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ABSTRACT

Objective To explore the association between compliance
with quality indicators and hospitalisation expenses in
patients with heart failure.

Design Generalised linear model and quantile regression
model were used to examine the association between
compliance with five quality indicators and hospitalisation
expenses.

Setting Grade A hospital in Fujian Province, China.
Participants Data on 2568 heart failure admissions
between 2010 and 2015 were analysed.

Results The median (IQR) of hospitalisation expenses of
2568 patients was ¥10.9 (¥6.9-¥31.6) thousand. The rates
of compliance with five quality indicators were 90.3% for
evaluation of left ventricular function, 43.8% for diuretics,
62.0% for ACE inhibitors (ACEI) or angiotensin receptor
blockers (ARB), 67.4% for beta-blockers, and 58.9% for
aldosterone receptor antagonists. After adjustment for
gender, age, residence, method of payment, number of
diseases before admission, number of diseases at admission,
number of emergency treatments during hospital stay and
length of stay, patients who received evaluation for left
ventricular function, diuretics, or ACEIl or ARB had lower
hospitalisation expenses, and patients who received beta-
blockers had higher hospitalisation expenses, compared with
their counterparts in generalised linear models. Differences
in hospitalisation expenses between compliance and non-
compliance with quality indicators became larger across
quantile levels of hospitalisation expenses, and were found to
be statistically significant when quantile level exceeded 0.80
(¥39.7 thousand) in quantile regression models.
Conclusions The quality of care for patients with heart
failure was below the target level. There was a negative
relationship between compliance with quality indicators
and hospitalisation expenses at the extreme quantile of
expenses. More attention should be given to patients

who may experience extreme expenses, and effective
measures should be taken to improve the quality of care
they receive.

INTRODUCTION
Along with rapid economic development,
health expenditures had continuously been

Strengths and limitations of this study

» The study was the first to assess the association
between compliance with quality indicators and
hospitalisation expenses in Chinese patients with
heart failure.

» Quantile regression model was a good method
to explore the relationship between compliance
with quality indicators and hospitalisation ex-
penses, which were skewed to the right and were
heteroscedastic.

» The patients in this study were admitted to a grade
A hospital, and further study including other grade
hospitals may be needed to verify whether compli-
ance with quality indicators is associated with hos-
pitalisation expenses.

on the rise in China. It has been reported
that the country’s national health expen-
ditures (NHE) increased from ¥0.46 tril-
lion ($1=¥7.15) in 2000 to ¥5.16trillion in
2017. NHE had both a 25% increase over
the previous year in 2008 and 2016. The
proportion of out-of-pocket payment to NHE
decreased from 59.0% in 2000 to 28.8% in
2017.! However, the proportion of house-
hold health expenditure to household total
consumer spending continuously increased
to 7.3% and 9.7% in 2017 in urban and
rural areas, respectively.! Of the households
nationwide, 12.9% had catastrophic health
expenses (CHE) in 2011 and the incidence
of CHE reached 34.9% among rural inpa-
tients in 2013.% ° Therefore, out-of-pocket
payment remains a heavy economic burden
for residents.

The prevalence rate, hospitalisation rate,
mortality and disease burden of malig-
nant tumour and cardiovascular disease
were all higher than other diseases.* > Many
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organisations and researchers have focused on the
quality of care for malignant tumour and cardiovascular
disease to improve clinical outcomes and reduce disease
burden.” Optimal quality of care was defined as ‘the
most reasonable treatment mode, which was developed
using current evidence-based medicine and without
increasing economic burden for patients, to increase
the likelihood of desired clinical outcomes’."” Consensus
was reached that the higher the compliance rates with
quality indicators, the better the quality of care. In prac-
tice, compliance rates with quality indicators ranged from
53.4% to 81.7% for lung cancer," from 45.1% to 95.6%
for breast cancer,12 B from 94.2% to 99.2% for colorectal
cancer," from 5.1% to 82.5% for acute myocardial infarc-
tion,'* and from 44.0% to 89.8% for heart failure.'® All of
these studies showed that there were considerable gaps
between target level (100%) and clinical practice for
malignant tumours and cardiovascular diseases.

Distinctly, health expenditures increased over time,
but the quality of care was still not optimal. The reality
deviated from the expectation that optimal quality of
care would be achieved with appropriate health expendi-
tures. Therefore, there is a great need to improve quality
of care and control health expenditures. This study
aimed to assess the association between compliance with
quality indicators and hospitalisation expenses in patients
with heart failure. The results of the study will provide
support to improving the quality of care and reducing the
expenses of patients with heart failure and will serve as
basis for similar studies on other diseases.

