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Background Heart failure (HF) outcomes are especially poor in high-risk patients with certain comorbidities including
diabetes mellitus (DM), chronic kidney disease (CKD), and chronic obstructive pulmonary disease (COPD). Whether early
specialty or primary care provider (PCP) follow-up after HF discharge affects outcomes in high-risk patients is unknown.

Methods We analyzed patients discharged from a Get With The Guidelines HF-participating hospital from 2007–2012
with linked Medicare claims to investigate the association of medical specialist visit within 14 days of discharge stratified by
comorbidity with the primary outcome of 90-day HF readmission. Secondary outcomes included 90-day and 1-year all-cause
mortality.

Results Out of 33,243 patients, 39.4% had DM, 19.8% had CKD, 30.0% had COPD, and 36.3% had no key
comorbidity. Nephrologist visit in patients with CKD was associated with a 35% reduction in 90-day HF readmission (hazard
ratio [HR] 0.65, 95% confidence interval [CI] 0.49–0.85). Pulmonologist visit in patients with COPD was associated with a
29% reduction in 90-day HF readmission (HR 0.71, 95% CI 0.55–0.91). In patients with no key comorbidity, PCP and
Cardiologist visits were associated with decreased 90-day mortality (HR for PCP 0.79, 95% CI 0.66–0.94; HR for Cardiologist
0.78, 95% CI 0.63–0.96). In patients with DM, Endocrinologist visit was associated with a 42% reduction of 90-day mortality
(HR 0.58, 95% CI 0.34–0.99).

Conclusions Specialist and PCP visit in the immediate post-discharge period may improve 90-day HF readmission and
mortality in certain high-risk groups of patients with HF. (Am Heart J 2019;212:101-12.)
Heart failure (HF) readmission remains a system-wide
financial burden and portends an increased risk of poor
outcomes including mortality.1-4 Hospitals and providers
have implemented early outpatient follow-up strategies
rom the aDivision of Nephrology, Department of Medicine, Duke University School of
edicine, Durham, NC, bDuke Clinical Research Institute, Durham, NC, cDepartment of
iostatistics and Bioinformatics, Duke University, Durham, NC, dDivision of Cardiology,
epartment of Medicine, Northwestern University, Feinberg School of Medicine, Chicago,
, eDivision of Cardiology, VA Palo Alto Healthcare System, Stanford University Medical
enter Palo Alto, CA, fDivision of Cardiology, Albert Einstein College of Medicine/
ontefiore Medical Center, Bronx, NY, gDivision of Cardiology, Department of Medicine,
uke University School of Medicine, Durham, NC, and hDivision of Cardiology,
epartment of Medicine, University of California, Los Angeles, CA.
hilip F. Binkley, MD, MPH served as guest editor for this article.
ubmitted January 25, 2019; accepted March 10, 2019.
eprint requests: Daniel Edmonston, MD, Duke Clinical Research Institute, 200 Morris St,
urham, NC, 27701.
-mail: Daniel.edmonston@duke.edu
002-8703
2019 Elsevier Inc. All rights reserved.

ttps://doi.org/10.1016/j.ahj.2019.03.005
F
M
B
D
IL
C
M
D
D
P
S
R
D
E
0
©
h

(typically within 7–14 days of HF discharge) to combat
readmissions. Hospitals adhering to this early follow-up
strategy have lower 30-day readmission rates.5

Certain comorbidities significantly influence readmis-
sion rates for patients with HF with up to 70% of
readmissions within 30 days having a primary diagnosis
other than HF.6 While patients with chronic kidney
disease (CKD) or diabetes mellitus (DM) are more likely
to have an early follow-up visit after HF discharge, the
impact of subspecialty follow-up on outcomes remains
unclear.7 Prior studies of subspecialty care for HF
patients have focused solely on Cardiology and Primary
Care visits on outcomes with mixed results.8-10

Using data from the Get With The Guidelines (GWTG)
HF registry and linked fee-for-service Medicare claims
data, we investigated the association between the type of
specialist visits within 14 days of discharge for high-risk
HF patients with concomitant DM, CKD, or pulmonary
disease (chronic obstructive pulmonary disease [COPD]
or asthma) and HF readmission at 90 days. Secondary
outcomes included 90-day and 1-year all-cause mortality.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ahj.2019.03.005&domain=pdf
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Methods
Data sources
We utilized participant data from the American Heart

