
Healthcare quality and mortality among patients
hospitalized for heart failure by hospital level in
Beijing, China

Liu He1, Zhao-Jie Dong1, Xin Du1,2,3*, Chao Jiang1, Ning Chen1, Shi-Jun Xia1, Xiao-Xia Hou1, Hai-Rong Yu1,
Qiang Lv1, Rong-Hui Yu1, De-Yong Long1, Rong Bai1, Nian Liu1, Cai-Hua Sang1, Chen-Xi Jiang1, Song-Nan Li1,
Mark D. Huffman3,4, Jian-Zeng Dong1 and Chang-Sheng Ma1*

1Department of Cardiology, Beijing Anzhen Hospital, Capital Medical University, National Clinical Research Center for Cardiovascular Diseases, Beijing Advanced Innovation
Center for Big Data-Based Precision Medicine for Cardiovascular Diseases, No. 2, Anzhen Road, Chaoyang District, Beijing, 100029, China; 2Heart Health Research Center,
Beijing, China; 3The George Institute for Global Health, University of New South Wales, Sydney, New South Wales, Australia; 4Feinberg School of Medicine, Northwestern
University, Chicago, IL, USA

Abstract

Aims This study sought to compare healthcare quality and 30 day, 90 day, and 1 year mortality rates among patients admit-
ted to secondary and tertiary hospitals for heart failure (HF) in Beijing.
Methods and results This study retrospectively enrolled patients hospitalized with a primary discharge diagnosis of HF dur-
ing January 2014 to December 2015, from five tertiary and four secondary hospitals, in Beijing, China. Mortality data were ex-
tracted from Beijing Death Surveillance Database. HF healthcare quality indices were used to evaluate in-hospital care.
Associations between hospital level and mortality rates were assessed using generalized linear mixed models, adjusting for
patients’ baseline characteristics and intra-hospital correlation. Data from 1413 patients (median [interquartile range]
age = 74 [65–80] years, 52.7% female) from secondary hospitals and 1250 patients (median [interquartile range] age = 72
[61–79] years, 43.3% female) from tertiary hospitals were collected. Rates of left ventricular ejection fraction assessment
(73.2% vs. 90.1%) and combined use of β-blockers and angiotensin-converting enzyme inhibitors/angiotensin II receptor
blockers (30.1% vs. 49.3%) were lower in secondary hospitals than those in tertiary hospitals, respectively. Patients admitted
to secondary hospitals had a higher 90 day mortality [10.8% vs. 5.0%; adjusted odds ratio (OR): 2.06; 95% confidence interval
(CI): 1.10–3.84, P = 0.024 and a higher 1 year mortality rate [21.0% vs. 12.1%; adjusted OR: 1.64; 95% CI: 1.02–2.62, P = 0.039],
but 30 day mortality rates were not significantly different (5.5% vs. 3.0%; adjusted OR: 1.49; 95% CI: 0.63–3.52, P = 0.368).
Conclusions Worse quality of care for patients with HF in secondary hospitals was associated with higher 90 day and 1 year
mortality rates. Improving care quality in secondary hospitals is crucial to improve prognosis of patients they served.
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Introduction

Heart failure (HF) is becoming an overwhelming social burden
alongside the rapid population aging and changing profile of
cardiovascular risk in China.1–3 China ranks the highest
among low-income and middle-income countries for its bur-
den of HF.4,5 Despite the availability of evidence-based

