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Abstract
We aimed to study the cardiovascular and economic burden of diabetes mellitus (DM) in patients hospitalized for heart failure
(HF) in the US and to assess the recent temporal trend. Data from the National Inpatient Sample were analyzed between 2005 and
2014. The prevalence of DM increased from 40.4 to 46.5% in patients hospitalized for HF. In patients with HF and DM, mean
(SD) age slightly decreased from 71 (13) to 70 (13) years, in which 47.5% were males in 2005 as compared with 52% in 2014 (p
trend < 0.001 for both). Surprisingly, the presence of DM was associated with lower in-hospital mortality risk, even after
adjustment for confounders (adjusted OR = 0.844 (95% CI [0.828–0.860]). Crude mortality gradually decreased from 2.7% in
2005 to 2.4% in 2014 but was still lower than that of non-diabetes patients’ mortality on a yearly comparison basis.
Hospitalization for HF also decreased from 211 to 188/100,000 hospitalizations. However, median (IQR) LoS slightly increased
from 4 (2–6) to 4 (3–7) days, so did total charges/stay that jumped from 15,704 to 26,858 USD (adjusted for inflation, p trend <
0.001 for both). In total, the prevalence of DM is gradually increasing in HF. However, the temporal trend shows that hospital-
ization and in-hospital mortality are on a descending slope at a cost of an increasing yearly expenditure and length of stay, even to
a larger extent than in patient without DM.
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Abbreviations
CAD coronary artery disease
HF heart failure
HFpEF heart failure with preserved ejection fraction
HFrEF heart failure with reduced ejection fraction
ICD International Classification of Diseases
LOS length of stay

LVEF left ventricular ejection fraction
NIS National Inpatient Sample

Background

Heart failure (HF) is a rising public health challenge. There are
approximately 26 million worldwide suffering from HF, in-
cluding more than 6.5 million people in the US [1]. HF prev-
alence increases gradually with age and represents a common
cause of hospitalization and re-admissions, especially in the
elderly [2]. It is therefore one of the leading causes of morbid-
ity and mortality in CVD behind coronary artery disease
(CAD) and stroke [3].

Diabetes mellitus (DM) and HF are often encountered to-
gether since they share many cardiovascular risk factors. Up to
40% ofHF patients have DM, a prevalence that even increases
more in elderly patients [4]. Several registries have already
shown that the presence of DM in the general population is
associated with a higher risk of developing HF on the long-
term, and the presence of DM in a HF population is associated
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with a higher r isk of cardiovascular events and
rehospitalizations for HF [5, 6].

During the past decades, cardiovascular medicine has
witnessed the emergence of new treatments and the imple-
mentation of primary and secondary prevention guidelines
and healthcare policies, which was translated into a mortality
reduction from CVD [7], in particular from CAD and stroke
[8]. However, this gradual improvement in cardiovascular
outcome comes at the price of an exponential increase in
health expenditure in all CVD medicine specialties [9, 10].
Despite the ongoing pandemic of heart failure, temporal anal-
ysis suggests a reduction in age-specific and cause-specific
mortality during the past 2 decades [11, 12]. We therefore
assessed the cardiovascular and economic burden of DM in
patients hospitalized for HF and examined its national trend.

Methods

Data source

We analyzed data from the National Inpatient Sample (NIS),
which is the largest database of in-hospital patients in the US.
It is part of the Healthcare Cost and Utilization Project
(HCUP), which is financed by the Agency for Healthcare
Research and Quality (AHRQ) [13]. Available publicly since
the early 2000s till 2016, the NIS contains clinical and eco-
nomic data pertinent to diagnosis and comorbidities, patients’
demographics, hospitals’ characteristics, severity and comor-
bidity measures, procedures, length of stay (LoS), total
charges, payment sources and discharge status. There is an
average of 7 million admissions collected yearly from over
1000 hospitals in 44 states, representing a stratified 20% sam-
ple of the US population, which forms almost 95% of all US
admissions after weighting. Personal data are deidentified and
medical acts/diagnosis are coded using the International
Classification of Disease—9th edition (ICD-9) up till 2014
and ICD-10th edition afterwards.

