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Abstract

Background—Postdischarge mortality following hospitalization for heart failure with reduced
ejection fraction (HFrEF) has remained high and unchanged over the past 2 decades, despite
effective therapies for HFrEF. We aimed to explore whether these patterns could in part be
explained by changes in longitudinal risk profile and HF severity over time.

Methods—Among patients hospitalized for HF in the GWTG-HF registry from January 2005 to
December 2018 with available data, we evaluated GWTG-HF and ADHERE risk scores,
observing in-hospital mortality per-year. The risk profiles and outcomes were described overall
and by subgroups based on ejection fraction (EF), diabetes mellitus (DM), sex, and age.

Results—Overall, 335,735 patients were included (50% HFrEF, 46% DM, 48% female, mean
age 74 years). In-hospital mortality increased by 2.0% per year from 2005 to 2018. There was no
significant change in mean GWTG-HF risk score overall or when stratified by EF groups (P= 0.46
HFrEF, p=0.26 HF mid-range EF [HFmrEF], and 2= 0.72 HF preserved EF [HFpEF]), age, sex,
or presence of DM. The observed/expected ratio based on the GWTG-HF risk score was 0.93
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(0.91-0.96), 0.83 (0.77-0.90), 0.92 (0.89-95) for HFrEF, HFmrEF, and HFpEF, respectively.
Similar findings were seen when risk was assessed using ADHERE risk score.

Conclusions—There were no significant changes in average risk profiles among hospitalized

HF patients over the study duration. These data do not support the notion that worsening risk
profile explains the lack of improved outcomes despite therapeutic advances, underscoring the
importance of aggressive implementation of guideline-recommended therapies and investigation of
novel treatments.

Methods

Data source

Patients hospitalized with heart failure (HF) continue to experience high rates of
postdischarge mortality and readmission,2 and account for a large proportion of overall
HF-related cost.3 These patients also carry a high comorbidity burden. In a study of
Medicare beneficiaries with HF, ~40% of patients had 5 or more noncardiac comorbidities.>
Approximately 40% of patients hospitalized with HF have concomitant diabetes mellitus
(DM), and this portends a worse prognosis with higher mortality and rehospitalization.6 HF
outcomes postdischarge have remained largely unchanged with some data suggesting a trend
toward increased mortality.”% It may be hypothesized that this could be related to an
increase in HF severity and comorbidity burden over time, and as such stability in event rates
may represent improved outcomes compared with expected. However, no comprehensive
longitudinal data evaluating the evolution of risk profiles of patients hospitalized for HF
exist. In this study, we assessed the temporal trends in estimated risk profile and observed in-
hospital mortality among patients hospitalized with HF participating in the Get With The
Guidelines- Heart Failure (GWTG-HF) centers to better elucidate whether the risk profile
for these patients has increased, remained unchanged, or decreased over time.

GWTG-HEF is a national quality improvement program by the American Heart Association
that began in 2005 and includes patients admitted for worsening HF, de novo HF, and those
who develop symptoms attributable to HF during hospitalization (all with a primary
discharge diagnosis of HF). The program design and objectives have been published
previously.10 Consecutive patients or a random sample at each enrolling site are identified
using methods similar to those employed by the Joint Commission. Baseline characteristics,
patient disposition, and in-hospital outcomes are collected via a point-of-service web-based
tool managed by (IQVIA, Parsippany, NJ) and stored and analyzed at the Duke Clinical
Research Institute. Participating centers are required to obtain institutional review board
approval for the GWTG-HF protocol. A waiver of informed consent is granted under the
Common Rule given that the data collection is primarily for the purpose of quality
improvement.

Study population and design

The initial study population for this analysis consisted of 810,689 GWTG-HF patients. The
study period was from January 2005 through December 2018. We sequentially excluded
patients with a completely missing medical history panel (n=32,636), with missing or not
documented discharge disposition (n7=3,615), with missing ejection fraction (EF) (n=
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20,527), and with missing GWTG-HF risk or Acute Decompensated Heart Failure National
Registry (ADHERE) risk score (7= 418,176). This yielded 335,735 patients from 508
hospitals. Additional exclusions were then applied to evaluate the trend of in-hospital
mortality, discharge home, and length of stay. From 335,735 participants, we excluded
patients who left the hospital against medical advice (7= 3,355), who were transferred to an
acute care facility (ie, short-term hospitals) (n7=5,358), and those who were discharged to
hospice care (n7=11,232). This resulted in 315,790 patients from 505 hospitals serving as
Cohort A. We then excluded patients who died in the hospital (7= 8601) yielding 307,189
patients from 503 hospitals serving as Cohort B. An additional 20,060 patients who were
transferred to the hospital were excluded resulting in 287, 129 patients from 503 hospitals as
Cohort C. To investigate hospital variation in clinical risk profiles we excluded from the
initial 335,735 the participants the patients from hospitals with less than ten eligible
hospitalizations during the study period (n7=281). (Figure 1)