therapies to prevent death and re-hospitalization in HF
patients,6 gaps between practice and guidelines remain large,
especially in middle-income countries like China.7–11 Left ven-
tricular ejection fraction (LVEF) assessment, use of β-blocker,
use of angiotensin-converting enzyme inhibitors (ACEIs) or
angiotensin II receptor blockers (ARBs) for patients with left
ventricular systolic dysfunction (LVSD), and provision of
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post-discharge appointments have been recommended as
metrics to measure healthcare quality of care for patients ad-
mitted with HF.12,13 Data from the United States show varia-
tion in caring of patients with HF decreased from 25% in 2006
to 8% in 2011 after quality improvement activities.14 Al-
though wide heterogeneity in caring of patient with HF
among different hospitals has been reported in China,11 dif-
ferences in the quality of care across different hospital levels
have rarely been compared. Moreover, despite suboptimal
in-hospital care for patients with HF in China, inpatient mor-
tality rates have been lower in China compared with data re-
ported from other countries.10 Considering the social
convention of not dying in hospital, out-of-hospital death in-
formation has become essential to evaluate quality of
in-hospital care and short-term outcomes of HF patients.
Our study aims to compare quality of care in secondary hos-
pitals and that in tertiary hospitals in Beijing, China, and the
association with 30 day, 90 day, and 1 year mortality rates
among patients hospitalized with HF.

Method

Study design and data collection

We invited all the affiliated hospitals and teaching hospitals
of the Capital Medical University, including 10 tertiary hospi-
tals and 13 secondary hospitals, of which five typical tertiary
hospitals and four typical secondary hospitals agreed to
participate in this study. All these participating hospitals
provided inpatient care to HF patients within existing cardio-
vascular departments. In China, hospitals are graded into
community health centres, secondary hospitals and tertiary
hospitals, according to their functionality, size and specializa-
tion. Tertiary hospitals generally have a large number of beds
and provide comprehensive medical services. Secondary hos-
pitals usually provide general medical service to catchment

areas of 300 000–500 000 local inhabitants. Characteristics
of participating tertiary hospitals and secondary hospitals
are shown in Table A1. All patients aged 18 years or older
and hospitalized with a primary discharge diagnosis of HF
during 1 January 2014 to 31 December 2015 were included
in this study. For patients hospitalized twice or more in the
participating hospitals, only the most recent inpatient hospi-
talization was included in the analysis.

Data were collected through chart review by trained staff.
Information on patients’ demographic characteristics, medi-
cal history, clinical presentation, laboratory examination,
echocardiography, in-hospital treatments, discharge diagno-
ses, and medications at discharge were collected. We used in-
surance types as a proxy for patients’ socio-economic status.
The database was linked to the Death Surveillance System in
Beijing to obtain all patient’s survival information after ad-
mission. Ethical approvals were acquired from each partici-
pating hospital. Informed consent was waived in this study.

Metrics used in the measurement of healthcare
quality in patients with heart failure

We reported three inpatient performance measures: (i) pro-
portion of patients who had an LVEF assessment, (ii) propor-
tion of β-blocker prescription at discharge in patients with
LVSD, defined as LVEF < 40%, and (iii) proportion of ACEI
or ARB prescription at discharge in patients with LVSD. All
these indices were recommended by the American Heart As-
sociation/American College of Cardiology/American Medical
Association HF performance measurement guideline.13 We
also evaluated two additional quality measures: (i) proportion
of patients with B-type natriuretic peptide (BNP) /N-terminal
pro BNP tested and (ii) proportion of mineralocorticoid recep-
tor antagonists (MRAs) prescription at discharge in patients
with LVSD12,13,15 (Table 1). For measures of drug prescrip-
tions at discharge, patients with contraindication or patients
who died during their hospitalization were excluded.

Table 1 Comparison of impatient performance measures between the ACCF/AHA/AMA-PCPI 2011 Guideline and the current study

What ACCF/AHA/AMA-PCPI 2011 Guideline advised What was measured in the current study

LVEF assessment LVEF assessment
β-blocker therapya for LVSD β-blocker therapya for LVSD
ACEI/ARB therapya for LVSD ACEI/ARB therapya for LVSD
Post-discharge appointment for HF patients —

