department–initiated diabe-
tes-related hospitalizations between 2009
and 2014 found that residents of nonme-
tropolitan areas were 10% more likely to
have a hospitalization for diabetes than
were residents of metropolitan areas
(10). When these demographic and geo-
graphic risk factors for hospitalization for
diabetes overlap, the rates of hospitaliza-
tion may increase even further.

The prevalence of diabetes also varies
greatly from state to state. In 2016, Ala-
bama had the highest prevalence of

adults with diabetes (13.2%) and Colorado
the lowest (6.2%) (11). This variability
across the country highlights the need for
state-level analyses of diabetes-related
hospital admissions. We analyzed both
national and state-specific trends in diabe-
tes-related hospital admissions to explore
whether subnational trends differ and
examine if there were disparities in rates
of hospital admissions for diabetes and
among patients with diabetes between
demographic groups.

RESEARCH DESIGN AND METHODS

Data Sources
We pooled annual cross-sectional admin-
istrative hospital data from the Agency
for Healthcare Research and Quality’s
(AHRQ) Healthcare Cost and Utilization
Project (HCUP) (12). To determine the
count of diabetes-related inpatient stays
both nationally and within states, we
used the National Inpatient Sample (NIS)
and the State Inpatient Databases (SID),
respectively.

The NIS approximates a 20% strati-
fied sample of discharges from partici-
pating hospitals and are weighted to
provide nationally representative esti-
mates; it is the largest all-payer inpa-
tient discharge record database for the
U.S. (13). Until 2011, the NIS was con-
structed annually by including 100% of
the discharges from 20% of U.S. hospi-
tals. Starting in 2012, AHRQ redesigned
the NIS as a 20% national patient-level
sample. We used trend weights provided
by HCUP, which facilitate trend analysis
and maintain comparability of rates gen-
erated from data sets prior to and post–
sampling change. We used the NIS from
2008, 2011, 2014, and 2016. Data for
the NIS were available only through
2016 at the time of the analysis.

The SID are state-level records that
capture all inpatient care provided in non-
federal hospitals within an individual state
(14). Like the NIS, the unit of observation
is a discharge, not an individual. We ana-
lyzed SID data for 11 states: Arizona,
Utah, Nebraska, Iowa, Kentucky, North
Carolina, Maryland, New York, New Jer-
sey, Vermont, and Florida. These states
were chosen as they provide geographic
and demographic variation as well as
varying diabetes prevalence (11) to reflect
between-state differences in diabetes-
related hospital admissions; practically,
they also had complete data available

across key variables of interest. We used
SID data from 2008, 2011, 2014, and
2016/2017 (based on data availability at
the time of analysis). Data for New York
and Vermont were available through
2016; the remaining data are reported
through 2017.

We used data from the American Com-
munity Survey (ACS) to estimate popula-
tion denominators for demographic and
insurance subgroups for state and national
populations for our rate calculations (15).
The ACS is an annual survey conducted by
the U.S. Census Bureau, which samples an
average of 2.15 million households each
year and includes information about par-
ticipants’ demographic characteristics and
is designed to generate national and
state-level estimates (15,16). Denominator
estimates generated using the ACS data
were survey weighted using the Survey
and Tidyr packages in R (17,18).

Study Population: Identifying Diabetes-

Related Inpatient Stays

We selected NIS and SID discharge
records (Supplementary Appendix 1) for
adult patients with the presence of ICD
codes indicative of diabetes (ICD-9 [250.
XX] or ICD-10 [E10.XXX, E11.XXX, and E13.
XXX]) (19). We did not include cases of
gestational or secondary diabetes; both
type 1 and type 2 diabetes were included.
We did not differentiate patients with
type 1 versus type 2 diabetes because it
was not a main focus of this analysis, and
it is challenging to differentiate type 1 and
type 2 diabetes in administrative data
sets. We only examined discharge records
for adult patients because rates of hospi-
talizations for children <18 years old with
diabetes are low (20), in part due to the
many years it takes to develop micro- and
macrovascular complications of diabetes.

