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Abstract 

Purpose:  The minimal clinically important difference (MCID) of a patient-reported outcome (PRO) represents the 
threshold value of the change in the score for that PRO. It is deemed to have an important implication in clinical man-
agement. This study was performed to evaluate the clinical significance of chronic disease self-management (CDSM) 
for patients with chronic heart failure based on the MCID of the chronic heart failure—PRO measure (CHF-PROM).

Methods:  A multicenter, prospective cohort study of 555 patients with heart failure were enrolled from July 2018. 
Advice of CDSM was provided in written form at discharge to all patients. Information regarding CHF-PROM and 
CDSM were collected during follow-up. Multilevel models were applied to dynamically evaluate the effects of CDSM 
for CHF-PROM scores, as well as its physical and psychological domains. MCID changes of the PRO were introduced 
and compared with β values of CDSM obtained from the multi-level models to further evaluate the clinical signifi-
cance. The STROBE checklist is shown in Additional file 1.

Results:  Scores for CHF-PROM improved significantly after discharge. The multilevel models showed that a regular 
schedule, avoidance of over-eating, a low-sodium diet and exercise increased scores on CHF-PROM. Compared with 
the MCID, avoidance of over-eating (12.39 vs. 9.75) and maintenance of a regular schedule often (10.98 vs. 9.75), and 
exercise almost every day (11.36 vs. 9.75) reached clinical significance for the overall summary. Avoidance of over-eat-
ing (5.88 vs. 4.79) and a regular schedule almost every day (4.96 vs. 4.79) reached clinical significance for the physical 
scores. Avoidance of over-eating half of the time (5.26 vs. 4.87) and a regular schedule almost every day (5.84 vs. 4.87) 
demonstrated clinical significance for the psychological scores.

Conclusions:  This study observed an association of avoidance of over-eating and maintenance of a regular schedule 
with the improvement of CHF-PROM. It provides further evidence for management of heart failure.

Trial Registration: Current Prospective Trials NCT02878811; registered August 25, 2016; https​://clini​caltr​ials.gov/ct2/
show/NCT02​87881​1?term=NCT02​87881​1&draw=2&rank=1.
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Introduction
Chronic heart failure (CHF) affects 1.5–2.0% of the adult 
population in developed countries [1] and 0.9% of the 
population aged 35–74  years in China [2]. CHF is the 
most severe stage of heart disease and has poor outcomes 
[3]. Therefore, close attention has been paid to evaluation 
and improvement of the endpoints of CHF.

Patient-reported outcomes (PROs) which reflect 
patient-centered quality of life are among the most cru-
cial endpoints as recommended by the United States 
Food and Drug Administration, the International Asso-
ciation for Pharmaceutical Economics and Outcome 
Research, and the International Society for Quality of 
Life Research [4]. In recent years, researchers have begun 
to use PROs to evaluate the effects of intervention meas-
ures in patients with chronic diseases, including CHF [5]. 
Chronic disease self-management (CDSM), which is rec-
ommended by the European Society of Cardiology, can 
improve the outcomes of patients with heart failure [6]. 
However, the effects of CDSM on PROs are highly het-
erogeneous among these patients [7, 8].

Some deficiencies of previous studies may have inter-
fered with the results. First, multi-point dynamic follow-
up can accurately reflect the real-time changes in the 
disease. However, traditional prognostic analysis meth-
ods (e.g., logistic regression and Cox regression) are not 
suitable for these non-independent data. Second, evalu-
ation of the effect of CDSM on patients with CHF has 
been mostly dependent upon the statistical significance 
[7, 8], the professional clinical sense has largely been 
ignored. The minimal clinically important difference 
(MCID) of PROs represents the threshold value of the 
clinical change in the score. The MCID is deemed to have 
an important implication in clinical management. There-
fore, in the present study, we applied a multi-level model 
to analyze the roles of CDSM based on the MCID of 
PROs to obtain more reliable and meaningful evidence.