Association (AHA) GWTG-HF registry with linked Medi-
care Parts A and B claims data for this study. Complete
details of the GWTG-HF registry have been published
previously.11 In brief, the GWTG-HF registry is a hospital-
based quality improvement initiative started by the AHA
in 2005 with the goal of improving guideline adherence
in the management of patients hospitalized for HF. The
GWTG-HF registry includes a diverse collection of
academic and community hospitals of various size
distributed throughout the United States. Trained per-
sonnel from each participating center reviewed and
collected pre-specified data on patients admitted with a
new diagnosis or exacerbation of HF during the index
admission.
Data abstraction complied with standards set forth by

both the Centers for Medicare and Medicaid and the Joint
Commission on the Accreditation of Healthcare Organi-
zations. Participating institutions obtained institutional
review board (IRB) approval and complied with local
regulatory guidelines. Per the Common Rule, participat-
ing institutions waived informed consent as the data was
collected for quality improvement. This study was
approved by the Duke IRB.
Participating sites collected data on 188 variables

spanning demographic data, medical history, and medi-
cations during admission and at discharge. Sites entered
data using the AHA's internet-based Patient Management
Tool (Quintiles Real-World & Late Phase Research,
Cambridge, MA). The Duke Clinical Research Institute
(Durham, NC) served as the data analysis center.

Study population
We included patients 65 years of age or older

discharged alive after HF admission to a GWTG-HF
participating hospital with linked Medicare claims data
between January 1st, 2007 and November 30th, 2012. We
excluded patients not enrolled in Medicare during the
index hospitalization, admitted to sites with less than 75%
data completeness on medical history or lab data, or who
were on chronic dialysis. We also excluded any patients
who left against medical advice, died within 14 days after
discharge, or were discharged to a short-term hospital,
rehabilitation center, or Hospice care.

Outcome and covariate definitions
The primary outcome was HF hospitalization at 90 days

after discharge. Secondary outcomes included all-cause
mortality at 90 days and 1 year after discharge. We
collected data on hospitalizations and mortality after
discharge by linking registry participants with Medicare
Part A claims using limited identifiers including sex, date
of birth, and dates of hospitalization as described
previously.12 We defined HF hospitalization as any
hospitalization after the index hospitalization (excluding
transfers to another hospital) with a primary diagnosis of
HF per International Classification of Diseases, Ninth
Revision (ICD-9) codes 402.01, 402.11, 402.91, 404.01,
404.03, 404.11, 404.13, 404.91, 404.93, 428.0, 428.1,
428.20, 428.21, 428.22, 428.23, 428.30, 428.31, 428.32,
428.33, 428.40, 428.41, 428.42, 428.43, and 428.9. We
defined all-cause mortality following discharge by deter-
mining the date of death from Medicare denominator
files.
We evaluated the following comorbidities: CKD, DM,

and COPD/asthma. Participating sites indicated the
presence of each comorbidity on a pre-specified form
on the Patient Management Tool. For the purposes of the
GTWG-HF registry, CKD was defined as a baseline
creatinine greater than 2 mg/dL.
Standard patient- and hospital-level covariates included

demographics (age, sex, race, ethnicity), medical history
(anemia, atrial arrhythmia, ventricular arrhythmia, COPD,
asthma, CKD, coronary artery disease, DM, smoking
history, hyperlipidemia, hypertension, and peripheral
vascular disease), admission clinical measurements (heart
rate, left ventricular ejection fraction, systolic blood
pressure, serum creatinine, and serum sodium), and
hospital factors (hospital size, teaching status, region,
rural/urban location). We also reported the prevalence of
HF diagnosis prior to admission.
Outpatient specialty provider visits during the 14-day

period after discharge were the exposure for this study.
We used the National Provider Identifier (NPI) taxonomy
codes from Medicare outpatient claims identify Primary
Care, Cardiology, Nephrology, Endocrinology, and Pul-
monology outpatient visits. Primary care provider (PCP)
codes included physician, nurse practitioner, and physi-
cian assistant visits within Internal Medicine, Family
Medicine, and Geriatric Medicine. We defined the
eligibility for follow up with each specialty provider by
comorbidity: Cardiology or Primary Care (all patients),
Nephrology (only patients with CKD), Endocrinology
(only patients with DM), and Pulmonology (only patients
with COPD or asthma). Comorbidities were not mutually
exclusive. For example, if a patient had both CKD and
DM, he or she would be eligible to see a Cardiologist,
PCP, Nephrologist, or Endocrinologist.