Outcomes: Inpatient Utilization by Individu-

als With Diabetes

We distinguished inpatient stays by
individuals with diabetes for any reason
(“all-cause diabetes inpatient stays”) from
inpatient stays by individuals with dia-
betes for diabetes-specific complica-
tions (“diabetes-specific inpatient stays”).
The “all-cause diabetes” criterion cap-
tures patients that may have an inpatient
stay for nondiabetes-related reasons but
were coded with a diabetes diagnosis on
their discharge record. “Diabetes-specific
inpatient stays” were defined by pres-
ence of a diabetes-specific condition
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(short-term diabetes complications [e.g.,
ketoacidosis and hyperosmolarity], long-
term diabetes complications [e.g., renal
and eye complications], uncontrolled
diabetes, limb ulcers/inflammation, and
lower-extremity amputations). Defini-
tions of diabetes-specific conditions were
derived from AHRQ’s list of ambulatory
care–sensitive conditions (21,22); these
complications are those identified by
AHRQ as preventable with high-quality
primary care. The complete code list is
included in Supplementary Appendix 2.

Demographic and Insurance Status Sub-

groups

Subgroup-specific numerators were strat-
ified by age (18–29, 30–44, 45–64,
65–74, and $75 years), sex, race/ethnic-
ity (White non-Hispanic, Black non-
Hispanic, or Hispanic), rural/urban, and
insurance (Medicaid, Medicare, private,
and uninsured). National estimates were
also stratified by region (Midwest, North-
east, South, and West) but not by race/
ethnicity because of high missingness of
the race variable in the NIS and no exist-
ing method to impute missing race varia-
bles in the NIS. We excluded race from
certain state-level analyses due to incon-
sistent coding (2008 for Florida, Arizona,
Iowa, and North Carolina; 2011 for Ari-
zona), counts of events/population #10
or relative SE $30% (Vermont, all years),
or not provided (Nebraska, all years) (23).
Rural/urban stratification in New Jersey
was not reported, as denominator popu-
lation estimates were #10 for all years.
We selected complete records for all

analytic variables with <1% missing for
both the national and state data sets.
Individual SID year data sets with missing-
ness >1% for any of the analytic variables
were imputed using the Mice package in
R, while individual NIS year data sets
were imputed via hot-deck imputation
using the VIM package in R (24–26). Full
description of missing data methods is
provided in Supplementary Appendix 1.
This study was reviewed and deemed

exempt by the Emory University Institu-
tional Review Board.

Statistical Methodology: Calculating
National and State-Specific Rates

Numerators, Denominators, and Measures

of Uncertainty

The numerator counts of inpatient stays
calculated using NIS data were survey-
weighted to adjust for complex survey

design. We calculated SEs and variance
for survey-weighted estimates using
Taylor series linearization methodology
provided in the Survey package for R
(27).

Counts of diabetes-related inpatient
stays generated using SID data were
aggregated by state, as the SID data sets
represent a complete census of inpatient
stays in each state. We assumed a Pois-
son distribution for purpose of count var-
iance estimation, as the parameter of
interest was counts of diabetes-related
inpatient stays (28).

The denominator population figures
calculated using the ACS data were
weighted using survey weights provided
by the data source. Population esti-
mates were aggregated both nationally
and by state and represent the total
U.S. adult population. This methodology
has been applied elsewhere in the liter-
ature (29).

HCUP provides race/ethnicity data,
with ethnicity taking precedence over
race. To align this subgroup, we created
a variable defining race/ethnicity as His-
panic, White non-Hispanic, and Black
non-Hispanic within the ACS. HCUP pro-
vides primary payer data as well, while
the ACS provides all available insurance
information. As such, we created a vari-
able in the ACS to capture likely primary
payer among the U.S. population using
the Who Pays First? Medicare User
Guide (30). HCUP provides a contin-
uum of rural/urban codes, which we
defined as urban (metropolitan popu-
lation $50,000) and rural (nonmetro-
politan or micropolitan population
#50,000). We used rural–urban con-
tinuum codes published by the U.S.
Department of Agriculture Economic
Research Service to categorize Public
Use Microdata Area in the ACS by
metropolitan status to align with the
numerator variable (31). More infor-
mation on aligning ACS data to calcu-
late population denominators and rate
calculations is provided in Supplementary
Appendix 3.

Rate Calculation and Standardization

We calculated national- and state-level
hospitalization rates per 10,000 people
per year, using corresponding estimates
from the ACS. We accounted for varying
age distributions across states and years
by using the direct method to age-stan-
dardize rates for race/ethnicity, rural/

urban, and region to the 2010 U.S. adult
population. Standardized rates should
be interpreted as rates that would be
observed if the populations had the age
distribution of the national U.S. adult
population in 2010.

