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BACKGROUND: The Acute Decompensated Heart Failure National
Registry (ADHERE) and Get With The Guidelines (GWTG) registries have
developed simple heart failure (HF) in-hospital mortality risk scores. We
hypothesized that HF scores predictive of in-hospital mortality would
perform as well for early postdischarge mortality risk stratification.
METHODS AND RESULTS: In this single-center, community-based,
retrospective study of all consecutive primary HF hospitalizations (6203
hospitalizations in 3745 patients) from 2000 to 2013, the ADHERE and
GWTG risk scores were calculated from admission data. There were
176 (3.0%) and 399 (6.7%), 869 (14.7%), and 1272 (21.5%) deaths
in-hospital and at 30, 90, and 180 days postdischarge, respectively. The
GWTG but not ADHERE risk score was well calibrated for in-hospital
mortality. Both the ADHERE (C statistic 0.66 and 0.67, 0.64, and 0.64)
and GWTG (C statistic 0.74 and 0.73, 0.71, and 0.70) HF risk scores were
similarly predictive of in-hospital and 30-, 90-, and 180-day postdischarge
mortality. The ADHERE risk score identified 10% and the GWTG risk
score identified 20% of hospitalizations where 180-day postdischarge
mortality was 50%, a prognostic bench mark for hospice referral. In
contrast, hospitalizations characterized as lowest risk by the ADHERE
(57% of hospitalizations; 180-day mortality 16.2%) or GWTG score (20%
of hospitalizations; 180-day mortality 8.0%) had substantially lower
mortality (odds ratios high versus low risk of 5–8 [ADHERE] and 11–18
[GWTG] across time points; P<0.0001 for all).
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WHAT IS NEW?
• Several scores have previously been developed for
risk prediction but most focus on in-hospital mortality and are complex and, therefore, underutilized.
• Both the Acute Decompensated Heart Failure
National Registry and Get With The Guidelines
scores are relatively simple to calculate using variables available at the time of admission and can
be extended, as we show in this study, to mortality
and readmissions ≤180 days after discharge.

WHAT ARE THE CLINICAL
IMPLICATIONS?
Downloaded from http://circheartfailure.ahajournals.org/ by guest on January 22, 2018

• Heart failure hospitalizations account for a significant proportion of the rising financial pressure on
healthcare systems.
• Using risk scores to identify the group of patients at
highest risk of mortality and postdischarge events
early during the hospitalization facilitates targeting
of limited resources and allows time for care coordination and discharge planning, and may guide
discussions about long-term prognosis.

P

atients hospitalized for heart failure (HF) are at
risk for prolonged hospitalizations, in-hospital
mortality, and early postdischarge death and readmission.1 Given the high cost of inpatient HF care
and expanding at-risk population,2 there is an urgent
need for strategies to shorten length of stay, prevent
readmissions, and provide the care appropriate for
each patients’ stage in the HF natural history. Critical
therapeutic decisions must frequently be made in the
hospital where providers and patients have limited understanding of prognosis.3,4 Palliative care consultation
can improve quality of life and assist patients in defining their goals of care. Care transition programs or appropriate hospice referral may reduce readmissions but
require predischarge coordination of care and are resource intensive.3,5 Thus, such programs are ideally considered soon after admission and focused on patients at
highest risk. However, existing risk assessment tools for
inpatients with HF primarily assess in-hospital mortality,
are often complex, and are uniformly underutilized.4,6
The Acute Decompensated Heart Failure National
Registry (ADHERE) Classification and Regression Tree
(CART) algorithm used 3 admission variables (blood
urea nitrogen, systolic blood pressure, and creatinine)
to stratify patients into 5 groups at incremental risk
of in-hospital mortality (Figure 1).7 The Get With The
Guidelines (GWTG) HF risk score used 7 admission
variables (blood urea nitrogen, systolic blood pressure, age, heart rate, sodium, race, and presence of
chronic obstructive pulmonary disease) to predict risk
of in-hospital mortality (Figure 2).8 Both scores were

developed from voluntary national registries wherein
diverse institutions self-reported data on an uncertain
percent of HF admissions. As data were available only
in aggregate,9 multiple events experienced by the same
patient could not be linked, and only in-hospital mortality was assessed. We hypothesized that HF patients at
heightened risk of in-hospital mortality would also be at
increased risk of early (up to 6 months) postdischarge
mortality and, thus, that scores predictive of in-hospital
mortality would perform as well for early postdischarge
mortality. Accordingly, our objective was to evaluate
the performance of these 2 parsimonious risk scores in
a community-based sample of all consecutive HF admissions, using longitudinal data on mortality and readmissions to estimate risk of mortality during and after each
admission.

METHODS
Study Population
This study was approved by the Mayo Clinic Institutional
Review Board and restricted to appropriately consented
patients residing within 40 miles of Rochester, Minnesota.
Using the Data Discovery and Query Builder (IBM, Armonk
New York; Methods in the Data Supplement) to search
patient’s electronic medical records, we identified all HF
consecutive hospitalizations occurring between January 1,
2000, and December 31, 2013, at Mayo-affiliated hospitals in Rochester, Minnesota. The Data Discovery and Query
Builder includes all clinical patients in the electronic health
record at Mayo Clinic Rochester. During the registration process at Mayo, patients sign a general consent to allow use
of their deidentified medical record data for research and
have several opportunities to opt out during registration or
by mail afterward. However, an extremely small number of
patients opt out, and in our study, only 0.16% of eligible
patients opted out. A HF hospitalization was defined as the
primary (first listed) reason for hospitalization using appropriate International Classification of Disease codes (Table I in
the Data Supplement). Comorbidities, medications, echocardiographic, and laboratory results from each admission were
extracted using Data Discovery and Query Builder and relevant
laboratory, pharmacy, and echocardiographic databases. The
Data Discovery and Query Builder International Classification
of Disease code search strategy has been demonstrated to
have excellent specificity for detection of medical conditions.10 Left ventricular ejection fraction (EF) was determined
from the echocardiogram closest to the admission date. The
Charlson Comorbidity Index11 was assessed with higher values indicative of greater comorbidity burden.12

Risk Stratification
Risk stratification was performed for each hospitalization
using admission data according to the ADHERE CART algorithm7 (Figure 1) and the GWTG HF risk score8 (Figure 2).
In-hospital and postdischarge mortality was assessed across
the 5 ADHERE risk groups and across the quintiles of the
GWTG score observed in our cohort. While the risk scores
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Figure 1. Distribution of community heart failure patients across Acute Decompensated Heart Failure National
Registry (ADHERE) Classification and Regression Tree (CART) risk groups.
According to the ADHERE CART risk algorithm, community patients were divided into five 5 groups (low, intermediate 3, intermediate 2, intermediate 1, and high) at each hospitalization using their admission blood urea nitrogen (BUN), systolic blood
pressure (SBP), and serum creatinine. The distribution of ADHERE registry and community patients across the ADHERE CART
risk groups is shown.
were not designed to predict readmissions, as mortality and
readmission risk are at least loosely associated, the association
of risk scores and readmission rates was also described.
In the ADHERE registry cohort (enrolled 2001 to 2003),
optimal predictor variables and partition values for inpatient
mortality were derived through recursive partitioning analysis, a statistical technique suited to generating clinical decision
rules.13 In the GWTG registry cohort (enrolled 2005 to 2007),
the GWTG-HF score was derived using multivariable logistic
regression analysis. A 100-point risk score was established using
the 7 predictor variables identified in the multivariable model.

Comparison to ADHERE and GWTG
Derivation Cohorts
The distribution of admissions and in-hospital mortality in our
cohort across ADHERE and GWTG risk groups were compared
with those observed in the respective derivation cohorts.
Calibration was assessed by comparing the predicted (from
derivation cohort) versus observed (in our cohort) in-hospital
mortality for each score group. Predicted in-hospital mortality
for the ADHERE analysis was considered as that reported for
the ADHERE derivation cohort. However, the GWTG derivation
study reported in-hospital mortality by score deciles.8 We used
the same score cut points (F.A. Masoudi, MD, unpublished

data, 2010) from that study to compare our observed inhospital mortality with the original cohort for calibration. The
remainder of the GWTG analysis was done with the quintiles
of risk scores observed in our cohort.

Outcomes
Vital status was obtained from registration and billing data,
inpatient records, and death certificates. Readmissions (all
cause and for HF) to Mayo-affiliated hospitals were assessed.
A period was classified as event-free only if sufficient followup time was available. For 30-day through 180-day postdischarge mortality analysis, a patient was censored if they died
prior to discharge or were rehospitalized before the followup period because they then became a new (hospitalization)
case. For readmission analysis, patients were also censored if
they had died during the relevant interval or were lost to follow-up. The date of last known follow-up was derived from
multiple sources, including inpatient and outpatient visits and
patient correspondence. Follow-up was through December
31, 2013.