METHODS

Quality indicators

The association between compliance with quality indica-

tors and hospitalisation expenses in patients with heart

failure (HF) was assessed using five quality indicators:

» HF-1: evaluation of left ventricular function: patients
with heart failure should have their left ventricular
function evaluated before arrival or during hospital-
isation, or should be planned for after discharge.' '°

» HF-2: diuretics (loop diuretics and thiazide diuretics):
patients with heart failure with fluid retention and
without contraindications to diuretics (eg, gout, liver
dysfunction, renal dysfunction, electrolyte distur-
bance, hypotension) should be prescribed a diuretic
during hospital stay."”'°

» HF-3: ACE inhibitor (ACEI) or angiotensin receptor
blocker (ARB): patients with heart failure without
contraindications to ACEI or ARB (eg, allergy to ACEI,
aortic stenosis, bilateral renal artery stenosis, renal
dysfunction, hyperkalaemia) should be prescribed an
ACEI or ARB during hospital stay.'> '°

» HF-4: beta-blocker: patients with heart failure without
contraindications to beta-blockers (eg, heart rate <60
beats per minute, conduction system disease, hypoten-
sion, asthma, severe obstructive lung disease) should
be prescribed a beta-blocker during hospital stay." '°

» HF-5: aldosterone receptor antagonist: patients with
moderate or severe heart failure with left ventricular
systolic dysfunction and without contraindications
to aldosterone receptor antagonist (eg, hypoten-
sion, hyperkalaemia, renal dysfunction) should be
prescribed an aldosterone receptor antagonist during
hospital stay.'” '°

Data source and study population

This was a retrospective study of all patients with heart
failure (code I50 in International Classification of
Diseases-10) who were admitted to a grade A hospital
in Fujian Province between 1 January 2010 and 31
December 2015. The medical record manager concealed
the names and addresses of patients before we abstracted
the data, and each patient was identified by a unique
medical record number. Patient variables were abstracted,
including medical record number, demographic charac-
teristics, method of payment (social basic medical insur-
ance, commercial insurance or self-paying), diseases
before admission which were self-reported by patients,
diseases at admission which were diagnosed by physicians,
physical examination (eg, blood pressure, heart rate),
biochemical examination (eg, serum potassium, serum
creatinine), number of emergency treatments during
hospital stay, therapies, associated main contraindica-
tions to therapies and hospitalisation expenses. Hospital-
isation expenses were the total expenses during hospital
stay, which included out-of-pocket expenses. To ensure
the reliability of data, two collectors abstracted the same
record with standardised definitions. The intercollector
consistency was assessed at the end of each day and the
agreement rate must be greater than 95%, otherwise the
record was reviewed the next day.

We restricted study population to patients aged 18 years
or older and excluded those who had left the hospital
on the first day, who were admitted again in 30 days,
who were pregnant, who were transferred from another
hospital, who participated in a random clinical trial or
who had metastatic cancer. The remaining 2568 patients
comprised the study population.

We classified a patient as to whether he or she was
eligible for a quality indicator and whether he or she
received the recommended therapy based on the defini-
tion of each quality indicator. The compliance rate with
each quality indicator was calculated as the number of
eligible patients who actually received the recommended
therapy divided by the total number of eligible patients
for that therapy.

Hospitalisation expenses

To make the comparison of hospitalisation expenses
across time meaningful, the amount of hospitalisation
expenses from 2010 to 2015 was transformed by consumer
price index (CPI) to the price level in 2010. The following
is the transformation formula: real price=nominal price
x (CPI of base year/CPI of object year). The CPI from
2010 to 2015 is displayed in table 1, with CPI=100 in 1978
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Table 1 Consumer price index and real price from 2010 to 2015, in thousand RMB

Low-expense

High-expense

Year CPI RMB n P, P, P, n P, P, P,

2010 536.1 100.0 95 4.0 5.5 7.0 163 11.6 17.0 43.6
2011 565.0 94.9 169 5.6 7.9 10.7 77 27.7 42.8 61.5
2012 579.7 92.5 373 5.8 8.3 10.9 191 26.5 41.3 62.8
2013 594.8 90.1 252 5.6 8.0 10.4 192 31.3 44.6 64.4
2014 606.7 88.4 360 5.3 7.3 9.8 219 25.3 42.7 61.3
2015 615.2 87.1 313 5.9 7.9 10.7 164 27.8 40.6 60.2
Total = = 1562 5.5 7.6 10.2 1006 22.8 40.2 60.4

CPI=100 in 1978 as reference.
RMB=100 in 2010 as reference.
CPI, consumer price index; RMB, renminbi.

as reference.'’ Therefore, the real price of ¥100, which
was the nominal price, was transformed to ¥94.9 [¥100 x
(536.1/565.0)] in 2011, and so on (table 1).

