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ABSTRACT
Objective To examine the association between 
reimbursement rates and the length of stay (LOS).
Design A retrospective cohort study.
Setting The study was conducted in Shenzhen, China by 
using health administrative database from 1 January 2015 
to 31 December 2017.
Participants 6583 patients with acute myocardial 
infarction (AMI), 12 395 patients with pneumonia and 
10 485 patients who received percutaneous coronary 
intervention (PCI) surgery.
Measures The reimbursement rate was defined as one 
minus the ratio of out- of- pocket to the total expenditure, 
multiplied by 100%. The outcome of interest was the 
LOS. Multilevel negative binomial regression models were 
constructed to control for patient- level and hospital- level 
characteristics, and the marginal effect was reported when 
non- linear terms were available.
Results Each additional unit of the reimbursement rate 
was associated with an average of an additional increase 
of 0.019 (95% CI, 0.015 to 0.023), 0.011 (95% CI, 0.009 
to 0.014) and 0.013 (95% CI, 0.010 to 0.016) in the LOS 
for inpatients with AMI, pneumonia and PCI surgery, 
respectively. Adding the interaction term between the 
reimbursement rate and in- hospital survival, the average 
marginal effects for the deceased inpatients with AMI 
and PCI surgery were 0.044 (95% CI, 0.031 to 0.058) and 
0.034 (95% CI, 0.017 to 0.051), respectively. However, 
there was no evidence that higher reimbursement rates 
prolonged the LOS of the patients who died of pneumonia 
(95% CI, −0.013 to 0.016).
Conclusions The findings indicate that the higher the 
reimbursement rate, the longer the LOS; and implementing 
dynamic supervision and improving the service capabilities 
of primary healthcare providers may be an important 
strategy for reducing moral hazard in low- income and 
middle- income countries including China.

INTRODUCTION
The rapidly developing emerging markets 
have become increasingly important in low/
middle- income countries (LMICs)1 ; and the 
share of global medical spending by five major 
emerging markets, including Brazil, Russia, 
India, China, South Africa (BRICS) has been 

growing steadily.2–4 The same trend is also 
reflected in the Next Eleven countries, also 
known as the second- tier group of emerging 
countries behind the BRICS.5 In spite of this, 
out- of- pocket (OOP) spending in all BRICS 
countries has risen sharply, from an average 
purchasing power parity of $67 in 1995 to 
$276 in 2012.2 The higher OOP expenses 
might reduce health service utilisation and 
jeopardise health equity, thus exposing indi-
viduals or households in the BRICS to greater 
risks of catastrophic health expenditure.2 3 5–7 
Despite the diversity of emerging markets, 
rising OOP expenses is one of the most 
important obstacles to achieving the universal 
health coverage (UHC) which is seen as a top 
priority for improving global health without 
exposing individuals to financial hardship.3 8 9 
There seems to be a need for greater finan-
cial protection for individuals or households 
in emerging markets, and numerous studies 

Strengths and limitations of this study

 ► This study constructed a two- level negative binomi-
al regression model to nest the sampled inpatients 
(first level) into six or seven hospitals (second level) 
by taking the clustering of data into account.

 ► The marginal effect was a way of presenting the dif-
ference of the results in probability, which was more 
informative than incidence rate ratios and relative 
risks especially when there were interactions in our 
model.

 ► Sensitivity analyses were performed by chang-
ing disease types to assess the robustness of the 
findings and to explore the role of disease in this 
relationship.

 ► Individual patient- level data from the tertiary public 
hospital were identified through a robust hospital in-
formation system to ensure data quality.

 ► The study was not able to identify the underlying 
causal mechanism because data about treatment 
process were not available.
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have shown that increasing the coverage of health insur-
ance is an efficacious solution.10–14 That is why both 
health insurance coverage and the package of services 
covered by health insurance plans are expanding in the 
BRICS countries.7