HF was defined by EF measurements with HF with preserved EF (HFpEF) defined as EF
>50%, HF with mid-range EF (HFmrEF) defined as EF 41%-49%, and HF with reduced EF
(HFrEF) defined as EF <40%. DM was defined as a medical history of insulin or noninsulin
treated DM or a new diagnosis of DM during the index hospitalization. The primary
outcome was time trend of in-hospital mortality from 2005 to 2018. The secondary
outcomes were time trend in discharge home and hospital length of stay from 2005 to 2018.

The GWTG-HF and ADHERE risk scores

The GWTG-HF risk score is a validated score using readily available clinical variables
including systolic blood pressure (SBP), blood urea nitrogen (BUN), sodium, age, heart rate,
black race, and history of chronic obstructive pulmonary disease (COPD)/asthma to predict
in-hospital mortality among patients admitted with HF. The score ranges from 0 to 101, with
scores <33 indicating a <1% probability of death and scores =79 indicating a >50%
probability of death.1 GWTG-HF risk scores were computed in the present analysis for
patients with nonmissing SBP, BUN, sodium, age, heart rate, black race, or COPD/asthma
history (n=337,245).

The ADHERE score, developed prior to the GWTG-HF score, uses BUN, SBP, and
creatinine obtained on hospital admission for HF to predict in-hospital mortality. Scores are
categorized into low (BUN level <43 mg/dL and SBP =115 mm Hg), intermediate
(intermediate risk 1: BUN level 243 mg/dL, SBP <115 mmHg, and creatinine level <2.75
mg/dL, intermediate risk 2: BUN level 243 mg/dL, and SBP =115 mm Hg, intermediate risk
3: BUN level <43 mg/dL and SBP <115 mm Hg), and high (BUN level =243 mg/dL, SBP
<115 mmhyg, and creatinine level =2.75 mg/dL) with mortality ranging from 2.1% to 21.9%.
12 1n the present analysis, ADHERE risk scores for in-hospital mortality were computed
among patients with nonmissing BUN, SBP, or creatinine (1= 338,617).

Statistical analysis

Patient demographics, medical history, laboratory values, and HF medications were studied
and compared stratified by incremental time periods (20052009, 2010-2014, and
2015-2018). Continuous variables were reported as medians with 25th and 75th percentiles
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and categorical variables as counts and percentages. The overall risk profiles and outcomes
were described by different subgroups, including EF groups (HFpEF, HFmrEF, HFrEF as
defined above), DM (presence or absence), sex (male, female), and age (<65 or =65 years).
Observed to expected (O/E) ratios with 95% confidence intervals (CI) based on a binomial
distribution were calculated among patients with nonmissing expected mortality and
nonmissing observed in-hospital mortality.

The time trends of risk profiles from 2005 to 2018 were analyzed, including stratified
analyses by the key, prespecified subgroups mentioned above. For continuous GWTG-HF
risk score, linear regression models were used to assess the temporal trend. For high
ADHERE risk as defined above, logistic regression models were used to assess the temporal
trend. For all the regression models, the generalized estimating equation (GEE) method with
exchangeable working correlation structure were used to account for within-hospital
clustering of patients and to determine robust variance estimates.

The time trend of in-hospital mortality was assessed from 2005 to 2018 among Cohort A,
using a logistic regression model. The results for in-hospital morality are presented as odds
ratio (OR) with 95% CI. For discharge disposition comparison from 2005 to 2018, we
performed the analysis among Cohort B (excluding in-hospital deaths from Cohort A) using
also a logistic regression model. For length of stay assessment, we analyzed Cohort C
(excluding transfer-ins from Cohort B). Poisson regression model with log link was used to
assess the association between temporal trend and the length of stay; the results are
presented as risk ratio with the corresponding 95% CI. Similarly, the GEE method with
exchangeable working correlation structure was used to account for within-hospital
clustering of patients and to determine robust variance estimates. Both unadjusted and
adjusted (for risk factors) analyses were performed and reported. Standard GWTG-HF
adjustment variables were included in the adjusted analysis, that is, age, sex, white race,
anemia, ischemic history, cerebrovascular accident/transient ischemic attack (CVA/TIA),
DM, hyperlipidemia, hypertension, COPD or asthma, peripheral vascular disease (PVD),
renal insufficiency, smoking, EF groups, SBP at admission, heart rate, sodium, BUN) and
hospital-level factors (hospital region, hospital type, number of beds, and rural location).