Statistical analysis

Quantiles for hospitalisation expenses and numbers and
percentages for categorical variables were reported. The
logarithm of hospitalisation expenses combined with data
on time was used to classify the patients into low-expense
group and high-expense group using cluster analysis. a
test was applied to compare differences between the two
groups. The association between compliance with quality
indicators and hospitalisation expenses was analysed using
generalised linear models with logarithmic link function
and gamma distribution for hospitalisation expenses.'®
Quantile regression models were also used to determine
if the association between compliance with quality indi-
cators and hospitalisation expenses was homogeneous.'
Gender, age, residence, method of payment, number of
diseases before admission, number of diseases at admis-
sion, number of emergency treatments and length of stay
as confounding factors were adjusted in each of these
analyses. All statistical analyses were conducted using SAS
V.9.2 software. Two-sided statistical tests with p<0.05 were
considered statistically significant.

RESULTS

Hospitalisation expenses

The quantile levels from 0 to 1 of hospitalisation expenses
are shown in figure 1. The median (IQR) was ¥10.9
(¥6.9-¥31.6) thousand. Of 2568 patients, 60.8% (1562)
were classified in the low-expense group and the rest were
classified in the high-expense group. The median (IQR)
was ¥7.6 (¥5.5-¥10.2) thousand and ¥40.2 (¥22.8-¥60.4)
thousand in the low-expense and the high-expense group,
respectively. Hospitalisation expenses were lowest in
2010 and were similar from 2011 to 2015 in both groups
(table 1).

Demographic characteristics

Table 2 displays the baseline and clinical characteristics of
the study population. Of 2568 patients, 60.8% were male
and 73.8% were aged 260 years; 89.6% paid for hospi-
talisation expenses using social basic medical insurance
and 8.4% patients paid by themselves; 55% had more
than one disease before admission; 66.4%, 40.4%, 32.9%
and 30.1% had hypertension, arrhythmia, coronary heart
disease and diabetes mellitus, respectively; and 48.5%
had more than five diseases at admission. Of the patients,
17.8% received emergency treatment during hospital
stay. Differences in gender, method of payment, number
of diseases before admission, number of diseases at admis-
sion, number of emergency treatments and length of stay
were statistically significant between the low-expense and
the high-expense group (p<0.05).

Compliance with quality indicators

In aggregate, 2319 (90.3%) of 2568 patients were evalu-
ated for left ventricular function. A diuretic was provided
in 821 (43.8%) of 1875 eligible patients. Of 2282 eligible
patients, 1414 (62.0%) received an ACEI or ARB during
their hospital stay. A total of 2145 patients were consid-
ered eligible for treatment with beta-blockers and 1445
(67.4%) received this treatment. An aldosterone receptor
antagonist was given in 511 (58.9%) of 868 eligible
patients. Of the five quality indicators, the compliance
rate was highest for evaluation of left ventricular function
and was lowest for diuretics (table 3).

The compliance rates for evaluation of left ventricular
function, ACEI or ARB, and aldosterone receptor antag-
onist were statistically lower in the high-expense group
than those in the low-expense group (p<0.05). The
compliance rate with beta-blockers was statistically lower
in the low-expense group than in the high-expense group
(p<0.05) (table 3).

Fu R, et al. BMJ Open 2020;10:2033926. doi:10.1136/bmjopen-2019-033926



Open access

Estimated Parameter by Quantile Level for HOSPITALISATION_EXPENSES
With 95% Confidence Limits
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Figure 1 Association between compliance with quality
indicators and hospitalisation expenses (in thousand RMB) in
quantile regression models. Five quantile regression models
were conducted for each quality indicator and only eligible
patients were included in each of these analyses. Adjusted
for gender, age, residence, method of payment, number of
diseases before admission, number of diseases at admission,
number of emergency treatments and length of stay. The x
axis shows the quantile level of hospitalisation expenses;
the y axis shows the estimated regression coefficients with
95% confidence limits. HF, heart failure; HF-1, evaluation of
left ventricular function; HF-2, diuretic; HF-3, ACE inhibitor
or angiotensin receptor blocker; HF-4, beta-blocker; HF-5,
aldosterone receptor antagonist; RMB, renminbi.