Methods
Participants
Patients from three medical centers in the Shanxi prov-
ince of China were enrolled from July 2018 to December 
2019 according to predefined inclusion and exclusion 
criteria. The inclusion criteria were: age ≥ 18 years; diag-
nosed with HF according to current guidelines [3]; New 
York Heart Association (NYHA) functional class II–IV; 
and receipt of HF therapy in the past month. Patients 
who experienced acute cardiovascular events except 

acute onset of CHF in the past 2  months, had a life 
expectancy of < 1 year, could not understand or complete 
the questionnaire due to language barriers or intellectual 
disabilities, and those who refused to participate in this 
project were excluded.

Procedure and data collection
During hospitalization, information regarding baseline 
data, the self-administered questionnaire, and CHF-
PROM scores were collected. The advice of CDSM was 
provided in written form to all of the participants at dis-
charge. All participants were followed-up at 1, 3, and 
6 months after discharge in face-to-face consultations or 
telephone follow-up to obtain information regarding the 
self-administered questionnaire and CHF-PROM scores 
[9]. To ensure quality, all questionnaires were adminis-
tered by professionally trained individuals.

CDSM included medication use, a regular schedule, 
keeping warm, dietary instructions, health education, 
smoking cessation, temperance, and exercise. Dietary 
instructions included a low-sodium diet (LSD), a low-
fat diet, and the avoidance of over-eating. Among these 
strategies, a regular schedule was defined as maintain-
ing relatively fixed sleep and wake times, and an LSD as 
intaking < 5 g of salt per day.

Baseline information included patient’s age, sex, height, 
weight, marital status, education, annual income, family 
history of cardiovascular disease, NYHA functional class, 
blood pressure, and complications. The Charlson Comor-
bidity Index (CCI) was applied to assess complications 
[10].

The self-administered questionnaire was developed 
to assess CDSM. The questionnaire contained all strat-
egies provided at discharge as mentioned above, with 
responses scored on a 5-point Likert, as follows: 0 (never 
happens); 1 (happens occasionally); 2 (happens half of the 
time); 3 (happens often); and 4 (happens every day).

The CHF-PROM developed by the authors’ research 
group was applied in this study. This questionnaire con-
tains 57 items, 12 subdomains, and 4 domains, which 
consisted of physical, psychological, social, and thera-
peutic domains [9]. Patients responded to each item on 
a 5-point Likert scale to reflect how often they had expe-
rienced each issue during the past 2  weeks (0 = never, 
1 = occasionally, 2 = about half of the time, 3 = often, and 
4 = almost every day). All responses were transformed 
into scores based on the following principle: positively 
scored items were recorded as the original score plus 1, 

Keywords:  Patient-reported outcome, Chronic heart failure, Chronic disease self-management, Multilevel model, 
Minimal clinically important difference



Page 3 of 10Tian et al. BMC Cardiovasc Disord           (2021) 21:58 	

while negatively scored items were recorded as 5 minus 
the original score. After that, overall summary (OS), 
physical scores (PHYS) and psychological scores (PSYS) 
of CHF-PROM were calculated by adding scores of the 
corresponding items. Items were described as previously 
[9]. The structure of the CHF-PROs is shown in Addi-
tional file 2.

Statistical analysis
Continuous variables are expressed as mean ± standard 
deviation (SD) or median (interquartile range). Cron-
bach’s α coefficient was applied to assess the data qual-
ity of the CHF-PROM. The variables that missing more 
than 15 percent were deleted. In addition, we added the 
data missing less than 15 percent with missForest. The 
backward method was used for statistically significant 
variables (P < 0.1). Univariate analysis of variables and 
calculation of MCID were performed using SPSS ver-
sion 25.0 (IBM Corporation, Armonk, NY, USA). Further 
multilevel model assumptions were confirmed through 
analysis of residuals generated by MLwiN version 3.0 
software (Centre for Multilevel Modelling, University of 
Bristol, Bristol, United Kingdom).

Multilevel model
The multilevel model, which can handle repeated meas-
ures data, was applied to assess the effect of CDSM strat-
egies to the OS of CHF-PROM. The main concept of this 
model is to estimate variance at each level and consider 
the effect of the explanatory variables on the variance to 
estimate the regression coefficient effectively [11]. The 
model was constructed as follows:

Yij represents OS of CHFS-PROM taken from the i th 
person; eij is the residual of the first level; β0j is the coef-
ficient variable, which could be formulated by Eq.  2; β0 
and βj stand for fixed parameters representing the aver-
age of the intercept and slope, respectively; and u0j and 
uij represent interindividual variability in intercepts and 
slopes via random effects. Maximum likelihood estimates 
can be computed from the covariance matrix.

