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ABSTRACT

Introduction Heart failure (HF) is a major contributor

to cardiovascular morbidity and mortality in people

with diabetes. In this study, we estimated trends in the
incidence of HF inpatient admissions and emergency
department (ED) visits by diabetes status.

Research design and methods Population-based age-
standardized HF rates in adults with and without diabetes
were estimated from the 2006—2017 National Inpatient
Sample, Nationwide ED Sample and year-matched National
Health Interview Survey, and stratified by age and sex.
Trends were assessed using Joinpoint.

Results HF inpatient admissions did not change in adults
with diabetes between 2006 and 2013 (from 53.9 to 50.4
per 1000 persons; annual percent change (APC): —0.3
(95% Cl —2.5 to 1.9) but increased from 50.4 to 62.3
between 2013 and 2017 (APC: 4.8 (95% C1 0.3 to0 9.6)).

In adults without diabetes, inpatient admissions initially
declined (from 14.8 in 2006 to 12.9 in 2014; APC —-2.3
(95% Cl —3.2 to —1.2)) and then plateaued. Patterns were
similar in men and women, but relative increases were
greatest in young adults with diabetes. HF-related ED
visits increased overall, in men and women, and in all
age groups, but increases were greater in adults with (vs
without) diabetes.

Conclusions Causes of increased HF rates in hospital
settings are unknown, and more detailed data are needed
to investigate the aetiology and determine prevention
strategies, particularly among adults with diabetes and
especially young adults with diabetes.

INTRODUCTION

People with diabetes are at increased risk
for cardiovascular disease (CVD) and associ-
ated complications." Although diabetes has
become an increasingly common disease,
estimated to affect 463 million people world-
wide? and more than 34 million in the USA,3
CVD and related mortality in people with
diabetes has fallen dramatically in most
high-income countries since the 1980s likely
due to advances in treatment and better
management of risk factors.* > However, the
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SIGNIFICANCE OF THIS STUDY

WHAT IS ALREADY KNOWN ABOUT THIS
SUBJECT?

= Heart failure (HF) is a major contributor to cardio-
vascular morbidity and mortality in people with
diabetes.

= Whether HF-related hospitalizations among adults
with versus without diabetes has changed over time
remains unknown.

WHAT ARE THE NEW FINDINGS?

= Rates of HF-related inpatient admissions and ED
visits are three to five times higher in adults with
versus without diabetes, and this excess risk has
increased over time.

Though absolute rates remain lowest in the young-
est age groups, the greatest relative increases in
HF-related inpatient admissions and ED visits were
observed in young adults with diabetes.

Increases in HF-related utilization among adults with
diabetes was observed in both inpatient and ED set-
tings, suggesting broader underlying causes rather
than a shift in treatment setting.

HOW MIGHT THESE RESULTS CHANGE THE
FOCUS OF RESEARCH OR CLINICAL PRACTICE?

= Combined with current evidence from clinical trials,
findings of this study support the use of intensive
and focused prevention and management of diabe-
tes, including the use of SGL2 inhibitors, to reduce
the incidence of HF hospitalizations in people with
diabetes.

= Future research should focus on the drivers of in-
creases in HF hospitalizations, especially among
young people with diabetes.

reported declines in CVD among people
with diabetes (both incidence and mortality)
often do not include heart failure (HF) as
an outcome, despite increasing recogni-
tion that HF is a major contributor to CVD
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morbidity, mortality and healthcare costs in people with
diabetes.' *!