Role of the Funding Source
Merck Sharp & Dohme Corp., a subsidi-
ary of Merck & Co., Inc., Kenilworth, NJ,
provided funding for this study. The
funder had no role in the design or con-
duct of the study, collection, manage-
ment, analysis, and interpretation of
the data. Colleagues from the funder
reviewed prepared tables and provided
input on the study protocol and the
manuscript.

RESULTS

Over 2008 to 2016, national diabetes-
specific hospitalization rates from the
NIS declined by �20% (95% CI �21.6,
�16.6) from its peak of 28.6 hospitaliza-
tions/10,000 adults (n 5 683,968) in
2011 to 22.0 hospitalizations/10,000
adults (n 5 537,394) in 2016, which
was similar to the decline seen for all
hospitalizations nationally (Table 1).
During that same period, all-cause diabe-
tes hospitalizations decreased by 3.1%
(95% CI �5.5, �0.7).

Individuals in the oldest age catego-
ries (65–74 and $75 years of age) had
the greatest decrease in diabetes-specific
hospitalizations in the NIS analysis (37.0–
43.1% decrease), while we observed an
increase in hospitalizations among the
youngest age group (18–29 years old)
(18.5% increase [95% CI 11.7, 25.3])
(Table 2). Also notable was that, among
all adults, both rural and urban-dwelling
individuals experienced a significant
decrease in diabetes-specific admissions,
but the decline was more dramatic for
patients living in rural areas (22.3%
decrease [95% CI �26.2, �18.4]) than
urban (18.5% decrease [95% CI �21.2,
�15.8]) (Table 2). Uninsured adults
were one of the few groups with a sta-
tistically significant increase in diabetes-
specific hospitalizations (22.8% increase
[95% CI 13.3, 32.3]), while all insured
patients experienced a decline in the rate
of their diabetes-specific admissions
(Table 2). Among insured patients, pri-
vately insured patients had the smallest
decline in diabetes-specific hospitaliza-
tions (24.6% decrease [95% CI �30.6,
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�18.6]) and Medicare patients the largest
(33.8% decrease [95% CI �38.1, �29.5])
(Table 2).

While diabetes-specific admissions
decreased in nearly all states, the
greatest decrease was observed in
New York state (34.3% decrease [95% CI
�35.3, �33.3]), while Kentucky saw an
increase in diabetes-specific admissions
(4.1% [95% CI 1.7, 6.5]), and Utah saw no
change (Supplementary Appendix 5).
Rates of diabetes-specific hospitalizations
decreased the most among adults $65
years in all states (range 16.3–47.5%
decrease) (Supplementary Appendix 6). In
Florida, Iowa, Kentucky, North Carolina,
Nebraska, New Jersey, and Utah, rates of
diabetes-specific hospitalizations increased
among patients 18–29 years old (range
10.5–81.5% increase). No change in dia-
betes-specific hospitalization among 18–
29-year-olds was observed in the remain-
ing states; no state observed a decrease
in diabetes-specific hospitalizations in this
age group (Supplementary Appendix 6).
All-cause admissions increased in Florida,
Iowa, Nebraska, and Utah (range 5.5–
25.3% increase) and decreased in the
other states examined (range 0.2–25.7%
decrease).

Hispanic patients had large decreases
in diabetes-specific hospitalizations in
New Jersey, New York, and Utah (range
25.9–47.1% decrease), experienced no
change in their hospitalization rate in
Maryland, and had an 81.1% increase in
Kentucky (95% CI 34.4, 127.8). Black
patients had increases in their rates of
diabetes-specific hospitalizations in Ken-
tucky (10.9% increase [95% CI 3.6,
18.2]) and Utah (48.3% increase [95% CI
7.1, 89.5]). In all other states, Black
patients’ rates of diabetes-specific hospi-
talizations decreased (range 9.9–38.5%).
Diabetes-related admissions for White
patients increased in Kentucky (9.3%
increase [95% CI 6.7, 11.9]) and were
stable over this period in Utah (Fig. 1
and Supplementary Appendix 6).