Association between compliance with quality indicators and
hospitalisation expenses

Overall, patients who were given evaluation for left ventric-
ular function, diuretic, ACEI or ARB, or aldosterone
receptor antagonist had lower hospitalisation expenses
than their counterparts. The regression coefficients (95%
confidence limit) in generalised linear model for these
therapies were -0.13 (-0.24 to -0.02), -0.22 (-0.30 to
-0.14), -0.15 (-0.22 to —0.08) and -0.22 (-0.32 to -0.11),
respectively. Patients who were given beta-blockers had
higher hospitalisation expenses than their counterparts,
with regression coefficient of 0.41 (95% confidence limit:
0.34 to 0.49). The association between compliance with
each therapy and hospitalisation expenses was indepen-
dent of the other therapies, except for the aldosterone
receptor antagonist (table 4).

3

The differences in hospitalisation expenses between
compliance and non-compliance with quality indicators
became larger across quantile levels of hospitalisation
expenses (figure 1).

» The association between compliance with evalua-
tion for left ventricular function and hospitalisation
expenses was found to be significant at quantiles of
0.80, 0.85 and 0.95 (¥39.7 thousand, ¥46.6 thousand
and ¥74.6 thousand). The regression coefficient
(95% confidence limit) was =7.1 (-14.2 to =0.7), -6.5
(-14.6 to -0.5) and —6.4 (-17.9 to —0.8), respectively
(figure 1, HF-1).

» The association between compliance with diuretic
and hospitalisation expenses was found to be signifi-
cant at and after the quantile of 0.45 (¥9.9 thousand).
The regression coefficient (95% confidence limit)
was from -0.8 (-1.5 to —=0.2) to -12.1 (-17.1 to -3.4)
(figure 1, HF-2).

» The association between compliance with ACEI or
ARB and hospitalisation expenses was found to be
significant from the quantile of 0.25 to 0.85 (¥6.9
thousand to ¥46.6 thousand). The regression coeffi-
cient (95% confidence limit) was from -0.6 (-1.0 to
-0.0) to =7.0 (-10.1 to -2.2) (figure 1, HF-3).

» The association between compliance with beta-
blocker and hospitalisation expenses was found to be
significant across all quantiles. The regression coeffi-
cient (95% confidence limit) was from 0.7 (0.2 to 1.2)
to 19.2 (10.6 to 23.9) (figure 1, HF-4).

» The association between compliance with aldosterone
receptor antagonist and hospitalisation expenses was
found to be significant from the quantile of 0.30-0.90
(¥7.6 thousand-¥59.9 thousand). The regression coef-
ficient (95% confidence limit) was from -0.9 (-1.9 to
—0.2) to -13.5 (-20.3 to —-0.3) (figure 1, HF-5).

As shown in figure 2, the association between compli-
ance with quality indicators and hospitalisation expenses,
which was analysed using a single quantile regression
model with five quality indicators as independent varia-
bles, was similar to the results in figure 1, except for aldos-
terone receptor antagonist. The association between
compliance with aldosterone receptor antagonist and
hospitalisation expenses was found to be significant from
the quantile of 0.15-0.25 (¥5.4 thousand—¥6.9 thousand).
The regression coefficient (95% confidence limit) was
from 0.9 (0.1 to 1.5) to 0.7 (0.3 to 1.2) (figure 2, HF-5).

DISCUSSION

Cardiovascular disease had been the major public health
problem in China which resulted in huge labour losses
and heavy disease burden.” Heart failure as the end
stage of cardiovascular diseases accounted for 20% of
hospitalisations and 40% of deaths due to cardiovas-
cular diseases.*” The China Health Statistics Yearbooks
reported that the per capita hospitalisation expenses for
patients with heart failure in grade A hospitals ranged
from ¥8.9 thousand in 2010 to ¥11.1 thousand in 2017."
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Coronary heart disease 844 32.9 407 26.1 437 43.4 83.80 <0.001