Statistical analyses
We compared baseline characteristics, medical history,

laboratory, and hospital-level data for each patient
stratified by comorbidity. Categorical variables were
presented as counts and corresponding proportions.
We presented continuous variables as means along with
their standard deviations.
To determine the frequency of follow-up within each

comorbidity group, we displayed histograms for each



Table I. Baseline characteristics of patients stratified by comorbidity group

Variable
Overall⁎, %
(N = 33,243)

No key
comorbidity, %
(N = 12,074)

DM, %
(N = 13,113)

CKD, %
(N = 6585)

COPD/
Asthma, %
(N = 9960)

Demographics
Age, mean (SD) 80.9 (8.2) 83.3 (7.9) 78.3 (7.8) 80.3 (8.0) 79.1 (8.0)
Male gender 46.4 43.3 47.4 53.2 47.9
Asian race 3.3 3.2 3.5 3.6 2.7
Black race 10.4 8.3 12.8 12.9 10.5
White race 78.5 81.1 74.2 75.9 79.9
Hispanic (any race) 5.2 4.1 7.2 5.0 4.6

Medical history
Anemia 22.3 16.0 25.5 35.2 24.8
Smoking 8.9 5.5 8.6 7.4 16.9
Atrial fibrillation 40.1 42.6 36.1 38.8 41.5
Atrial flutter 2.7 2.7 2.7 2.9 2.7
Coronary disease 52.9 45.1 59.4 59.5 56.3
COPD or asthma 30.8 0.0 33.0 31.7 100.0
CVA/TIA 17.2 15.3 19.1 18.6 17.9
Depression 10.4 8.4 11.9 10.5 13.6
Previous MI 20.7 17.4 23.6 22.9 22.8
Peripheral vascular disease 15.2 9.8 18.8 21.0 18.6
HF 66.0 59.7 69.2 72.6 72.5
Hyperlipidemia 49.0 40.8 57.5 53.5 51.5
Hypertension 77.9 73.2 83.2 79.3 78.9
CKD (SCr N2) 22.5 0.0 28.9 100.0 23.1
Ischemic history 60.1 52.5 66.8 66.5 63.1

Meds prior to admission
Statin use 38.3 30.6 47.3 39.7 41.8

Vital signs at admission
Systolic blood pressure (mmHg), mean (SD) 141.3 (29.0) 140.3 (28.4) 143.6 (29.4) 142.4 (30.2) 140.1 (28.7)
Weight (kg), mean (SD) 78.8 (22.3) 72.6 (19.3) 86.3 (23.6) 82.1 (22.0) 81.3 (23.9)
BMI, mean (SD) 28.4 (7.4) 26.4 (6.3) 30.9 (8.0) 29.2 (7.4) 29.1 (8.1)
Heart rate (bpm), mean (SD) 82.7 (19.3) 82.8 (19.7) 81.9 (18.8) 80.1 (18.4) 84.6 (19.7)
Respiratory rate (bpm), mean (SD) 21.3 (4.7) 21.0 (4.5) 21.3 (4.6) 21.2 (4.5) 21.9 (5.0)

Ejection fraction
HFpEF 55.6 55.2 55.9 53.4 58.9
Ejection fraction (%), mean (SD) 43.9 (16.6) 43.7 (16.8) 44.1 (16.4) 43.2 (16.6) 45.0 (16.5)