Rural diabetes-specific hospitalizations
decreased in six states (Arizona, Florida,
Maryland, Nebraska, New York, and Ver-
mont; range 15.2–69.2%). New York
(urban decrease 34.9% [95% CI �35.9,
�33.9]; rural decrease 24.9% [95% CI
�28.9, �20.9]) and Iowa (urban decrease
27.9% [95% CI �31.8, �24]; rural
decrease 2.2% [95% CI �3, 7.4]) were
the only states in which decreases in
urban diabetes-specific hospitalizations

were greater than those seen in rural
areas. Kentucky saw an increase in rural
diabetes-specific hospitalizations (12.9%
[95% CI 9.2, 16.6]) and no change in
urban diabetes-specific hospitalizations
(0% [95% CI �3.5, 3.5]) (Supplementary
Appendix 6). Rural diabetes-related admi-
ssions decreased in seven states (Arizona,
Florida, Kentucky, Maryland, North Caro-
lina, New York, and Vermont; range 13.0–
66.3% decrease), while urban diabetes-re-
lated admissions decreased in five states
(Arizona, Iowa, Kentucky, Maryland, and
New York; range 3.7–22.1% decrease).

CONCLUSIONS

Overall, rates of diabetes-related hospital-
izations in the U.S. decreased between
2008 and 2016, and the decline in
diabetes-specific hospitalizations out-
paced decreases seen in all-cause hospi-
talizations. State-level analysis of subgroups
of patients revealed that this decrease
is not evenly distributed across all demo-
graphic groups or geographic areas.
For diabetes-specific hospitalizations, older
adults had a downtrend in hospitalization
rates, while younger adults (18–29 years
old) worryingly had increasing rates of hos-
pitalization between 2008 and 2016/2017.
Rural areas had a decrease in diabetes-spe-
cific admissions in more states than did
urban areas, and there were no consistent
trends seen across racial/ethnic groups.

The finding that adults $65 years old
had steady improvements in diabetes-spe-
cific hospitalization rates across all states
may be due to several causes. Diabetes is
very common among older adults, with
>20% of people >65 years old carrying a
diagnosis of diabetes in 2018, a number
that has been increasing over recent years
(11). One possible reason for the decrease
in hospitalizations observed in this study,
despite increasing diabetes prevalence in
this subgroup over the time period stud-
ied, is that a large majority of patients in
this group have insurance (32), potentially
increasing their access to outpatient pri-
mary care and preventive screening that
may prevent hospitalizations. Additionally,
work to develop appropriate, patient-cen-
tered guidelines for diabetes care among
older adults has expanded greatly over
this time (7); the decline in diabetes-spe-
cific hospitalizations despite increasing
overall prevalence of diabetes in this
group may also be due to these advances
in diabetes care.

Unlike older adults, we observed an
increase in the rates of diabetes-related
hospitalizations among young adults
18–29 years old. Overall diabetes preva-
lence among young adults increased dur-
ing 2008 to 2017 (11), as did rates of
complications of diabetes among youn-
ger people between 1990 and 2010 (33),
possibly due to challenges related to dia-
betes control, including competing priori-
ties (34), major life transitions (35), and
gaps in care, such as infrequent HbA1c
checking (36), that could increase their
risk for uncontrolled diabetes requiring
hospitalization.

There was wide variability in trends
in diabetes-specific hospitalizations
across states among different racial/
ethnic groups; however, estimates of
national trends from the NIS were
not available due to high missingness
of race/ethnicity variables. The cross-
state variability we observed high-
lights the need for states to systemat-
ically collect and report race/ethnicity
data. To more accurately understand dif-
ferences in diabetes hospitalizations by
race/ethnicity, states also need to collect
data on social determinants of health.
One study examining “hot spots” and
“cold spots” of emergency department
and inpatient diabetes care as well as
microvascular complications at the neigh-
borhood level among racial and ethnic
minorities in New York City found signifi-
cant variation in the demographics and
prevalence of hospital admissions and
microvascular complications across neigh-
borhoods (37). Studies that seek to
describe and intervene on racial/ethnic
disparities in diabetes-specific hospitaliza-
tions should be attentive to the hetero-
geneity these groups experience with
access to care, diabetes management,
and lifestyle change.

We hypothesize that our finding that
decreases in diabetes-specific hospital-
izations were more pronounced in rural
areas may represent incomplete follow-
up and poor access to care, potentially
related to a decline in availability of
rural hospitals. Over time, rural areas
have experienced greater hospital clo-
sures than urban areas (38,39), so the
declines in rural diabetes-specific hospi-
talizations we observed may be because
there are no nearby hospitals for admis-
sion. A recent study additionally found
that adults living in rural or socioeco-
nomically deprived areas in the Midwest
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had lower access to high-quality primary
care and subsequently attained fewer
diabetes care goals (40). Perhaps the
rural patients in our sample, whether
due to challenges with access to primary
care or closures of rural hospitals (38,39),
are not being admitted to the hospital at
the rate they need to be. For both youn-
ger adults and rural-dwelling patients,
additional exploration of trends in rea-
sons for and outcomes of diabetes-related
hospitalizations during this time could
provide key information as to what spe-
cific factors may be driving the changes
we observed.
Our observation of decreasing rates