However, there are tough questions to consider. The 
compelling and overwhelming empirical research and 
policy experience in developed countries have fully 
demonstrated that moral hazard is inevitable.15–18 The 
term moral hazard is commonly used to describe the 
notion that health insurance generosity (often referred 
to as the OOP payment or effective reimbursement rate) 
may increase healthcare utilisation.17 19 20 Healthcare 
spending increases as insurance coverage expands.17 
Moral hazard occurs, for example, when an insured 
person spends an extra day in the hospital or purchases 
some procedures, even if not necessary.21 In traditional 
economic theory, health economists argue that these 
increased purchases of healthcare are inefficient because 
the services they provide are less valuable to consumers 
than the cost of production17 21 ; and excessive reimburse-
ment rates for the entire population can lead to overutil-
isation of healthcare resources, especially when demand 
for health services exceeds supply.22 Limited reimburse-
ment rates are primarily intended to reduce moral 
hazard, encourage behaviour that reduces healthcare 
costs or promotes health.23 24 Arguably, the phenomenon 
of moral hazard is a serious impediment to the sustain-
ability of health financing, which is a major challenge for 
LMICs.25–27 Most medium- term economic forecasts predict 
that growth in BRICS countries is entering a sustain-
able stage, with a slight slowdown in real gross domestic 
product growth, meaning that health spending is likely to 
slow.27 28 Meanwhile, population ageing coupled with the 
pandemic of chronic non- communicable diseases have 
become symbolic threats to the sustainability of health 
financing in LMICs.1 2 5 29

Whereas a number of studies have revealed a correla-
tion between health insurance generosity and utilisation, 
the research to date has failed to convincingly show how 
changes in reimbursement rates affect the utilisation of 
inpatient services in LMICs. In particular, the impact of 
proportional variations in costs on healthcare utilisation 
during hospitalisation (often measured as length of stay 
(LOS)) was rarely studied, but insurance coverage has 
generally increased inpatient visits and encourages indi-
viduals to receive a higher- level care.30 31A lot of existing 
literature on reimbursement rates mainly focuses on the 
utilisation of outpatient service.10 12 14 22 Meanwhile, Shen 
et al32 found that the hospitalisation rate of patients with 
diabetes and hypertension decreased after the upper 
limit of reimbursement was raised.

As the largest developing country, China is an 
important case worth studying. China’s social health 
insurance (SHI) scheme mainly consists of three catego-
ries: urban employee basic medical insurance (UEBMI), 
urban resident basic medical insurance (URBMI) and 
rural new cooperative medical schemes (NCMS). In 

2011, China successfully achieved universal health insur-
ance coverage, achieving remarkable results.33–35 China 
dominates global health spending, followed by India, 
and will surpass all other emerging markets combined.6 
36 However, the difference in the reimbursement rates 
of SHI has affected the health service utilisation of the 
insured, thereby seriously impeding the progress of 
UHC.30 37 Although the State Council of China issued 
opinions on consolidating SHI for urban and rural resi-
dents in 2016, there was still a gap between different 
regional medical insurance schemes, mainly due to 
different reimbursement standards for medical insur-
ance in different provinces.30 38 39

In summary, in most of the previous studies, the impact 
of reimbursement rates on the LOS, especially in the 
LMICs, has not been distinguished. Therefore, this study 
set out to shed new light on the association between reim-
bursement rates and LOS by employing a multilevel nega-
tive binomial regression model and fully considering the 
clustering of data. The standardised electronic records 
of acute myocardial infarction (AMI), pneumonia and 
percutaneous coronary intervention (PCI) surgery were 
used in this study to enable us to better understand the 
association between inpatients reimbursement rates and 
the LOS. The interactive effect of inpatient survival on 
the utilisation of inpatient services was also considered in 
this study as it was essential to achieve UHC for emerging 
markets including BRICS countries.