In a 2015 paper, Shah et al’ demonstrated that HF is
more likely to be an initial manifestation of CVD in people
with type 2 diabetes compared with myocardial infarction,
stroke and coronary disease. Despite the relative impor-
tance of HF in diabetes, few studies have comprehensively
examined whether rates of HF in people with diabetes
(vs without diabetes) has changed over time. In the USA,
one recent study demonstrated that HF inpatient admis-
sions, defined as the primary reason for hospital admis-
sion, increased 3.6% per year between 2013 and 2015
following a period of decline.'” However, to understand
the underlying drivers of changes in HF rates and develop
subsequent interventions, a comparison with people
without diabetes is needed. Such comparisons in athero-
sclerotic CVD (eg, myocardial infarction and coronary
artery disease) have led to narrowing the gap by reducing
the excess risk in diabetes populations.'”'* Furthermore,
a more comprehensive approach to understanding the
overall HF burden is necessary to inform healthcare
planning and resource allocation. This includes consid-
eration of multiple settings in which HF care is likely to
occur, as well as consideration of HF as both a primary
and contributory cause for hospitalization.

Using nationally representative USA data, we estimated
secular trends in the incidence of HF-related inpatient
admissions and ED visits among adults with diabetes
versus adults without diabetes between 2006 and 2017.

METHODOLOGY

The National Inpatient Sample (NIS) and the Nationwide
Emergency Department Sample (NEDS)

We analyzed annual data (2006-2017) from the Agency
for Healthcare Research and Quality’s NIS and NEDS."
NIS and NEDS, the largest all-payer inpatient and ED
databases in the USA, includes 7 million and 30 million
unweighted annual visits, respectively.”” Both data sets
approximate a 20% stratified sample of discharges and
can be weighted to provide nationally representative esti-
mates. Rehabilitation and long-term acute care hospitals
are excluded from NIS. Both NIS and NEDS include
International Classification of Diseases Clinical Modi-
fication (ICD-CM) diagnostic codes as well as patient
demographics, hospital characteristics, payment sources,
patient disposition and total charges. Both NIS and
NEDS data represent hospital discharges, not individual
persons, and therefore our analysis does not account for
multiple admissions per person.

A hospitalization was considered to be related to HF
if at least one ICD-9-CM diagnosis code 428.x between
January 2000 and September 2015, or ICD-10-CM diag-
nosis code 150.x between October 2015 and December
2017, appeared in NIS or NEDS data. This approach
is aimed to better capture the overall burden of HF by
including HF listed as the primary or contributory cause
of the hospitalization. In a sensitivity analysis, we defined

HF as the primary cause of hospital admission in NIS and
NEDS between January 2006 and September 2015. This
analysis was restricted to September 2015 and earlier due
to known coding changes implemented in October 2015
that impacted the likelihood of HF being listed as the
primary cause of hospital admissions in later years.'® The
2015 population data (from National Health Interview
Survey (NHIS)) were weighted by 0.75 to reflect that
only three-quarters of the numerator data was used.'”
To avoid double-counting, we excluded ED visits where
the disposition was admission to the hospital because
these HF events were accounted for in the inpatient data.
Each HF-related admission was considered to be related
to diabetes if any of the listed diagnoses also included
a diabetes code (ICD-9-CM: 250 .x, 357.2, 366.41; ICD-
10-CM: E10, EIl1 and E13). Comorbidities, adapted
from the Charlson Comorbidity Index, among hospital-
ized patients with HF and with or without diabetes were
defined using ICD-9-CM and ICD-10-CM, as appropriate
(see online supplemental table 1).

The National Health Interview Survey

Using annual data (2006-2017) from the NHIS, we esti-
mated the number of persons aged >18 years with and
without diabetes."® The NHIS is a household-based survey of
the health of the civilian, non-institutionalized USA popula-
tion."® We defined adults with diabetes if the sample adult
responded yes to the question, ‘other than during preg-
nancy, have you ever been told by a doctor or other health
professional that you have diabetes or sugar diabetes?’. This
survey does not distinguish between diabetes types; but given
that type 2 diabetes accounts for 90%-95% of all diabetes
cases,” we consider the results of this study to be general-
izable to people with diagnosed type 2 diabetes. Data from
the NHIS were weighted to make estimates representative
of the demographic characteristics of the US civilian non-
institutionalized population.