BNP/NT-proBNP test
MRAs therapya for LVSD

Abbreviations: ACCF, American College of Cardiology Foundation; AHA, American Heart Association; AMA-PCPI, American Medical Asso-
ciation–Physician Consortium for Performance Improvement; ACEI, angiotensin-converting enzyme inhibitors; AMA, American Medical
Association; ARB, angiotensin II receptor blockers; BNP, B-type natriuretic peptide; HF, heart failure; LVEF, left ventricular ejection fraction;
LVSD: left ventricular systolic dysfunction; MRA, mineralocorticoid receptor antagonists; NT-proBNP, N-terminal pro B-type natriuretic
peptide.
aDrugs were prescribed at hospital discharge. Patients with contraindication or patients who died during their hospitalization were
excluded.
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Clinical outcomes

Patients’mortality data were acquired from the Beijing Death
Surveillance System through data linkage, which records sur-
vival status of all Beijing citizens. Patients with the same
name initials, sex, and birth dates in the health record and
in the surveillance system were considered as the same per-
son. Patients not recorded in the death surveillance system
were considered as alive. A 30 day mortality rate was defined
as the proportion of patients who died from any reason
within 30 days after being admitted to a hospital with HF as
the primary discharge diagnosis. The 90 day and 1 year mor-
tality rates were defined as death from any cause within
90 days or within 1 year after hospital admission.

Statistical analysis

Patients’ baseline characteristics, clinical outcomes and hos-
pital performance measures were analysed to assess differ-
ences between secondary and tertiary hospitals. We
summarized skewed continuous variables as median with in-
terquartile ranges, normally distributed data as mean with
standard deviations and categorical variables as frequencies
and percentages. Student’s t test/Wilcoxon rank-sum test,
and χ2 test were used to compare continuous or categorical
data between two hospital groups.

Propensity score-weighted hierarchical generalized linear
mixed models with logit link were performed to compare
30 day, 90 day, and 1 year mortality rates between secondary
and tertiary hospitals. Propensity scores, which represent the
probability of being admitted to tertiary hospital compared
with a secondary hospital, were acquired using a logistic
model that adjusted for 11 patient-level risk factors that asso-
ciated with patients’ outcomes,16 including age, sex, LVEF,
New York Heart Association class, serum creatinine, diabetes,
systolic blood pressure, body mass index, HF duration, cur-
rent smoking, and chronic obstructive pulmonary disease.
Weights of models were derived from the inverse of propen-
sity score or the inverse of 1 minus propensity score.17 Addi-
tional adjustment of patient-level risk factors that used in the
propensity score calculation was also performed in modelling
process. Although these covariates were already in the pro-
pensity score model, this double-adjustment approach re-
duced selection bias as thoroughly as possible following the
principle of ‘double robustness’.18 Four models were set up
sequentially. The 11 patient-level risk factors mentioned ear-
lier were adjusted in Model 1. The variables including heart
rate >100 beats per minute, anaemia (haemoglobin
<130 g/L in male patients, haemoglobin <120 g/L in female
patients), medical history of coronary artery disease (defined
as a history of myocardial infarction, percutaneous coronary
intervention, or coronary artery bypass graft surgery), cardio-
myopathy, valvular heart disease, and stroke were further

adjusted in Model 2. Health insurance and marriage were
added to previously adjusted risk factors for Model 3. Dis-
charge prescription of β-blocker, ACEI/ARB, and MRAs were
added to previous risk factors for Model 4. Clustering of pa-
tients and their care within hospitals was treated as random
effects in all hierarchical generalized linear mixed models.
Odds ratios (ORs) and their 95% confidence intervals (CIs)
were presented to show the associations of predictors and
clinical outcomes.

Modes were used to impute missing values of categorical
variables, and medians were imputed for missing values of
continuous variables. Haemoglobin level had the highest pro-
portion of missing values at 5%, which were replaced with
the median value of 132 g/L. A two-sided P value less than
0.05 was considered statistically significant. All statistical
analyses were performed using SAS software version 9.4
(SAS Institution Inc., Cary, NC, USA).