Renal disease 281 10.9 202 12.9 79 7.9 16.20 <0.001

Hyperlipidaemia 612 23.8 400 25.6 212 211 6.93 0.009

Electrolyte disturbance 692 26.9 349 22.3 343 34.1 42.93 <0.001

Arrhythmia 1037 40.4 660 42.3 377 37.5 5.80 0.016
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Table 3 Compliance with quality indicators of the study population

Total Low-expense High-expense
Indicator Compliance % Compliance % Compliance % e P value
HF-1 2319/2568 90.3 1438/1562 92.1 881/1006 87.6 14.07 <0.001
HF-2 821/1875 43.8 495/1158 42.8 326/717 45.5 1.33 0.248
HF-3 1414/2282 62.0 929/1417 65.6 485/865 56.1 20.53 <0.001
HF-4 1445/2145 67.4 839/1353 62.0 606/792 76.5 47.81 <0.001
HF-5 511/868 58.9 282/443 63.7 229/425 53.9 8.56 0.003

HF-1, evaluation of left ventricular function; HF-2, diuretic; HF-3, ACE inhibitor or angiotensin receptor blocker; HF-4, beta-blocker; HF-5,

aldosterone receptor antagonist.
HF, heart failure.

Obviously, the corresponding results in this study (from
¥21.0 thousand in 2010 to ¥24.6 thousand in 2015) were
much higher than the official figures. It implied that the
patients in Fujian Province had heavier disease economic
burden.

Echocardiography has always been used for evalu-
ating left ventricular function and is associated with
more use of evidence-based medicine to achieve desired
clinical outcomes.”’ Diuretics are the only drug used to
adequately control fluid retention and is the key factor
that affects the effectiveness of other drugs.”* ACEI or
ARB, beta-blocker, and aldosterone receptor antagonist
all showed associations with reduction in risk of readmis-
sion and mortality.'®** These therapies as quality indica-
tors had been applied by accreditation organisations in
several countries to assess the quality of care in patients
with heart failure.***° Ideally, the compliance rates with
these recommended therapies should approach or reach
100%. However, the compliance rates in this study were
not optimal and different from those of patients in north-
east China.'”

Furthermore, it was found that hospitalisation expenses
of patients who received the recommended thera-
pies were lower than those of patients who did not. By
comprehensive consideration of the findings from five
quality indicators, the negative relationship between
compliance with the recommended therapies and hospi-
talisation expenses was significant when the quantile level
exceeded 0.8 (¥39.7 thousand). The results hinted that
higher expenses did not always come with better quality
of care. Patients may have increased quality of care along
with increased expenses, but this changes when expenses
reach a certain degree. These findings could be because
compliance with quality indicators relieves symptoms,
prevents the condition from deteriorating, reduces the
risk of adverse outcomes, shortens the length of stay and
prevents extreme expenses. In this study, patients who did
not receive the recommended therapies also had valvular
heart disease, coronary heart disease, chronic obstructive
pulmonary disease, digestive diseases and renal failure,
and/or received emergency treatment during hospital
stay. Physicians focused more on the therapies for these
comorbidities and neglected effective therapies for heart

failure, and these comorbidities cost more. It is suggested
that more attention should be given to patients who may
experience extreme expenses and to the quality of care
they receive for heart failure.

To achieve the balance of optimal quality of care and
appropriate hospitalisation expenses for patients with
heart failure, several suggestions are proposed. Health
administrations should widely publicise the importance
of quality assessment, and quality of care should be regu-
larly supervised and assessed.?’” Effective measures should
be taken to improve quality of care, such as initiating and
participating in improvement initiatives,” ' and unnec-
essary therapies should be reduced.

Several issues should be considered in the interpreta-
tion of the findings. First, the association between compli-
ance with quality indicators and hospitalisation expenses
was assessed based on the assumption that compliance
with quality indicators would result in lower risk of adverse
outcomes, and the length of stay as an outcome variable
was adjusted in the analyses. Second, the reasons for non-
use of recommended therapies according to patient pref-
erence were documented in medical records and these
patients were excluded from the association analyses.
However, patients’ income may influence compliance
and hospitalisation expenses. The method of payment,
which could reflect patients’ social economic status to
some extent, was adjusted for in the analyses. Third, this
study was retrospective and the link between quality and
expenses did not prove causality. Finally, the patients in
this study were admitted to a grade A hospital, which
had higher health expenditures compared with hospi-
tals of other grades. Further study that includes other
grade hospitals is needed to verify whether compliance
with quality indicators is associated with hospitalisation
expenses.