Statistical analysis

We reported the crude weighted number of patients with
HF at the start (2006), middle (2011) and end (2017)
of the study period, stratified by diabetes status, and age
group, sex, location (urban, micropolitan and rural),
household income (quartiles), USA region (northeast,
midwest, south and west) and comorbidities for both NIS
and NEDS. The weighted results estimate the number of
inpatient admissions and non-admission ED visits in the
USA due to HFE.

Annual rates were calculated as the number of HF hospi-
talizations with and without diabetes (as determined from
NIS and NEDS), divided by the number of persons with and
without diabetes (as determined from NHIS). We reported
age-standardized rates of HF per 1000 adults with diabetes
and per 1000 adults without diabetes. Age (grouped into
18-44, 45-64, 65-74 and =75 years) and sex-specific rates
were also calculated. Rates were age standardized using the
2000 USA standard population. Excess risk between diabetes
and non-diabetes populations was estimated as rate ratios
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(RRs). We used SAS-callable SUDAAN (RTT International)
to account for the complex sampling design in NIS, NEDS
and NHIS, and the Taylor series linearization was used to esti-
mate the variance of the ratio of the numerator and denom-
inator. The delta method was used to compute SEs and 95%
Cls for rates and RRs accounting for the weighted design of
NIS, NEDS and NHIS.*’

In 2012, the NIS sampling design was changed, which
has implications for trend analyses. Per NIS guide-
lines, we used NIS-provided trend weights for the years
preceding 2012 and the discharge weights beginning in
2012 to make the discharge outcome consistent with the
new sampling design.”'

Joinpoint regression was used to examine trends over
time.” This software uses permutation tests to iden-
tify points where linear trends change significantly in
either direction or magnitude and calculates an annual
percentage change (APC) for each time period identi-
fied. A maximum of two joinpoints were specified. A p
value of <0.05 was established as statistical significance.

RESULTS

Characteristics of adults with HF in inpatient (NIS)
and ED (NEDS) settings in 2006, 2011 and 2017, and
by diabetes status, are described in table 1. In brief,
among HF-related inpatient admissions and ED visits
between 2006 and 2017, there was an increase in the
proportion of men, middle-age adults (aged 45-64 and
65-74 years), adults residing in urban settings, adults
reporting low-income households and adults living in
the West. This was broadly true for people with and
without diabetes. In addition, the proportion of HF
hospitalizations, both in ED and inpatient settings, with
comorbidities increased in people with and without
diabetes with a few exceptions: HF-related hospital-
izations with cerebrovascular disease and severe renal
disease decreased over time in people with and without
diabetes, and the proportion of HF-related hospitaliza-
tions with peptic ulcer disease, HIV, malignancy or meta-
static solid tumor did not change over time in people
with or without diabetes. The increasing proportion
of most comorbidities was, generally, higher in people
with as compared without diabetes.

National Inpatient Sample

In 2017, rates of HF-related inpatient admissions were
more than five times as high in adults with versus
without diabetes (RR: 5.1 (95% CI 4.7 to 5.5)), a
significant increase from 3.6 (95% CI 3.3 to 4.0) in
2006 (table 2). Overall, between 2006 and 2013, rates
of HF-related inpatient admissions did not change
among adults with diabetes, and then increased sharply
between 2013 and 2017 from 50.4 to 62.3 per 1000
persons (APC: 4.8 (95% CI 0.3 to 9.6) (figure 1A and
table 2). Among adults without diabetes, the opposite
was observed: between 2006 and 2014, rates declined
from 14.8 to 11.7 (APC -2.3 (95% CI -3.2 to —-1.2) and

plateaued thereafter. Similar patterns were observed in
both men and women.