Results

Baseline characteristics

We enrolled 2663 patients hospitalized due to HF (1413 from
four secondary hospitals and 1250 from five tertiary hospi-
tals). Table 2 outlines the baseline characteristics of the pa-
tients. Patients hospitalized in secondary hospitals were
older (median age: 74 years vs. 72 years, P < 0.001) and with
larger proportion of female patients (52.7% vs. 43.3%,
P < 0.001) than those hospitalized in tertiary hospitals. A sig-
nificantly higher proportion of patients in secondary hospitals
(55.5% vs. 4.4%, P < 0.001) was covered by the New Rural
Cooperative Medical Scheme (NRCMS, which covered rural
residents in China). Prevalence of coronary artery disease,
cardiomyopathy, atrial fibrillation, hypertension, diabetes,
anaemia, and kidney dysfunction (estimated glomerular fil-
tration rate <60 mL/min/1.73m2) were higher in patients
hospitalized in tertiary hospitals.

Performance measures

Table 3 demonstrates rates of individual performance mea-
sures by hospital level. Although proportions of patients hav-
ing BNP/N-terminal pro BNP tested were similar in secondary
and tertiary hospitals (85.9% vs. 87.7%, P = 0.180), a lower pro-
portion of patients in secondary hospitals had LVEF evaluated
(73.2% vs. 90.1%, P < 0.001). A lower proportion of patients
with LVSD wad prescribed β-blockers or combined β-blockers
and ACEI/ARB at discharge in secondary hospitals (44.3% vs.
72.4%, and 30.1% vs. 49.3%, respectively, both P< 0.001). Al-
though not statistically significant, proportion of patients re-
ceiving ACEI/ARB was also lower in secondary hospitals
(57.1% vs. 64.4%, P = 0.070). In contrast, a slightly higher
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Table 2 Patients’ baseline characteristics by hospital levels

Patient characteristics Total (N = 2663)

Patients admitted
to secondary hospitals
(N = 1413)

Patients admitted
to tertiary hospitals
(N = 1250) P value

Age, median (IQR), years 73 (63, 80) 74 (65, 80) 72 (61, 79) <0.001
Female, N (%) 1286/2663 (48.3%) 745/1413 (52.7%) 541/1250 (43.3%) <0.001
Married, N (%) 2516/2663 (94.5%) 1334/1413 (94.4%) 1182/1250 (94.6%) 0.865

Insurance, N (%)
Free medical care (urban: 100% covered) 163/2663 (6.1%) 5/1413 (0.4%) 158/1250 (12.6%) <0.001
URBMI/UEBMI (urban: partially covered) 1389/2663 (52.2%) 569/1413 (40.3%) 820/1250 (65.6%)
NRCMS (rural: partially covered) 839/2663 (31.5%) 784/1413 (55.5%) 55/1250 (4.4%)
100% out of pocket 77/2663 (2.9%) 35/1413 (2.5%) 42/1250 (3.4%)
Other (i.e. commercial insurance) 195/2663 (7.3%) 20/1413 (1.4%) 175/1250 (14.0%)

NYHA classification, N (%)
I 8/2663 (0.3%) 3/1413 (0.2%) 5/1250 (0.4%) <0.001
II 29/2663 (1.1%) 9/1413 (0.6%) 20/1250 (1.6%)
III 1323/2663 (49.7%) 484/1413 (34.2%) 839/1250 (67.1%)
IV 1303/2663 (48.9%) 917/1413 (64.9%) 386/1250 (30.9%)

Left bundle branch block, N (%) 183/2663 (6.9%) 125/1413 (8.8%) 58/1250 (4.6%) <0.001