Diagnosis and outcomes

The primary diagnosis for this study was hospitalization for
HF in patients who are 18 years of age or older (ICD-9 codes:
402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13,
404.91, 404.93, and all 428 sub-groups), and the secondary
diagnosis was DM (ICD-9 codes: 250.0 to 250.9 with a fifth
digit of 0 or 2). Patients with unknown age, gender, length of
stay, in-hospital outcome, and hospital cost were excluded.
Cardiovascular outcomes consisted of hospitalization for
HF/100,000 adults and in-hospital mortality. Economic out-
comes included length of stay (LoS) and total cost/stay.

Statistical analysis

Baseline categorical variables and outcome measures are pre-
sented using frequency distributions, and means (standard de-
viations) or medians (interquartile ranges) were used for con-
tinuous variables as appropriate. We used a trend test to assess
temporal changes. Comparison of HF patients with vs without
DM was performed using a Student’s t test or a χ2 test. The
total number of hospitalizations/year is weighted using a spe-
cific software to provide a nationwide estimate per the recom-
mendation of the AHRQ [13], than presented per 100,000
population based on the yearly US population according to
the US census bureau (https://www.census.gov). Briefly,
patient-level discharge trend weights consisted of applying
the DISCWT variable prior to 2012 and the TRENDWT var-
iable from 2012 to 2014. Weighting results in improved na-
tional estimates, in addition to allowing for multi-year analysis
of trends. In-hospital mortality is presented as crude and then
stratified according to gender. Multivariable logistic regres-
sion analysis was performed to look for predictors of in-
hospital mortality in patients with HF and DM. The model
included age, gender, comorbidities, race, income, hospital
characteristics, and the Charlson/Deyo comorbidity index;
the latter being a point-based system with scores ranging from
1 to 6 with each value weighted depending on the prognostic
impact of the 22 comorbidities included [14]. A Poisson re-
gression analysis was used to estimate an annual percentage
(with its 95% CI) of change in mortality and outcome. Costs
were corrected for inflation using rates provided by the US
bureau of labor statistics (https://data.bls.gov/cgi-bin/cpicalc.
pl). A p value < 0.05 was considered statistically significant.
Analyses were performed using SPSS (IBM, version 22.0)
and STATA (version 15).

Results

Baseline characteristics of all patients hospitalized
with heart failure

A total of 2,122,415 HF patients hospitalized from 2005 to
2014 were included in our analysis after exclusion of patients
with missing records (Fig. 1). After weighting, our study sam-
ple consisted of 10,511,776 HF patients: 4,454,833 (43.2%)
with DM and 5,839,543 (56.8%) without DM.

Baseline characteristics of all patients with HF are shown in
Supplementary Table 1. The absolute number of patients hos-
pitalized with HF in the US gradually increased with time.
Mean age (SD) decreased from 73 (14) to 72 (14) years old
(p < 0.001). The age distribution and sex ratio significantly
changed over time: The proportions of patients in the age
interval 75 to 84 and > 85 gradually decreased whereas those
of the age intervals < 55, 55–64, and 65–74 gradually
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increased (p trend < 0.001 for all). In 2005, there were slightly
more females (51.9%), but this trend shifted to the opposite in
2014. The prevalence of DM steadily increased from 40.4 to
46.5%, which represents an absolute increase of 6.1% in a
decade. The prevalence of other risk factors, such as hyper-
tension, CAD, obesity, dyslipidemia, and smoking was also
on the rise, which was translated in a temporal increase in
Charlson’s score over time (p trend < 0.001 for all).