Multivariate multilevel model
The multivariate multilevel model was fitted to assess 
CDSM strategies on PHYS, PSYS [11]. The multivariate 
variance components model was constructed as follows:

(1)Yij = β0j +
∑

i=1
βijXij + eij

(2)β0j = β0 + u0j

(3)βij = βj + uij

In the equation above, Yitk represents the vector of two 
outcome measurements, taken from the i th person at 
time t ; Dk is a pseudo variable, with a unique pseudo var-
iable for each outcome; the k response variable, β0ik is the 
overall intercept for person i ; β1ik denotes a patient-spe-
cific slope; and eitk is residual error at time t for person i.

In the present study, model 1 was the null model. Time 
was added to model 1 as an explanatory variable to estab-
lish model 2, which was used to study the effect of time 
on variables. Model 3 was constructed when baseline 
information and CDSM situation of participants were 
included in model 2.

MCID
Although P < 0.05 is often considered to be the crite-
rion for evaluating the effectiveness of an intervention 
in PROs or QoL, the P value merely represents statisti-
cal significance. In our study, MCID was introduced to 
analyze its clinical significance to determine more effec-
tive CDSM strategies. ES of the distribution method was 
applied to calculate MCID according to characteristics of 
the current CHF-PROM data [12, 13]. ES was formulated 
as follows:

In the equation above, x0 represents baseline scores 
of patients. 

−

x0 represents the average baseline scores of 
individuals, and 

−

x1 is the average follow-up scores of indi-
viduals. In our study, a moderate effect of 0.5 was used as 
the effect size statistic to estimate MCID.

Finally, β values of the multi-level model were com-
pared with MCID. The first level of the variables was 
considered “0”, and multiplied the β value by the grade of 
levels minus “1”. The corresponding grade of variables up 
to MCID was defined as reaching clinical significance.

Results
Sample characteristics
Baseline characteristics of the patients are shown 
in Table  1. A total of 555 patients with CHF, with a 
mean ± SD age of 67.86 ± 14.58  years, was enrolled. Of 
these patients, 44.14% were female. 67.9% of them suf-
fered from ischemic heart disease. Most participants 

(4)Yitk =

∑

k

Dk(β0ik + β1ik + eitk)

(5)β0ik = β0k + uoik

(6)β1ik = β1k + u1ik

(7)
ES =

−

x1 −
−

x0
√

∑

(

x0 −
−

x0

)2

/(n− 1)
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were married (80.72%) and had a low level of education 
(below secondary high school [72.61%]), and 49.19% 
and 47.75% had a low and medium annual income, 
respectively.

CHF‑PROM scores
Cronbach’s α coefficients for the physical domain, psy-
chological domain, social domain, therapeutic domain, 
and overall scale were 0.893, 0.936, 0.835, 0.828, and 
0.908, respectively. The mean CHF-PROM scores for OS, 

PSYS, and PHYS were 222.84 ± 23.18, 59.40 ± 10.84, and 
89.60 ± 12.90, respectively. The scores were lowest dur-
ing hospitalization, and improved significantly after dis-
charge. The results are shown in Table 2.

Multilevel model of CDSM on CHF‑PROM
Three model levels were applied to assess CDSM 
strategies on OS of CHF-PROM; the results are sum-
marized in Table  3. Model 1 demonstrated that the 
variance of level 2 (individual level) was statistically 
significant. It indicated that the data had aggrega-
tion and hierarchical structure at the individual level. 
Model 3 demonstrated that a regular schedule, avoid-
ance of over-eating, an LSD and exercise improved 
OS in CHF-PROM. For each additional grade of the 
measures, OS increased by 3.66, 4.13, 1.71, and 2.84, 
respectively. Advanced age, female sex, and increased 