METHODS
Data source
We conducted a retrospective analysis by using stan-
dardised administrative electronic health records (EHRs) 
data. This EHRs system was routinely administered by 
Shenzhen Public Hospital Management Center, which 
collected information about over 200 variables including 
patients’ sociodemographic characteristics, diagnosis 
coded by the International Classification of Disease, 
Tenth Revision (ICD-10) and procedures coded by the 
ICD, Ninth Revision (ICD-9), financial data and hospital 
management indicators. In recent years, EHRs data have 
become the most authentic, high- quality administrative 
database in China after a series of data management regu-
lations issued by China’s Ministry of Health.40 To ensure 
the uniformity of coding between different hospitals, we 
invited coding experts of various hospitals to identify a 
standard for drawing patient data from the EHRs. Besides, 
the Statistic Annual Report was integrated with EHRs from 
2015 to 2017, which contained hospital- level characteris-
tics (such as staff, bed size, medical equipment, medical 
service, and income and expenditure) for all tertiary- level 
public hospitals compiled by Shenzhen Public Hospital 
Administration. The confidential information including 
name, ID card number, residential address, postal code 
and insurance number were excluded from the database.
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Study population
A total of 13 tertiary- level public hospitals in Shenzhen 
were used as sample in this study. Using patients' primary 
diagnosis and procedures codes, we identified 7345 
patients with AMI (ICD-10 code: I21), 54 639 patients 
with pneumonia (ICD-10: J12–J18) and 10 836 patients 
who had PCI (ICD-9- CM: 00.66, 36.01, 36.02, 36.05, 36.06, 
36.07) in Shenzhen from 1 January 2015 to 31 December 
2017. As shown in figure 1, we excluded hospitals with 
less than 100 cumulative hospital admissions in 3 years, 
because we studied the relationship between volume and 
outcome, that is, hospitals with large volume had better 
outcomes than hospitals with small volume,34 which 
means that the relationship between reimbursement 
rates and LOS may have been distorted. Additionally, the 
patients under 18 years, or whose information about age, 
gender, admission status, insurance and discharge status 
was not available, who were discharged within 1 day after 
admission and who left the hospital without permission 
by doctors were also excluded.

Study variables
In this study, independent variable of interest was reim-
bursement rate of inpatients, which was the actual reim-
bursement rate rather than policy one, and it was defined 
as one minus the ratio of OOP to the total expenditure, 
multiplied by 100%, because the policy reimbursement 
rate and actual reimbursement rate of many outpatients 
is equal while the relationship may not be established for 
inpatients. The outcome of interest was LOS, which was 
defined as the number of consecutive hospital admission 

days during the stay for the definite treatment. LOS is a 
primary predictor of resource use.41

To study the effect of reimbursement rates on LOS, we 
controlled both patient- level and hospital- level character-
istics known to be associated with LOS. Seven patient- level 
covariates (sex, age, marital status, admissions pathways, 
patient conditions for admission, Elixhauser Index and 
inpatient mortality) were included in our analysis. The 
patient condition for admission, which was set as a proxy 
of the severity of the disease,42 was evaluated by doctors. 
The admissions pathway was a noteworthy risk factor 
because emergency cases were expected to worsen in- hos-
pital outcomes than outpatients’ cases. The Elixhauser 
Index was used for comorbidity adjustment for adminis-
trative data.43 These three variables were used to correct 
the bias caused by different patient conditions. Consid-
ering possible survivor- treatment selection bias,44 in- hos-
pital survival was also considered as a control variable 
in the equation. To adjust the risk factors, most studies 
only focused on patient- level factors. The hospital- level 
structural features affecting patients’ resource use were 
also considered in this study. Five hospital- level covari-
ates were also included (the number of open beds, the 
number of physicians per 100 beds, the number of nurses 
per 100 beds, inpatient care per doctor and government 
financial aid).

Statistical analysis
We constructed multilevel negative binomial regression 
models to explore the association between reimbursement 
rates and LOS. Three regression models were constructed 

Figure 1 Flow diagram of patient selection. AMI, acute myocardial infarction; ICD-9, International Classification of Disease, 
Ninth Revision; ICD-10, ICD, Tenth Revision; LOS, length of stay; PCI, percutaneous coronary intervention.
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to assess the changes in the estimates accounting for 
different groups of potential confounding factors. There 
was only one variable in the first model, and it was reim-
bursement rates. The second model was used to control 
all patient- level and hospital- level characteristics. Besides, 
the deceased were often more susceptible to the impact 
of reimbursement rates and consumed more medical 
resources because they badly wished to survive. There-
fore, an interaction term between reimbursement rates 
and in- hospital survival was added in the third model to 
assess whether the relationship between reimbursement 
rates and LOS differed by in- hospital survival. A negative 
binomial regression was appropriate due to the excessive 
dispersion of the LOS. The superiority of this model over 
the ordinary Poisson regression model was confirmed by 
the Vuong test and likelihood ratio test. In addition, a 
multilevel model was recommended while taking the clus-
tering of data into account.45 The conditions of patients 
admitted to the same hospital were different and they 
obviously had their own choice on hospital. Therefore, 
patient conditions for admission in the same hospital 
tended to be generally more serious. In terms of data 
hierarchy, a two- level model was constructed to group 
patients’ outcomes within hospitals, in which sampled 
patients (first level) were nested into six or seven hospi-
tals (second level).