A similar temporal trend of age, gender ratio, and risk fac-
tors in patients with heart failure and DM and those without
DM was observed. In HF patients without DM, mean age
(SD) decreased from 71 (13) in 2005 to 70 (13) in 2014
(Table 1), and that of HF patients without DM moved from
74 (15) to 73 (15) (Supplementary Table 2). Cardiometabolic
risk factor prevalence was on an ascending slope, so was the
prevalence of CVD, such as CAD and renal failure on both
groups. Interestingly, the prevalence of White Americans de-
creased and that of African Americans and Asians increased in
diabetic HF with DM, whereas the race distribution was un-
changed in HF patients without DM except of a slight increase
in the prevalence of Asians.

Temporal trend in cardiovascular outcomes

We first combined all HF patients with DM for the period of
2005 to 2014, and then compared them to those without DM
for the same period. As seen in Table 2, patients with DM and
HF were on average 3 years younger, more likely to belong to
non-White minority groups, have a lower income, and suf-
fered from more cardio-metabolic risk factors, such as obesity

and hypertension. Cardiovascular pathologies, such as CAD
and chronic renal failure, were also more prevalent.
Surprisingly, the presence of DM was associated with lower
in-hospital mortality risk: 111,133 deaths occurred in HF pa-
tients with DM (2.5%) versus 220,745 deaths (3.8%) in HF
patients without DM, OR = 0.651 (95% CI [0.641–0.656]),
p < 0.001. Even after multivariable adjustment on all parame-
ters that were statistically significant between both groups, HF
without DM had a lower mortality risk, adjusted OR = 0.844
(95% CI [0.828–0.860]), p < 0.001.

We looked for predictors of mortality in those patients. As
expected, increasing age is associated with higher mortality
risk. For instance, patients older than 84 years have a 5-fold
higher risk of dying than those 55 years of age or younger
(Table 3). Females are more protected than males, and White
Americans have a higher risk than all other ethnic groups. As
expected, previous cardiovascular events, such as renal fail-
ure, valvular heart disease, or peripheral vascular events—but
not coronary artery disease—increased significantly the risk.
Interestingly, the presence of cardiometabolic risk factors,
such as obesity, hypertension, dyslipidemia, and smoking,
had a protective effect.

Furthermore, we compared on a yearly basis the mortality
in both groups. Unexpectedly, mortality in HF patients with
DM was unexpectedly but sustainability lower from 2005 till
2014.

In HF patients with DM, crude mortality gradually de-
creased from 2.7% in 2005 to 2.4% in 2014 (Supplementary
Table 3), which represents an absolute decrease of 0.3% in
10 years and an annual average decrease of 0.01% [95% CI

Fig. 1 Flow chart of the analysis.
HF, heart failure
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Table 1 Baseline characteristics
of all patients with HF from 2005
to 2014, according to the presence
of Diabetes