Disease history, N (%)
CADa 787/2663 (29.6%) 339/1413 (24%) 448/1250 (35.8%) <0.001
Cardiomyopathy 313/2663 (11.8%) 111/1413 (7.9%) 202/1250 (16.2%) <0.001
Valvular heart disease 359/2663 (13.5%) 192/1413 (13.6%) 167/1250 (13.4%) 0.863
AF 591/2663 (22.2%) 274/1413 (19.4%) 317/1250 (25.4%) <0.001
Stroke 559/2663 (21%) 316/1413 (22.4%) 243/1250 (19.4%) 0.064
Hypertension 1852/2663 (69.5%) 959/1413 (67.9%) 893/1250 (71.4%) 0.046
Diabetes mellitus 886/2663 (33.3%) 397/1413 (28.1%) 489/1250 (39.1%) <0.001
Anaemia 508/2663 (19.1%) 235/1413 (16.6%) 273/1250 (21.8%) <0.001
COPD 251/2663 (9.4%) 161/1413 (11.4%) 90/1250 (7.2%) <0.001

Ever smoking tobacco, N (%) 1222/2663 (45.9%) 626/1413 (44.3%) 596/1250 (47.7%) 0.081
Ever drinking alcohol, N (%) 658/2663 (24.7%) 351/1413 (24.8%) 307/1250 (24.6%) 0.867

eGFR, N (%)
<30 mL/min/1.73 m2 125/2663 (4.7%) 62/1413 (4.4%) 63/1250 (5%) <0.001
30–59 mL/min/1.73 m2 464/2663 (17.4%) 230/1413 (16.3%) 234/1250 (18.7%)
60–89 mL/min/1.73 m2 856/2663 (32.1%) 415/1413 (29.4%) 441/1250 (35.3%)
≥90 mL/min/1.73 m2 1218/2663 (45.7%) 706/1413 (50%) 512/1250 (41%)

LVEF, N (%)
<40% 600/2160 (27.8%) 287/1034 (27.8%) 313/1126 (27.8%) 0.994
40–49% 399/2160 (18.5%) 192/1034 (18.6%) 207/1126 (18.4%)
≥50% 1161/2160 (53.8%) 555/1034 (53.7%) 606/1126 (53.8%)

SBP, median (IQR) (mmHg) 130 (120, 145) 130 (120, 150) 130 (115, 140) <0.001
Heart rate, median (IQR) (beats per min) 80 (70, 92) 82 (70, 96) 76 (68, 88) <0.001
BMI, median (IQR) (kg/m2) 23.7 (22.1, 26.7) 23.4 (22.0, 26.1) 24.6 (22.5, 27.3) <0.001
TG, median (IQR) (mmol/L) 1.0 (0.8, 1.4) 1.0 (0.8, 1.4) 1.1 (0.8, 1.5) 0.010
TC, median (IQR) (mmol/L) 3.8 (3.3, 4.5) 3.8 (3.3, 4.5) 3.8 (3.2, 4.5) 0.171
LDL-C, median (IQR) (mmol/L) 2.2 (1.8, 2.8) 2.3 (1.9, 2.9) 2.2 (1.7, 2.8) <0.001
HDL-C, median (IQR), (mmol/L) 1.0 (0.9, 1.2) 1.0 (0.9, 1.2) 1.0 (0.8, 1.2) 0.052
ICD implantation after admission, N (%) 5/2663 (0.2%) 0/1413 (0%) 5/1250 (0.4%) 0.017
CRT implantation after admission, N (%) 1/2663 (0.03%) 0/1413 (0%) 1/1250 (0.1%) 0.288
Pacemaker implantation after admission, N (%) 47/2663 (1.8%) 2/1413 (0.1%) 45/1250 (3.6%) <0.001
Hospital stays (days) 8 (6, 12) 8 (6, 11) 9 (7, 13) <0.001