Statistical Analysis
Baseline characteristics of patients at their first HF hospitalization were compared across the 5 ADHERE CART risk groups
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Figure 2. Distribution of community heart failure patients across GWTG heart failure risk score groups.
The Get With The Guidelines (GWTG) score ranges from 0 to 100 and is calculated from the admission blood urea nitrogen
(BUN), systolic blood pressure (SBP), age, sodium, heart rate (HR), race, and presence of chronic obstructive pulmonary disease
(COPD) as shown. The GWTG derivation study stratified patients according to deciles of score ranges. The distribution of community patients across the GWTG registry score deciles is shown.
or across GWTG score quintiles using linear (for continuous
variables) or logistic (for dichotomous variables) regression.
The odds of an outcome for each HF hospitalization were
compared per risk group and versus the lowest risk group
using univariate logistic regression. We performed analyses
clustered by patient14 and obtained robust standard errors to
mitigate the effect of correlation between recurrent hospitalizations in the same person. Models were run with interaction terms for the 5 ADHERE CART risk groups or the GWTG
quintiles and HF type to assess differences in risk stratification
according to HF type (preserved [≥50%] or reduced [<50%]
EF). We defined the predictive characteristics of the 5 ADHERE
CART risk groups or the GWTG risk score for study outcomes
using logistic regression and receiver operating characteristics
curve analysis. Calibration for each score for the prediction
of in-hospital mortality was assessed by visual comparison of
expected and observed mortality. All analyses were performed
using Stata 13.1 (StataCorp, College Station, TX).

RESULTS
There were 6203 primary HF hospitalizations in 3745
individual patients. Data needed for ADHERE CART
(5918 [95.4%] hospitalizations in 3628 patients)
and GWTG (5794 [93.4%] hospitalizations in 3628

patients) risk score calculation were available in most
hospitalizations.

Characteristics of Patients at Their First
HF Hospitalization
Non-white patients made up 6% of our population,
with 1.4% black. In patients with ADHERE data, overall, the mean age was 78 years, and 50% of patients
were male (Table II in the Data Supplement). At least 1
echocardiogram was available in 3593 (99%) patients,
with 48% classified as HF with preserved EF. Comorbidities included hypertension (95%), diabetes mellitus
(50%), history of atrial fibrillation or flutter (69%), history of coronary artery bypass surgery (28%), and lung
disease (24%). The mean Charlson Comorbidity Index
was 9.2. On admission, use of standard HF medications was high, and 86% were on a loop diuretic. On
average, patients were anemic, were overweight, and
had stage 3 chronic kidney disease. When available,
biomarker and echocardiographic variables indicated
elevated left ventricular filling pressures and pulmonary
hypertension. Overall characteristics of patients with
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data for the GWTG score were similar (Table III in the
Data Supplement).
By design, patients in the lower risk ADHERE
CART groups had higher blood pressure and better renal function (Table 1). Stratifying risk by the
ADHERE CART score variables (blood pressure, blood
urea nitrogen, and creatinine) resulted in lower risk
patients who were more likely to be female and have

HF with preserved EF, less likely to have diabetes mellitus or atrial fibrillation, had lower Charlson Comorbidity Index, were more likely to be treated with
angiotensin-converting enzyme inhibitors, had higher hemoglobin, had lower NT-proBNP (N-terminal
pro-B-type natriuretic peptide), and had less severe
diastolic dysfunction and pulmonary hypertension
(Table 1).

Table 1. Characteristics of Patients at First Heart Failure Hospitalization According to ADHERE
CART Risk Group
Characteristic

High 53 (1.5%) Int-1 193 (5.3%) Int-2 480 (13.2%)

Int-3 608 (16.8%)

Low 2294 (63.2%) P Value

Demographic/clinical
 Age, y

Downloaded from http://circheartfailure.ahajournals.org/ by guest on January 22, 2018

 Male, n (%)
 Systolic BP, mm Hg*

74.7±16.0

80.1±12.1

35 (66)

118 (61)

98±11

99±11

78.4±12.5

75.0±14.3

78.3±12.2

0.59

260 (54)

343 (56)

1084 (47)

<0.001

145±24

103±9

145±22

<0.001

 Diastolic BP, mm Hg

57±10

58±12

70±17

60±11

75±18

<0.001

 Heart rate, beats per minute

77±21

76±18

75±18

80±18

80±19

<0.001

 Body mass index, kg/m2

32.3±7.6

30.8±9.0

31.6±8.2

31.2±10.8

31.7±11.3

0.49

 HFpEF (3593 classifiable)

22 (42)

75 (40)

227 (48)

227 (38)

1187 (52)

<0.001

 Hypertension

48 (91)

179 (93)

469 (98)

538 (89)

2210 (96)

0.009

 Diabetes mellitus

31 (59)

95 (49)

292 (61)

269 (44)

1118 (49)

0.003

 Atrial fibrillation or flutter

39 (74)

147 (76)

322 (67)

440 (72)

1547 (67)

0.034

5 (9.4)

19 (9.8)

46 (9.6)

75 (12)

253 (11)

0.43

Medical history

 Dementia
 CABG

14 (26)

64 (33)

155 (32)

164 (27)

615 (27)

0.017

 COPD

5 (9.4)

36 (19)

108 (23)

153 (25)

555 (24)

0.018

9.7±3.7

10.1±3.5

10.8±3.1

8.5±3.4

9.0±3.5

 
β-Blocker

36 (68)

132 (68)

366 (76)

425 (70)

1670 (73)

0.64

 ACE inhibitor

23 (43)

99 (51)

217 (45)

350 (58)

1342 (59)

<0.001

 ARB

10 (19)

35 (18)

86 (18)

93 (15)

440 (19)

0.35

3 (5.7)

39 (20)

38 (7.9)

122 (20)

223 (9.7)

 Loop diuretic

42 (79)

180 (93)

411 (86)

524 (86)

1961 (86)

 Statin

24 (45)

91 (47)

281 (59)

316 (52)

1208 (53)

0.96

16 338
(11 399–35 000)

11 611
(5273–17 535)

10 930
(3989–23 206)

3869
(1940–8433)

3938
(2134–8410)

<0.001

 Charlson Comorbidity Index

<0.001

Medications

 Aldosterone antagonist

 NT-proBNP, pg/mL, n=1109
 Sodium, mEq/L, n=3628

136±5

137±5

138±5

137±5

138±5

 Hemoglobin, g/dL, n=3603

0.009
0.20

0.30

10.4±1.7

11.2±2.0

10.9±1.8

12.1±1.9

12.1±1.9

<0.001

 Blood urea nitrogen, mg/dL*

79±24

61±15

61±17

25±9

23±8

<0.001

 Creatinine, mg/dL*

3.7±1.2

2.0±0.4

2.8±1.8

1.3±0.5

1.2±0.6

<0.001

16.8±4.3

33.4±9.7

26.9±12.1

60.1±23.5

61.2±23.1

<0.001

42±19

40±20

46±17

41±19

47±18

<0.001

 GFR, mL/min/1.73 m

2

 Ejection fraction, %, n=3593
 
E/e′ medial, n=2543

26.6±13.8

24.4±19.0

22.8±10.1

20.8±11.2

21.1±10.2

<0.001

 Deceleration time, ms, n=2587

164±46

165±49

182±52

173±52

184±57

<0.001

 PASP, mm Hg, n=3173

54.7±14.5

55.6±16.5

54.0±15.5

49.6±15.5

50.0±15.3

<0.001

Overall data in Table II in the Data Supplement. ACE indicates angiotensin-converting enzyme; ADHERE, Acute Decompensated Heart Failure National
Registry; ARB, angiotensin receptor blocker; BP, blood pressure; CABG, coronary artery bypass graft; CART, Classification and Regression Tree; COPD, chronic
obstructive pulmonary disease; GFR, glomerular filtration rate; HFpEF, heart failure with preserved ejection fraction; NT-proBNP, N-terminal pro-B-type
natriuretic peptide; and PASP, pulmonary artery systolic pressure.
*Variables included in the ADHERE-CART score. Variables are mean±SD, n (%), or median (interquartile range).
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By design, patients in the lower risk GWTG quintiles
were younger, were less likely to have chronic obstructive
pulmonary disease or renal dysfunction, and had higher
blood pressure and sodium and lower heart rate (Table 2).
Trends in clinical, laboratory, and echocardiographic variables across the GWTG score quintiles were similar to
those noted across the ADHERE CART risk groups.