Years Heart failure patients with
diabetes

Heart failure patients without
diabetes

p value

N = 4,454,833 N = 5,839,542

Age

Mean (SD) 71 (13) 74 (15) < 0.001

55–64 835,952 (18.8) 680,201 (11.6) < 0.001

65–74 1,176,474 (26.4) 961,190 (16.5) < 0.001

75–84 1,262,978 (28.4) 1,659,077 (28.4) < 0.001

> 84 645,476 (14.5) 1,756,911 (30.1) < 0.001

Gender

Male 2,221,535 (49.9) 2,883,926 (49.4) < 0.001

Female 2,233,299 (50.1) 2,955,617 (50.6) < 0.001

Race

White 2,411,597 (63.1) 3,508,611 (71.6) < 0.001

Black 823,586 (21.5) 905,400 (18.5) < 0.001

Hispanic 386,624 (10.1) 285,625 (5.8) < 0.001

Asian 76,382 (2) 70,737 (1.4) < 0.001

Native American 25,370 (0.7) 23,135 (0.5) < 0.001

Other 98,976 (2.6) 103,419 (2.1) < 0.001

Income

Low 1,546,020 (35.5) 1,831,534 (32) < 0.001

Low-mid 1,162,972 (26.7) 1,517,262 (26.6) < 0.001

High-mid 955,262 (21.9) 1,289,277 (22.6) < 0.001

High 692,360 (15.9) 1,076,649 (18.8) < 0.001

Insurance

Medicare 3,288,992 (74) 4,405,484 (75.6) < 0.001

Medicaid 389,579 (8.8) 423,920 (7.3) < 0.001

Private insurance 556,756 (12.5) 670,562 (11.5) < 0.001

Self-pay 122,096 (2.7) 207,756 (3.6) < 0.001

No charge 12,877 (0.3) 20,553 (0.4) < 0.001

Other 77,262 (1.7) 100,639 (1.7) < 0.001

Comorbidity

Obesity 944,309 (21.2) 544,572 (9.3) < 0.001

Hypertension 3,150,266 (70.7) 3,513,841 (60.2) < 0.001

Smoking 182,820 (20.3) 250,695 (21.3) < 0.001

Dyslipidemia 399,759 (44.4) 363,226 (30.8) < 0.001

Past medical history

PVD 580,847 (13) 531,775 (9.1) < 0.001

Valvular heart
disease

14,116 (0.3) 20,171 (0.3) < 0.001

Renal failure 1,955,821 (43.9) 1,790,252 (30.7) < 0.001

CAD 474,232 (52.7) 491,700 (41.7) < 0.001

Hospital bedsize

Small 590,696 (14.8) 804,526 (15.6) < 0.001

Medium 1,014,278 (25.5) 1,302,158 (25.3) < 0.001

Large 2,379,740 (59.7) 3,043,215 (59.1) < 0.001

Hospital location

Rural 600,356 (15.1) 798,911 (15.5) < 0.001

Urban 3,384,358 (84.9) 4,350,988 (84.5) < 0.001

Hospital region

Northeast 799,758 (20) 1,091,333 (21.1) < 0.001
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(0.001; 0.02)] (p = 0.039). The reduction was observed in men
(2.8% in 2005 to 2.5% in 2014) and women (2.7% in 2005 to
2.4% in 2014) (p trend < 0.001 for all) (Fig. 2a).

Mortality in HF patients without DM followed the same
trend. Crude mortality gradually decreased from 4.5% in 2005
to 3.4% in 2014, which represents an absolute decrease of
1.1% during this same decade and an annual average decrease
of 0.063% [95%CI (0.052; 0.073)] (p < 0.001). The reduction
was observed in men (4.4% in 2005 in 2005 to 3.3% in 2014)
and women (4.6% in 2005 to 3.4% in 2014) (p trend < 0.001
for all).

Interestingly, there was a gender effect according to the
presence of DM. In HF patients without DM, women had a
higher mortality risk from 2005 up till 2010 (p < 0.001), but
no statistically significant difference in mortality is seen after-
wards. In HF with DM patients, men had a higher mortality
risk at all years except in 2006, 2007, and 2001 when the
statistical significance was not reached, which confirmed the
results of our multivariable regression analysis.

Furthermore, we performed a yearly multivariable regres-
sion analysis on all cofounding variables. Interestingly, the
presence of DM was consistently associated with lower in-
hospital mortality despite all adjustments from 2005 to 2014
(Fig. 2b).

Hospitalization for HF decreased from 211/100,000 adults
in 2005 to 188/100,000 adults in 2014 (p trend < 0.001)
(Fig. 3a). A similar significant trend was also observed in
patients without DM.

Temporal trend in economic outcomes of patients
with heart failure and DM

Total charges gradually increased with time: In patients with
DM, charges went from 15,704 (9127–29,400) to reach
26,858 (15,638–48,590) USD/stay (adjusted for inflation, p
trend < 0.001), which represents a mean annual increase of
5.9% (95% CI [5.4–6.5], p < 0.001). In HF without DM, the

inflation-adjusted cost/stay also increased from 15,745 (8912–
31,043) to 24,770 (14,421–45,071) USD (adjusted for infla-
tion, p trend < 0.001), which represents a mean annual in-
crease of 4.9% (95% CI [4.4–5.2], p < 0.001) (Fig. 3b). Of
note, total charges were significantly higher in patients with
DM on a yearly basis (p < 0.01).

