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Background: Among patients with chronic heart failure (CHF), response shifts

are common in assessing treatment effects. However, few studies focused on

potential response shifts in these patients.

Materials and methods: Data of CHF patient-reported outcome measures

(PROMs) were obtained from three hospitals in Shanxi, China, from 2017 to

2019. A total of 497 patients were enrolled and followed up at 1 month and

6 months after discharge. Latent transition analysis (LTA) was employed to

determine the longitudinal transition trajectories of latent subtypes in CHF

patients in the physiological, psychological, social, and therapeutic domains.

Results: The patients were divided into high- and low-level groups in

the four domains according to the LTA. One month after discharge, the

physiological and psychological domains improved, while the social and

therapeutic domains remained unchanged. Six months after discharge, the

former remained stable, but the latter deteriorated. The factors affecting the

state transition in four domains were as follows. The influencing factor of the

physiological domains are gender, age, tea consumption, smoking, alcohol

consumption, physical activity, and light diet; those of the psychological

domain are gender, occupation, smoking, alcohol consumption, and physical

activity; those of the social domains are age; those of the therapeutic domains

are education and income.

Conclusion: The disease status of CHF patients has shifted over time. Risk

factors accelerate the deterioration of patients’ condition. Furthermore, the

risk factors of social and therapeutic domains deteriorate patients’ condition
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faster than those of physiological and psychological domains. Therefore,

individualized intervention programs should be given for CHF patients who

may be transferred to the low-level groups to maintain the treatment effect

and improve the prognosis.

KEYWORDS

chronic heart failure, latent class analysis, latent transition analysis, patient-reported
outcomes measure, risk factors

Introduction

Chronic heart failure (CHF), a syndrome induced by cardiac
dysfunction, is a leading cause of cardiovascular disease-related
deaths. Approximately 26 million people suffer from CHF
worldwide, and the number has been growing in recent years.
Furthermore, CHF declines the quality of life of CHF patients
and places increasingly heavy burdens on the affected families
and the entire society (1–3). It has become a major threat
to social progress and human health (4). Therefore, early
assessment and management of patients with CHF are critical
in primary care.

With the advances in diagnosis and treatment techniques
in recent years, the survival of CHF patients has improved
(5). However, only the cross-section data were considered in
most classification criteria, while the longitudinal changes in
the patients were neglected (6). The prolonged survival of HF
patients could facilitate state shifts in assessing treatment effects.
However, these state shifts were ignored in many studies (7, 8),
leading to patients’ worsened condition and decreased quality
of life (9).

Patient-reported outcomes measurements (PROMs) filled
out by the patients accurately reflect their experiences and are
important for clinical diagnoses and treatment. PROMs provide
the indices of disease morbidity and prognostic assessment
in clinical research and practice, thus having received wide
attention (10). Tian et al. (11) devised PROMs for Chinese
patients with CHF, which could fully reflect the state of
the patients in the physiological, psychological, social, and
therapeutic domains. CHF-PROMs facilitate the identification
of different patient subgroups and the creation of longitudinal
cohorts to analyze response shifts in different subgroups.
However, the patient’s condition is a latent variable that cannot
be directly observed. Therefore, latent transition modeling is
required for subgroup classification and state transition analysis
of CHF-PROMs data.

This paper aims to (1) explore the longitudinal dynamic
development trend of CHF patient subtypes by analyzing
the subtype characteristics of CHF patients and their disease
conditions over time; (2) analyze the predictive effect of CHF

patient subtype changes over time, gender, age, etc., on the
change of subtype category.

Materials and methods

Study design and sample

Patient-reported outcome measures were obtained from
inpatients diagnosed with CHF from May 2017 to January
2019 in three hospitals in Shanxi, China. Patients who met the
inclusion criteria were required to complete the CHF-PROMs
during hospitalization (baseline data T1). Patients were followed
up in person or by telephone at 1 month (T2) and 6 months (T3)
after discharge.