For hospital-level variation in clinical risk profiles, we created histograms of mean GWTG-
HF risk score for each hospital and the proportions of high risk ADHERE score for each
hospital. To determine hospital-level variation in risk-standardized mortality rates (RSMR),
we used a hierarchical multivariable logistic regression model with a random intercept for
hospital to derive hospital-specific in-hospital RSMR. In-hospital RSMR was calculated for
each hospital for the study period by multiplying the ratio of predicted/expected in-hospital
mortality by the observed overall in-hospital mortality rate. For the ratio of predicted/
expected in-hospital mortality, the predicted number of deaths for each hospital was
calculated by the hierarchical model given the patients’ risk factors and the hospital-specific
effect, and the expected number of deaths for each hospital given the patients’ risk factors
and the average of all hospital-specific effects overall. The clinical factors of the GWTG HF
Risk Score prediction model were included in the model. Another similar hierarchical
multivariable logistic regression model using the factors from the ADHERE Risk Score
prediction model was also fitted.

Am Heart J. Author manuscript; available in PMC 2022 February 01.
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Missing history of smoking was imputed as “no”. Missing hospital characteristics were not
imputed. For sodium values at admission, values <90 mEg/L were truncated at 90 mEq/L,
and the values >190 mEg/L were truncated at 190 mEqg/L. For BUN at admission, the values
<4 mg/dL were truncated at 4 mg/dL, up to maximum values of 150 mg/dL. Linearity of
continuous variables was checked before fitting the model. If found nonlinear, flexible spline
transformations of adjustment continuous variables were used, and linear splines of temporal
trend were fitted when appropriate. For discharge home, the linear spline knot for time trend
was chosen at year 2014 that balanced model fit by maximizing model likelihood and
interpretation of results. Collinearity was checked for these models as well. A 2-sided P<
0.05 was considered statistically significant for all tests. All statistical analyses were
performed at the Duke Clinical Research Institute using SAS (version 9.3; SAS; Cary, NC).

Baseline characteristics

Of the 335,735 patients analyzed, the mean age was 74 years (Table 1). Across three time
periods (2005-2009, 2010-2014, and 2015-2018), 49.3%, 48.5%, and 46.6% of patients were
female with approximately 68% white and 19% black. Comorbidity burden was similar
across the three time periods with exception of a notable increase in hypertension from
76.4% in 2005-2009 to 85.4% in 2015-2018, and an increase in chronic or recurrent atrial
fibrillation from 30.6% in 2005-2009 to 39.8%. in 2015—2018. In 2005-2009, 38.2% of
patients had HFpEF and 54.2% had HFrEF, while in 2015-2018 45.0% of patients had
HFpEF and 45.3% of patient had HFrEF.

Risk profiles

Overall—Mean GWTG-HF risk score in the overall cohort was 39.9. Of 338,617
individuals in whom ADHERE risk data was available, 5,598 (1.7%) had high risk, 110,114
(32.5%) had intermediate risk, and 222,905 (65.8%) had low risk. The overall O/E ratios for
all subgroups were <1.0.

Subgroups—Risk profiles and outcomes of in-hospital mortality among patients by
subgroup are presented in Table 2. GWTG-HF risk scores ranged from 34.4 among
individuals < 65 years to 42.3 among individuals =65 years. Expected mortality ranged from
1.57% among those aged <65 years to 3.10% among those =65 years. GWTG-HF risk score
was 39.4 among HFpEF patients and 40.5 among HFrEF patients. The percentage of
individuals with high ADHERE risk ranged from 1.1% among HFpEF patients to 2.2%
among those with HFrEF. Expected mortality was 2.69% in HFpEF patients compared to
3.04% in HFrEF patients. The O/E ratio was 0.88 (95% CI 0.86-0.91) among individuals
with DM, 0.94 (95% CI 0.92-0.97) among individuals without DM, 0.91 (95% CI 0.89-0.93)
among those aged =65 years, and 0.95 (95% CI 0.90-1.00) among those < 65 years.

Change over time—GWTG-HF and ADHERE risk profiles remained stable when
stratified by admission year (Online Table 1). From 2005 to 2018, there was no significant
change in mean GWTG-HF score when stratified by EF groups (P=0.46 HFrEF, P=0.26
HFmrEF, and £=0.72 HFpEF), DM (= 0.42 DM, P=0.86 without DM), sex (£ = 0.99 for
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female, and £=0.93 for male), or age (P = 0.054 for age< 65 years, and P= 0.56 for age
>65 years) (Figure 2). There was no significant change in the distribution of ADHERE risk
groups. Among patients with high ADHERE risk, there was no significant change in the
distribution of patients by EF, sex, or age (Figure 3).