The incidence rate ratio (IRR), 95% CI and marginal 
effect were reported, among which the marginal effect 
needs to be specifically explained as it indicated the 
instantaneous rate of change when reimbursement 
rates changed when other covariates were assumed to 
be constant. Though IRRs were recommended to be 
reported, they could be misleading because it did not 
indicate an obvious or consistent effect on the predicted 
probabilities.46 Marginal effect is a way of presenting the 
difference of results in probability, which is more informa-
tive than IRRs and relative risks especially when there are 
interactions in our model.47 The average marginal effects 
(AME) were used to evaluate the marginal effect. The 
clean and data visualisations of all data were processed 
in R Studio (V.3.5.0) while statistical analyses were 
performed in Stata V.15.0. The statistical significance was 
defined as a p value of 0.05, and all tests were two- sided.

Patient and public involvement
We report no patient or public involvement in the design 
or implementation of the study.

RESULTS
The statistics of health outcomes, demographic charac-
teristics, comorbid conditions, and hospital characteris-
tics for patients hospitalised with AMI, pneumonia and 
PCI are summarised in table 1. A total of 6583 inpatients 
with AMI, 12 395 inpatients with pneumonia and 10 485 
in patients who had PCI as their principal diagnoses were 
analysed. The in- hospital mortality was 4.60%, 2.36% and 
1.03%, respectively. The median LOS of patients was 8 

days (IQR=6.0) for AMI, 8 days (IQR=4.0) for pneumonia 
and 7 days (IQR=6.0) for PCI.

The associated χ2 value (χ2=397.00, Prob≥χ2=0.000; 
χ2=115.68, Prob≥χ2=0.000; χ2=1587.43, Prob≥χ2=0.000) 
of the fitted multivariate model strongly suggests that α is 
non- zero and the negative binomial model is more appro-
priate than the Poisson model. The selected IRRs and 
marginal effect from three multilevel negative binomial 
regression models for inpatients with AMI, pneumonia 
and PCI surgery are shown in table 2 (the details of the 
models are illustrated in online supplemental appendix). 
Model 1 showed the estimated results with ‘reimburse-
ment rate’ as the sole independent variable and the count 
of LOS as the dependent variable. The AME for reim-
bursement rate specifies that, for each additional unit of 
reimbursement rate, there are averages of 0.011 (95% 
CI, 0.008 to 0.015; p<0.001) and 0.008 (95% CI, 0.006 to 
0.011; p<0.001) additional LOS for AMI and PCI, respec-
tively. The AME for reimbursement rate specifies that, for 
each additional unit of reimbursement rate, there is not 
additional LOS (95% CI, −0.003 to 0.002; p=0.881) for 
inpatients with pneumonia.

The AME for reimbursement rate in model 2 indi-
cated that there was an average of 0.019 additional LOS 
(95% CI, 0.015 to 0.023; p<0.001) for each additional unit 
of reimbursement rate. For inpatients with pneumonia, 
the AME for the reimbursement rate suggested that there 
was an average of 0.011 additional LOS (95% CI, 0.009 
to 0.014; p<0.001) for each additional unit of reimburse-
ment rate. For inpatients who had PCI surgery, the AME 
for the reimbursement rate indicated that there was an 
average of 0.013 additional LOS (95% CI, 0.010 to 0.016; 
p<0.001) for each additional unit of reimbursement rate.

In model 3 where there was an interaction between the 
reimbursement rate and in- hospital survival, each addi-
tional reimbursement rate was averagely associated with 
a 0.017 increase (95% CI, 0.013 to 0.021; p<0.001) in 
the predicted probability of hospitalisation for the living 
patients with AMI and a similar 0.044 increase (95% CI, 
0.031 to 0.058; p<0.001) for the deceased patients with 
AMI. Each additional reimbursement rate was associated 
with a 0.012 increase (95% CI, 0.009 to 0.014; p<0.001) in 
the predicted probability of hospitalisation for the living 
inpatients with pneumonia and a similar 0.002 increase 
(95% CI, −0.013 to 0.016; p=0.818) for the deceased inpa-
tients with pneumonia. For patients hospitalised with 
PCI surgery, each additional reimbursement rate was 
associated with a 0.013 increase (95% CI, 0.010 to 0.016; 
p<0.001) in the predicted probability of hospitalisation for 
the living inpatients and a similar 0.034 increase (95% CI, 
0.017 to 0.051; p<0.001) for the deceased inpatients.