CONCLUSIONS

In China, the quality of care for patients with heart
failure was below the target level. There was a negative
relationship between compliance with quality indicators
and hospitalisation expenses at the extreme quantile of
expenses. More attention should be given to patients
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Table 4 Association between compliance with quality indicators and hospitalisation expenses (in thousand RMB) in generalised linear model

Model B*
B (95% confidence limits)

-0.11 (-0.22 to 0.00)
~0.22 (~0.30 to -0.15)

Model A*

Median (IQR)
Compliance

P value
0.041
<0.001

XZ

P value

XZ

B (95% confidence limits)
—-0.13 (-0.24 to —-0.02)
-0.22 (-0.30 to -0.14)

Non-compliance

Indicator
HF-1

4.18
31.53
11.10

38.21

0.024
<0.001
<0.001
<0.001
<0.001

5.11
29.20
15.85

120.13

14.03 (7.23-41.98)
10.47 (6.84-30.59)
11.93 (7.12-40.92)

10.77 (6.88-29.75)
11.42 (7.22-23.44)
10.11 (6.52-22.01)
11.83 (7.35-35.72)
12.25 (8.20-29.66)

HF-2

0.001
<0.001

~0.11 (~0.18 to —0.05)

~0.15 (=0.22 to —0.08)

HF-3

0.20 (0.14 to 0.27)

0.41 (0.34 to 0.49)
~0.22 (-0.32 to —0.11)

8.62 (5.80-14.24)
15.88 (8.98-42.75)

HF-4

0.833

0.04

0.01 (~0.08 to 0.10)

16.24

HF-5

Model A: five generalised linear models were conducted for each quality indicator and only eligible patients were included in each of these analyses.

Model B: a single generalised linear model was conducted with five quality indicators as independent variables among all the patients.

HF-1, evaluation of left ventricular function; HF-2, diuretic; HF-3, ACE inhibitor or angiotensin receptor blocker; HF-4, beta-blocker; HF-5, aldosterone receptor antagonist.

*Adjusted for gender, age, residence, method of payment, number of diseases before admission, number of diseases at admission, number of emergency treatments and length of stay.

HF, heart failure; RMB, renminbi.

Estimated Parameter by Quantile Level for HOSPITALISATION_EXPENSES
With 95% Confidence Limits

150

100 s
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0 254
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Figure 2 Association between compliance with quality
indicators and hospitalisation expenses (in thousand RMB) in
quantile regression model. A single quantile regression model
was conducted with five quality indicators as independent
variables among all the patients. Adjusted for gender, age,
residence, method of payment, number of diseases before
admission, number of diseases at admission, number of
emergency treatments and length of stay. The x axis shows
the quantile level of hospitalisation expenses; the y axis
shows the estimated regression coefficients with 95%
confidence limits. HF, heart failure; HF-1, evaluation of left
ventricular function; HF-2, diuretic; HF-3, ACE inhibitor or
angiotensin receptor blocker; HF-4, beta-blocker; HF-5,
aldosterone receptor antagonist; RMB, renminbi.

who may experience extreme expenses, and effective
measures should be taken to improve the quality of care
they receive.

Author affiliations

"Department of Epidemiology and Health Statistics, Fujian Provincial Key Laboratory
of Environment factors and Cancer, School of Public Health, Fujian Medical
University, Fuzhou, Fujian, China

%Emergency Department, Fujian Medical University Affiliated Fuzhou First Hospital,
Fuzhou, Fujian, China

SFujian Digital Institute for Tumor Big Data, Fujian Medical University, Fuzhou,
Fujian, China

4Key Laboratory of Ministry of Education for Gastrointestinal Cancer, Fujian Medical
University, Fuzhou, Fujian, China

Contributors RF analysed and interpreted the data and was a major contributor
in writing the manuscript. SF, YW, ZL and YJ abstracted the data. FH interpreted the
data. ZH designed the work. All authors read and approved the final manuscript.

Funding This work was supported by the Youth Scientific Research of Health and
Family Planning of Fujian Province (2017-1-65 to RF), National Key R&D Program

Fu R, et al. BMJ Open 2020;10:6033926. doi:10.1136/bmjopen-2019-033926



of China (2017YFC0907100 to ZH) and Startup Fund for Scientific Research, Fujian
Medical University (2016QH010 to RF).

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Obtained.