By age, differences were noted (figure 2A and table 2).
First, the excess risk associated with diabetes decreased
with increasing age. For example, the 2017 RR was 20.2
(95% CI 16.9 to 23.5) versus 2.8 (95% CI 2.5 to 3.2) for
those aged 18-44 and 275 years, respectively. Second, in
adults aged 18-44 years with and without diabetes, rates
of HF-related inpatient admissions increased similarly
such that there was no significant change in the excess
risk associated with diabetes over time. Third, among
adults aged 45—64 and 65-74 years with and without
diabetes, HF rates increased after a period of decline and
the excess risk associated with diabetes increased. Last,
among adults aged 275 years, rates of HF-related inpa-
tient admissions declined throughout the study period in
adults without, but not with, diabetes and the excess risk
associated with diabetes increased (from RR of 2.0 to 2.8;
APC 2.4 (95% CI10.6 to 4.2)).

Nationwide Emergency Department Sample

In 2017, rates of HF-related ED visits were more than five
times as high in adults with versus without diabetes (RR:
5.2 (95% CI 4.5 to 5.9)), a significant increase from 3.7
(95% CI 3.2 to 4.1) in 2006 (table 3). Overall, between
2006 and 2017, rates of HF-related ED visits increased
in adults with (from 11.5 to 43.6 per 1000 persons) and
without (from 3.1 to 5.9 per 1000 persons) diabetes
(figure 1B and table 3). However, the rate of increase
was greater in adults with diabetes, leading to an increase
in the excess risk of HF-related ED visits associated with
diabetes over.

Increases in HF-related ED visits were observed across
all age groups and in adults with and without diabetes
(figure 2B and table 3). For all age groups, excluding
65-74 years, the excess risk associated with diabetes did
not significantly change over time, indicating increasing
rates of HF ED visits were similar in adults with and
without diabetes. However, among adults aged 65-74
years, the HF rate increase was greater in adults with
diabetes, leading to an increase in the excess risk associ-
ated with diabetes over time (from RR of 3.3 to 4.4; APC
2.0 (95% CI 0.7 to 3.3)).

Sensitivity analyses

In a sensitivity analysis, we examined trends in HF inpa-
tient admissions and ED visits between 2006 and 2015
where HF was defined as the primary reason for the
admission (online supplemental tables 2 and 3). Overall,
in 2015 rates of primary inpatient HF admissions and
HF ED visits were 4.7 (95% CI 4.4 to 5.1) and 3.2 (95%
CI 2.8 to 3.5) times as high in adults with versus without
diabetes, respectively.

Though absolute rates were substantially lower when
HF was defined as the primary (vs any) reason for admis-
sion, inpatient patterns were similar insofar as the excess
risk associated with diabetes, particularly among younger
adults, increased over time (online supplemental table 2).
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This was driven by continued declines in HF rates among
people without diabetes throughout the study period,
while HF rates among people with diabetes plateaued
from approximately 2010 onwards. For HF-related ED
visits defined as the primary cause, the excess risk asso-
ciated with diabetes also increased over time driven by
increases in HF rates among people with, but not without,
diabetes in the latter study period (online supplemental
table 3).

DISCUSSION

In this study, we provide the first comprehensive summary
of trends of HF-related inpatient admissions and non-
admitted ED visits in the USA among adults with and
without diabetes and note several important findings.
First, rates of HF-related inpatient admissions and ED
visits were three to five times higher in adults with versus
without diabetes, and this excess risk has increased over
time. Second, while absolute rates remained lowest in

the youngest age groups, the greatest relative increases
in HF-related inpatient admissions and ED visits were
observed in young adults with diabetes. Third, increases
in HF-related utilization among adults with diabetes was
observed in both inpatient and ED settings, suggesting
broader underlying causes rather than a shift in treat-
ment setting.