Distribution of All HF Hospitalizations
Across the ADHERE CART or GWTG Risk
Groups
As compared with the ADHERE registry cohort,7 the distribution of hospitalizations across the risk groups suggested that the community cohort was at somewhat higher

Table 2. Characteristics of Patients at Their First Heart Failure Hospitalization According to GWTG Score
Quintile
GWTG Q5
Score 51–77
(n=477; 13.5%)

GWTG Q4
Score 46–50
(n=641; 18.1%)

GWTG Q3
Score 42–45
(n=738; 20.8%)

GWTG Q2
Score 37–41
(n=827; 23.3%)

GWTG Q1
Score 14–36
(n=864; 24.4%)

P Value

 Age, y*

83.7±9.7

82.0±9.3

80.2±10.4

77.0±12.5

70.3±14.7

<0.001

 Male

259 (54)

320 (50)

380 (52)

390 (47)

451 (52)

0.41

 Systolic BP, mm Hg*

107±18.4

120±17.4

129±18.9

140±20.2

162±25.3

<0.001

 Diastolic BP, mm Hg

61.2±13.8

65.9±15.2

68.1±16.1

71.4±15.6

80.1±19.9

<0.001

86±22

83±20

78±18

77±17

76±17

<0.001

 Body mass index, kg/m2

29.8±8.2

30.2±10.3

30.2±8.2

32.4±12.7

34.0±11.5

<0.001

 HFpEF (3512 classifiable patients)

195 (42)

277 (43)

351 (48)

414 (51)

460 (54)

<0.001

 Hypertension

449 (94)

605 (94)

694 (94)

787 (95)

833 (96)

0.031

 Diabetes mellitus

212 (44)

284 (44)

335 (45)

430 (52)

497 (58)

<0.001

 Atrial fibrillation or flutter

368 (77)

479 (75)

531 (72)

556 (67)

504 (58)

<0.001

 Dementia

59 (12)

85 (13)

86 (12)

89 (11)

70 (8.1)

0.002

 CABG

129 (27)

176 (28)

226 (31)

227 (28)

232 (27)

0.76

 COPD*

124 (26)

179 (28)

198 (27)

203 (25)

135 (16)

<0.001

 Charlson Comorbidity Index

10.2±3.3

9.8±3.0

9.7±3.5

9.1±3.5

8.1±3.8

<0.001

Characteristic
Demographic/clinical
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 Heart rate, beats per minute*

Medical history

Medications
 
β-Blocker

343 (72)

435 (68)

526 (71)

603 (73)

673 (78)

<0.001

 ACE inhibitor

226 (47)

333 (52)

404 (55)

467 (57)

556 (64)

<0.001

 ARB

75 (16)

111 (17)

142 (19)

146 (18)

176 (20)

0.052

 Aldosterone antagonist

65 (14)

86 (13)

79 (11)

87 (11)

96 (11)

0.061

 Loop diuretic

420 (88)

558 (87)

659 (89)

701 (85)

712 (82)

<0.001

 Statin

227 (48)

314 (49)

381 (52)

462 (56)

498 (58)

<0.001

8970
(4019–14 438)

5303
(2725–11 984)

 Sodium, mEq/L, n=3547*

136±5.4

137±5.0

137±5.0

 Hemoglobin, g/dL, n=3523

 NT-proBNP, pg/mL, n=1095

5166
(2228–10 861)

4213
(2322–8970)

3466
(1597–7616)

<0.001

138±5.2

139±4.3

<0.001

11.2±1.9

11.7±1.9

11.8±2.0

12.0±1.9

12.2±2.0

<0.001

 Blood urea nitrogen, mg/dL*

53±27

35±17

30±15

26±13

22±11

<0.001

 Creatinine, mg/dL

2.0±1.2

1.5±0.8

1.4±0.9

1.5±1.2

1.4±1.1

<0.001

38.3±19.7

50.3±23.6

54.7±22.2

57.7±25.5

63.1±26.5

<0.001

43±19

43±18

45±18

47±17

48±18

<0.001

 
E/e′ medial, n=2485

22.9±14.5

21.4±11.0

21.4±10.5

21.5±10.6

21.1±9.7

0.061

 Deceleration time, ms, n=2527

174±55

174±49

178±55

183±55

188±60

<0.001

 PASP, mm Hg, n=3173

51.6±14.6

51.5±15.0

50.9±15.7

51.4±16.1

49.3±15.4

 GFR, ml/min/1.73 m

2

 Ejection fraction, %, n=3512

0.018

Overall data in Table III in the Data Supplement. ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BP, blood pressure;
CABG, coronary artery bypass graft; CART, Classification and Regression Tree; COPD, chronic obstructive pulmonary disease; GFR, glomerular filtration
rate; GWTG, Get With The Guidelines; HFpEF, heart failure with preserved ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; and
PASP, pulmonary artery systolic pressure.
*Variables included in the GWTG score. Variables are mean±SD, n (%), or median (interquartile range).
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risk of inpatient mortality (Figure 1). Similarly, in the community cohort, more patients were in the higher risk
categories than in the GWTG registry cohort8 (Figure 2).

In-Hospital Mortality

Downloaded from http://circheartfailure.ahajournals.org/ by guest on January 22, 2018

In hospitalizations with ADHERE data, there were
176 (3.0%) in-hospital deaths. In-hospital mortality
increased across ADHERE CART risk groups (Figure 3A
and Table 3). While in-hospital mortality was similar to
that observed in the ADHERE registry in the lower 2
risk groups, mortality was lower in the community setting for the 3 higher risk groups (Figure 3A). The odds
ratio (OR) for in-hospital mortality per 1 U increase in
the ADHERE CART risk group was 1.57 (P<0.001); the
ORs for the 2 highest risk groups (high and intermediate-1) relative to the low-risk group were 4.8 and 5.5
(P<0.001 for both), and the C statistic for prediction of
in-hospital mortality was 0.66 (Table 4).
In hospitalizations with GWTG risk score data, there
were 170 (2.9%) in-hospital deaths. In-hospital mortality increased across 10 GWTG risk groups (deciles in the
GWTG cohort), and the GWTG score was well-calibrated in our cohort (Figure 3B). The incremental risk of inhospital mortality increased across quintiles of GWTG

scores within the community sample (Table 3 and Figure 4B), with increases in the OR for in-hospital mortality per GWTG quintile of 1.98 (P<0.001), OR in the
highest versus the lowest quintile of 12.4 (P<0.001),
and a C statistic of 0.74 (Table 4).

Postdischarge Mortality
In hospitalizations with ADHERE data, there were 399
(6.7%), 869 (14.7%), and 1272 (21.5%) deaths within
30, 90, and 180 days of discharge respectively. The 30to 180-day mortality increased with higher ADHERE
CART risk group (Figure 4A and Table 3), with ≈50%
mortality at 180 days in the 2 highest risk groups.
Results were nearly identical with a per-patient analysis after the first hospitalization for each patient (data
not shown). While age was not part of the ADHERE
risk score, in multivariate analysis, age increased the C
statistic for prediction of in-hospital and postdischarge
mortality (Table IV in the Data Supplement), and the
180-day mortality far exceeded 50% in older patients
(age >80 years) in the highest 2 ADHERE CART risk
groups (Figure I in the Data Supplement). In contrast,
neither serum sodium nor comorbidities (Charlson
Comorbidity Index) meaningfully increased the predic-

Figure 3. In-hospital mortality
in community and derivation
cohort patients by Acute Decompensated Heart Failure National
Registry (ADHERE) Classification
and Regression Tree (CART) and
Get With The Guidelines (GWTG)
risk groups.
Observed in-hospital mortality rates
in the community population are
shown compared with the respective
predicted in-hospital mortality as reported for the ADHERE (A) or GWTG
(B) scores.
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Table 3. In-Hospital and Postdischarge Mortality According to ADHERE CART Risk Group and GWTG HF Risk Score
Quintiles
Risk Grp 1 (highest)

Risk Grp 2

Risk Grp 3

Risk Grp 4

Risk Grp 5 (lowest)

ADHERE High

ADHERE Int 1

ADHERE Int 2

ADHERE Int 3

ADHERE Low

Study Risk Group
N
In-hospital mortality, n (%)

141

465

993

962

3357

10 (7.1)

38 (8.2)

34 (3.4)

41 (4.3)

53 (1.6)

P value

<0.001

30-day mortality, n (%)

33 (26)

75 (18)

104 (11)

53 (5.9)

134 (4.1)

<0.001

90-day mortality, n (%)

51 (41)

152 (37)

197 (21)

134 (15)

335 (11)

<0.001
<0.001

180-day mortality, n (%)
Study Risk Group
N
In-hospital mortality, n (%)