Inclusion and exclusion criteria

Patients enrolled in the study must meet the following
criteria. (1) Inpatients diagnosed with CHF (ICD-9 code
4289); (2) Patients at stages II–IV per the NYHA classification;
(3) Patients over 18; (4) Patients voluntarily complete the
questionnaire and are capable of writing. Furthermore,
patients with cognitive impairment or psychiatric disorders
and patients with acute cardiovascular events within
2 months were excluded.

Measurements

This study was conducted using a questionnaire in Chinese,
i.e., the CHF-PROMs. The questionnaire comprises 4 domains
and 12 subdomains with 57 items, as shown in Table 1.

The validity and reliability of CHF-PROMs were confirmed
by reliability and validity verifications, and its clinical validity
was confirmed by preliminary tests (11, 12). In this study,
the Cronbach’s alpha of the data for 1-month follow-up after
discharge was 0.858 and 0.810 for the physiological domain,
0.840 for the psychological domain, 0.689 for the social domain,
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and 0.791 for the therapeutic domain. The Cronbach’s alpha
of the data for 6-month follow-up after discharge was 0.840,
0.767 for the physiological domain, 0.826 for the psychological
domain, 0.652 for the social domain, and 0.793 for the
therapeutic domain.

The scores of the items were calculated using a 5-point
Likert scale. Due to the different number of items within each
domain, the total score of each domain varies greatly. Therefore,
the scores of each domain were converted into a 100 points
system to facilitate the comparison between the results of each
domain: (1) The scores in the CHF-PROMs were transformed
from the range of 0–4 to the range of 1–5 according to whether
the item was positively or negatively scored; (2) The transformed
scores were added for each of the four dimensions; (3) The
scores of each dimension were normalized to the range of 0–100
with the following formula:

Score =
Transformed score−Minimum possible score

Maximum possible score−Minimum possible score
× 100.

Statistical analysis

Latent transition analysis (LTA) consists of two steps. The
first step is to determine whether there are homogeneous

TABLE 1 Scale structure of chronic heart failure-patient-reported
outcome measures (CHF-PROMs).

Domains Subdomains Items

Physical domain Somatic symptoms
(SOM)

PHY1-, PHY2-, . . ., PHY7-,
PHY8-

Appetite symptoms
(APS)

PHY9-, PHY10-, PHY11-,
PHY12-

Independence (IND) PHY13, PHY14, PHY15,
PHY16

Psychological
domain

Anxiety (ANX) PSY1-, PSY2-, . . ., PSY7-,
PSY8-

Depression (DEP) PSY9-, PSY10-, . . ., PSY13-,
PSY14-

Fear (FEA) PSY15-, PSY16-, PSY17-

Paranoid (PAR) PSY18-, PSY19-, PSY20-,
PSY21-

Social domain Social support (SUP) SOC1, SOC2, SOC3, SOC4,
SOC5

Support utilization
(UTI)

SOC6, SOC7, SOC8

Therapeutic
domain

Compliance (COM) TRE1, TRE2, TRE3

Satisfaction (SAT) TRE4, TRE5, . . ., TRE9,
TRE10

Side effects of drugs
(EOD)

TRE11-, TRE12-

“-” represent the reverse score of the item. PHY, physical domain; PSY, psychological
domain; SOC, social domain; TRE, therapeutic domain.
Bold values indicates items are scored negatively.

subgroups within the CHF patient cohort during follow-
up visits. Akaike information criterion (AIC) (13), Bayesian
information criterion (BIC) (14), and adjusted BIC (aBIC) (15)
were adopted to estimate the latent groups and models, where
AIC, BIC, or aBIC with the minimum chi-square statistics was
considered the proper latent groups with significant goodness of
fit. The grouping accuracy was evaluated with the entropy that
ranged from 0 to 1. The entropy is proportional to the grouping
accuracy (16). Likelihood-ratio tests such as Lo–Mendell–
Rubin (LMR) test and bootstrap likelihood ratio test (BLRT)
were adopted to determine whether the difference between
different grouping models was statistically significant (17, 18).
The second step is to estimate the probability of temporal
subgroup transition. AIC and BIC criteria were adopted to
identify the correct model structure of the data, where >10%
was regarded as a significant transition probability to identify
the significant transition path during the tracking. MissForest
was used to impute data with a missing ratio of less than
15% (19).