DISCUSSION
The standardised administrative EHRs and multilevel 
negative binomial regression models were used to explore 
the association between the reimbursement rate and LOS 
among inpatients admitted for AMI, pneumonia and PCI 
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surgery in this study. It was found that a higher reimburse-
ment rate resulted in a longer LOS after all patient- level 
and hospital- level confounding variables were adjusted. 
However, differences might not be statistically significant 
after an interaction term between the reimbursement 
rate and in- hospital survival was added, which depended 
on patients’ category of disease or surgery. Our study is 
a supplementary to the existing literature in evaluating 
the correlation between health insurance generosity 
and utilisation in LMICs. The policymakers and hospital 
administrators are advised to be aware of the increase in 
LOS caused by increased reimbursement rates, which 
may be partially driven by the moral hazard during 
hospitalisation.

Most obviously, a higher reimbursement rate resulted 
in a longer LOS even after measurable patient- level and 

hospital- level confounding factors were adjusted. To our 
knowledge, the association between the reimbursement 
rate and LOS across different diagnoses or surgeries was 
rarely studied. Based on existing literature, LOS differs 
by insurance status. For example, the evidence for longer 
mean LOS among Medicaid patients than commercial 
or Medicare was detected by using Market Sean admin-
istrative claims data.41 NCMS patients had significantly 
shorter LOS than UEBMI patients, which was attributed 
to the strong association between reimbursement rates 
and insurance status.48 In terms of benefit packages and 
financial protection, UEBMI was viewed as a higher- level 
reimbursement rate than NCMS and URBMI.49 Never-
theless, additional uncertainty arose from the integration 
of urban and rural residents’ basic medical insurance 
schemes for equitable access to inpatient care for people 

Table 1 Patient and hospital- level characteristics and patient outcomes classified by the type of disease

AMI Pneumonia PCI

n 6583 12 395 10 485

Death during hospitalisation, n (%) 303 (4.60) 292 (2.36) 108 (1.03)

Length of stay, median (IQR) 8 (6.0) 8 (4.0) 7 (6.0)

Patients’ characteristics

  Female, n (%) 1582 (24.03) 6067 (48.95) 2458 (23.44)

  Age (years), n (%)

  18–55 2347 (35.65) 6314 (50.94) 3372 (32.16)

  56–65 1614 (24.52) 2046 (16.51) 3193 (30.45)

  66–75 1328 (20.17) 1642 (13.25) 2523 (24.06)

  >76 1294 (19.66) 2393 (19.31) 1397 (13.32)

Marital status, n (%)

  Married 6087 (92.47) 10 647 (85.90) 9884 (94.27)

  Unmarried 106 (1.61) 1131 (9.12) 128 (1.22)

  Widowed 208 (3.16) 276 (2.23) 203 (1.94)

  Divorced 182 (2.76) 341 (2.75) 270 (2.58)

Admission pathways, n (%)

  Outpatient admission 4780 (72.61) 3799 (30.65) 5277 (50.33)

  Emergency admission 1803 (27.39) 8596 (69.35) 5208 (49.67)

Condition for admission, n (%)

  Normal 122 (1.85) 2245 (18.11) 491 (4.68)

  Severe 608 (9.24) 8325 (67.16) 2344 (22.36)

  Dangerous 5853 (88.91) 1825 (14.72) 7650 (72.96)

ECI, mean (SD) 7.81 (3.90) 3.43 (4.71) 7.67 (3.57)

Hospital characteristics

  No. of open beds, mean (SD) 1336.03 (885.61) 1617.27 (681.53) 1159.57 (968.72)

  No. of nurses per 100 beds, mean (SD) 90.70 (38.21) 73.02 (12.32) 101.87 (43.85)

  No. of physicians per 100 beds, mean (SD) 73.53 (32.43) 53.50 (9.49) 81.23 (37.80)

  Inpatient cares per doctor, mean (SD) 1.51 (0.43) 1.75 (0.27) 1.41 (0.47)

  Government financial aid*, mean (SD) 28 392.86 (17 051.50) 28 713.59 (10 643.46) 25 269.98 (17 800.74)

*¥1=$0.145.
AMI, acute myocardial infarction; ECI, Elixhauser Comorbidity Index; PCI, percutaneous coronary intervention.
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covered by different health insurance schemes since 
2016.37 50 Moreover, the actual reimbursement rates of 
certain medical insurance varied dramatically across 
county level or municipal level, which mainly depended 
on the reimbursement drug list, diagnosis and treatment 
project, and medical service facility list.30 37 Hence, to 
some extent, finding out the association between the 
actual reimbursement rates and LOS is of great signifi-
cance to SHI reform.