Outcomes—In an unadjusted model, there was a nonstatistically significant trend in the
change in-hospital mortality per year from 2005 to 2018 (OR 1.01, 95% CI 1.00-1.02; P=
0.052). When adjusted for all covariates, there was a relative increase in-hospital mortality
of 2% per year from 2005 to 2018 (OR 1.02, 95% CI 1.01-1.04; £=0.001) (Table 3). The
estimated odds of being discharged home from 2005 to 2014 was 2% less with each calendar
year (OR 0.98, 95% CI 0.96-0.99; £=0.003). From 2015 to 2018, the estimated odds of
being discharged home was 3% greater with each calendar year (OR 1.03, 95% ClI
1.01-1.04; P=0.004). For every calendar year (from 2005 to 2018), there was a 1%
reduction in the length of stay in both unadjusted and adjusted models (risk ratio 0.99, 95%
C10.98-0.99; £<0.001)

Hospital variation—Mean GWTG-HF risk score was relatively similar across hospitals
with a median of 40.5 and a range from 30.5 to 49.3 (Figure 4A). Median proportion of
patients with a high ADHERE risk score was 1.4%, with the proportion ranging from 0% to
16.7% across hospitals. (Figure 4B). Intermediate ADHERE risk was observed in a median
of 31.1% of hospitals with a range from 0% to 58.8%. Low ADHERE risk was observed in a
median of 68.9% of hospitals with a range from 41.2% to 100%. Using covariates from the
GWTG-HEF risk score prediction model, median in-hospital RSMR was 2.6% with a range
from 1% to 7.1% (Figure 5A). Using covariates from the ADHERE risk score prediction
model, median in-hospital RSMR was 2.5% with a range from 1% to 6.8% (Figure 5B).

Discussion

In this large registry-based cohort of U.S. patients hospitalized for HF, the level of intrinsic
patient risk as defined by the GWTG-HF and ADHERE risk scores has remained unchanged
over time. These findings were consistent across all prespecified subgroups, showing
temporally stable levels of risk irrespective of EF, DM status, sex, or age. Unadjusted in
hospital-mortality did not change significantly between 2005 and 2018; however, the
adjusted odds of in-hospital mortality was 2% greater with each calendar year. The odds of
being discharged home was 2% lower with each calendar year between 2005 and 2014 and
3% greater with each year from 2015 to 2018. Length of stay decreased by 1% annually
from 2005 to 2018. The GWTG-HF risk score distribution was similar across hospitals while
the distribution of ADHERE risk appeared more variable. In-hospital RSMR were relatively
similar using either the covariates from the GWTG-HF or ADHERE risk score prediction
models.

To our knowledge, we present the first longitudinal analysis of temporal trends in the risk
profile of patients hospitalized with HF utilizing clinical variables. We have shown, similar
to previous studies, that overall the comorbidity burden, particularly noncardiac
comorbidities, of HF patients has increased over time.13 However, this may be driven in
whole or in part by electronic health record adoption along with public reporting and

Am Heart J. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Hamo et al.

Page 7

Hospital Readmissions Reduction Program incentivized increases in severity coding also at
times referred to as “upcoding”. The use of validated risk models such as the GWTG-HF
and ADHERE scores are based largely on clinical variables (eg, vital signs and laboratory
values) and provide an alternative to claims-based risk adjustment which may be subject to
financially incentivized increases in severity coding. Therefore, they may represent a more
objective means to evaluate temporal trends in risk profiles than those based on
administratively coded data alone. The current study found that from 2005 to 2018, there
was no observed change in GWTG-HF or ADHERE risk overall or among subgroups.

In the evaluation of temporal trends in-hospital mortality we found that unadjusted mortality
rates were unchanged over 2005-2018. When adjusted for GWTG-HF and ADHERE risk,
there was a very slight but statistically significant increase in-hospital mortality of 1%
relative odds per calendar year and a 2% relative odds increase when adjusted for all
covariates. These findings are consistent with those of another analysis of the GWTG-HF
cohort and support the potential differing effect of adjustment for clinical variables versus
billing and diagnostic codes. For example, using claims-based adjustment, data from the
National Inpatient Sample from 2000 to 2010 found age-standardized in-hospital mortality
among patients hospitalized with HF to decline from 4.57% to 3.09% (A-trend <0.0001)
with a concomitant increase in DM prevalence and comorbidity burden.14 Likewise, in an
analysis of Medicare patients hospitalized for HF between 2006 and 2014 to determine
trends following the Hospital Readmissions Reduction Program, investigators reported a
substantial increase in the severity/risk score among hospitalized HF patients. This was
accompanied by a decrease in-hospital mortality by 0.014% per month.” A recent study of
Veterans hospitalized with HF from 2009 to 2015 compared 30-day mortality trends using
claims-based versus clinical risk-adjustment models, finding that use of clinical variables
attenuated or eliminated the observed decline in mortality using claims-based risk
adjustment. While predicted mortality risk using claims-based data increased, the predicted
risk of mortality declined, or remained constant with clinical variable-based models.1®

