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Background: The aims of the present study were to determine whether a nurse-led program of care can improve medica-
tion adherence, quality of life (QoL), rates of rehospitalization, and all-cause mortality for chronic heart failure
(CHF) patients.

Material/Methods: CHF patients were randomly assigned into either a control group or an intervention group. At 12 weeks,
patients were followed up to evaluate the rate of medication adherence, QoL (as assessed by SF-12 physical
and mental component score [PCS and MCS]), rehospitalization, and all-cause mortality.

Results: We recruited 152 patients. No significant differences in demographics, comorbidities, CHF severity, or etiology
at baseline were observed. At discharge, no significant differences in medications prescription, PCS (46 vs. 45),
or MCS (55 vs. 56) were observed. However, at 12-week follow-up, compared to the control group, patients in
the intervention group were more likely to keep on medications therapy, with a significantly higher use of angio-
tensin-converting enzyme inhibitor/angiotensin receptor blocker [73.8% vs. 59.7%)], beta-blocker (62.5% vs. 51.4%),
and aldosterone receptor antagonist (60% vs. 54.2%). Both PCS (35 vs. 40) and MCS (42 vs. 49) were also sig-
nificantly lower in the control group versus the intervention groups (P<0.05). Patients in the control group had
higher incident rate of rehospitalization (8.0% vs. 5.2% per person-week) than in the intervention group, with
an incident rate ratio of 1.54 (95% confidence interval [Cl]: 1.06-2.23).

Conclusions: A nurse-led discharge program of care can be a cost-effective and feasible approach for management of CHF
patients in China.
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Background

Chronic heart failure (CHF) is a leading cause of morbidity and
mortality worldwide, including in China, although improvements
in management have been achieved in the past decade [1-3].
In addition, patients with CHF have poor quality of life (QoL)
and experience recurrent hospitalization due to HF exacerba-
tion [3-5]. Developing and applying effective and efficient ap-
proaches to improve QoL and reduce rehospitalization for CHF
patients is clinically relevant.

Prior studies from Western countries that have evaluated
post-discharge programs designed to reduce rehospitalization
and increase survival rates of CHF patients have demonstrat-
ed the effectiveness of such interventional strategies [6-9].
Interestingly and importantly, studies of nurse-led programs
of care for CHF also confirmed these benefits, suggesting that
nurses can play positive roles in the management of CHF pa-
tients after discharge [10-14]. However, data on the effective-
ness and feasibility of these nurse-led programs for CHF pa-
tients in China are limited.

According to cardiovascular disease reports [15,16], the prev-
alence and incidence of CHF are continuously increasing in
China. The economic loss related to CHF is also growing dra-
matically. Given the huge burden CHF imposes to the public
health and economy in China, it is imperative to establish a
cost-effectiveness approach. Nurse-led programs may be a fea-
sible strategy for CHF patient management in China. Therefore,
the aims of the present study were to evaluate whether nurse-
led programs of care can improve medication adherence, Qol,
rehospitalization, and all-cause mortality.

Material and Methods

Study populations

Patients were recruited through in-patient screening at our hos-
pital. The inclusion criteria were: exacerbation of CHF during
index hospitalization, left ventricular ejection fraction (LVEF)
<45% as assessed by echocardiography, and discharge to home
with stable status. The exclusion criteria were: life expectancy
<6 months, mental illness (e.g., dementia), terminal illness (e.g.,
advanced stage of malignant disease), or received elective car-
diac procedures (e.g., coronary artery bypass grafting or heart
valve replacement) during the index hospitalization. Baseline
characteristics and laboratory data were collected. This was
an open-label interventional study that was approved by the
Clinical Research Ethics Committee of Hainan Western Central
Hospital. Informed consent was obtained before enrollment.
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Nurse-led program of post-discharge intervention

Patients who were qualified and agreed to participate in our
study were randomly assigned into 2 groups based on the last
digit of their telephone number. Specifically, patients with an
odd last digit were assigned to the control group and those
with an even last digit were assigned to the intervention group.
Patients in the control group received standard care (i.e., expla-
nation of disease status, importance of adherence to guideline-
directed medications therapy, low-salt diet, fluid restriction,
and body weight monitoring daily by the ward nurses on the
day of discharge). Patients in the interventional group received
standard care plus post-discharge program of care during the
first14 days (+2 days) after discharge. Specifically, nurse-spe-
cialists called patients by telephone to ask about their condi-
tions (e.g., clinical symptoms and signs of HF and body weight
change), to evaluate medications adherence, and to provide
immediate feedbacks about what to do in the next step.