Our results are consistent with the few studies that
have reported changes in HF incidence over time. In the
USA, a NIS-based study reported a 3.6% annual decline
in HF inpatient admissions among adults =35 years with
diabetes between 1998 and 2014."" This decline was likely
driven by significant decreases in the earlier period (ie,
1998-2006) and explains why we, in contrast, observed
a non-significant decline in HF-related inpatient admis-
sions from 2006 to 2013. Another study, also using the NIS,
reported an overall 38.9% decline in primary HF admis-
sions in people with diabetes between 1995 and 2015."
This decline also appeared to be driven by reductions in
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the earlier study period as non-significant increases were
observed between 2013 and 2015.'2 In Spain, a significant
5.4% annual increase in HF hospitalizations was observed
between 1997 and 2010 in patients with diabetes, broadly
similar to findings in the current study.> However, the
NIS-based studies and the Spanish study did not compare
changes in HF incidence in people with versus without
diabetes. This comparison is necessary to understand
whether diabetes is an underlying cause of changing HF
rates and to develop targeted interventions to reduce the
HF burden in this subpopulation. Only one other study
has compared rates of HF hospitalizations in people with
versus without diabetes. In Sweden, a 29% decrease in HF
hospitalization rates, defined as primary of contributory
cause, among persons with type 2 diabetes was observed
between 1999 and 2013, and this decline was greater than
what was observed for people without type 2 diabetes.**
Unfortunately, data beyond 2013 were not available,
and thus, it remains to be elucidated whether the recent

increase in HF hospitalizations seen in our US data is also
occurring in other populations and settings.

The increasing rates of HF among people with diabetes,
especially young adults with diabetes, are consistent with
a recent resurgence of other diabetesrelated complica-
tions in the USA.% Between 2010 and 2015, national data
show increases in lower extremity amputations (LEAs)*®
and hyperglycaemic crises among adults with diabetes,?’
while long-term declines in end-stage renal disease, acute
myocardial infarction (AMI) and stroke have stalled.®
These trends appear to be driven by increases in young
(aged 18-44 years) and middle-aged (aged 45-64 years)
adults, among whom the risk of hyperglycaemic crisis,
AMI, stroke and LEAs each increased by more than 25%
between 2010 and 2015.* We add to this growing body
of literature that increases in HF also disproportionally
affect young people with diabetes at or around the same
time. There are several possible reasons to explain this
observed increase. First, we have observed a changing
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profile of newly identified diabetes cases that are more
obese and may have more poorly managed risk factors
(eg, blood pressure and lipids) as compared with earlier
years, particularly among younger adults.* Second, a
longer average duration of diabetes may be leading to
a shift in risk of complications. Third, the younger age
group may include a larger relative proportion of type 1
diabetes who may be at increased risk for HF. However,
accumulating evidence suggests that diabetes compli-
cation rates may be higher in young adults with type
2 diabetes as compared with type 1 diabetes.*® Fourth,
changes in healthcare policy such as the introduction of
high-deductible health plans have led to reductions in
early preventive care in people with diabetes.”” * Fourth,
increased costs of insulin and other diabetes medica-
tions may have led patients to cut back on treatment to
minimize costs, thus exposing them to increased risk
for complications including HE*' Last, in 2012, the
US Centers for Medicare and Medicaid Services imple-
mented the Hospital Readmissions Reduction Program,
which financially penalized hospitals with high 30-day
readmission rates for HE.” The role of this policy in influ-
encing HF trends in the current study is unclear as NIS
and NEDS do notidentify hospital readmission. Overall, it
is most likely that a combination of these factors explains
the increases in HF-related ED visits and hospitalization
among US adults with diabetes.

The results of this study offer important implications
for public health and healthcare practice. First, in this
study, we show that diabetes is associated with an almost
fivefold increased risk for HF-related inpatient and
non-admission ED visits. The continued increase in the
prevalence of diabetes is likely to increase the number
of people with HF in the future and will have important
implications for both outpatient and hospital burdens,
pharmacotherapies and resource allocation. Second, we
hypothesize that increasing risk for HF may lead to an
increase in subsequent HF-related mortality with some
early evidence to support this hypothesis. For example,
Cheng et al”® reported an increase in HF-related mortality
among young US adults with diabetes between 1988 and
2015, despite mortality rates for several other CVDs
declining in that time, and an Australian study reported
no change in HF-related mortality despite declines for
other CVD outcomes.” Third, improved awareness
by healthcare providers that diabetes is an important
risk factor for HF might stimulate more intensive and
focused prevention and management opportunities.
For example, post hoc analysis of the Steno-2 trial in
Denmark demonstrated a reduction in HF hospitaliza-
tions among patients with diabetes receiving intensive
(vs conventional) therapy.”” Furthermore, emerging
trial data of sodium-glucose cotransporters 2 (SGLT?2)
inhibitors show promising findings for HF. For example,
randomized trials of SGLT2 inhibitors (vs placebo)
have shown a pooled 31% reduction in HF hospitaliza-
tions in type 2 diabetes patients at high risk of CVD,”
as well as improved outcomes among those with existing