Abbreviations: AF, atrial fibrillation; BMI, body mass index; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease;
eGFR, estimated glomerular filtration rate; CRT, cardiac resynchronization therapy; HDL-c, high-density lipoprotein cholesterol; ICD, im-
plantable cardioversion defibrillation; IQR, interquartile range; LBBB, left bundle branch block; LDL-c, low-density lipoprotein cholesterol;
LVEF, left ventricular ejection fraction; NRCMS, New Rural Cooperative Medical system; NYHF classification, New York Heart Association
classification; SBP, systolic blood pressure; TC, total cholesterol; TG, total triglycerides; UEBMI, Urban Employee Basic Medical Insurance;
URBMI, Urban Residents’ Basic Medical Insurance.
aDefined as a history of diagnosed old myocardial infarction or percutaneous coronary intervention or coronary-artery bypass graft.
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proportion of eligible patients in secondary hospitals were
prescribed MRAs at discharge (85.9% vs. 80.3%, P = 0.072).

Clinical outcomes

Before adjustment, mortality rates at 30 days, 90 days, and
1 year were significantly higher in secondary hospitals than
their counterparts in tertiary hospitals (5.5% vs. 3.0%,

P = 0.001; 10.8% vs. 5.0%, P < 0.001; and 21.0% vs. 12.1%,
P < 0.001). In Model 1, patients in secondary hospitals had
a higher risk of 90 day mortality (OR: 2.06, 95% CI: 1.10–
3.84, P = 0.024) and 1 year mortality (OR: 1.64, 95% CI:
1.02–2.62, P = 0.039), but not statistically significant lower
risk of 30 day mortality (OR: 1.49, 95% CI: 0.63–3.52,
P = 0.368). The associations remained consistent in Models
2, 3, and 4 (Figure 1).

Table 3 Comparison of performance measures in eligible patients by hospital levels, n/N (%)

Performance measures

Secondary hospital Tertiary hospital

P valueN = 1413 N = 1250

BNP/NT-proBNP test 1214/1413 (85.9%) 1096/1250 (87.7%) 0.180
LVEF assessment 1034/1413 (73.2%) 1126/1250 (90.1%) <0.001
β-blocker therapya for LVSD 127/285 (44.6%) 218/301 (72.4%) <0.001
ACEI/ARB therapya for LVSD 161/282 (57.1%) 192/298 (64.4%) 0.070
Combined β-blocker + ACEI/ARB therapya for LVSD 85/282 (30.1%) 147/298 (49.3%) <0.001
MRAs therapya for LVSD 243/283 (85.9%) 240/299 (80.3%) 0.072

Abbreviations: ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; BNP, B-type natriuretic peptide;
LVEF, left ventricular ejection fraction; LVSD, left ventricular systolic dysfunction; MRAs, mineralocorticoid receptor antagonists; NT-
proBNP, N-terminal pro B-type natriuretic peptide.
aDrugs were prescribed at hospital discharge. Patients with contraindication or patients died in hospital were excluded.

Figure 1 Patients’ clinical outcomes by hospital levels. Model 1: adjusting for intra-hospital correlation and 11 patient-level risk factors (age, left ven-
tricular ejection fraction, New York Heart Association classification, serum creatinine, diabetes, systolic blood pressure, body mass index, heart failure
duration, current smoker, chronic obstructive pulmonary disease, and male gender); Model 2: adjusting for intra-hospital correlation, previous 11
patient-level risk factors in model 1, and heart rate >100 beats per minute, anaemia, medical history of coronary artery disease, cardiomyopathy, val-
vular heart disease, stroke; Model 3: adjusting for intra-hospital correlation, previous 11 patient-level risk factors in Model 1, and heart rate >100
beats per minute, anaemia, medical history of coronary artery disease, cardiomyopathy, valvular heart disease, stroke, health insurance and marriage;
Model 4: adjusting for intra-hospital correlation, previous 11 patient-level risk factors in Model 1, and heart rate >100 beats per minute, anaemia,
medical history of coronary artery disease, cardiomyopathy, valvular heart disease, stroke, health insurance, marriage, and prescription of β-blocker,
angiotensin-converting enzyme inhibitor/angiotensin II receptor blocker and mineralocorticoid receptor antagonists.
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Discussion

In this retrospective study in four secondary and five tertiary
hospitals in Beijing, China, we found that compared with
those admitted to tertiary hospitals, HF patients admitted
to secondary hospitals received worse in-hospital care, and
experienced higher 90 day and 1 year mortality rates. This as-
sociations remained significant after adjusting intra-hospital
correlation and patients’ baseline characteristics.