Table 1  Baseline characteristics of patients with CHF

ACEI angiotensin converting enzyme inhibitors, ARB angiotensin receptor 
antagonist, NYHA New York Heart Association functional class

Variables n = 555

Age 67.86 ± 14.58

Female 245 (44.14%)

Marital state

Married 448 (80.72%)

Single 10 (1.80%)

Divorced/separated 9 (1.62%)

Widowed 88 (15.86%)

Education

Illiteracy 63 (11.35%)

Low level 403 (72.61%)

Secondary school and high level 89 (16.04%)

Income

Low 273 (49.19%)

Medium 265 (47.75%)

High 17 (3.06%)

Nonmanual workers 259 (46.67%)

Weight (kg) 66.67 ± 20.77

Height (cm) 165.27 ± 8.40

Systolic pressure (mmHg) 123.17 ± 19.61

Diastolic pressure (mmHg) 74.37 ± 13.00

Charslon score 2.47 ± 1.30

Ischemic heart disease 377 (67.9%)

Family history 115 (20.72%)

History of smoking 435 (78.38%)

History of drinking 468 (84.32%)

NYHA

II 245 (44.15%)

III 211 (38.02%)

IV 99 (17.84%)

Drugs

Nitrates 208 (37.48%)

Beta-blocker 378 (68.11%)

ACEI or ARB 250 (45.05%)

Aldosterone antagonist 359 (64.68%)

Diuretic 390 (70.27%)

Digoxin 113 (20.36%)

Table 2  OS, PHYS and PSYS of CHF-PRO in different times

OS overall scores, PHYS physical scores, PSYS psychological scores, CHF-PRO 
chronic heart failure-patient reported outcome

Number OS PHY PSY

Baseline 555 222.84 ± 23.18 59.40 ± 10.84 89.60 ± 12.90

One month 555 243.83 ± 14.84 69.88 ± 7.79 98.55 ± 6.14

Three months 501 245.46 ± 12.75 71.88 ± 6.59 100.21 ± 5.14

Six months 309 247.39 ± 12.61 72.49 ± 6.60 100.83 ± 4.74

Table 3  Three-level models for OS of CHF-PRO for patients 
with CHF

OS, overall scores; CHF-PRO, chronic heart failure—patient reported outcome. 
NYHA, New York Heart Association functional class

Parameters Model 1 Model 2 Model 3

Fixed effects

Intercept 238.22 (0.50) 218.60 (1.13) 207.40 (3.27)

Time 8.60 (0.36)* 4.58 (0.39)*

Age − 0.17 (0.03)*

Female − 1.66 (0.77)*

NYHA − 4.15 (0.45)*

Regular schedule 3.66 (0.45)*

Avoid over-eating 4.13 (0.55)*

Low-sodium diet 1.71 (0.40)*

Exercises 2.84 (0.28)*

Random effects

Level 2 (subjects)

 (Intercept) 41.20 (9.17) 384.07 (44.86)* 405.87 (40.26)*

 (Time) 20.33 (4.61)* 27.46 (4.12)*

Level 1 (time point)

 (Intercept) 342.10 (13.04) 197.15 (9.05)* 146.74 (6.73)*

− 2 Log likelihood 16,844.48 16,159.17 15,651.74
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NYHA functional class were negatively correlated. A 
-2log likelihood was applied as the goodness fit evalua-
tion index. The -2log likelihood of model 2 was smaller 
than model 1 (16,159.17 versus [vs.] 16,844.48); more 
specifically, the goodness fit of model 2 was better 
than model 1. For the same reason, model 3 had bet-
ter goodness fit than model 2 (15,651.74 vs. 16,159.17). 
The residual distribution diagram is close to a straight 
line. Therefore, it indicated that the assumption of 
normal distribution of each level residuals was reason-
able (Fig. 1).