Study follow-up and endpoints

Patients were followed up via telephone call by nurse-special-
ists at 12 weeks (+5 days) after discharge. Study endpoints in-
clude the following domains: 1) the rate of medications adher-
ence; in specific, during the follow-up, patients were asked by
investigators how often they missed taking their medications,
and medication adherence was defined as taking medications
during >80% of the follow-up period, and medications refilled
in the electronic healthcare system were used to confirm med-
ications adherence; 2) the differences in QoL as assessed by
the Short Form-12 (SF-12) physical and mental component
scores (PCS and MCS) [17]; and 3) the incident rate of rehos-
pitalization due to CHF exacerbation and all-cause mortality.

Statistical analysis

Continuous variables are presented as mean and standard de-
viation (SD) and categorial variables are presented as number
and percentage. The t test was used to assess differences in
continuous variables and the chi-square test was to assess dif-
ferences in categorical variables. Incident rates of rehospital-
ization due to CHF exacerbation and all-cause mortality were
calculated by dividing the number of events by person-weeks
of follow-up accrued, and we then calculated the incident rate
ratio (IRR) for rehospitalization and all-cause mortality for con-
trol versus intervention groups. The hazard ratio (HR) and 95%
confidence interval (Cl) for the adjusted Cox proportional haz-
ards models were determined. All analyses were performed
using SPSS 23.0, and a two-sided P value <0.05 was consid-
ered as statistical significance.
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28 CHSF(P:::]ZT were 44 patients were excluded: 13 patients with
life expectancy <6 months, 5 had mental

¢ illness, 12 had terminal illness, 14 received

elective cardiac procedures

148 patients were
qualified - - —
26 patients who did not want to participate
# in current study were excluded
158 patients agreed to

participate in this study

v

158 patients assigned into
control (n=74) and
interventional (n=84) groups

6 patients withdrawn from current study

152 patients included into final
analysis: control (n=72) and
interventional (n=80) groups

Figure 1. Study flowchart.

Results

Baseline characteristics comparisons by control and
interventional groups

A study flowchart and patient enrollment are presented in
Figure 1. A total of 152 patients were recruited into final anal-
ysis. As presented in Table 1, the mean of age, blood pressure,
heart rate, estimated glomerular filtration rate (eGFR), and se-
rum N-terminal pro-B-type natriuretic peptide (NT-proBNP) lev-
el at baseline were comparable between the control and inter-
vention groups. The percentages of patients with comorbidities
(smoking, obesity, hypertension, dyslipidemia, and diabetes)
were also similar. The etiologies of CHF were also comparable,
with ischemic etiology of 62.5% vs. 61.3%, idiopathic dilated
cardiomyopathy of 18.1% vs. 18.8%, and valvular heart disease
of 19.4% vs. 19.5% in both groups, respectively. The mean left
ventricular ejection fraction (LVEF, 39.4% vs. 39.0%) and per-
centage of patients with New York Heart Association (NYHA)
class -V (55.7% vs. 57.5%) were also without significant
differences.

Medications use at discharge and follow-up

Medications use at discharge and follow-up were compared
and are presented in Table 2, showing no significant differ-
ences in medications prescription at discharge. However, after
12 weeks of follow-up, compared to the control group, patients
in the intervention group were more likely to keep on guideline-
directed medications therapy, with a significantly higher use in
angiotensin-converting enzyme inhibitor/angiotensin receptor
blocker [(ACEi/ARB) 73.8% vs. 59.7%)], beta-blocker (62.5% vs.
51.4%) and aldosterone receptor antagonist (60% vs. 54.2%).
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Table 1. Comparisons of baseline characteristics.

. Control group Intervention

Variables (n=72) group (n=80)
Age (years) 51.3+10.6 50.8+9.9
Male, n (%) 53 (73.6) 59 (73.8)
Systolic blood pressure, 135414 133413
mm Hg
Diastolic blood pressure, 80411 80412
mm Hg
Ht?art rate, beat per 84417 86416
minute
Obese, n (%) 22 (30.6) 25 (31.3)
Smoking, n (%) 35 (48.6) 37 (46.3)
Hypertension, n (%) 52 (72.2) 57 (71.3)
Dyslipidemia, n (%) 48 (66.7) 53 (66.3)
Diabetes mellitus, n (%) 43 (59.7) 47 (58.8)
Creatinine (umol/L) 72.4+17.5 73.1+15.9
eGFR (ml/min/1.73 m?) 70.8+14.6 69.6+15.5
Glycated hemoglobin Alc 6.641.3 67413
(%)
LDL-cholesterol (mmol/L) 3.2+0.9 3.3+1.0
NT-proBNP (pg/mL) 908.7+245.1 924.0+266.8

h -

Coronary heart disease, 45 (62.5) 49 (613)
n (%)
Idiopathic dilated
cardiomyopathy, n (%) L (B R
Valvular heart disease,
n (%) 14 (19.4) 16 (19.9)
Left ventricular ejection
et () 39.4+5.0 39.045.3
NYHA class 111V, n (%) 39 (55.7) 46 (57.5)

eGFR — estimated glomerular filtration rate; LDL — low density
lipoprotein; NT-proBNP — N-terminal pro-B type natriuretic
peptide; NYHA — New York Heart Association