of diabetes-specific hospitalizations across
most states—albeit with notable increases
in rates of hospitalizations in a few out-
liers—has important implications for re-
search and policy development. We did
not observe any trend between improve-
ments in rates of diabetes-related hospi-
talizations and Medicaid expansion status.
In fact, Kentucky—one of the few states
in the southeastern U.S. to expand Medic-
aid in 2014—was one of the only states
that saw increases in rates of diabetes-
related hospitalizations across nearly all
demographic groups. Previous work has
shown that while increases in diabetes
diagnoses were observed soon after Med-
icaid expansion in states that opted-in to
Medicaid expansion (41), improvements
in self-reported health and medication
adherence were also observed among
patients living in these states (42), poten-

tially leading to downstream improve-
ments in rates of diabetes-related hospi-
talizations. Notably, these results further
highlight that national trends in diabetes
care may not reflect state or local trends.
This is important, as public health and
health care professionals consider the
specific climate they work in and how
educational, clinical, and policy interven-
tions may impact their patient population
and highlights the need for local policies
and community-based interventions to
address these state-level disparities.

This study has several limitations. First,
because this was a secondary data analy-
sis, we are limited in our analysis by
what the data set contains. For example,
we rely on accurate coding to correctly
assign diabetes- and nondiabetes-related
hospital admissions. Because the unit of
observation was discharges, rather than
individual patients, patients who were
frequently admitted to the hospital may
carry undue weight in this analysis. While
frequently admitted patients are a heter-
ogenous population, previous work has
shown that they often require hospital
admission for medical problems that are
sensitive to ambulatory care (43). Addi-
tionally, because we are limited to state-
level analyses, we were not able to
account for variation within a state. Next,
not all states reported race/ethnicity, so
our assessment of disparities between
racial and ethnic groups was limited to a
subset of states of interest. We also did
not differentiate between type 1 and

type 2 diabetes. Finally, the time period
we studied included a number of signifi-
cant changes in the U.S., including the
implementation of the Patient Protection
and Affordable Care Act as well as the
2015 transition from ICD-9 to ICD-10.
Researchers’ ability to compare adminis-
trative claims data before and after the
ICD transition has not been well-described,
and it is difficult to know if temporal
trends that cross 2015 are real or the
result of changes in the ICD system (44).
For this analysis, we are reassured that
our observed trends are not the result of
the ICD transition, as the trends observed
in 2016/2017 appear to have started prior
to 2015.

By including both national and state-
level analyses, this study provides an
important perspective on how trends in
diabetes-related hospital admissions have
changed over 2008 to 2017, with a spe-
cific investigation on how these trends
are reflected in subgroups across the
country. The �20% increase in diabetes-
specific hospitalizations among young
adults aged 18–29 years raises concerns
about management of diabetes and pre-
vention of complications in this vulnera-
ble age group. Similarly, the decrease
seen in rural hospitalizations for diabetes
may paradoxically be cause for concern,
as fewer hospitalizations may represent
inadequate care in this case. Future stud-
ies that seek to describe similar trends
should consider the high degree of vari-
ability between states and between
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Figure 1—Age-adjusted rates of diabetes-specific hospitalizations among U.S. adults by race/ethnicity, years 2008–2017. Hospitalization rates were
calculated using numerator data from the HCUP NIS and SID and denominator data from the IPUMS USA ACS from 2008 to 2017. All rates are age-
standardized to the national 2010 U.S. adult population using data from the Centers for Disease Control and Prevention Mortality Database. Two
benchmark lines are highlighted: the black National-Total line shows national hospitalization rates across all U.S. adults, regardless of race/ethnic-
ity, and the blue 11 States-Average line shows average hospitalization rates across all states by race/ethnicity. Rates were not reported for state
data with inconsistently coded race/ethnicity variables and/or subgroup estimates with estimates n# 10 events or relative SE $30%. Nevada did
not supply race/ethnicity data. The dotted vertical line delineates the point within our data that the data transitioned from rates generated using
ICD-9 codes to ICD-10 codes. Rates posttransition may not be directly comparable to rates prior to the transition.
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subpopulations and include more granu-
lar analyses in their work, and health care
providers, researchers, and policy makers
should consider the need for state-spe-
cific solutions to address diabetes in their
communities.
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