A two-variable, three-level model was applied to 
analyze the roles of CDSM strategies to PHYS and 
PSYS, the results are presented in Table  4. Model 1 
demonstrated that the variance of level 3 (individual 
level) was statistically significant. It indicated that 
the data had aggregation and hierarchical structure at 
the individual level. According to the model, a regular 
schedule, avoidance of over-eating, an LSD and exer-
cise increased PHYS and PSYS. For each additional 
grade of the measures, PHYS increased by 1.24, 1.96, 
0.86, and 1.18 and PSYS increased by 1.46, 2.63, 0.76, 
and 0.55. In addition, taking angiotensin-converting 
enzyme inhibitors or angiotensin receptor blocker 
decreased the PSYS of patients with CHF. Advanced 
age, female sex, increased NYHA functional class 
and CCI were negatively correlated with PHYS and 
PSYS. A -2log likelihood demonstrated that the good-
ness fit of model 2 was better than model 1 (26,155.51 
vs. 27,286.37), and model 3 was better than model 2 
(25,458.50 vs. 26,155.51). The residual distribution 
diagram is close to a straight line. Therefore, it indi-
cated that the assumption of normal distribution of 
each level residuals was reasonable (Fig. 2).

MCID and its interpretation to the multilevel model
The MCIDs for the scores of each dimension and domain 
and the total scale are shown in Table 5. The MCIDs for 
OS, PHYS, and PSYS were 9.75, 4.79, and 4.87, respec-
tively. This indicates that scores for the CHF-PROM, 
physical domain, and psychological domain that changed 
by at least 9.75, 4.79, and 4.87 points were considered 
clinically significant.

Compared with MCID, the avoidance of over-eating 
of grade 4 and 5, regular schedule of grade 4 and 5 and 
exercise of grade 5 reached clinical significance for OS. 
Avoidance of over-eating of grade 4 and 5 and a regu-
lar schedule of grade 5 reached clinically significance 
for PHY. Regarding the PSY, avoidance of over-eating of 
grade 3, 4 and 5 and a regular schedule of grade 5 also 
demonstrated the clinical significance (Fig. 3).

Discussion
The present study assessed the impact of several types of 
CDSM strategies on CHF-PROM scores. Here, we con-
firmed that maintenance of a regular schedule, avoidance 
of over-eating, an LSD and exercise could improve CHF-
PROM scores in patients with CHF. Among these, how-
ever, only a regular schedule and avoidance of over-eating 
reached clinical significance based on the MCID of CHF-
PROM. Compared to previous studies, various strategies 
were considered and changes in these over time were 
assessed. Moreover, based on statistical significance, clin-
ical significance was emphasized by virtue of the MCID.

The characteristics of patients with CHF have an 
impact on PROs. In our study, a high NYHA functional 
class, female sex, and advanced age decreased the OS in 
CHF-PROM, as well as PHYS and PSYS. Moreover, CCI 
was negatively correlated with PHYS and PSYS. These 
factors have already been shown as influence factors of 

Fig.1  Residual normality test diagram of OS (a, b) are the residual normality test graphs of OS at the different time points level and the individual 
level, respectively. The ordinates of the diagrams represent the standardized residuals of each level, and the abscissas are their normal fractions. The 
curve of each figure represents the residual normality test of each level. The residual is normally distributed when the curve performs as a straight 
line
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PROs in patients with CHF in previous studies [10, 14–
16]. We used multivariate statistical methods to avoid the 
influence of these covariates on the results; thus, we were 
able to obtain CDSM strategies that improved CHF-
PROM more accurately.

Results of our study demonstrated that maintaining a 
regular schedule improved CHF-PROM. The same result 
was obtained in previous studies using other PRO scales 
of HF. Broström et  al. found that sleep disturbances 
affected virtually all dimensions of the Short-form 36 and 
Kansas City Cardiomyopathy Questionnaire (KCCQ) for 
patients with CHF, while daytime sleepiness decreased 
total Minnesota Living with Heart Failure (MLwHF) 
scores, as well as scores on physical and emotional sub-
scales [17]. Liu et  al. reported that poor sleepers had 
significantly lower scores in physical, psychological, and 
social domains of the World Health Organization Quality 
of Life-BREF (WHOQOL-BREF) scale [18]. Sleep disor-
ders in patients with CHF are caused by sleep-disordered 
breathing, depression, and HF symptoms such as dysp-
nea and dysrhythmias [19]. These investigations were 

cross-sectional studies, and dynamic changes in sleeping 
habits and PROs were not observed. Our study applied a 
multilevel model to introduce time as a variable. A pro-
spective cohort study using one-way repeated measures 
analysis reported that exercise and cognitive behavioral 
therapy may improve sleep quality and QoL in patients 
with CHF [20]. In our study, patients were informed that 
they should maintain a regular routine, regardless of the 
strategy they used. The results of our study emphasize the 
importance of a regular schedule in patients with CHF. 
Moreover, only patients who maintained a regular sched-
ule virtually every day achieved MCID, reflecting that it 
is necessary for patients to be compliant with physician 
recommendations.