A recent nationwide study has shown wide heterogeneity
in the quality of care for HF among hospitals in China.11

Our data show that in-hospital care in Beijing were much bet-
ter than the median level of the whole country on LVEF as-
sessment during hospitalization (secondary hospitals:
73.2%/tertiary hospitals: 90.1% vs. nationwide median rate:
66.7%), and β-blocker therapy for LVSD patients at discharge
(secondary hospitals: 44.6%/tertiary hospitals: 72.4% vs. na-
tionwide median rate: 14.8%), despite the measure of ACEI/
ARB therapy for LVSD patients were similar to or slightly
higher than the nationwide median level (secondary hospi-
tals: 57.1%/tertiary hospitals: 64.4% vs. nationwide median
rate: 57.1%).11 However, the room for improvement in our
participating hospitals was large when compared with data
reported from Europe centres, where rates of β-blocker
prescription and ACEI/ARB prescription were over 80%.19

Moreover, a specific attention should be focused on the
quality of HF care in secondary hospitals.

The association between hospital-level quality of care and
mortality has been reported in previous studies outside of
China.14,20 For example, in a Danish nationwide study, re-
searchers used echocardiography, New York Heart Associa-
tion classification, treatment with ACEI/ARB, β-blockers,
physical training and patient education to construct a com-
posite process performance measure to represent overall
quality of HF care, and found the association between perfor-
mance measures and 1-year mortality that followed a dose–
response pattern.20 In our study, 90 day and 1 year mortality
rates of 10.8% and 21.0%, respectively, were observed in pa-
tients hospitalized in secondary hospitals, almost twice the
corresponding rates of people hospitalized in tertiary institu-
tions (90 day mortality: 5.0%; 1 year mortality: 12.1%). After
controlling individual-level confounders, patients admitted to
tertiary hospitals had a 51% lower risk of 90 day death and a
39% lower risk of 1 year mortality death.

In China, many severe HF patients prefer not to die in hos-
pital and are discharged home under the care of their families
for palliation. Therefore, it possible that 30 day mortality rate
might be a better short-term metric for hospital performance
evaluation21–24 instead of in-hospital mortality. However, in
the current study, although risk of adjusted 30-day mortality
difference was not significantly different between secondary
hospitals and tertiary hospitals, the direction and magnitude
of association was similar with longer time periods. These

results showed a worse short-term outcome among second-
ary hospital inpatients, although these results were
imprecise.

Considering the complexity of care, it is difficult to explain
the reasons for the quality gap between different levels of
hospitals. Performance measures in this study which were
recommended by the guideline and other literature,12,13,15

were chosen in terms of usefulness, accuracy, feasibility,
and measurability. However, there were other factors affect-
ing healthcare quality and patients’ clinical outcome as well,
but were rarely documented and hard to measure, such as
quality of discharge instructions provided, bedside manner
of physician and nurse, patients’ confidence of overcoming
disease, compliance of post-hospital treatment, patients’
socio-economic position, and local insurance policies.