Labs and imaging at admission
HbA1C (%), mean (SD) 6.8 (1.4) 6.1 (1.0) 7.1 (1.4) 6.9 (1.3) 6.8 (1.3)
Sodium (mEq/L), mean (SD) 137.3 (7.6) 137.1 (7.9) 137.4 (7.7) 137.8 (7.2) 137.4 (7.3)
BUN (mg/dL), mean (SD) 31.2 (18.2) 26.8 (14.5) 34.1 (19.5) 44.9 (22.0) 30.2 (17.8)
Serum creatinine (mg/dL), mean (SD) 1.7 (2.6) 1.4 (2.3) 1.9 (2.8) 2.5 (3.5) 1.7 (1.9)
BNP (pg/mL), mean (SD) 1268.7 (1518.4) 1286.8 (1495.0) 1195.1 (1515.0) 1493.1 (1691.4) 1140.7 (1449.3)
Hemoglobin (g/dL), mean (SD) 11.7 (3.6) 12.0 (3.9) 11.5 (3.6) 11.1 (3.3) 11.7 (3.5)

Medications at discharge
ACEI/ARB 57.8 60.7 59.0 41.5 55.6
ASA 53.5 51.3 56.5 53.1 53.2
Beta blocker 78.6 78.3 80.8 82.2 74.4
Aldosterone antagonist 14.0 14.0 14.4 11.2 14.1
Statins 43.8 36.0 52.5 45.7 46.8
Hydralazine 11.3 7.7 14.7 20.2 11.2
Loop Diuretic 61.6 58.5 64.7 60.1 64.7

Hospital characteristics
West region 8.8 8.7 8.7 7.7 9.4
South region 27.8 27.8 28.3 25.5 26.8
Midwest region 29.9 29.6 29.9 32.7 29.9
Northeast region 33.5 34.0 33.1 34.2 34.0
Teaching hospital 75.6 75.4 76.0 74.7 76.0

Number of beds, mean (SD) 430.1 (209.0) 427.6 (211.1) 432.3 (206.9) 434.8 (213.5) 427.2 (204.3)
Rural location 5.5 5.6 5.2 5.0 5.9

⁎Comorbidity groups are not mutually exclusive. SD, standard deviation; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; TIA, transient ischemic
attack; MI, myocardial infarction; HF, heart failure; CKD, chronic kidney disease; BMI, body mass index; HbA1c, hemoglobin A1c; BUN, blood urea nitrogen; BNP, brain natriuretic
peptide; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker.
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Table II. Frequency of outpatient visits within 14 days of
discharge stratified by comorbidity

umber
f visits Overall, %

No key
comorbidity, % DM, % CKD, %

COPD/
asthma, %

58.9 60.2 58.1 56.3 58.6
23.3 22.7 23.7 24.1 23.6
10.9 10.4 11.3 12.1 11.0
4.02 4.03 4.13 4.34 3.83
1.64 1.58 1.56 1.96 1.64
0.61 0.51 0.60 0.65 0.68
0.29 0.33 0.32 0.20 0.30
0.12 0.10 0.15 0.12 0.14
0.06 0.05 0.05 0.08 0.03
0.03 0.03 0.02 0.02 0.03

0 0.02 0.01 0.05 0.05 0.01
1 0.01 0.02 0 0 0
2 0.02 0.02 0.02 0.05 0.01
3 0.01 0.01 0.01 0.02 0
4 0.01 0.02 0.01 0 0.01
5 0.01 0 0.01 0.02 0.01

M, diabetes mellitus; CKD, chronic kidney disease; COPD, chronic obstructive
ulmonary disease.
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group with the total number of visits defined as the
number of visits with a qualifying specialist as follows: no
key comorbidity (PCP, Cardiology), CKD (PCP, Cardiol-
ogy, Nephrology), DM (PCP, Cardiology, Endocrinology),
COPD/asthma (PCP, Cardiology, Pulmonology). Groups
were not mutually exclusive so the number of qualifying
specialists increased with each additional comorbidity.
We generated unadjusted Kaplan–Meier and cumula-

tive incidence curves for HF admissions at 90 days
(primary outcome), 90-day all-cause mortality, and 1-year
all-cause mortality using Gray's test to account for the
competing risk of death and HF admission. Cox
proportional hazards regression models were used to
evaluate hazard ratio (HR) of each outcome, adjusting for
age, sex, race, ethnicity, pertinent medical history
(anemia, atrial arrhythmia, ventricular arrhythmia,
COPD, asthma, CKD, coronary artery disease, DM,
smoking history, hyperlipidemia, hypertension, and
peripheral vascular disease), admission clinical measure-
ments (heart rate, left ventricular ejection fraction,
systolic blood pressure, serum creatinine, and serum
sodium), and hospital factors (hospital size, teaching
status, region, rural/urban location).