diabetes and HF.*” Real-world studies, such as CVD-REAL
(Comparative Effectiveness of Cardiovascular Outcomes
in New Users of SGLT-2 Inhibitors), have also demon-
strated the positive effects of SGLIT-2 inhibitors in HF
prevention in patients with type 2 diabetes, irrespective
of atherosclerotic disease status.” *’

This is the largest study to explore rates of HF over
time in USA adults with and without diabetes in two
nationally representative patient datasets. Nonetheless,
there are limitations to be considered. First, NIS and
NEDS represent hospital discharges, not individual
persons and therefore may include multiple hospital
stays for some persons. This may lead to an increase in
population-based rates, especially in certain subpopula-
tions at higher risk for recurrence, including those with
diabetes.*’ However, the primary objective of this study
was to examine changes in HF admissions over time in
people with versus without diabetes. To that end, and
in the absence of contrary data, we assume that the risk
of readmission in people with versus without diabetes
remained constant during the study period and readmis-
sions are, therefore, unlikely to impact our key conclu-
sions. Second, because of the inability to differentiate
diabetes type in the NHIS survey data, we were not able
to report trends in HF by diabetes type. Therefore, all
types of diabetes are included in the current analysis with
the assumption that the vast majority (~90%-95%) have
type 2 diabetes."’ In addition, the NHIS is self-reported
and does not include undiagnosed diabetes and thus
likely underestimates the number of people with
diabetes in the population. Furthermore, the underlying
characteristics of people with diagnosed diabetes could
be changing over time. However, there have not been
adequate data or studies to characterize such changes.
Third, a shift from ICD-9-CM to ICD-10-CM in October
2015 may have affected our observed rates. However,
observed changes in trends occurred before this period,
and therefore, it is unlikely that this coding shift influ-
enced the overall patterns that we observed in this study.
Furthermore, coding changes do not explain differen-
tial increases in people with versus without diabetes and
in younger versus older adults. Fourth, admissions for
hypertensive heart disease with HF were not included
in the current analysis. Fifth, NIS and NEDS do not
report HF stages and we were unable to explore differ-
ential impacts of diabetes on HF stages, though this is
an important future direction. Sixth, location (urban/
rural) and poverty status, although available in NHIS,
were not categorized in the same way in NEDS and NIS,
so these factors were excluded from rate calculations. In
addition, the race/ethnicity variable in NIS was incom-
plete prior to 2012, and so trends were not calculated
by race/ethnicity. Finally, this is a descriptive observa-
tional study designed to assess the relative burden of HF
hospitalizations in people with versus without diabetes
over time. Future studies with more appropriate datasets
(ie, with individual level data) are needed to tease out
the underlying mechanisms with which diabetes leads
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to an increase in HF hospitalization, particularly among
young adults.

CONCLUSIONS

In this nationally representative study, we show that: (1)
rates of HF-related inpatient admissions increased in
adults with, but not without, diabetes and (2) rates of
HF-related ED visits increased in adults with and without
diabetes, but absolute and relative increases were greater
in adults with diabetes; and (3) the greatest relative
increases in HF-related inpatient admissions and non-
admission ED visits was seen among young adults with
diabetes. More detailed and subnational data analyses
may help to investigate the aetiology and determine clin-
ical and public health strategies to address these growing
burdens.
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