Implications for health disparities

Differences in health insurance and extent of coverage may
partially account for the heterogeneity of hospital-level
healthcare quality.11 China’s government instituted universal
health insurance coverage to improve access to and afford-
ability of public healthcare, and social health insurance
programmes have successfully covered more than 97% Chi-
nese residents.25 However, different social health insurance
programmes have different reimbursement policies, which
influences patients’ care-seeking behaviour from different
levels of hospitals.26 For example, in Beijing, urban employers
are covered by Urban Employ Based Medical Insurance, un-
der which reimbursement for inpatient care in secondary
hospitals and tertiary hospitals are similar [92% (in secondary
hospital) vs. 90% (in tertiary hospital) between RMB 30 000
and 40 000 (US $4471–$5961); 97% vs. 95% above RMB
40 000 (US $5961)27]. On the other hand, rural residents
are covered by the NRCMS, under which the reimbursement
rates for inpatient care in secondary hospitals and tertiary
hospitals are quite different [70% (in secondary hospital) vs.
60% (in tertiary hospital) between RMB 20 000 and 50 000
(US $2980–$7452); 80% vs. 67% above RMB 50 000 (US
$7452)27]. The current study shows that 55.5% secondary
hospital inpatients were covered by NRCMS, while corre-
sponding number was 4.4% in tertiary hospitals. Rural HF res-
idents, especially female patients with low socio-economic
status, had limited accessibility to high-quality medical treat-
ment, which may exacerbate health inequities. Future re-
search should be conducted to reduce variation of health
service in different hospitals.

Limitations

Several limitations of this study should be addressed. First,
only patients with severe HF symptoms are given in-hospital
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treatment, and those patients with mild symptoms are usu-
ally treated on an outpatient basis instead; thus, the study
population does not represent patients with HF in all stages.
Second, despite patient education about lifestyle, diet and
medication was considered as an important component of
providing qualified care for patients,28 we did not use this
process measure to assess hospitals’ healthcare quality,
mainly because it was difficult to evaluate by chart review.
Third, the medical history of disease, especially
non-circulatory diseases, might be incompletely reported
and documented. Fourth, only mortality data can be obtained
from Beijing’s Death Surveillance System through data link-
age, and information of readmission and cardiac function
were not available. In addition, there are limitations to causal
inference about the relationship between quality and out-
comes because the observational nature of our data, but
the results are congruent with other published studies.29 Al-
though we adjusted for insurance and other patient-level fea-
tures by propensity score weighting and multivariate models,
there may still be measured and unmeasured confounding
that were not included in our multivariable models.

Conclusions

In conclusion, compared with tertiary hospitals, secondary
hospitals in China had worse adherence to HF clinical guide-
lines, and patients discharged from secondary hospitals had
worse mid-term survival. Differences of healthcare quality
and patients’ outcomes by hospital level may exacerbate
health inequities. Efforts should be made to improve quality
of care across different hospital levels in China, and especially
within secondary hospitals, to ensure that all patients receive
high-quality healthcare.
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Appendix A.

Please insert Table A1 here

Table A1 Hospital characteristicsa

Beds Number of health workers
Number of
outpatient
visits
(thousands)

Number of
visits to
emergency
room
(thousands)

Number of
hospital
discharges
(thousands)

Number of
inpatient
surgical
procedures
(thousands)

Average
number of
clinical visits
by each
doctor

Total
number

Turnover
rate (%) Total

Qualified
doctors

Qualified
nurses Else

Tertiary hospitals
A 1287 110.86 3538 1236 1848 454 2577.4 142.0 66.1 39.2 2259.6
B 1265 95.04 2722 860 1406 456 2341.0 180.5 57.5 20.2 2994.6
C 801 85.13 1706 599 879 228 1291.3 65.9 23.1 11.1 2486.4
D 1162 93.83 1660 786 671 203 1305.3 101.2 40.0 22.0 1905.5
E 1598 94.78 2887 966 1295 626 2324.2 303.2 80.1 57.9 2700.4
Secondary hospitals
A 971 79.01 1318 393 652 273 1135.8 68.8 27.4 5.1 3116.8
B 780 82.61 988 376 442 170 1054.6 144.4 21.2 7.8 3058.7
C 943 91.87 1283 448 687 148 1155.8 155.2 36.8 9.8 3010.4
D 1009 89.83 2027 767 935 325 1826.5 218.7 35.8 12.6 2737.4

aData collected from health statistics of Beijing, in 2015.
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