Research support
This work was supported by an AHA grant award

number 16SFRN30180010. The GWTG-HF program is
provided by the AHA. GWTG-HF is sponsored, in part, by
Amgen Cardiovascular and has been funded in the past
through support from Medtronic, GlaxoSmithKline,
Ortho-McNeil, and the American Heart Association
Pharmaceutical Roundtable. The Duke Clinical Research
Institute coordinated all data management and statistical
analyses for this project. All analyses were performed
using SAS software version 9.4. The authors are solely
responsible for the design and conduct of this study, all
study analyses, the drafting and editing of the manuscript,
and its final contents.

Results
Baseline characteristics
The baseline characteristics of the patients within each

comorbidity group are shown in Table I. We included a
total of 33,243 patients in this analysis. In the overall
cohort, 55.6% had HF with preserved ejection fraction
(HFpEF) and 44.4% had HF with reduced ejection fraction
(44.4%). The distribution between HFpEF and HFrEF was
similar among all comorbidity subgroups with HFrEF
most common in patients with CKD (46.6%) and least
common in patients with COPD (41.1%). Of these
patients, 36.3% had no key comorbidity defined in this
study, 39.4% had DM, 19.8% had CKD, and 30.0% had
COPD/asthma. Prior to admission, 66% of patients had a
previous diagnosis of HF. The mean age of each
comorbidity group was older than 78 years. Most patients
N
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were white (N74% in each comorbidity group). Anemia
was most common in the CKD subgroup (35.2%) and
least common in patients without a key comorbidity
(16.0%). Coronary artery disease was most common in
patients with CKD (59.5%) and least common in patients
without a key comorbidity (45.1%). Ejection fraction at
admission was similar across all subgroups. The mean
serum creatinine in the CKD subgroup was 2.5 mg/dL
and ranged from 1.4–1.9 mg/dL in other comorbidity
groups. Patients without a key comorbidity were most
likely to be discharged on angiotensin converting enzyme
inhibitor or angiotensin receptor blocker (60.7%) com-
pared to 41.5% of patients with CKD. Patients with DM
were most likely to be discharged on statin therapy
(52.5%) whereas patients without a key comorbidity
were the least likely (36.0%).

Outpatient visit frequency
Overall, 41.1% of patients had at least one qualify-

ing outpatient provider visit during the exposure
period (Table II). Patients with CKD had the highest visit
frequency (43.7%with at least one visit). Patients without a
key comorbidity had the lowest visit frequency with 39.8%
having at least one visit.

Ninety-day readmissions
Kaplan–Meier curves for 90-day HF readmission and

absolute rates of admission for each comorbidity group are
shown in Figure 1 and Table III, respectively. In these
unadjusted analyses, visits with a Nephrologist for patients
with CKD and visits with a Pulmonologist for patients with
COPD/asthma were associated with significant reductions
in 90-day HF readmission. In adjustedmultivariate analyses,
visit with a Nephrologist was associated with a 35%



Figure 1

A-D. Kaplan–Meier curves for 90-day heart failure readmission stratified by specialist and comorbidity. (A) No key comorbidity, (B) Diabetes
mellitus, (C) Chronic kidney disease, and (D) Obstructive pulmonary disease. PCP, Primary Care provider; Cards, Cardiologist; Endo,
Endocrinologist; Neph, Nephrologist; Pulm, Pulmonologist.