67 (54)

194 (47)

295 (32)

210 (24)

506 (16)

GWTG > 50

GWTG 46–50

GWTG 42–45

GWTG 37–41

GWTG < 37

1029

1156

1192

1246

1171

81 (7.9)

47 (4.1)

20 (1.7)

14 (1.1)

8 (0.7)

<0.001
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30-day mortality, n (%)

168 (18)

91 (8.4)

67 (5.8)

50 (4.1)

14 (1.2)

<0.001

90-day mortality, n (%)

315 (34)

213 (20)

155 (14)

127 (11)

45 (4.1)

<0.001

180-day mortality, n (%)

439 (49)

298 (28)

227 (20)

203 (17)

86 (8.0)

<0.001

The denominator for event frequency is less than the group n due to censoring of patients with readmissions (for mortality outcomes) or insufficient follow-up
during the specified interval. ADHERE indicates Acute Decompensated Heart Failure National Registry; CART, Classification and Regression Tree; GWTG, Get With
The Guidelines; HF, heart failure; and Int, intermediate.

tive characteristics of the ADHERE CART score (Table IV
in the Data Supplement).
For 30- to 180-day mortality, the OR per 1 U increase
in the ADHERE CART risk group ranged from 1.61 to
1.72 (P<0.001 for all), the OR for the highest 2 versus the
low-risk group ranged from 5.9 to 8.3 (P<0.001 for all),
and the C statistics ranged from 0.64 to 0.67 (Table 4).
In hospitalizations with GWTG data, there were 390
(6.7%), 855 (14.8%), and 1253 (21.6%) deaths within
30, 90, and 180 days of discharge, respectively. The rate
of postdischarge mortality increased across the GWTG
score quintiles observed in our cohort (Figure 4B and

Table 3), with ≈50% mortality at 180 days in the highest quintile. For 30- to 180-day mortality, the OR per
increase in GWTG score quintile ranged from 1.71 to
1.85 (P<0.001 for all), the OR for the highest versus lowest quintile ranged from 10.8 to 17.6 (P<0.001 for all),
and the C statistics ranged from 0.70 to 0.73 (Table 4).

Performance of Risk Scores According
to HF Type
The increase in in-hospital mortality per ADHERE CART
risk group or GWTG score quintile did not vary by HF

Table 4. ADHERE CART Risk Group and GWTG HF Risk Score: Predictive Characteristics for In-Hospital and
Postdischarge Mortality

Study Risk Group

c-statistic

OR (95% CI) per
Risk Group*

ADHERE

ADHERE

N

OR (95% CI) versus the Low ADHERE CART Group† or the GWTG < 37 Group‡
ADHERE High

ADHERE Int 1

ADHERE Int 2

ADHERE Int 3

ADHERE Low

141

465

993

962

3357

In-hospital mortality

0.66

1.57 (1.41–1.75)

4.76 (2.39–9.46)

5.55 (3.62–8.51)

2.21 (1.43–3.43)

2.78 (1.84–4.19)

referent

30-day mortality

0.67

1.72 (1.58–1.87)

8.26 (5.19–13.16)

5.06 (3.68–6.95)

2.89 (2.19–3.81)

1.45 (1.03–2.04)

referent

90-day mortality

0.64

1.61 (1.51–1.72)

5.86 (3.93–8.75)

4.92 (3.81–6.34)

2.28 (1.85–2.81)

1.51 (1.2–1.89)

referent

180-day mortality

0.64

1.61 (1.51–1.71)

6.07 (4.05–9.1)

4.57 (3.56–5.87)

2.45 (2.04–2.96)

1.63 (1.33–1.99)

referent

GWTG

GWTG

GWTG > 50

GWTG 46–50

GWTG 42–45

GWTG 37–41

GWTG < 37

1029

1156

1192

1246

1171

Study Risk Group
N
In-hospital mortality

0.74

1.98 (1.72–2.28)

12.42 (5.98–25.81)

6.16 (2.90–13.09)

2.48 (1.09–5.66)

1.65 (0.69–3.95)

referent

30-day mortality

0.73

1.85 (1.69–2.03)

17.61 (10.13–30.64)

7.31 (4.13–12.92)

4.91 (2.73–8.83)

3.42 (1.88–6.23)

referent

90-day mortality

0.71

1.74 (1.63–1.85)

12.22 (8.70–17.16)

5.82 (4.13–8.19)

3.68 (2.60–5.21)

2.78 (1.96–3.94)

referent

180-day mortality

0.70

1.71 (1.61–1.81)

10.80 (8.20–14.22)

4.52 (3.45–5.92)

2.92 (2.22–3.84)

2.38 (1.81–3.12)

referent

Sample sizes include multiple heart failure hospitalizations for each patient. ADHERE indicates Acute Decompensated Heart Failure National Registry; CART,
Classification and Regression Tree; CI, confidence interval; GWTG, Get With The Guidelines; Int, intermediate; and OR, odds ratio.
*P<0.001 for all mortality endpoints for ADHERE and GWTG risk scores.
†P<0.001 versus referrant for all.
‡P<0.001 versus referent for all except inpatient mortality in the GWTG 37–41 Group.
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Figure 4. In-hospital and postdischarge mortality in community patients by Acute Decompensated Heart Failure
National Registry (ADHERE) Classification and Regression Tree (CART) risk group and Get With The Guidelines
(GWTG) score quintile.
In-hospital, 30-, 90-, and 180-day mortality in the community sample according to the ADHERE CART risk groups (A) or
GWTG score quintiles (B) are shown. Patients at risk and numeric data are provided in Table 3.

type (Table V in the Data Supplement), with C statistics
of 0.649 (reduced) and 0.656 (preserved) for ADHERE
and 0.731 (reduced) and 0.753 (preserved) for GWTG
(interaction P>0.6 for both). For both scores, increments in 30- to 180-day mortality per risk group and
C statistics were or tended to be higher in HF with
reduced EF than in HF with preserved EF, although for
the GWTG quintiles, interactions between incremental
risk per quintile and HF type were of marginal significance (Table V in the Data Supplement).

Association of Readmission Rates With
Risk Scores
All-cause and HF-specific readmission rates at 30, 90,
and 180 days increased significantly across the ADHERE
CART risk score groups and the GWTG score quintiles
(Figure II and Table VI in the Data Supplement), but neither risk score had robust predictive characteristics for
readmission rates, with C statistics from 0.57 to 0.64
(Table VII in the Data Supplement).

Comparison of the Two Scores
Formal comparison of the 2 scores was not an objective of the current study because both identify highand low-risk groups of different sizes and differ in the
ease of calculation, factors which may influence their
use guiding care strategies in clinical practice. However, for all mortality end points (in-hospital, 30, 90, and
180 days), the C statistics was higher for the GWTG
than for the ADHERE scores (Table 4), suggesting that
the additional variables included in the GWTG score
(beyond the shared blood urea nitrogen and systolic
blood pressure variables) add predictive value. For
in-hospital mortality, based on observed risk in the
ADHERE score groups, there was good concordance
between risk allocation (68%), with few patients (1%)

being reclassified by the GWTG score from high to
low or low to high risk. More patients (31%) were
reclassified by 1 risk grade (high or low to intermediate or intermediate to high or low; Table VIII in the
Data Supplement).

DISCUSSION
Here we examine 2 validated acute HF in-hospital mortality risk scores for risk stratification of postdischarge
events in a single-center community setting, as well as
confirm their predictive ability for in-hospital mortality.
The community cohort was older and more likely white
than the registry cohorts in which the risk scores were
developed. Based on the distribution of hospitalizations
across ADHERE CART or GWTG risk groups, our community cohort was at higher risk for inpatient mortality
than either registry cohort. For inpatient mortality, compared with the derivation cohorts, the GWTG risk score
but not the ADHERE CART score was well calibrated in
our setting. Both scores performed similarly for prediction of early (30–180 days) postdischarge mortality as
for prediction of in-hospital mortality. Importantly, the
ADHERE CART algorithm identified 10% of hospitalizations and the GWTG risk score identified 20% of hospitalizations in which the 180-day mortality was 50%,
a prognostic benchmark relevant to consideration of
advanced HF therapies, palliative care consultation,
or hospice referral. These simple, universally available,
and potentially electronically generated risk scores have
only modest (ADHERE) to moderate (GWTG) discrimination. However, they provide a means to simultaneously
assess risk of inpatient and postdischarge mortality at
the time of admission, identify groups that differ dramatically in their risk of adverse outcomes, and inform
timely consideration and allocation of scarce inpatient
and postdischarge resources to those at highest risk.
The GWTG score, in particular, may provide the critical