Ethics approval This was a retrospective study based on abstraction of medical
records with approval from the Ethical Committee of Fujian Medical University.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request from the
corresponding author.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Zhijian Hu http://orcid.org/0000-0002-6889-0789

REFERENCES

1 National Health and Family Planning commission. China health
statistical yearbook in 2018. Beijing, China: Chinese Academy
Science & Peking Union Medical College Press, 2019.

2 Meng Q, Xu L, Zhang Y, et al. Trends in access to health services
and financial protection in China between 2003 and 2011: a cross-
sectional study. Lancet 2012;379:805-14.

3 Xie B, Huo M, Wang Z, et al. Impact of the new cooperative medical
scheme on the trend of catastrophic health expenditure in Chinese
rural households: results from nationally representative surveys from
2003 to 2013. BMJ Open 2018;8:e019442.

4 Chen W, Zheng R, Baade PD, et al. Cancer statistics in China, 2015.
CA Cancer J Clin 2016;66:115-32.

5 LiuS, LiY, Zeng X, et al. Burden of cardiovascular diseases in China,
1990-2016: findings from the 2016 global burden of disease study.
JAMA Cardiol 2019;4:342-52.

6 Campion FX, Larson LR, Kadlubek PJ, et al. Advancing performance
measurement in oncology. Am J Manag Care 2011;17:SP32-6.

7 Higashi T, Nakamura F, Saruki N, et al. Establishing a quality
measurement system for cancer care in Japan. Jon J Clin Oncol
2013;43:225-32.

8 Heidenreich PA, Solis P, Mark Estes NA, Estes NAM, et al. 2016
ACC/AHA clinical performance and quality measures for adults with
atrial fibrillation or atrial flutter: a report of the American College of
Cardiology/American heart association Task force on performance
measures. Circ Cardiovasc Qual Outcomes 2016;9:443-88.

9 Jneid H, Addison D, Bhatt DL, et al. 2017 AHA/ACC clinical
performance and quality measures for adults with ST-elevation and
non-ST-elevation myocardial infarction: a report of the American
College of Cardiology/American heart association Task force on
performance measures. J Am Coll Cardiol 2017;70:2048-90.

10 Mosimah Cl, Battle-Fisher M. Quality of care. In: Encyclopedia of
global bioethics, 2015.

11 Li X, Zhou Q, Wang X, et al. The effect of low insurance
reimbursement on quality of care for non-small cell lung cancer in
China: a comprehensive study covering diagnosis, treatment, and
outcomes. BMC Cancer 2018;18.

12

13

20

21

22

23

24

25

26

27

28

29

30

31

Bao H, Yang F, Su S, et al. Evaluating the effect of clinical care
pathways on quality of cancer care: analysis of breast, colon and
rectal cancer pathways. J Cancer Res Clin Oncol 2016;142:1079-89.
Su S, Bao H, Wang X, et al. The quality of invasive breast cancer
care for low reimbursement rate patients: a retrospective study. PLoS
One 2017;12:e0184866.

Wang Y, Fu R, Wang Z, et al. Assessing the quality of care for
patients with acute myocardial infarction in China. Clin Cardiol
2015;38:327-32.

Fu R, Xiang J, Bao H, et al. Association between process indicators
and in-hospital mortality among patients with chronic heart failure in
China. Eur J Public Health 2015;25:373-8.

Writing Committee Members, Yancy CW, Jessup M, et al. 2013
ACCF/AHA guideline for the management of heart failure: a report
of the American College of cardiology Foundation/American

heart association Task force on practice guidelines. Circulation
2013;128:€240-327.

State Statistics Bureau. China statistical yearbook 2017. Beijing:
Chinese Statistics Press, 2018.

Barber J, Thompson S. Multiple regression of cost data: use of
generalised linear models. J Health Serv Res Policy 2004;9:197-204.
Marrie RA, Dawson NV, Garland A. Quantile regression and restricted
cubic splines are useful for exploring relationships between
continuous variables. J Clin Epidemiol 2009;62:511-7.

Qian JF, Jiang H, JB G. The epidemiology and current therapy of
chronic heart failure in China. J Chin Clin Med 2009;16:700-3.
Tribouilloy C, Rusinaru D, Mahjoub H, et al. Impact of
echocardiography in patients hospitalized for heart failure:

a prospective observational study. Arch Cardiovasc Dis
2008;101:465-73.

Faris R, Flather M, Purcell H, et al. Current evidence supporting

the role of diuretics in heart failure: a meta analysis of randomised
controlled trials. Int J Cardiol 2002;82:149-58.