The association between reimbursement rates and LOS 
could be possibly explained by the fact that a higher reim-
bursement rate had a positive effect on the utilisation 
of health services by inpatients. Patients can seek more 
comprehensive and more high- quality health services 
in the hospitals.51 52 There are, however, other more 
convincing explanations. It is believed that positive results 
are due to the overuse of expensive services and excessive 
treatment.30 53 For one thing, the reimbursement rate 
of inpatient services is usually higher than outpatient 
services, which is why patients are willing to be hospital-
ised instead of being treated as outpatients. Furthermore, 
a higher reimbursement rate probably perversely encour-
ages doctors for overdiagnosis and overtreatment, thus 
prolonging LOS. Taking patients with pneumonia as an 
example, the AME for the reimbursement rate indicated 
that for each additional unit of cost- sharing, there was an 
average of 0.011 additional LOS (95% CI, 0.008 to 0.015; 
p<0.001). Though 81.2% of patients with community- 
acquired pneumonia were low- risk patients and clinical 
stability on admission accounted for 21.7% of patients, the 
median LOS was 5.0 days after achieving clinical stability 
in China according to the previous research.54 There is 
surely a point worth further discussion. Inpatients may 
have to undergo further treatment or rehabilitation in 
high- level hospitals in all BRICS where the population is 
unevenly distributed with exceptionally large rural areas 

remote to most specialty hospitals and university clinics.2 
And efforts to bolster primary healthcare in LMICs are also 
limited.55 The weak medical service capacity in primary 
healthcare facilities affects patients’ choice of healthcare 
providers.33 56 57 This is precisely why inpatients are reluc-
tant to leave high- quality hospitals because of their lack 
of trust in primary care providers. Taken together, these 
results indicate that moral hazard may occur in situations 
where health insurance coverage is widespread, health-
care providers may overprovide healthcare services, and 
healthcare users may overuse healthcare services.

Interestingly, it was found that the association between 
reimbursement rates and LOS depended on patients’ 
disease or surgery category after the interaction term 
was added between reimbursement rates and in- hospital 
survival and that the AME of the reimbursement rate 
among deceased patients was greater than that among 
recovering patients with AMI and PCI surgery discharged 
from the hospitals. These findings reflected that a higher 
reimbursement rate for deceased inpatients could better 
motivate them to use medical services. The conditions of 
the deceased inpatients were usually more complicated 
so they needed to consume more medical resources. 
Therefore, they might be more sensitive to the changes in 
reimbursement rates, meaning that their LOS might be 
longer than survived inpatients as reimbursement rates 
increased. The reimbursement rate should be a certain 
tilt for such patients to avoid catastrophic health expendi-
ture. Conversely, we found that each additional reimburse-
ment rate was associated with a 0.002 increase (95% CI, 
−0.013 to 0.016; p=0.818) for inpatients who died of pneu-
monia. Consequently, there was no evidence that a higher 
reimbursement rate prolonged LOS. It was also possibly 
because that subsidising inpatient cost through medical 
insurance schemes was at a high level. The average LOS 
of the survivor was 9.3 days, while that of the deceased 

Table 2 Multilevel negative binomial regression analysis of relationship between reimbursement rates and LOS

LOS

Reimbursement rate AMI Pneumonia PCI

Model 1 (unadjusted)

IRR (95% CI) 1.001 (1.001 to 1.002)*** 1.000 (1.000 to 1.000) 1.001 (1.001 to 1.001)***

Marginal effect (95% CI) 0.011 (0.008 to 0.015)*** −0.000 (−0.003 to 0.002) 0.008 (0.006 to 0.011)***

Model 2 (risk adjusted for patient characteristics and hospital characteristics)

IRR (95% CI) 1.002 (1.002 to 1.002)*** 1.001 (1.001 to 1.001)*** 1.002 (1.001 to 1.002)***