Over-eating often relies on patient perception and lacks 
objective indicators for evaluation. As such, few studies 
have extensively investigated this factor. Our study unex-
pectedly found that avoidance of over-eating dramatically 
decreased OS, as well as PHYS and PSYS in CHF-PROM. 
Research presented at the American Heart Association 
meeting in 2000 found that a single large meal led to a 

Table 4  Multilevel multivariate models for PHYS and PSYS of CHF-PRO

ACEI angiotensin converting enzyme inhibitors, ARB angiotensin receptor antagonist, CCI Charlson Comorbidity Index CHF-PRO chronic heart failure—patient 
reported outcome, NYHA New York Heart Association functional class, PHYS physical scores, PSYS psychological scores

Parameters Model 1 Model 2 Model 3

PHY PSY PHY PSY PHY PSY

Fixed effects

Intercept 68.18 (0.26) 97.02 (0.25) 58.68 (0.51) 88.43 (0.64) 63.04 (1.74) 77.73 (1.77)

Time 4.16 (0.17)* 3.71 (0.19)* 2.27 (0.18)* 2.15 (0.21)*

Age − 0.12 (0.01)* − 0.02 (0.01)*

Female − 1.05 (0.40)* − 1.36 (0.36)*

NYHA − 3.10 (0.23)* − 0.76 (0.22)*

CCI − 0.43 (0.16)* − 0.30 (0.14)*

ACEI or ARB − 0.42 (0.45) − 1.00 (0.40)*

Regular schedule 1.24 (0.22)* 1.46 (0.23)*

Low sodium diet 0.86 (0.19)* 0.76 (0.20)*

Avoid over-eating 1.96 (0.26)* 2.63 (0.28)*

Exercises 1.18 (0.14)* 0.55 (0.14)*

Random effects

Level 3 (subjects)

 (Intercept) 13.85 (2.35) 67.50 (9.42)* 68.25 (7.96)*

 (Intercept) 1.81 (1.85) 38.57 (8.90)* 49.07 (8.02)*

 (Intercept) 10.50 (2.29) 148.65 (13.84)* 159.18 (13.40)*

 (Time) 2.91 (1.01)* 4.47 (0.87)*

 (Time) 8.58 (1.27)* 10.90 (1.25)*

Level 2 (time point)

 (Intercept) 78.32 (2.99) 47.40 (2.19)* 34.55 (1.60)*

 (Intercept) 54.76 (2.65) 28.19 (1.77)* 17.02 (1.28)*

 (Intercept) 85.00 (3.24) 46.88 (2.12)* 36.62 (1.67)*

− 2 Log likelihood 27,286.37 26,155.51 25,458.50
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Fig. 2  Residual normality test diagram of PHYS and PSYS (a, b) represent the residual normality tests of PHY at the timepoint level and the 
individual level, respectively. c, d Represent the residual normality test of PSY at the time-point level and the individual level, respectively

Fig. 3  Comparation of MCID to the cumulative β for variables each point represents the value that the correspond β of strategy multiplied by 
(grade-1). MCID is shown as a dotted black line. The strategy is of the clinical significance when the its value is larger than MCID. a Represents the 
influence of management strategies on OS. b, c represent the influence of management strategies on PHY and PSY, respectively
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fourfold increase in heart attacks within 2 h of the meal 
[21]. A rich diet burdens the heart due to diversion of the 
circulation to the gastrointestinal tract following a meal. 
Such a diversion increases cardiac blood and causes fur-
ther stress on the heart. Moreover, acute fluctuations 
in blood pressure and heart rate occur after a rich meal 
and lead to further damage to the heart [22]. If an indi-
vidual with CHF consumed a large, high-salt meal, acute 
decompensation could even occur [23]. The avoidance 
of over-eating may improve CHF-PROM by decreasing 
the incidence of these types of adverse events. This result 
provides new evidence supporting the management of 
CHF and direction for future studies.