Yancy CW, Jessup M, Bozkurt B, et al. 2017 ACC/AHA/HFSA
focused update of the 2013 ACCF/AHA guideline for the
management of heart failure: a report of the American College of
Cardiology/American heart association Task force on clinical practice
guidelines and the heart failure Society of America. Circulation
2017;136:E137-+.

Bonow RO, Ganiats TG, Beam CT, et al. ACCF/AHA/AMA-PCPI
2011 performance measures for adults with heart failure: a report
of the American College of cardiology Foundation/American heart
association Task force on performance measures and the American
medical association-physician consortium for performance
improvement. Circulation 2012;125:2382-401.

Lee DS, Tran C, Flintoft V, et al. CCORT/CCS quality indicators for
congestive heart failure care. Can J Cardiol 2003;19:357-64.

Tu JV, Donovan LR, Lee DS, et al. Effectiveness of public report
cards for improving the quality of cardiac care: the effect study: a
randomized trial. JAMA 2009;302:2330-7.

Hearld L, Alexander JA, Wolf LJ, et al. Dissemination of quality
improvement innovations by multisector health care alliances. J
Health Organ Manag 2019;33:511-28.

Wu'Y, Li S, Patel A, et al. Effect of a quality of care improvement
initiative in patients with acute coronary syndrome in resource-
constrained hospitals in China: a randomized clinical trial. JAMA
Cardiol 2019;4:418.

Silver SA, McQuillan R, Harel Z, et al. How to sustain change and
support continuous quality improvement. Clin J Am Soc Nephrol
2016;11:916-24.

Berman L, Raval MV, Goldin A. Process improvement strategies:
designing and implementing quality improvement research. Semin
Pediatr Surg 2018;27:379-85.

Villa S, Restuccia JD, Anessi-Pessina E, et al. Quality improvement
strategies and tools: a comparative analysis between Italy and the
United States. Health Serv Manage Res 2018;31:205-17.

Fu R, et al. BMJ Open 2020;10:6033926. doi:10.1136/bmjopen-2019-033926


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-6889-0789
http://dx.doi.org/10.1016/S0140-6736(12)60278-5
http://dx.doi.org/10.1136/bmjopen-2017-019442
http://dx.doi.org/10.3322/caac.21338
http://dx.doi.org/10.1001/jamacardio.2019.0295
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/21711075
http://dx.doi.org/10.1093/jjco/hyt001
http://dx.doi.org/10.1161/HCQ.0000000000000018
http://dx.doi.org/10.1016/j.jacc.2017.06.032
http://dx.doi.org/10.1186/s12885-018-4608-y
http://dx.doi.org/10.1007/s00432-015-2106-z
http://dx.doi.org/10.1371/journal.pone.0184866
http://dx.doi.org/10.1371/journal.pone.0184866
http://dx.doi.org/10.1002/clc.22405
http://dx.doi.org/10.1093/eurpub/cku187
http://dx.doi.org/10.1161/CIR.0b013e31829e8776
http://dx.doi.org/10.1258/1355819042250249
http://dx.doi.org/10.1016/j.jclinepi.2008.05.015
http://dx.doi.org/10.1016/j.acvd.2008.06.012
http://dx.doi.org/10.1016/S0167-5273(01)00600-3
http://dx.doi.org/10.1161/CIR.0000000000000509
http://dx.doi.org/10.1161/CIR.0b013e3182507bec
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/12704479
http://dx.doi.org/10.1001/jama.2009.1731
http://dx.doi.org/10.1108/JHOM-08-2017-0195
http://dx.doi.org/10.1108/JHOM-08-2017-0195
http://dx.doi.org/10.1001/jamacardio.2019.0897
http://dx.doi.org/10.1001/jamacardio.2019.0897
http://dx.doi.org/10.2215/CJN.11501015
http://dx.doi.org/10.1053/j.sempedsurg.2018.10.006
http://dx.doi.org/10.1053/j.sempedsurg.2018.10.006
http://dx.doi.org/10.1177/0951484818755534

	Association between compliance with quality indicators and hospitalisation expenses in patients with heart failure: a retrospective study using quantile regression model in China
	Abstract
	Introduction﻿﻿
	Methods
	Quality indicators
	Data source and study population
	Hospitalisation expenses
	Statistical analysis

	Results
	Hospitalisation expenses
	Demographic characteristics
	Compliance with quality indicators
	Association between compliance with quality indicators and hospitalisation expenses

	Discussion
	Conclusions
	References