Marginal effect (95% CI) 0.019 (0.015 to 0.023)*** 0.011 (0.009 to 0.014)*** 0.013 (0.010 to 0.016)***

Model 3 (model 2+reimbursement rate*in- hospital death interaction)

IRR (95% CI) 1.002 (1.001 to 1.002)*** 1.001 (1.001 to 1.002)*** 1.002 (1.001 to 1.002)***

Marginal effect (95% CI) 0.017 (0.013 to 0.021)*** 0.012 (0.009 to 0.014)*** 0.013 (0.010 to 0.016)***

0.044 (0.031 to 0.058)*** 0.002 (−0.013 to 0.016) 0.034 (0.017 to 0.051)***

All models are only reporting the IRR value and marginal effect of reimbursement rate. The IRR values of the confounding variables are shown 
in the online supplemental appendix.
***P<0.001.
AMI, acute myocardial infarction; IRR, incidence rate ratio; LOS, length of stay; PCI, percutaneous coronary intervention.
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was 17.9 days and was 1.9 times of the former. Addition-
ally, Shenzhen is one of only four first- tier cities in China. 
Premiums based on the level of the enrollee’s salary and 
the employer’s cost- sharing are sufficient, and insur-
ance programmes are heavily subsidised by the govern-
ment. There are extensive benefit packages including 
drug list, diagnosis and treatment project, and medical 
service facility list. In 2017, the fund income of UEBMI 
was ¥28.925 billion and that of URBMI was ¥2.714 billion, 
of which the financial subsidies at all levels were ¥1.081 
billion.58 Under such circumstance, there was no point 
in improving reimbursement rates because excessive 
protection violates the principles of basic medical insur-
ance. To sum up, disease may play an important role in 
this relationship between reimbursement rate and LOS. 
For some diseases, the utilisation of inpatient service is 
more susceptible to changes in reimbursement rates, but 
not in others. This is principally associated with disease 
severity and the prices of medical treatments. According 
to Zaresani and Schmidt,20 more generous health insur-
ance increases the incidence of expensive medical costs, 
such as vitro fertilisation treatment.

Investigating the relationship between reimbursement 
rate and LOS would shed further light on this underap-
preciated health financing sustainability challenge, which 
is attributed to moral hazard in LMICs. The findings of 
this study have several important implications for future 
practice. On the one hand, it is critical to dynamically 
supervise the flow of health insurance funds to prevent 
medical resources from being wasted. Providers are also 
advised to accurately and timely identify abnormal hospi-
talised cases and treatment behaviours. According to the 
feedback on different diseases or surgeries and essential 
economic assessment, providers are supposed to adjust 
reimbursement rates such as increasing the reimburse-
ment rate for dual antiplatelet therapy needed by AMI.59 
The dynamic supervision has been placed in a remarkably 
important position since the National Medical Insurance 
Administration was established. On the other hand, as 
mentioned above, the weak service capacity of primary 
healthcare institutions leads to excessive utilisation of 
inpatient services. Both domestic policies and interna-
tional trends indicate that the future public hospitals in 
China are likely to be county- level hospitals.60 Therefore, 
it is quite essential to improve the service capabilities of 
primary healthcare providers. The policy suggestions 
include establishing performance- based incentives for 
primary healthcare providers, setting reasonable drug 
price, and providing career development opportunities 
for primary healthcare professionals.30 33 57 61

This study has certain limitations. First, it remains 
unclear whether patients’ prolonged LOS can be defined 
‘reasonable’ and to what extent it can be considered 
‘appropriate’ (ie, under different reimbursement rates). 
Further research is recommended in these areas. Second, 
there are potential data defects in the present study. The 
data were mainly from the electronic medical records of 
hospitals, so there were limited variables. We were unable 

to identify the underlying causal mechanism because 
there were no data about the process of treatment. Clinical 
laboratory data may affect LOS.62 However, we adjusted 
all collected patient- level and hospital- level confounders, 
thus making it feasible by using administrative data in risk 
adjustment.63 Last, these results have certain limitation. 
The economic level and health investment are higher in 
Shenzhen than those in other cities. It is likely that the 
reimbursement rates may exert enormous influence on 
LOS in other cities if the local government increases 
health investment to reduce health disparities.