The LoS was significantly lower in non-diabetic HF pa-
tients from 2005 to 2014 on a yearly basis (Supplementary
Table 4). There was a slight temporal reduction in the LoS of
non-diabetic HF patients from 4 (2–7) days in 2005 to 4 (2–
6) days in 2014. However, the LoS slightly increased in pa-
tients with DM from 4 (2–6) to 4 (3–7) days, (p trend < 0.001
for both).

Discussion

We first report in this analysis of the NIS that the prevalence of
DM is gradually increasing in patients hospitalized for HF.
The prevalence and incidence of DM are increasing in the
general population and in individuals with previously
established CVD. In a similar analysis of the NIS, Ahmed
et al. reported a similar 7% absolute increase in the prevalence
of DM in patients hospitalized for myocardial infarction be-
tween 2000 and 2010 [15]. Our data are also aligned with a
recent temporal analysis of a large UK cohort, reporting a
large increase in the prevalence of DM in HF (18% in early
2000s versus 26% in recent years) [16].

Contrary to our expectations, DM was associated with a
reduced in-hospital mortality in HF despite the adjustment for
confounders. Studies that reported short-term outcome in pa-
tients with HF and DM showed paradoxical results. In the
OPTIMIZE-HF registry, one of the earliest and largest US
performance-improvement programs in patients hospitalized
with HF, in-hospital mortality did not differ according to the
presence of baseline DM [17]. Similar findings were recently
reported in the Scottish registry that included over 3 million

Table 1 (continued)
Years Heart failure patients with

diabetes
Heart failure patients without
diabetes

p value

N = 4,454,833 N = 5,839,542

Midwest 945,667 (23.6) 1,218,489 (23.6) < 0.001

South 1,696,082 (42.4) 2,113,830 (40.9) < 0.001

West 562,024 (14) 750,059 (14.5) < 0.001

Charlson score

0 8771 (1) 274,150 (23.3) < 0.001

1 164,377 (18.3) 439,192 (37.3) < 0.001

2 293,598 (32.6) 284,231 (24.1) < 0.001

≥ 3 432,676 (48.1) 181,327 (15.4) < 0.001

PVD, peripheral vascular disease; CAD, coronary artery disease
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participants who were followed up until 10 years [18].
Interestingly, a different larger Scottish cohort of over
110,000 HF patients reported a decreased 30-day mortality
in patients with DM knowing that in-hospital mortality was
not registered [19]. Concordant to our findings, a Spanish
registry for over 14 years of follow-up reported a decreased
in-hospital mortality in HF patients with DM [20]. Similarly,
in the American “Get with the Guidelines—HF Registry,” a

reduced mortality in patients hospitalized for heart failure was
attributed to DM [21]. However, several other cohorts, such as
the European Heart Failure registry, reported an increased risk
of in-hospital death in the presence of DM [22]. Despite the
existence of conflictual data in short-term outcome of patients
with HF and DM, it is well known that the long-term of those
patients is poor. In the Swedish National Diabetes Register,
hospitalization rates in HF patients with DMwere almost 50%
higher as compared with the general population [23]. One year
mortality and hospitalization for HF was significantly higher
in HF and DM, included in the European Heart Failure regis-
try [22].