An LSD was recommended by the 2016 European Soci-
ety of Cardiology Guidelines for CHF [3]. In the present 
study, we confirmed that an LSD increased OS, PHYS, 
and PSYS of CHF-PROM. Previous studies and the ongo-
ing Geriatric Out-of-Hospital Randomized Meal Trial in 
Heart Failure (GOURMET-HF) study applied the KCCQ 
summary score as an indicator of QoL outcome and drew 
the same conclusion as that in our study [24–26]. Regard-
ing PHYS, the reason for the increase may be that an LSD 
improved symptoms and signs of CHF [27, 28] and pro-
moted exercise tolerance in patients [28]. However, few 
studies have focused on the relationship between LSD 
and psychological states. More studies are needed to con-
firm this and the mechanism also remains to be further 
elucidated. Adherence to an LSD has also been noted by 
researchers. Chung et  al. confirmed that patients who 
adhered to an LSD perceived more benefits than those 
who were non-adherent [29]. All of the research above 
focused exclusively on statistical significance and ignored 
clinical significance. When MCID was introduced, it did 

not reach clinical significance, regardless of a patient’s 
adherence to an LSD in this study. This also may be 
because some patients did not accurately calculate the 
amount of salt they ate at home. More stringent stud-
ies and investigations examining clinical significance are 
needed in the future.

Regular aerobic exercise is encouraged in patients with 
HF to improve functional capacity and symptoms, as per 
guideline recommendations [3]. Studies have shown that 
exercise can reduce all-cause mortality and readmission 
for patients with CHF; however, the effects of exercise 
on QoL remain uncertain [30]. A recent meta-analysis 
confirmed that exercise improved both exercise capacity 
and QoL compared with the no-exercise control group 
at the 12-month follow-up, but with weaker evidence for 
a treatment effect at the 6-month follow-up [31]. Our 
study demonstrated that exercise improved CHF-PROM. 
This is consistent with previous studies and provides the 
new evidence for the effect at the 6-month follow-up.

The findings of this study should be interpreted in 
light of its limitations. First, all advice adopted in this 
study was beneficial to strategies for patients with CHF. 
Based on ethical considerations, we provided all partic-
ipants with advice when they were discharged; as such, 
there was no control group. It revealed that the causal 
effect was not as strong as that from a randomized con-
trolled trial. We will use randomized controlled trial 
design in future research to assess one of the meaning-
ful strategies in this study. Second, although this was 
a multicenter study, all patients were from the Shanxi 
Province of China and, as such, the findings may be 
regionally biased. Larger-scale studies are needed in 
the future to confirm the findings in this regard. Finally, 

Table 5  MCID of CHF-PRO

CHF-PRO chronic heart failure—patient reported outcome, MCID minimal clinically important difference

Field Dimension MCID

Dimension Domain Total of scale

Physical domain Somatic symptoms… 2.46 4.79 9.75

Appetite symptoms… 1.43

independence 2.35

Psychological domain Anxiety 2.63 4.87

Depression 1.56

Fear 0.71

Paranoia 0.69

Social domain Social support 1.63 2.14

Support utilization 1.26

Therapeutic domain Compliance 0.61 2.40

Satisfaction 2.00

Side effects of drugs 0.37
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some of the CDSM strategies used in this study were 
not precisely defined. For example, a regular schedule 
did not limit the sleep time per day or apply related 
scales to measure sleep quality, which may have led to 
some imprecision. In future studies, we will further 
quantify the strategies addressed in this study to obtain 
more effective CDSM strategies for patients with CHF.

Conclusions
This study observed an association of avoidance of 
over-eating and maintenance of a regular schedule with 
the improvement of CHF-PROM. Among them, only 
the strategies happened often or every day had the clin-
ical significance. It prompts patients and physicians to 
give preference to certain strategies and enables them 
to understand more intuitively and profoundly the 
meaning of measure compliance.
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