Latent transition analysis was conducted on Mplus 7.0.
Furthermore, R 4.0.2 was adopted to give a statistical
description, test common method variance, plot the probability
density curves, and determine the subgroups’ thresholds.
P < 0.05 was considered statistically significant.

Results

In this study, 712 questionnaires were distributed, of which
504 included two follow-up visits, and 497 were valid, with an
effective rate of 98.6% (Figure 1). Among the 497 patients, the
mean age was 67± 14.4 years, of which 280 (56.34%) were male.
In this study, an unrotated principal component analysis was
conducted using Harman’s single factor test on data from three
time points to test the common method variance. The results
indicated no excessive explanation of any of the factors for the
data at three time points, suggesting no significant common
method bias at three time points.

Latent subgroup classification and
transition

Supplementary Tables 1-1–1-4 show the latent profile
model fitting indices and latent transition model fitting
indices of 2–5 subtypes at T1, T2, and T3 time points
in each domain. The final subgroups in each domain
were classified according to AIC, BIC, aBIC, Entropy,
MRT, BLRT, and latent class probabilities. Based on the
analysis of the above evaluation indicators, patients were
finally divided into high- and low-level groups in each of
the four domains.

As shown in Figure 2, in the physiological domain, the
difference between the scores of the two subgroups gradually
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FIGURE 1

Flowchart of participant’s selection.

decreases over time; in the psychological domain, the difference
between the two subgroups in the four subdomains is more
pronounced at the first two time points, but turns small
at the T3; in the social domain, the difference between
the two subgroups remains almost unchanged over time;
in the therapeutical domain, the group with higher COM
and SAT lower EOD, while the group with lower COM
and SAT higher EOD. In addition, the difference between
the two subgroups in the three subdomains was more
pronounced at the first two time points but became small at
T3.

Based on the subgroup classification, the CHF-PROMs
score grading threshold of each subdomain was determined
by plotting the probability density curves of the individuals
in each subdomain and locating the intersection points of the
curves. Therefore, the scores of patients in different subgroups
could be preliminarily graded. Supplementary Figures 1–4
show the threshold scores for each subgroup of patients in each
subdimension of each domain at the three time points.

In the physiological domain, there is an overall upward
trend from T1 to T2, with patients in both the low and high
levels having an over 50% probability of transitioning to the
high level. In the psychological domain, there is an overall
increasing trend from T1 to T2 as patients in the low-level
group have a 71.6% probability of transitioning to the high-
level group. However, patients in the high-level remained in
their group from T2 to T3, and more patients transitioned to
the low-level group compared with 3 months ago. In the social
domain, patients in the high- and low-level groups have a 74.3
and 58% probability of remaining in their groups from T1 to T2,
respectively, which are over 50%. However, there is an overall
decreasing trend from T2 to T3 as patients in both groups
have an over 70% probability of shifting to the low-level group.
In the therapeutical domain, patients in the low-level group
have an over 90% probability of remaining in their groups, and
patients in the high-level group have a nearly 50% probability of
transitioning to the low-level group. However, there is an overall
decreasing trend from T2 to T3 as patients in both groups have
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FIGURE 2

The average score distribution of people in different dimensions in the four domains of latent transition analysis (LTA). In the four domains, the
mean distribution characteristics of the two subgroups at different time points after three potential shifts of dichotomy in different dimensions.
SOM, somatic symptoms; APS, appetite symptoms; IND, independence; ANX, anxiety; DEP, depression; FEA, fear; PAR, paranoid; SUP, social
support; UTI, support utilization; COM, compliance; SAT, satisfaction; EOD, side effects of drugs.

an over 60% probability of remaining or transitioning to the
low-level group (Figure 3).

The difference in covariate transition in different subgroups
at different times was further explored (Supplementary
Tables 1, 9, 15, 17).