Circ Heart Fail. 2017;10:e003926. DOI: 10.1161/CIRCHEARTFAILURE.117.003926

July 2017

9

Win et al; Risk Scores and Postdischarge Events in HF

Downloaded from http://circheartfailure.ahajournals.org/ by guest on January 22, 2018

balance between predictive characteristics and simplicity needed to engender widespread clinical use.
As recently reviewed,4 over 60 risk scores have
been developed to assess risk of adverse outcomes in
HF, including multiple studies restricted to hospitalized HF patients. A minority have been validated and
calibrated in study settings or databases other than
those in which they were derived. The models identify similar predictive variables, with age, renal function, and blood pressure being the top 3 variables
and serum sodium being the fourth variable most
commonly found predictive of outcomes. The models examined here use such data and are endorsed by
HF guidelines.1 The GWTG inpatient risk model8 has
been cited as particularly useful given its discriminative value and relative simplicity.4 Using a multihospital, electronic health record–derived data set, Lagu et
al15 reported the inpatient mortality predictive characteristics for the ADHERE and GWTG scores. However, to our knowledge, these risk scores have not
been evaluated for postdischarge risk stratification. As
observed here, scores that include more variables generally perform better,4,6 and clinical use must strike a
balance between complexity and clinically meaningful
versus statistically significant differences in information. Addition of more variables provides most value
in identifying a small segment of patients with particularly high or low risk and may improve discrimination
without substantially altering clinical utility.7,8 In general, models perform better for prediction of mortality
than readmission,4 as also demonstrated here.
Despite the wealth of HF risk models, clinical use is
perceived as low4 as is use of cardiovascular disease risk
prediction models.16,17 An exception may be the use of
simple stroke risk scores for atrial fibrillation patients,
which are more widely used,18 despite modest to moderate and highly variable discriminative power demonstrated in different validation studies.19 Model complexity and skepticism regarding the accuracy of the models
in providers’ unique practice settings are believed to
limit use of risk scores.4 To address these barriers to
implementation, here we assessed simple models in
a single-center, community setting. This is relevant as
both the ADHERE and GWTG risk scores were generated from voluntary registries, which included a wide
range of hospital types and settings, used different
means to identify HF hospitalizations, did not restrict
entry to patients with a primary diagnosis of HF, and
did not mandate inclusion of all HF hospitalizations,
which may introduce a sampling bias if not performed
randomly. Indeed, our cohort differed from the registry
studies because patients were older (77.8 years) than
either registry study (72.5 years for both) and included
fewer blacks (1.4%) as compared with 20% in ADHERE
and 17.6% in the GWTG study. Despite these differences, the discrimination (C statistics) for in-hospital

mortality here (0.66 and 0.74) were nearly identical
to those observed in the ADHERE CART (0.668) and
GWTG HF risk score (0.75) derivation studies. Thus, our
findings may engender increased confidence in the utility of these risk scores.
With both scores, higher risk patients had higher
NT-proBNP levels and more severe diastolic dysfunction and pulmonary hypertension, although there was
significant overlap in the values of these parameters
between risk score groups. For both scores, incremental risk for postdischarge but not in-hospital mortality
varied by HF type (preserved or reduced EF HF). Notably, the interaction between HF type and the predictive
value of the GWTG score for postdischarge mortality
was of marginal statistical significance (interaction P of
0.01–0.03).
The clinical utility of knowledge concerning risk of
adverse outcomes in patients hospitalized with acute
HF has been emphasized in HF guidelines, where use
of multivariable risk scores is a class IIa recommendation.1 While knowledge of mortality risk informs decisions regarding referral for advanced HF therapies,
other implications deserve mention. The observed
to expected in-hospital and 30-day postdischarge
mortality are publicly reported HF quality measures.
Awareness of a patients risk for death on admission
can influence choices concerning the intensity of the
care environment, engender adequate documentation
of factors indicating expected risk, aid in counseling
patients and families regarding the severity of the
patient’s condition, and influence treatment decisions.
Both palliative care services and hospice referral are
underutilized in hospitalized HF patients. Fewer than
10% of patients ultimately dying within 6 months of
discharge received a hospice referral, in part because
of lack of recognition of limited prognosis by both
providers and patients.3,20 Length of stay for HF hospitalizations is an important metric for healthcare systems because it adversely affects access to inpatient
care and fiscal performance. Data regarding pre- and
postdischarge risk should be available on admission
where it can inform decisions and facilitate discharge
planning. Many healthcare systems have developed
care transition programs for HF patients as such programs may improve outcomes, but such programs are
resource-intensive and most cost-efficient when allocated to those at highest risk.5
Several features of our study are potential
strengths but also potential limitations, including its
retrospective design and use of International Classification of Disease codes to identify HF hospitalizations. While lack of ethnic diversity and rural community setting may be limitations for studies striving
to derive a risk score, the ability to validate published
scores in a sample with characteristics differing from
the derivation cohort is a strength. We restricted the
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sample to patients living within a radius of 40 miles
of the hospital. In this region, ≈95% of hospital
admissions occur at Mayo Clinic, therefore, improving follow-up and capture of readmission data. We
did not endeavor to devise yet another risk score
but did explore the impact of additional variables on
the simple ADHERE CART algorithm where age did
improve discrimination and impact absolute event
rates across the risk groups. Patients missing data
needed to calculate the risk scores were excluded
from the analysis, and this may potentially introduce
bias. However, the number of patients with missing
data was small. Because of the small number of variables in the models, imputation may also produce
misleading information. As the 2 scores share 2 variables, most patients excluded from ADHERE analysis
would be excluded from GWTG analysis scores. These
2 scores only have modest (ADHERE) to moderate
(GWTG) predictive characteristics. Future development of machine learning derived risk scores from
the electronic medical record may provide enhanced
accuracy with similar simplicity.
In summary, the simple ADHERE and GWTG scores
stratify hospitalized HF patients for both in-hospital
and early postdischarge mortality and readmission risk,
allowing comprehensive risk assessment on admission.
The GWTG score showed good calibration for in-hospital mortality and significant differences in risk between
groups, suggesting that it may provide a reasonable
balance between performance and simplicity needed
to engender widespread clinical use. Future studies
are needed to evaluate the impact of risk score use on
clinical management and outcomes in hospitalized HF
patients.

SOURCES OF FUNDING
Dr Redfield’s time was funded in part by the National Institutes of Health (NIH; HL110262, HL76611, HL105418) and
the Mayo Foundation. Dr Win’s time was funded by NIH
5T32HL7111-35. Dr Dunlay’s time was funded by NIH K23
HL 116643.

DISCLOSURES
None.

AFFILIATIONS
From the Department of Cardiovascular Disease, Division of
Circulatory Failure, Mayo Clinic, Rochester, MN. Current address for Dr Hussain: Department of Medicine, Division of
Cardiology, Houston Methodist Hospital, Houston, TX. Current address for Dr Hebl: Department of Medicine, Division of
Cardiovascular Disease, Oregon Health & Science University,
Portland, OR.

FOOTNOTES
Received February 2, 2017; accepted June 14, 2017.
The Data Supplement is available at http://circheartfailure.
ahajournals.org/lookup/suppl/doi:10.1161/CIRCHEARTFAILURE.
117.003926/-/DC1.
Circ Heart Fail is available at http://circheartfailure.ahajournals.org.