While patient risk profiles as determined by GWTG-HF and ADHERE risk scores remained
relatively stable and observed unadjusted in-hospital mortality remained unchanged over
time, we found that adjusted in-hospital mortality after accounting for risk scores increased
very slightly. The GWTG-HF and ADHERE risk scores were primarily developed to address
the risk of in-hospital mortality that could be expected based on admission characteristics,
albeit they have also been shown to predict early postdischarge mortality.16 Over time, the
observed in-hospital mortality may be influenced by a variety of factors including treatment
rendered, transfers out of the hospital, or changes in length of stay regardless of the risk
expected based on admission characteristics. It is also important to note that the observed
mortality is for the entire cohort of patients in each study period whereas the unadjusted and
risk adjusted odds of mortality reported utilized GEEs which account for the clustering of
data within hospitals. The observed mortality, both unadjusted and risk adjusted, is also not a
measure of the intrinsic risk unless there is no impact of management or these other factors.
The slight increase in risk adjusted mortality observed in the present study may suggest
worse or incomplete treatment, less transfers out before death, or an increase in intrinsic risk
that was not fully captured in the risk models.

Am Heart J. Author manuscript; available in PMC 2022 February 01.
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Study limitations

Due to the observational nature of this study, there is the potential for residual confounding.
There are additional clinical and biomarker data that were not available that may have
identified differences in risk over time that were not captured in the risk scores utilized. Data
was obtained from among the hospitals who voluntarily participated in the GWTG program
and therefore findings may not be generalizable to hospitals with different practices or
resources. A large proportion (48%) of patients were excluded due to missing GWTG-HF or
ADHERE risk scores which may have resulted in an under-representation of illness severity.
Finally, data on cause-specific mortality were unavailable.

Conclusions

Among patients hospitalized with HF between 2005 and 2018, we assessed patient
characteristics and previously derived and validated GWTG-HF and ADHERE risk scores to
evaluate temporal trends in estimated mortality. While comorbidity burden increased over
time, risk profile on admission measured by GWTG-HF and ADHERE risk scores remained
unchanged. This was accompanied by no increase in unadjusted but a slight and statistically
significant increase in risk-adjusted in-hospital mortality.

Supplementary Material
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Study population selection. LOS, length of stay.
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Figure2.
Temporal Trends in GWTG-HF Risk Scores Stratified by Subgroups. Mean GWTG-HF risk

score from 2005 through 2018 in (a) overall cohort and stratified by (b) HF subgroup
(HFrEF, HFmrEF, and HFpEF), (c) diabetes mellitus status (present or absent), (d) sex
(male, female), and (e) age (=65 years, < 65 years). GWTG-HF, Get With The Guidelines-
Heart Failure Registry; HFrEF, heart failure with reduced ejection fraction; HFmrEF, heart
failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection
fraction.
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heart failure with mid-range fraction; HFpEF, heart failure with preserved ejection fraction.

Am Heart J. Author manuscript; available in PMC 2022 February 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Hamo et al.

GWTG-HF Risk Score

60 80 100

40

20

Page 13

a b.
- e i
N
| 2 2 -
X
K
- o
w
(1 o _|
w -
=
- (=]
<
=
i=J
I 0 -
o .
T T T T T T
0 100 200 300 400 0
Hospitals No.
Figure 4.

100

T T T
200 300 400

Hospitals No.

Histograms of hospital-level (a) GWTG-HF risk score and (b) High ADHERE risk.
ADHERE, Acute Decompensated Heart Failure National Registry; GWTG-HF, Get With

The Guidelines-Heart Failure Registry.
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In-hospital Risk-Standardized Mortality Rates (RSMR) using covariates from the (a)
GWTG-HF Risk Score prediction model and the (b) ADHERE Risk Score prediction model.
ADHERE, Acute Decompensated Heart Failure National Registry; GWTG-HF, Get With
The Guidelines-Heart Failure Registry.
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