Comparisons of QoL

Quality of life as assessed by SF-12 PCS and MCS were com-
pared between the control and intervention groups. As shown
in Figure 2, no significant differences in PCS (46 vs. 45) or MCS
(55 vs. 56) were observed at discharge. However, at 12-week
follow-up, both PCS (35 vs. 40) and MCS (42 vs. 49) were sig-
nificantly lower in the control group versus the intervention
group (P<0.05).
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Table 2. Medications use at discharge and follow-up.

Medications Con(t;:l7g2r)oup gl:l:i:’::::’:)
At discharge
”””” ACE/ARB,n (%) 58 (806) 65 (813)
 Betablockern (%) 52 (722) 58 (725)
 loopdiureticn (%) 72 (1000 80 (100
/::]dtg:oer:i:,enr?f/;ptor 46 (63.9) 49 (61.3)
Antiplatelet, n (%) 50 (69.4) 55 (68.7)
Statins, n (%) 50 (69.4) 58 (72.5)
””””” Antidicbetic,n (%) 40 (556) 44 (55)
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Intervention
group (n=80)

Control group

Medications (n=72)

At 12-week follow-up

ACEi/ARB, n (%) 43 (59.7) 59 (73.8)*
 Betablocker,n (%) 37 (514) 50 (625
”””””” loop diuretic, n (%) 67 (93.1) 74 (925)
e

Antiplatelet, n (%) 49 (68.1) 53 (66.3)
 Statnsn®) 50 (694) 55 (689)
 etidiabetion(®) 36 (0) 41 (513)

ACEIi/ARB - angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; P<0.05 versus control group.

SF-12 physical component score SF-12 mental component score
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Figure 2. Comparison of physical component score and mental component score at discharge and at 12-week follow-up. * P<0.05 vs.

interventional group.

Comparisons of rehospitalization and all-cause mortality

As presented in Table 3, at 12-week follow-up, patients in the
control group had a higher incident rate of rehospitalization
(8.0% vs. 5.2% per person-week) than in the interventional
group due to acute exacerbation, with an incident rate ratio
of 1.54 (95% confidence interval [CI]: 1.06-2.23). In addition,
the composite of rehospitalization and all-cause mortality in-
cident rate was also higher in the control group (8.5% vs. 5.4%
per person-week), with an incident rate ratio of 1.57 (95% Cl:
1.09-2.25).

Discussion

To the best of our knowledge, this is the first study to evaluate
the efficacy of a nurse-led post-discharge program of care for
CHF patients in China. Results of our study indicate that stan-
dard care plus a post-discharge program of care can improve
adherence to guideline-directed medications therapy. In addi-
tion, this program is also beneficial for improvement of QoL and
reduction of rehospitalization. These findings demonstrate that
a nurse-led program of care can be a cost-effective and feasible
approach for improvement of prognosis for CHF patients in China.

Although advancements in medications and devices therapy
have been achieved in the last decade, CHF remains the leading
cause of cardiovascular-related death and incurs huge economic
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Table 3. Comparisons of rehospitalization and all-cause mortality.
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Control group (n=72)

Intervention group (n=80)

Follow-up (weeks) 828 944
 Average follow-up (weeks) ws2 16:03
Events (n) Rate Events (n) Rate IRR (95% CI)
Rehospitalization 66 8.0% 49 5.2% 1.54 (1.06-2.23)
Allcause mortalty 4 os% 2 0% 228(040-178)
Composite endpoints 0o 85% 51 sa%  157(109-225)

IRR — incident rate ratio; Cl — confidence interval.

losses worldwide [2,18]. Prior studies have demonstrated that
CHF patients have a low rate of adherence to guideline-directed
medications therapy [19-21]. In addition, these patients also
tend to have recurrent hospitalizations due to rapid progres-
sion and worsening of their condition. It is notable that the
5-year mortality rate of CHF patients since first symptoms oc-
curred is up to 50% [22,23]. These findings together strongly
indicate that QoL and prognosis of CHF patients remain ex-
tremely poor. Studies to search for a cost-effective approach
for risk reduction for these high-risk populations are needed.