REFERENCES
1. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Drazner MH, Fonarow GC, Geraci SA, Horwich T, Januzzi JL, Johnson MR, Kasper EK, Levy
WC, Masoudi FA, McBride PE, McMurray JJ, Mitchell JE, Peterson PN,
Riegel B, Sam F, Stevenson LW, Tang WH, Tsai EJ, Wilkoff BL; American
College of Cardiology Foundation; American Heart Association Task Force
on Practice Guidelines. 2013 ACCF/AHA guideline for the management of
heart failure: a report of the American College of Cardiology Foundation/
American Heart Association Task Force on Practice Guidelines. J Am Coll
Cardiol. 2013;62:e147–e239. doi: 10.1016/j.jacc.2013.05.019.
2. Heidenreich PA, Albert NM, Allen LA, Bluemke DA, Butler J, Fonarow GC,
Ikonomidis JS, Khavjou O, Konstam MA, Maddox TM, Nichol G, Pham
M, Piña IL, Trogdon JG; American Heart Association Advocacy Coordinating Committee; Council on Arteriosclerosis, Thrombosis and Vascular
Biology; Council on Cardiovascular Radiology and Intervention; Council
on Clinical Cardiology; Council on Epidemiology and Prevention; Stroke
Council. Forecasting the impact of heart failure in the United States: a
policy statement from the American Heart Association. Circ Heart Fail.
2013;6:606–619. doi: 10.1161/HHF.0b013e318291329a.
3. Kheirbek RE, Fletcher RD, Bakitas MA, Fonarow GC, Parvataneni S,
Bearden D, Bailey FA, Morgan CJ, Singh S, Blackman MR, Zile MR, Patel
K, Ahmed MB, Tucker RO, Brown CJ, Love TE, Aronow WS, Roseman JM,
Rich MW, Allman RM, Ahmed A. Discharge hospice referral and lower 30day all-cause readmission in Medicare beneficiaries hospitalized for heart
failure. Circ Heart Fail. 2015;8:733–740. doi: 10.1161/CIRCHEARTFAILURE.115.002153.
4. Rahimi K, Bennett D, Conrad N, Williams TM, Basu J, Dwight J, Woodward M, Patel A, McMurray J, MacMahon S. Risk prediction in patients
with heart failure: a systematic review and analysis. JACC Heart Fail.
2014;2:440–446. doi: 10.1016/j.jchf.2014.04.008.
5. Naylor MD, Brooten DA, Campbell RL, Maislin G, McCauley KM, Schwartz
JS. Transitional care of older adults hospitalized with heart failure: a
randomized, controlled trial. J Am Geriatr Soc. 2004;52:675–684. doi:
10.1111/j.1532-5415.2004.52202.x.
6. Passantino A, Monitillo F, Iacoviello M, Scrutinio D. Predicting mortality
in patients with acute heart failure: Role of risk scores. World J Cardiol.
2015;7:902–911. doi: 10.4330/wjc.v7.i12.902.
7. Fonarow GC, Adams KF Jr, Abraham WT, Yancy CW, Boscardin WJ; ADHERE Scientific Advisory Committee, Study Group, and Investigators. Risk
stratification for in-hospital mortality in acutely decompensated heart failure: classification and regression tree analysis. JAMA. 2005;293:572–580.
doi: 10.1001/jama.293.5.572.
8. Peterson PN, Rumsfeld JS, Liang L, Albert NM, Hernandez AF, Peterson ED,
Fonarow GC, Masoudi FA, Program on behalf of the AHAGW the G-HF. A
validated risk score for in-hospital mortality in patients with heart failure
from the American Heart Association Get With the Guidelines Program.
Circ Cardiovasc Qual Outcomes. 2010;3:25–32. doi: 10.1161/CIRCOUTCOMES.109.854877.
9. Adams KF Jr, Fonarow GC, Emerman CL, LeJemtel TH, Costanzo MR,
Abraham WT, Berkowitz RL, Galvao M, Horton DP; ADHERE Scientific Advisory Committee and Investigators. Characteristics and outcomes of patients hospitalized for heart failure in the United States: rationale, design,
and preliminary observations from the first 100,000 cases in the Acute
Decompensated Heart Failure National Registry (ADHERE). Am Heart J.
2005;149:209–216. doi: 10.1016/j.ahj.2004.08.005.
10. Singh B, Singh A, Ahmed A, Wilson GA, Pickering BW, Herasevich V, Gajic
O, Li G. Derivation and validation of automated electronic search strategies to extract Charlson comorbidities from electronic medical records.
Mayo Clin Proc. 2012;87:817–824. doi: 10.1016/j.mayocp.2012.04.015.
11. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity in longitudinal studies: development and
validation. J Chronic Dis. 1987;40:373–383.

Circ Heart Fail. 2017;10:e003926. DOI: 10.1161/CIRCHEARTFAILURE.117.003926

July 2017

11

Win et al; Risk Scores and Postdischarge Events in HF
12. Singh M, Rihal CS, Lennon RJ, Spertus JA, Nair KS, Roger VL. Influence of
frailty and health status on outcomes in patients with coronary disease
undergoing percutaneous revascularization. Circ Cardiovasc Qual Outcomes. 2011;4:496–502. doi: 10.1161/CIRCOUTCOMES.111.961375.
13. Breiman L, Friedman J, Stone CJ, Olshen RA. Classification and Regression
Trees. New York, NY: Chapman & Hall; 1984.
14. Rogers WH. Regression standard errors in clustered samples. Stata Tech
Bull. 1993;13:19–23.
15. Lagu T, Pekow PS, Shieh M-S, Stefan M, Pack QR, Kashef MA, Atreya
AR, Valania G, Slawsky MT, Lindenauer PK. Validation and comparison
of seven mortality prediction models for hospitalized patients with acute
decompensated heart failure. Circ Heart Fail. 2016;9:e002912. doi:
10.1161/CIRCHEARTFAILURE.115.002912.
16. Eichler K, Zoller M, Tschudi P, Steurer J. Barriers to apply cardiovascular
prediction rules in primary care: a postal survey. BMC Fam Pract. 2007;8:1.
doi: 10.1186/1471-2296-8-1.
17. Sposito AC, Ramires JA, Jukema JW, Molina JC, da Silva PM, Ghadanfar
MM, Wilson PW. Physicians’ attitudes and adherence to use of risk scores

for primary prevention of cardiovascular disease: cross-sectional survey
in three world regions. Curr Med Res Opin. 2009;25:1171–1178. doi:
10.1185/03007990902846423.
18. Plüddemann A, Wallace E, Bankhead C, Keogh C, Van der Windt D, Lasserson D, Galvin R, Moschetti I, Kearley K, O’Brien K, Sanders S, Mallett S,
Malanda U, Thompson M, Fahey T, Stevens R. Clinical prediction rules in
practice: review of clinical guidelines and survey of GPs. Br J Gen Pract.
2014;64:e233–e242. doi: 10.3399/bjgp14X677860.
19. Odum LE, Cochran KA, Aistrope DS, Snella KA. The CHADS₂versus the
new CHA2DS2-VASc scoring systems for guiding antithrombotic treatment of patients with atrial fibrillation: review of the literature and
recommendations for use. Pharmacotherapy. 2012;32:285–296. doi:
10.1002/j.1875-9114.2012.01023.x.
20. Allen LA, Yager JE, Funk MJ, Levy WC, Tulsky JA, Bowers MT, Dodson GC, O’Connor CM, Felker GM. Discordance between patientpredicted and model-predicted life expectancy among ambulatory patients with heart failure. JAMA. 2008;299:2533–2542. doi: 10.1001/
jama.299.21.2533.

Downloaded from http://circheartfailure.ahajournals.org/ by guest on January 22, 2018
Circ Heart Fail. 2017;10:e003926. DOI: 10.1161/CIRCHEARTFAILURE.117.003926

July 2017

12

Inpatient Mortality Risk Scores and Postdischarge Events in Hospitalized Heart Failure
Patients: A Community-Based Study
Sithu Win, Imad Hussain, Virginia B. Hebl, Shannon M. Dunlay and Margaret M. Redfield
Downloaded from http://circheartfailure.ahajournals.org/ by guest on January 22, 2018

Circ Heart Fail. 2017;10:
doi: 10.1161/CIRCHEARTFAILURE.117.003926
Circulation: Heart Failure is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX
75231
Copyright © 2017 American Heart Association, Inc. All rights reserved.
Print ISSN: 1941-3289. Online ISSN: 1941-3297

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://circheartfailure.ahajournals.org/content/10/7/e003926

Data Supplement (unedited) at:
http://circheartfailure.ahajournals.org/content/suppl/2017/07/12/CIRCHEARTFAILURE.117.003926.DC1

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation: Heart Failure can be obtained via RightsLink, a service of the Copyright Clearance Center, not
the Editorial Office. Once the online version of the published article for which permission is being requested is
located, click Request Permissions in the middle column of the Web page under Services. Further information
about this process is available in the Permissions and Rights Question and Answer document.
Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints
Subscriptions: Information about subscribing to Circulation: Heart Failure is online at:
http://circheartfailure.ahajournals.org//subscriptions/

SUPPLEMENTARY MATERIALS
Manuscript: Inpatient Mortality Risk Scores and Post-Discharge Events in Hospitalized Heart Failure Patients: A
Community-Based Study

Corresponding Author: Margaret M Redfield, MD
CONTENTS
Supplemental Methods…………………………………………………………………………………………………………………………………… 2
Table S1. Heart Failure Diagnostic codes…….……………………….……………….…….………………..…………………………………. 3
Table S2. Overall characteristics of patients with ADHERE CART data at their first HF hospitalization……..…..….. 4
Table S3. Overall characteristics of patients with GWTG risk score data at their first HF hospitalization……….... 5
Table S4. Impact of age, heart rate and comorbidities on predictive characteristics of ADHERE score……………… 6
Table S5. Predictive characteristics of ADHERE or GWTG scores by HF type ………....……………………………………….. 7
Table S6. Readmissions according to ADHERE-CART risk group or GWTG HF Score Quintiles……………………………. 8
Table S7. Predictive characteristics of ADHERE CART Risk Group and GWTG HF Risk Score for Readmissions… 9
Table S8. Comparison of the ADHERE-CART and GWTG Risk Score for In-hospital Mortality………………………… 10
Figure S1. Risk of 180 day mortality by age and ADHERE-CART risk group.…………….……………………………………… 11
Figure S2. Readmissions according to ADHERE-CART risk group or GWTG HF Score Quintile…………………………. 12
Supplemental References…………………………………………………………………………………………………………………………….. 13