Covariate effects

As shown in Table 2, in the physiological domain, women,
the elderly, and smoking patients are more likely to transition
from the high-level to the low-level group. The probability of
drinking patients transitioning from the high-level group is 1.12
and 0.46 times that of the non-drinking patients in the T1-
T2 and T2-T3 phases, respectively. Patients with moderate tea
consumption, moderate physical activity, and a light diet are
more likely to transition from the low-level to the high-level
groups.

In the psychological domain, female patients, patients not
engaging in physical labor, smokers, and physically active
patients are more likely to shift from the high-level to the low-
level groups. Unlike the physiological domain, more drinking

patients transition from the low-level to the high-level groups.
Specifically, the probability of drinking patients transitioning
from the low psychological level group is 2.81 and 1.19 times
that of the non-drinking patients in the T1-T2 and T2-T3
phases, respectively.

In the social domain, more elderly patients shift from the
low-level to the high-level groups. Specifically, the probability
of elderly patients transitioning from the low-level group is 1.12
and 1.21 times that of the young patients in the T1-T2 and T2-T3
phases, respectively.

In the therapeutical domain, patients of high education and
income levels are more likely to transition from the low-level
to the high-level groups. In the T1-T2 phase, the probability
of patients with high education levels transitioning from the
low-level group is 2.61 times that of the patients with low
education levels, and the probability of patients with high-
income levels transitioning from the low therapeutical level
group is 9.48 times that of the patients with low-income levels.
In the T2-T3 phase, the probability of patients with high
education levels transitioning from the low therapeutical level
group is 1.06 times that of the patients with low education
levels, and the probability of patients with high-income levels
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FIGURE 3

Latent transition trajectory of high and low levels in the four domains. It shows the state transitions over time in the different patient subgroups
of the four domains.

transitioning from the low therapeutical level group is 1.45 times
that of the patients with low-income levels.

Discussion

In this study, the transition of latent subtypes over time in
CHF patients and its influencing factors were investigated based
on the distribution of latent subtypes in CHF patients. LTA
was adopted to study the state transition in the patients in the
physiological, psychological, social, and therapeutic domains.

Patients with CHF were classified according to latent profile
analysis (LPA), LPA-based LTA, and patient-reported outcomes.
Specifically, the patients were classified into high- and low-
level groups in the physiological, psychological, and social
domains according to their subdomain scores. For instance, in
the physiological domain, patients in the high-level group have
a relatively better somatic condition, appetite and sleep, and
physical independence, while patients in the low-level group
have a relatively lower performance in the three subdomains.
Patients were also classified into two groups in the therapeutical
domain. The subdomain scores show that patients with high

satisfaction and adherence are prone to drug side effects or to
worry about the development of drug side effects. Studies on
other diseases, such as psychiatric disorders and hypertension,
have shown that medication side effects may affect patient
adherence and satisfaction (20–22).

Latent transition analysis reveals that in the physiological
domain, the high-level group is relatively stable in both phases,
and the low-level group is more prone to state transition in
the first phase and tends to stabilize in the second phase.
Some studies on CHF focused on the effect of multiple factors
on cardiac function classification or the prognosis of different
cardiac function classes and ejection fractions but rarely touched
on the physiological effect stratification (23–25). Patient state
transition analysis in this study shows that patient states increase
steadily before increasing at a decreasing rate. Therefore,
additional attention should be given to patients with a transition
from high to low levels. Multivariate analysis shows that gender,
age, tea consumption, smoking, alcohol consumption, physical
activity, and light diet statistically affect the patients. Female
patients are more likely to transition to the low-level group
in the physiological domain after discharge. Therefore, more
attention should be paid to the prognostic changes in women’s
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TABLE 2 Odds ratios for covariates predicting transitions between latent statuses of different levels.