Table III. Absolute event rates for each outcome stratified by comorbidity group

Event Overall, % No key comorbidity, % DM, % CKD, %
COPD/
asthma, %

All-cause readmission,
90 days

37.9 45.0 48.3 46.9 37.9

Heart failure admission,
90 days

15.3 18.9 22.1 18.9 15.3

All-cause mortality,
90 days

13.7 13.1 17.2 15.3 13.7

All-cause mortality,
1 year

38.7 38.1 45.8 42.3 38.7

DM, diabetes mellitus; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease.
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reduction in 90-day HF readmission (HR 0.65, 95% CI
0.49–0.85) in patients with CKD (Figure 2). Visit with a
Pulmonologist was associated with a 29% reduction in 90-
day HF readmission (HR 0.71, 95%CI 0.55–0.91) in patients
with COPD/asthma (Figure 2).
As for HF readmissions, Nephrologist visit for patients
with CKD was associated with a 20% reduction in the risk
of all-cause, 90-day readmission (Figure 3). In contrast,
Pulmonologist visit was not associated with a reduction in
all-cause readmissions for patients with COPD/asthma.



Figure 2

Forest plot of adjusted hazard ratios for 90-day heart failure readmission stratified by specialist and comorbidity with no outpatient visit serving as
the referent. HR, hazard ratio; CI, confidence interval; PCP, primary care provider; DM, diabetes mellitus; CKD, chronic kidney disease; COPD,
chronic obstructive pulmonary disease.
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No other specialist visit was associated with a significant
reduction in 90-day, all-cause readmission rates.

Mortality
The association of specialist visit with all-cause mortality

is shown in Figures 4 and 5. For those without a key
comorbidity, PCP visit was associatedwith a decrease in all-
cause mortality at 90 days (HR 0.79, 95% CI 0.66–0.94;
Figure 4). Cardiologist visit was associated with a decrease
in all-causemortality at 90 days (HR 0.78, 95%CI 0.63–0.96;
Figure 4) and 1 year (HR 0.76, 95% CI 0.66–0.88; Figure 5)
in patients without a key comorbidity. For patients with
DM, visit with an Endocrinologist was associated with a
decrease in all-cause mortality at 90 days (HR 0.58, 95% CI
0.34–0.99; Figure 4) and 1 year (HR 0.68, 95%CI 0.48–0.95;
Figure 5). For patients with COPD/asthma, only PCP was



Figure 3

Forest plot of adjusted hazard ratios for 90-day all-cause readmission stratified by specialist and comorbidity with no outpatient visit serving as the
referent. HR, hazard ratio; CI, confidence interval; PCP, primary care provider; DM, diabetes mellitus; CKD, chronic kidney disease; COPD,
chronic obstructive pulmonary disease.
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associated with decrease all-cause mortality at 1 year (HR
0.84, 95% CI 0.75–0.94; Figure 5). No outpatient specialist
visits were associated with a decrease in all-cause mortality
for patients with CKD.
Discussion
High HF readmission and mortality rates have led to

efforts to improve the quality of care and application of
high-quality therapies to this patient population. In our
analysis of specialist follow-up in over 33,000 patients
discharged after HF admission, the utilization and
associations of specialty care in high-risk HF patients
with outcomes varied among the comorbidities present.
Despite the Class IIa recommendation by the 2013
American College of Cardiology Foundation (ACCF)/
AHA guidelines for early outpatient follow-up within 7–14
days of HF discharge, only 41% of patients had at least one
follow-up visit with any qualifying provider during this
period. The present study finds that when visits did take
place in the early post-discharge period, specialist and
PCP visits were associated with improved 90-day HF



Figure 4

Forest plot of adjusted hazard ratios for 90-day all-cause mortality stratified by specialist and comorbidity with no outpatient visit serving as the
referent. HR, hazard ratio; CI, confidence interval; PCP, primary care provider; DM, diabetes mellitus; CKD, chronic kidney disease; COPD,
chronic obstructive pulmonary disease.
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readmission and mortality in certain high-risk groups of
patients with HF. Specialist follow-up visits occurring
early after discharge among patients with a comorbid
condition corresponding that the specialist, with some
exceptions, were associated with significantly improved
outcomes. These findings have important implications for
system-based approaches to improving care transitions
and outcomes for patient hospitalized with HF.
The most striking associations with the primary