1

SUPPLEMENTAL METHODS:

DATA DISCOVERY AND QUERY BUILDER (DDQB)
Inpatient care for residents of Rochester MN and the surrounding area is provided by the Mayo affiliated
hospitals in Rochester, MN and a single other provider.
As previously described1, Mayo Clinic has established a sophisticated data warehouse (Mayo Clinic Life
Sciences [MCLSS]), which contains a near real-time normalized replicate of Mayo Clinic's electronic medical
record (EMR). This warehouse is developed from multiple original clinical data sources, including highly
annotated, full-text clinical notes, laboratory tests, diagnostic findings, demographics, and related clinical data
from the year 2000 onward. Mayo Clinic's EMR data are extracted, transformed, and loaded into MCLSS using
IBM's WebSphere Commerce Analyzer, creating DB/2 Universal Database structures of Mayo Clinic's
normalized clinical data. Clinical patient data are mapped to standard medical terminologies using LexGrid
(Biomedical Statistics and Informatics, Mayo Clinic, Rochester, MN) natural language processing technology.
The MCLSS provides approved users with a query-building tool called the Data Discovery and Query
Builder (DDQB). The DDQB is a Web-based application configured for query building that is intended to help
investigators interrogate data files contained in the MCLSS. The DDQB allows users to build queries without
requiring programming knowledge.
CHARLSON COMORBIDITY INDEX
The age and disease severity weighted Charlson Comorbidity Index incorporates several comorbidities
(myocardial infarction, heart failure, peripheral vascular disease, dementia, cerebrovascular disease, chronic
pulmonary disease, connective tissue disease, ulcer, mild liver disease, hemiplegia, chronic kidney disease,
diabetes, cancer, leukemia, lymphoma, moderate-severe liver disease, metastatic cancer) in an age and
severity adjusted model. The maximal score possible is 26. Given that all patients in this study had heart
failure, the minimal score was 1.

2

Table S1. Heart Failure International Classification of Disease Codes

ICD-9 Diagnostic Codes
Heart failure

402.01, 402.11, 402.91, 404.01, 404.11, 404.91, 404.93, 428-xx

Abbreviations: ICD, International Classification of Disease
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Table S2. Overall characteristics of patients with ADHERE CART data at their first HF hospitalization
Characteristic
Demographic/Clinical
Age, years*
Male
Systolic, mmHg*
Diastolic, mmHg
Heart rate, bpm
Body mass index, kg/m2
HFpEF (3593 classifiable)
Medical History
Hypertension
Diabetes
Atrial fibrillation or flutter
Dementia
CABG
COPD
CCI
Medications
Beta-blocker
ACE inhibitor
ARB
Aldosterone antagonist
Loop diuretic
Statin
Laboratory/Echocardiographic
NT-proBNP, pg/mL, n=1109
Sodium, mEq/L, n=3628
Hemoglobin, g/dL, n=3603
Blood urea nitrogen, mg/dL*
Creatinine, mg/dL*
2
GFR, ml/min/1.73m
Ejection fraction, %, n=3593
E/e’ medial, n=2543
Deceleration time, ms, n=2587
PASP, mmHg, n=3173

Overall
N=3628
77.8 ± 12.7
1840 (50.1)
135 ± 27.6
70.5 ± 17.7
79.2 ± 18.7
31.6 ± 10.6
1738 (48.4)
3444 (94.9)
1805 (49.8)
2495 (68.8)
398 (11)
1012 (27.9)
857 (23.6)
9.2 ± 3.5
2629 (72.5)
2031 (56)
664 (18.3)
425 (11.7)
3118 (85.9)
1920 (52.9)
4816 (2295-10983)
137.5 ± 5.1
11.8 ± 2
31.2 ± 18.9
1.5 ± 1.1
54.4 ± 25.2
45.4 ± 18.1
21.5 ± 11.0
180.7 ± 55.4
50.8 ± 15.5

* Variables included in the ADHERE-CART score. Variables are mean ± SD, n (%), or median (interquartile range). P values are from
linear regression for continuous variables and logistic regression for categorical variables. Abbreviations: HFpEF, heart failure with
preserved ejection fraction defined as left ventricular ejection fraction ≥ 50%; CABG, coronary artery bypass graft; ACE, angiotensin
converting enzyme; ARB, angiotensin receptor blocker; GFR, glomerular filtration rate; COPD, chronic obstructive pulmonary
disease; PASP, pulmonary artery systolic pressure.
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Table S3. Overall characteristics of patients with GWTG score data at their first HF hospitalization
Characteristic
Demographic/Clinical
Age, years*
Male
Systolic, mmHg*
Diastolic, mmHg
Heart rate, bpm*
Body mass index, kg/m2
HFpEF (3512 classifiable patients)
Medical History
Hypertension
Diabetes
Atrial fibrillation or flutter
Dementia
CABG
COPD*
Charlson Comorbidity index
Medications
Beta-blocker
ACE inhibitor
ARB
Aldosterone antagonist
Loop diuretic
Statin
Laboratory/Echocardiographic
NT-proBNP, pg/mL, n=1095
Sodium, mEq/L, n=3547*
Hemoglobin, g/dL, n=3523
Blood urea nitrogen, mg/dL*
Creatinine, mg/dL
2
GFR, ml/min/1.73m
Ejection fraction, %, n=3512
E/e’ medial, n=2485
Deceleration time, ms, n=2527
PASP, mmHg, n=3173

Overall
N=3547
77.8 ± 12.7
1800 (50.8)
134.9 ± 27.6
70.5 ± 17.7
79.2 ± 18.7
31.6 ± 10.7
1697 (48.3)
3368 (95.0)
1758 (49.6)
2438 (68.7)
389 (11.0)
990 (27.9)
839 (23.7)
9.2 ± 3.5
2580 (72.7)
1986 (56.0)
650 (18.3)
413 (11.6)
3050 (86.0)
1882 (53.1)
4748 (2284-10887)
137.4 ± 5.1
11.8 ± 2.0
31.3 ± 19.0
1.5 ± 1.1
54.5 ± 25.2
45.4 ± 18.0
21.5 ± 11.0
180.8 ± 55.5
50.8 ± 15.5

* Variables included in the GWTG score. Variables are mean ± SD, n (%), or median (interquartile range). P values are from linear
regression for continuous variables and logistic regression for categorical variables. Abbreviations: HFpEF, heart failure with
preserved ejection fraction defined as left ventricular ejection fraction ≥ 50%; CABG, coronary artery bypass graft; ACE, angiotensin
converting enzyme; ARB, angiotensin receptor blocker; GFR, glomerular filtration rate; COPD, chronic obstructive pulmonary
disease; PASP, pulmonary artery systolic pressure
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Table S4. Impact of age, heart rate and Charlson Comorbidity Index (CCI) on predictive characteristics of the
ADHERE CART risk algorithm

In-Patient Mortality

30-Day Mortality

90-Day Mortality

180-Day Mortality

ADHERE-CART Group

0.66

0.67

0.64

0.64

+ Age

0.68

0.72

0.69

0.69

+ Age and heart rate

0.71

0.72

0.70

0.70

+ Age, heart rate and CCI

0.71

0.73

0.70

0.71
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Table S5. ADHERE CART Risk Groups and GWTG HF Risk Scores According to Heart Failure Type

Mortality
In-hospital
HFrEF
HFpEF
30 day
HFrEF
HFpEF
90 day
HFrEF
HFpEF
180 day
HFrEF
HFpEF

ADHERE_CART
c-statistic

OR (95% CI) per
ADHERE-CART Group

Interaction
p

GWTG
c-statistic

OR (95% CI) per
GWTG quintile

Interaction
p

0.649
0.656

1.53 (1.31-1.77)
1.58 (1.35-1.85)

0.744

0.731
0.753

1.91 (1.55-2.34)
1.58 (1.35-1.86)

0.610

0.699
0.618

1.82 (1.63-2.03)
1.55 (1.36-1.77)

0.076

0.753
0.695

2.08 (1.81-2.39)
1.55 (1.36-1.77)

0.012

0.675
0.593

1.74 (1.59-1.90)
1.42 (1.28-1.58)

0.004

0.726
0.684

1.86 (1.69-2.04)
1.42 (1.28-1.58)

0.031

0.670
0.600

1.73 (1.59-1.88)
1.46 (1.33-1.60)

0.009

0.724
0.679

1.82 (1.68-1.98)
1.46 (1.33-1.60)

0.032
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Table S6. Readmissions according to ADHERE-CART risk group or GWTG HF score Quintiles.