It is not known why patients with HF and DM have a better
in-hospital outcome in terms of mortality in our cohort. In our
study, patients with DM have a higher prevalence of cardio-
metabolic parameters, such as obesity, hypertension, and renal
failure. Therefore, it is highly likely that heart failure with
preserved ejection fraction (HFpEF) is more prevalent than
heart failure with reduced ejection fraction (HFrEF) in hospi-
talized, diabetic HF patients knowing that the classification
into HFpEF and HFrEF was missing in the NIS before
2010. Furthermore, the composition of HF entities may have
changed over time as the HFpEF’s proportion within all HF
patients has recently changed in the general population and
overcame that of HFrEF [24]. One of the plausible mecha-
nisms of decreased mortality in diabetic HF patients could
also be the longer LoS that probably leads to more medical
acts, procedures, exploratory secondary diagnostics, and
targeted treatment, which led to mortality reduction at the
price of higher financial costs.

Several reports of “diabetes paradox” exist in the literature.
For instance, Krinsley et al. reported that the presence of DM
does not increase the risk of in-hospital death in severely ill
patients admitted to the intensive care unit [25]. An obesity
paradox also governs the relation between DM and mortality.
Costanzo et al. showed in a large British cohort that being
overweight was associated with a lower mortality risk and
being obese does not increase the mortality risk as compared
with average-weight individuals with DM [26]. We have re-
cently showed that overweight, obese, and even severe obese
HF patients with DM have a better short-term prognosis [27],
a finding that we just confirmed in our multivariable analysis.
Moreover, some of the classically harmful cardiometabolic
parameters of DM, such as hypertension, dyslipidemia, and
smoking, were associated with improved outcome in our
study, findings that were also reported in previous NIS studies
that assesses the impact of DM on other cardiovascular dis-
eases, such as myocardial infarction [15]. One of the plausible
mechanisms behind those paradoxical findings is that those
patients usually receive more cardioprotective drugs that are
known to decrease mortality, a factor that we could not ac-
count for in our regression model due to the absence of base-
line medications in the NIS registry.

Table 3 Factors associated with in-hospital death in patients with HF
and diabetes

Years OR 95% CI p value

Age

< 55 1 Referent group –

55–64 1.394 1.349 to 1.441 < 0.001

65–74 2.117 2.054 to 2.182 < 0.001

75–84 3.307 3.212 to 3.404 < 0.001

> 84 5.16 5.01 to 5.316 < 0.001

Gender

Male 1 Referent group –

Female 0.952 0.84 to 0.963 < 0.001

Race

White 1 Referent group –

Black 0.477 0.468 to 0.487 < 0.001

Hispanic 0.688 0.673 to 0.705 < 0.001

Asian 0.947 0.907 to 0.989 0.015

Native American 0.612 0.558 to 0.671 < 0.001

Comorbidity

Obesity 0.603 0.593 to 0.613 < 0.001

HTN 0.678 0.670 to 0.686 < 0.001

Dyslipidemia 0.581 0.573 to 0.588 < 0.001

Smoking 0.596 0.586 to 0.607 < 0.001

Past medical history

PVD 1.193 1.173 to 1.213 < 0.001

Valvular heart disease 2.839 2.657 to 3.033 < 0.001

Chronic renal failure 1.476 1.458 to 1.494 < 0.001

CAD 0.877 0.867 to 0.887 < 0.001

Hospital bedsize

Small 1 Referent group –

Medium 0.928 0.910 to 0.946 < 0.001

Large 0.960 0.944 to 0.977 < 0.001

Hospital location

Rural 1 Referent group –

Urban 0.898 0.884 to 0.913 0.001

Hospital region

Northeast 1 Referent group –

Midwest 0.889 0.873 to 0.905 < 0.001

South 0.520 0.496 to 0.545 < 0.001

West 0.536 0.512 to 0.561 < 0.001

PVD, peripheral vascular disease; CAD, coronary artery disease
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To our knowledge, we are the first to report that patients
with HF and DM exert an additional cost to the healthcare
system. However, our results are concordant with several re-
ports that highlighted the financial burden of DM and its car-
diovascular complications. Nichols et al. reported earlier that
patients with CVD and DM are more costly than those without
DM, in particular at the early course of DM [28]. Aligned with
those findings, a recent systematic review that included 24
studies reported that the presence of CVD in patients with
DM increased costs by 42% [29].