outcome of 90-day HF readmission were seen in the
CKD and COPD/asthma comorbidity groups. Visit with a
nephrologist during the 14 days after discharge was
associated with a 35.5% reduction in HF readmission risk
in patients with CKD which was not observed with PCP
or Cardiologist visit. Pulmonologist visit in patients with
COPD/asthma was associated with a similar risk reduc-
tion (29.2%). While Nephrologist visit remained signifi-
cantly associated with reduced 90-day all-cause
readmission, visit with a Pulmonologist was no longer
associated with a reduction in readmission.
The association of specialist visit with mortality yielded

different results. In patients without a key comorbidity,



Figure 5

Forest plot of adjusted hazard ratios for 1-year all-cause mortality stratified by specialist and comorbidity with no outpatient visit serving as the
referent. HR, hazard ratio; CI, confidence interval; PCP, primary care provider; DM, diabetes mellitus; CKD, chronic kidney disease; COPD,
chronic obstructive pulmonary disease.
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both visits with a PCP and a Cardiologist were associated
with an approximately 22% reduction in 90-day, all-cause
mortality. Endocrinology visits were associated with a
41.8% reduction in 90-day mortality in patients with DM.
Pulmonology visits were associated with a 28.7%
decrease in 90-day mortality in patients with COPD/
asthma. In patients with CKD, no provider visits were
associated with a significant decrease in mortality.
Most comparisons between Cardiologist and PCP

management of HF have focused on guideline adherence
during inpatient management.13-19 These studies pro-
duced conflicting findings with regard to the impact of
these differences on readmissions and mortality.13-19

Few studies have compared outcomes in patients with
HF based on outpatient follow-up with a Cardiologist
versus a PCP. In a Canadian cohort of patients discharged
after incident HF admission, the combination of special-
ist and PCP follow-up in the year after discharge was
associated with lower one-year mortality than either
provider alone.8 Of note, both Internists and Cardiolo-
gists were considered “specialty” care in this study. A
study of Veterans Health Administration patients found
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the lowest 1-year mortality for those veterans followed
by both a PCP and Cardiologist in the year after
discharge.10 In a study by Ansari and colleagues, patients
with significant outpatient Cardiologist care in the 2
years after incident HF diagnosis had a significantly lower
rate of a composite of all-cause mortality and cardiovas-
cular hospitalization at 2 years.20

While our study demonstrates no clear improvement in
90-day HF readmissions with either PCP or Cardiology
visit for any comorbidity group, both PCP and Cardiol-
ogist visits were associated with decreased 90-day all-
cause mortality for patients without a key comorbidity.
The decrease in mortality is consistent with the prior
studies comparing Cardiology and PCP outpatient visits.
The reason for a lack of associated improvement in HF
readmissions with PCP or Cardiologist follow-up is
unclear. Perhaps the sickest patients were readmitted
prior to follow-up with a PCP or Cardiologist.
Despite the high rates of CKD in patients with HF, no

prior studies have evaluated the impact of Nephrologist
care on outcomes after HF discharge.21-24 Our study found
a significant associated reduction in 90-day HF readmis-
sions in those patients with CKD followed by a Nephrol-
ogist in the post-discharge period. While visits with any
provider group failed to be associated with improved
mortality outcomes, the CKD comorbidity group had the
lowest survival of any subgroup in our study which may
affect this outcome. We defined CKD using a creatinine
cut-off of N2mg/dl on the GWTG-HF data entry form rather
thanCKDcategory based onestimated glomerular filtration
rate (eGFR) and albuminuria as defined by the 2012Kidney
Disease: Improving Global Outcomes (KDIGO) Clinical
Practice Guidelines.25 The use of this creatinine cut-off is
likely very specific for CKD at the expense of under-
estimating the prevalence of CKD in this population. We
excluded chronic dialysis patients as the Medicare billing
for dialysis provider contacts is by visits per month rather
than date of service. Accurate adjudication of HF admission
versus volume overload from insufficient ultrafiltration is
also difficult in this population.
The burden of noncardiovascular comorbidities in