Domains Covariates Transitiona
probabilities

Latent statusb Latent statusc

Low level High level Low level High level

Physical Female Low level – 1.65 (1.06–2.55) – 2.96 (1.67–5.26)

High level 0.61 (0.30–1.22) – 1.06 (0.54–2.01) –

The older age
group (≥70)

Low level – 4.47 (2.82–7.09) – 1.99 (1.13–3.51)

High level 0.29 (0.13–0.62) – 0.62 (0.31–1.26) –

Tea habit Low level – 0.52 (0.32–0.84) – 0.34 (0.17–0.65)

High level 1.39 (0.67–2.90) – 2.37 (1.14–4.92) –

Tobacco use Low level – – – 1.84 (1.02–3.13)

High level – – 0.61 (0.23–0.97) –

Alcohol use Low level – – – 0.46 (0.24–0.88)

High level – – 0.31 (0.86–1.11) –

Physical exercise Low level – 0.24 (0.15–0.38) – 0.25 (0.15–0.51)

High level 6.95 (2.95–16.40) – 12.71
(5.43–29.76)

–

Light diet Low level – 0.22 (0.14–0.35) – 0.28 (0.15–0.51)

High level 13.85
(5.73–33.44)

– 4.78 (2.32–9.85) –

Psychological Female Low level – 8.18 (0.95–70.80) – 0.87 (0.45–1.71)

High level 0.71 (0.34–1.48) – 1.34 (0.41–4.43) –

Non-manual
worker

Low level – 0.53 (0.09–2.93) – –

High level 0.83 (0.39–1.78) – – –

Tobacco use Low level – 5.73 (0.76–16.33) – –

High level 0.57 (0.32–1.89) – – –

Alcohol use Low level – – – 0.94 (0.55–3.23)

High level – – 1.19 (0.32–4.33) –

Physical exercise Low level – 2.14 (0.39–11.85) – 0.21 (0.09–0.45)

High level 2.57 (1.14–5.78) – 4.05 (1.21–13.54) –

Social The older age
group (≥70)

Low level – 0.59 (0.33–1.08) – –

High level 1.12 (0.67–1.86) – – –

Therapeutic High school
degree above

Low level – 0.58 (0.21–4.32) – 0.61 (0.23–4.73)

High level 2.61 (1.31–5.73) – 1.06 (0.46–2.43) –

Middle and high
income (>$1026)

Low level – 0.52 (0.20–1.36) – 0.18 (0.04–0.83)

High level 9.48 (4.27–21.03) – 1.45 (0.90–2.32) –

All covariates entered simultaneously as predictors of latent status transitions. Covariate dichotomized into “yes/no” as reference class in logistic regressions. aRows for a reference time,
bColumns for T1 transfer to T2, cColumns for T2 transfer to T3. The definition of each covariable is explained in the Supplementary material. There was no OR value for some variables
because there was no statistical difference in the transfer of patients in different subgroups at different times. Bold values indicates the state transition is statistically significant.

physical states. Age is an important influencing factor in patient
state. High age has been shown as a high-risk factor for poor
prognosis in patients with acute heart failure (26), and extended
care for elderly patients is a way to enhance the prognosis of
patients (27).

In the psychological domain, most patients’ psychological
level was improving, and the scores of the two groups were
getting closer. The results indicate that although the patients’
states have changed, their overall psychological level is gradually
improving. The change in patients’ psychological levels is similar
to that in patients’ physical levels, probably because patients’
psychological levels are influenced by physiological changes
(28). The probability and extent of state transition in mental
health are greater than those in physical health, and the score

analysis shows that an increase in patient scores cannot fully
identify an improvement in the patient’s mental state (29).
As mental health is a part of overall health, improving the
patient’s psychological level helps to improve the patient’s
physical condition (30). With the consideration of the normal
psychological changes in patients and the actual scores, patient
states should increase steadily before increasing at a decreasing
rate. Therefore, patients transitioning from the high-level group
to the low-level group (deteriorating patients) should be given
additional attention. Analysis of psychological risk factors
suggests that the statistically significant influencing factors
are gender, occupation, smoking, alcohol consumption, and
physical activity. Like the physiological domain, female patients
are more prone to deterioration (31). Smoking is a risk factor for
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psychological state shifts in patients (32). Alcohol consumption
has been shown to affect the patient’s psychological level
positively. The conclusion is contrary to previous studies
probably because moderate alcohol consumption can alleviate
patients’ anxiety, and different levels of alcohol consumption
have different effects on patients’ psychological and physical
conditions. This study also suggests that physical exercise
positively affects the patient’s psychological level, and prolonged
exercise may be more effective in stabilizing patients’ emotional
and psychological states. Different prognostic approaches
should be taken to improve the psychological level of CHF
patients at different stages and psychological levels.