Outcome
All HF hospitalizations
30-day readmission
30-day HF readmission
90-day readmission
90-day HF readmission
180-day readmission
180-day HF readmission

All HF hospitalizations
30-day readmission
90-day readmission
180-day readmission
30-day HF readmission
90-day HF readmission
180-day HF readmission

ADHERE High
N=141

ADHERE Int 1
N=465

ADHERE Int 2
N=993

ADHERE Int 3
N=962

ADHERE Low
N=3357

38 (38.0)
19 (19.0)
63 (65.6)
30 (31.3)
72 (77.4)
32 (34.4)
GWTG Score
Q-5 (> 50)
N=1029

144 (38.7)
87 (23.4)
207 (59.3)
109 (31.2)
244 (71.8)
122 (35.9)
GWTG Score
Q-4 (46-50)
N=1156

266 (31.0)
101 (11.8)
455 (55.0)
159 (19.2)
565 (70.5)
189 (23.6)
GWTG Score
Q-3 (42-45)
N=1192

210 (24.6)
74 (8.7)
382 (46.5)
129 (15.7)
489 (61.0)
153 (19.1)
GWTG Score
Q-2 (37-41)
N=1246

661 (21.6)
200 (6.5)
1205 (40.7)
344 (11.6)
1538 (53.0)
438 (15.1)
GWTG Score
Q-1 (< 37)
N=1171

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

272 (33.8)
423 (56.3)
520 (72.5)
136 (16.9)
189 (25.1)
214 (29.9)

310 (30.5)
506 (51.5)
612 (63.5)
131 (12.9)
194 (19.7)
225 (23.3)

230 (21.1)
436 (41.8)
552 (54.4)
73 (6.7)
134 (12.9)
162 (16.0)

248 (21.5)
492 (43.6)
626 (56.2)
67 (5.8)
128 (11.4)
168 (15.1)

223 (20.9)
402 (38.6)
526 (51.6)
59 (5.5)
103 (9.9)
138 (13.5)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

P value

The numeric values for event rates shown in Figure 4 in the primary manuscript are presented. Data are median (interquartile range) or n (%). The denominator for event
frequency is less than the group n due to censoring of patients with death or insufficient follow-up during the specified interval. Abbreviations: Int, intermediate; HF, heart
failure; Q, Quinitle
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Table S7: Predictive characteristics of ADHERE CART Risk Group and GWTG HF Risk Score for Readmissions

c-statistic

30-day readmission
30-day HF readmission
90-day readmission
90-day HF readmission
180-day readmission
180-day HF
readmission

30-day readmission
30-day HF readmission
90-day readmission
90-day HF readmission
180-day readmission
180-day HF
readmission

OR (95% CI) per
ADHERE CART
Group

0.57
0.62
0.57
0.60
0.58
0.59

1.28 (1.21-1.36)
1.49 (1.38-1.62)
1.30 (1.23-1.38)
1.42 (1.33-1.53)
1.37 (1.29-1.46)
1.38 (1.29-1.47)

c-statistic

OR (95% CI) per
GWTG Quintile

0.57
0.64
0.57
0.62
0.58
0.60

1.20 (1.14-1.26)
1.19 (1.14-1.24)
1.22 (1.16-1.27)
1.43 (1.32-1.55)
1.35 (1.26-1.44)
1.30 (1.22-1.38)

OR (95% CI) versus the Low ADHERE CART Group
High
N=141
2.22 (1.49-3.32)
3.35 (1.95-5.76)
2.79 (1.75-4.42)
3.46 (2.21-5.42)
3.04 (1.85-5.01)
2.95 (1.88-4.63)

Int 1
N=465
2.29 (1.81-2.91)
4.36 (3.24-5.88)
2.13 (1.67-2.7)
3.46 (2.65-4.51)
2.25 (1.74-2.93)
3.15 (2.42-4.09)

Int 2
N=993
1.63 (1.37-1.95)
1.91 (1.47-2.49)
1.78 (1.52-2.09)
1.81 (1.45-2.26)
2.12 (1.79-2.52)
1.74 (1.42-2.13)

Int 3
N=962
1.18 (0.98-1.43)
1.36 (0.99-1.86)
1.27 (1.08-1.49)
1.42 (1.11-1.82)
1.39 (1.17-1.64)
1.33 (1.05-1.67)

Low
N=3357
referent
referent
referent
referent
referent
referent

OR (95% CI) versus the lowest GWTG Quintile
GWTG Score
Q-5 (> 50)
N=1029

GWTG Score
Q-4 (46-50)
N=1156

GWTG Score
Q-3 (42-45)
N=1192

GWTG Score
Q-2 (37-41)
N=1246

1.93 (1.56-2.40)
2.04 (1.68-2.49)
2.48 (2.00-3.07)
3.47 (2.50-4.83)
3.06 (2.31-4.05)
2.72 (2.09-3.54)

1.66 (1.35-2.05)
1.69 (1.40-2.03)
1.63 (1.35-1.97)
2.53 (1.81-3.54)
2.24 (1.69-2.97)
1.95 (1.50-2.52)

1.01 (0.82-1.26)
1.14 (0.95-1.37)
1.12 (0.93-1.35)
1.23 (0.86-1.76)
1.34 (1.00-1.80)
1.21 (0.93-1.59)

1.03 (0.85-1.27)
1.23 (1.03-1.47)
1.20 (1.01-1.44)
1.05 (0.74-1.50)
1.17 (0.88-1.54)
1.14 (0.89-1.46)

GWTG
Score
Q-1 (< 37)
N=1171
referent
referent
referent
referent
referent
referent

Sample sizes include multiple heart failure hospitalizations for each patient.
Abbreviations: HF, heart failure; EF, ejection fraction; HF, heart failure; OR, odds ratio; Int, intermediate; GWTG, Get with the Guidelines risk score; Q, Quintile
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Table S8. Concordance between in-hospital risk stratification by ADHERE-CART and GWTG risk scores: For in-hospital mortality, using the score
groups from the derivation cohorts (5 ADHERE Groups and 10 GWTG Groups), the observed event rates in our population for both scores was used to define the
relationship between the GWTG and ADHERE scores in our cohort. In our cohort, the ADHERE score actually identified three groups (rather than five) with
different observed in-hospital mortality; the original ADHERE “Low Risk” group (mortality 1.6%); an “Intermediate” Group (original ADHERE Int-3 and Int-2
groups; mortality 4.3 and 3.4% respectively) and a “High Risk” group (original ADHERE Int-1 and High risk groups; mortality 8.2 and 7.1% respectively). We
enumerated the concordance and discordance between the observed mortality in the GWTG groups and these three ADHERE risk groups. Among patients who
were low or high risk by ADHERE, few patients were re-classified to a markedly different risk strata (high or low respectively )by the GWTG score; overall, only
1% of the total population had a marked difference in risk by the two scores. Predictably, there were higher rates of moving from low to intermediate, high to
intermediate or intermediate to low or high; overall, 31% of the total population had such a moderate reclassification of patients (to or out of the intermediate
range).

GWTG Score
0-28
29-32
33-35
36-37
38-40
41-42
43-44
45-47
48-51
52-87

Current Cohort
ADHERE Group
Original
ADHERE Group
Total n
Observed Risk
0
0.6
1.1
1
0.4
2.5
1.3
2.8
5.2
7.9

Effect of GWTG
N (%)
Reclassified Low
Reclassified Intermediate
Reclassified High

Low

Intermediate

High

Low

Int-3

Int-2

Int-1

High

3284
1.6
159
324
412
341
550
459
375
400
203
61

945
4.3
0
12
14
12
59
69
101
223
262
193

969
3.4
7
17
46
40
85
74
128
166
223
183

455
8.2
0
0
0
0
4
6
4
32
89
320

141
7.1
0
0
0
0
1
1
1
5
18
115

ADHERE
Low
NA
603 (18%)
61 (2%)

ADHERE
Intermediate
664 (35%)
NA
376 (20%)

ADHERE
High
17 (3%)
144 (24%)
NA
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Figure S1. Impact of age on 180 day post-discharge mortality by ADHERE CART risk group
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Figure S2. All-cause and heart failure readmissions according to ADHERE CART risk groups or GWTG risk score quintiles.
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