Studies from Western countries have indicated that nurse-led
programs of care can be a cost-effective and feasible approach.
For example, Thompson et al. [13] reported that among CHF
patients in northern England, a nurse-led clinic plus home-
based intervention program of care reduced HF rehospitaliza-
tion and mortality. Results from Hebert et al. [11] also show
that a nurse-led disease management program was a reason-
ably cost-effective way to reduce the burden of CHF in a com-
munity-living USA population. Using case series, Coen et al. [10]
also observed that a clinical nurse-specialist-led program of
care can improve outcomes among CHF patients. Consistent
with prior reports, findings from the present study also dem-
onstrate that a nurse-led program of care plus standard care
can provide additional benefits for CHF management in China.
Specifically, we observed that during the first 2 weeks after
discharge, making phone calls to follow up on CHF patients’
conditions, and then giving them immediate feedback based
on the assessment, can improve patient adherence to guide-
line-directed medications therapy. In addition, the QoL and re-
hospitalization due to CHF exacerbation were also improved,
which we considered might be at least partly due to the high-
er rate of adherence to medications therapy. Indeed, evidence
from prior studies also demonstrated that CHF patients with
good adherence to medications therapy had lower incidence
of rehospitalization and mortality [24-26]. However, as pre-
sented in Table 2, although patients in the intervention group
had higher rates of adherence to medications therapy than
in the control group, compared to medications prescribed at
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discharge, the percentage of patients who continued on these
medications therapy declined. Importantly, we also observed
that Qol, as reflected by SF-12 physical and mental compo-
nent scores, was also lower than at discharge. These findings
together indicate that there is still room for improvement of
CHF patient management. For example, more frequent follow-
up strategies using phone calls or home-based interview by
a nurse-specialist may be a viable option. Further studies are
warranted to evaluate this hypothesis. The potential reasons
for the efficacy of nurse-led programs are likely multifactorial.
In conjunction with physicians, nurses can help monitor life-
style modification and medications adherence among HF pa-
tients. Nurses can also help to identify the early stage of fluid
overload and guide patients to increase their use of diuretics.
Finally, nurses can also help provide consultation to HF patients
regarding depression or anxiety. These roles played by nurses
may in turn help to better manage HF patients.

Evaluating the time used for follow-up of each individual pa-
tient in the intervention group, we found that the average time
used was 56 min (with SD of 8 min). Importantly, additional
time used to follow-up these high-risk populations can reduce
the absolute incident rate of rehospitalization by 2.8% per per-
son-week and reduce the relative rate by 54%. Because recur-
rent hospitalization causes huge economic losses and burdens
health care providers, we considered that the nurse-led post-dis-
charge program of care would be a cost-effective and feasible
approach, and findings from the present single-center study need
to be corroborated in larger and multi-center national studies.

There are some limitations of the present study that need to
be mentioned. First of all, although patients were randomly
assigned to the control and intervention groups, nurse-spe-
cialists and physicians were not blinded to the assignments,
which might have caused inherent biases such as observer
bias. Randomized double-blinded trials are needed to con-
firm our findings. Second, the small sample size and short-
term follow-up did not allow us to observe a mortality bene-
fit of this interventional strategy. Studies with larger sample
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sizes and long-term follow-up are needed to evaluate wheth-
er this strategy can provide survival benefits. Third, this was a
single-center study, and whether this strategy can be extrapo-
lated to other areas of China and other population groups are
unknown. Future studies in different populations are needed
to corroborate the present findings. Third, no direct economic
savings related to rehospitalization reduction was calculated
in our current analysis. Future studies are needed to specifi-
cally collect data on economic expenditures. However, based
on the experience at our center, prevention of one individual
rehospitalization case due to HF exacerbation can avoid the ex-
penditure of approximately $1000 US dollars on average. Last
but not the least, due to the heterogeneous nature of culture,
attitudes, and beliefs of urban vs. rural people and their utili-
zation of health care, it is unknown whether the present find-
ings can be extrapolated to other populations. Indeed, these
non-clinical factors also play important roles in the manage-
ment of HF patients around the world. Our preliminary findings
suggest that future research should focus on whether longer-
term of nurse-led programs can improve outcomes in terms
of cardiovascular-related or all-cause death in HF patients and
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whether the benefits of nurse-led programs are associated with
the duration of these interventional programs.

Conclusions

In conclusion, the results of the present study indicate that
among patients with CHF, a nurse-led discharge program of care
can increase adherence to guideline-directed medications ther-
apy, improve QolL, and reduce rehospitalization. This appears to
be a cost-effective and feasible approach that warrants corrob-
oration by larger and multi-center national studies in the future.
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