patients hospitalized for HF has increased over time.26

DM affects up to 40% of patients with HF and may
increase mortality risk by up to 50%.27,28 Interest in these
comorbid conditions has exploded with the recognition
of improved HF outcomes with certain DM therapies
such as glucagon-like peptide-1 receptor (GLP-1) agonists
and sodium-glucose cotransporter-2 (SGLT2) inhibi-
tors.29-31 How these findings will affect the role of the
Endocrinologist in patients with HF and the role of the
Cardiologist in the management of patients with DM
remains unclear. Our study represents the first study
evaluating Endocrinologist visit in the immediate period
after HF discharge. While 90-day HF readmission did not
differ by provider visits in the post-discharge period,
Endocrinology visit in this period was associated with an
almost 42% lower 90-day mortality risk in patients with
DM and HF.
Approximately 37% of patients with HF suffer from

obstructive airway disease.32 Parsing the overlapping
symptom burden and prescribing the optimal manage-
ment strategy for these patients requires a concerted
effort among PCPs, Cardiologists, and Pulmonologists.
Indeed, patients with both HF and COPD may be less
likely to receive appropriate spirometry assessment
compared to patients with COPD alone.33 Pulmonology
visit for patients with comorbid HF and COPD/asthma
was associated with a lower risk of 90-day HF read-
missions and 90-day all-cause mortality in our study.
These findings support the early incorporation of a
Pulmonologist into the care of patients with HF and
obstructive lung disease.
HF rarely occurs or remains in a vacuum. Indeed, a

bidirectional relationship has been described for HF and a
number of comorbidities – CKD, DM, and pulmonary
disease chief among them.34 A multidisciplinary approach
to themanagement of HF patients logically should improve
outcomes. Although the definition of multidisciplinary
varied widely, a Cochrane systematic review of studies
utilizing a multidisciplinary model of care for HF patients
demonstrated a significant reduction in HF readmissions
without a reduction in mortality.35 In a randomized trial of
standard versus multidisciplinary outpatient care after HF
discharge, multidisciplinary care including Cardiologists,
other specialists, nurses, dieticians, and social workers
reduced all-cause hospitalizations.36 Other similar inter-
ventions including a multidisciplinary model (though
excluding other medical specialists) produced similar
results.37,38 Both the 2013 ACCF/AHA joint guidelines for
HF and the 2016 European Society of Cardiology guidelines
support the implementation of such multidisciplinary
teams in “high-risk” patients with HF.39,40

Our study has several limitations. The patients included
in our analysis were discharged from GWTG-participating
hospitals. The inpatient management and outpatient
referral patterns of these institutions may differ from non-
participating hospitals. Though our findings remained
consistent after adjustment in multivariate analyses, the
observational nature of our study increases the risk of
selection bias and unmeasured confounding factors. These
unmeasured factors are particularly important when
considering the decision to refer a patient to specialty
care and the patient decision to attend such a visit. The
relatively low frequency of HFrEF (44.4%) in our study
cohort may also affect generalizability of our results. Also,
the average systolic blood pressure at admission (141.3
mmHg) and prevalence of comorbid hypertension (77.9%)
suggest a robust myocardial reserve and significant
contribution of hypertensive heart disease in this popula-
tion. We excluded patients dying in the 14-day period after
discharge and only included patients discharged home
likely excluding a very sick cohort of HF patients. We also
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includedMedicare beneficiaries which limits extrapolation
to younger and/or privately-insured populations. The
average BMI was relatively low in this population. While
likely due to the advanced age of the cohort, this limitation
must be considered when interpreting the study re-
sults.41,42 Importantly, the last qualifying heart failure
admissions included in our study occurred in November of
2012. As such, much of our cohort was admitted prior to
the enforcement of Medicare payment adjustment penal-
ties for excess readmissions in October of 2012. As heart
failure admissions have decreased in response to this
penalty, it is unclear if our results extrapolate to current
practice patterns. Finally, the presence of each comorbid-
ity was limited to the data recorded into the GWTG-HF data
management portal and may over- or under-estimate the
true prevalence of each comorbidity.
In conclusion, our study supports that not only do

outcomes differ for patients with HF by comorbidity
burden, but incorporation of certain specialists into the
post-discharge follow-up plan may be associated with
improved HF readmissions and mortality outcomes. These
findings also support the need for randomized trials of post-
discharge, multidisciplinary teams including medical spe-
cialists for patients with HF and certain comorbidities.
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