In the social domain, patients’ social support and support
utilization tend to be stable after discharge and begin to
decline 1 month after discharge, which may be related to the
improvement from the disease. However, decreased support
does not mean reduced care for the patients. More attention
should be paid to patients transitioning from the low- to the
high-level groups (improving patients) to identify the factors
for improvement and help patients with deteriorated and
unimproved condition. Analysis of patient-specific changes in
social levels shows that age is the only factor associated with
changes in social levels, but the effect is small. Patients’ social
support levels and support utilization correlate with patients’
psychological and physical states, and studies on other diseases
suggest the influence of gender and age on the state shifts in the
social domain (33).

In the therapeutical domain, the change in patients’
treatment experience levels is similar to that in the social
domain, possibly due to the decreased adherence and
satisfaction with the physician after discharge compared
with the first discharge or the relaxed concern of the physician
on patient’s treatment experience after discharge. Improved
care, patient satisfaction, and adherence positively affect
the patient (31). Therefore, patient management should
be extended for a long period after discharge. Education
level and income are found to positively affect the study of
factors influencing changes in patients’ treatment experience.
The reason for the result may be that patients with higher
incomes and education levels are more likely to trust
doctors and have sufficient financial resources to support
adherence and satisfaction. Therefore, more attention should
be paid to the treatment experience of low-income and low-
education patients. Targeted out-of-hospital care and follow-up
visits should be arranged, and care for their conditions
should be given to improve their treatment experience, thus
improving their health.

Studies on all four domains at these three time points
show that post-hospital management of CHF patients is
currently lacking. In the physiological and psychological
domains, patient states improve shortly after discharge, but
the trend of improvement slows down and stops after a
long period. In the social and therapeutical domains, patients’

states maintain stable shortly after discharge but are more
likely to deteriorate after a long period. Therefore, patients’
condition in social and therapeutical domains deteriorate faster
than that in physiological and psychological domains, patients
require more attention after discharge. Patient adherence and
family support should be maintained to improve patient
psychological levels. Furthermore, close attention should be
paid to the conditions of CHF patients after discharge, and
the treatments should be adjusted timely for different subtypes.
For instance, patients with lower incomes and education levels
should be treated with more patience and care, and treatment
medication should be explained in more detail to improve
their treatment experience. In addition to medication, more
attention should be paid to lifestyle habits, such as moderate
exercise, diet, and tea drinking, to improve patients’ long-term
health conditions.

Study limitations

This study revealed the trajectory of disease development
and state transition in patients of different subtypes over time
based on CHF-PROMs. The effects of different covariates, such
as demographic characteristics and lifestyle, on longitudinal
changes in patients’ quality of life, were compared to provide
a basis for clinicians to develop personalized treatment plans
according to their conditions and improve patients’ quality of
life. However, there are still some limitations in this study. Some
continuous variables were downgraded to categorical variables,
which may cause information loss. Not all the covariates that
could affect patient state transition were covered in this study,
and the combined effect of multiple covariates was not studied.
The research methodology should be further improved. In
addition, the samples from three hospitals in Taiyuan cannot
represent the whole Shanxi. The results of the study may have
selection bias, and the extrapolation has certain limitations. The
source data will be further optimized, the CHF sample size
will be expanded, and more factors will be considered in the
following studies. Furthermore, the combined effect of multiple
factors and the intrinsic correlations between the four domains
will be considered.

Conclusion

This paper demonstrates post-discharge status transition
in CHF patients based on longitudinal PROMs data. For
CHF patients, more attention should be paid to the social
and therapeutic areas after discharge, and the post-hospital
management time should be appropriately extended. This
study may provide additional knowledge and increase clinical
understanding regarding the early assessment and management
of patients with CHF.
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