The temporal trend in the rate of hospitalization for HF and
its associated mortality risk is concordant with current bibli-
ography pertinent to trends and patterns of CVD and cardio-
vascular complications of DM in particular. In a similar anal-
ysis of the NIS, absolute risk of in-hospital mortality in pa-
tients with myocardial infraction and DM was reduced by

almost 4% [15]. Burrows et al. reported a significant annual
decrease of cardiovascular-related hospitalizations in patients
with DM: 4.6% in patients with acute coronary syndrome,
3.6% in patients with HF, and 2% in ischemic strokes [30].
Of note, similar trends were also reported in the absence of
DM.

The increasing cost of healthcare causes an enormous fi-
nancial pressure on governments and funding agencies world-
wide. For instance, the total cost of DM, including its comor-
bidities and cardiovascular complications, was estimated to be
237 billion USD in 2017, which represents a 26% increase in
5 years only [10]. According to the American Heart
Association, total HF costs are expected to increase by more
than twice from 2012 to 2030 [9]. As GLP-1 agonists and
SGLT-2 inhibitors were only recently included in DM guide-
lines, we therefore anticipate a continuous reduction in DM-

Fig. 3 (a) Trend of heart failure hospitalization/100,000 US adults in patients with diabetes (red color) and without diabetes (blue color). (b) Temporal
change in total charges/stay (median ± IQR) in heart failure patients with diabetes (red) and without diabetes (blue)

Fig. 2 (a) Mortality trend in patients in patients with heart failure and diabetes (red color) and without diabetes (blue color) according to gender
distribution. (b) Boxes represent yearly adjusted odds ratios of mortality (with its 95% CI) in patients with heart failure and diabetes
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related mortality and hospitalization, in particular in patients
with HF since the mortality reduction in those medications
was mainly driven by a reduction in HF. We anticipate that
newer medications and technologies in DM and HF will result
in further mortality reduction given the constant evolution of
medical research in cardiovascular disease. However, we also
expect a continuous increase in the cost of diabetes-related
complications. In fact, aging of the population which is the
main driver behind the steady increase in the prevalence of
CVD has been traditionally seen as the main contributor to the
growing health care expenditure [31]. However, recent data
indicate that advances in technologies and price growth con-
tribute evenmore to healthcare spending, independently of the
aging [32].

We acknowledge the presence of several limitations in this
study. The NIS is an administrative database which is far from
being able to generate a firm conclusion in the absence of
randomization. Furthermore, a lot of the variables were not
recorded. For instance, many of the mortality predictors in
patients with DM and HF are missing, such as the glycemic
control (HBA1c), LVEF, and medications. It is well known
that mortality positively correlates with HBA1C [33]—a mark-
er of poor glycemic control—and LVEF and decreases with
some medications, such as beta-blockers and ACE-inhibitor/
angiotensin receptor blockers (ARBs) [34]. The inclusion of
those variables into our regression models might have influ-
enced the outcome. Furthermore, it was not possible to assess
readmission of the same patients knowing that this outcome is
one of the most important cardiovascular and economic ob-
jectives sought after in HF predictive medicine [35]. Finally,
our data analysis stopped at 2014 due to the transition of ICD-
9 to ICD-10 coding in 2015 in the US and the still-ongoing
resulting issues in statistical decoding of the pathologies and
analysis; hence, our results might not reflect accurately the
trend of HF and DM in the past 5 years.

Conclusion

The temporal trend shows that the rates of hospitalization and
in-hospital mortality are on a descending slope in HF, irre-
spective of the presence of diabetes mellitus. However, this
is counteracted by a continuous rise in the prevalence of DM
and an increase in medical expenditure, notably in patients
with DM who represent an additional economic burden on
the growing cost of heart failure by costing more than their
non-diabetic counterparts on a yearly basis.
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