CONCLUSIONS
The purpose of this study was to explore the relation-
ship between reimbursement rates and LOS. The find-
ings suggest that increased reimbursement rates lead to 
increased losses for different types of disease or surgeries. 
These findings provide a mixed story concerning the 
reform of effective reimbursement rate for stakeholders 
including policymakers and hospital administrators. 
Increasing reimbursement rate can better promote the 
utilisation of healthcare services, but it may also bring 
unnecessary waste of healthcare resources, namely moral 
hazard, which needs to be paid attention to by stake-
holders. Although this study does not prove the under-
lying mechanism of the effect of effective reimbursement 
rate on LOS, it partially points out the direction of health 
insurance management. Policymakers and hospital 
administrators are advised to reduce moral hazard by 
performing dynamic supervision and improving the 
service capabilities of primary healthcare providers.
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Appendix 
Table A1. Multilevel negative binomial regression analysis of length of stay for patients  

with acute myocardial infarction 
 AMI1 

 Model1 (Unadjusted)  Model2 (Risk-adjusted 
for Patient 
Characteristics and 
Hospital 
Characteristics) 

 Model3 (Model2+ 
reimbursement rate * 
In-hospital Death 
Interaction) 

Sex      

 Male (reference group) -  -  - 

Female -  0.977(0.942-1.012)  0.975(0.941-1.011)  

Age-year      

18-55 (reference group) -  -  - 

56-65 -  1.118(1.075-1.163)  1.112(1.069-1.157) 

66-75 -  1.270(1.217-1.325)  1.264(1.212-1.319) 

>76 -  1.404(1.343-1.467)  1.394(1.334-1.457) 

Marital status 
     

Married (reference group) 
-     

Unmarried 
-  0.997(0.888-1.121)  0.996(0.886-1.118)  

Widowed 
-  1.006(0.926-1.092)  1.008(0.928-1.095)  

Divorced 
-  0.997(0.912-1.090)   1.000(0.915-1.092)  

Admission pathways 
     

Outpatient admission 
(reference group) 

-  -  - 

Emergency admission 
-  1.018(0.985-1.052)  1.013(0.981-1.047) 

Condition for admission 
     

Normal (reference group) 
-  -  - 

Severe 
-  0.977(0.864-1.104)  0.989(0.875-1.118)  

Dangerous 
-  1.125(1.006-1.259)  1.131(1.012-1.264) 

ECI2 
-  1.009(1.005-1.013)  1.009(1.005-1.013) 

No. of open beds 
-  1.000(1.000-1.000)  1.000(1.000-1.000)  

No. of nurses per 100 beds 
-  0.997(0.994-1.000)  0.997(0.994-1.000)  

No. of physicians per 100 beds 
-  1.003(0.999-1.007)  1.003(0.999-1.007)  

In-patient cares per doctor 
-  1.153(0.900-1.478)  1.123(0.876-1.439)  

Government financial aid 
-  1.000(1.000-1.000)  1.000(1.000-1.000) 

In-hospital survival 
     

Yes (reference group) 
-  -  - 

No 
-  0.813(0.758,0.873)  0.683(0.620-0.752) 

Interaction 
-  -  1.004(1.002-1.006) 

1AMI indicates acute myocardial infarction; 2ECI indicates Elixhauser Comorbidity index. 
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Table A2. Multilevel negative binomial regression analysis of length of stay for patients with pneumonia 

 Pneumonia 

 Model1(Unadjusted)  

Model2(Risk-adjusted 
for Patient 
Characteristics and 
Hospital 
Characteristics) 

 

Model3(Model2+ 
reimbursement rate * 
In-hospital Death 
Interaction) 

Sex      

 Male (reference group) -  -  - 

Female -  0.927(0.909-0.946)  0.927(0.909-0.946) 

Age-year      

18-55 (reference group) -  -  - 

56-65 -  1.117(1.085-1.151)  1.118(1.086-1.151) 

66-75 -  1.217(1.179-1.256)  1.218(1.180-1.258) 

>76 -  1.421(1.380-1.463)  1.422(1.381-1.463) 

Marital status      

Married (reference group) -  -  - 

Unmarried -  1.009(0.973-1.047)  1.009(0.973-1.047)  

Widowed -  0.999(0.935-1.067)  0.997(0.933-1.064)  

Divorced -  1.016(0.957-1.080)  1.017(0.958-1.080)  

Admission pathways      

Outpatient admission 
(reference group) -  -  - 

Emergency admission -  1.037(1.014-1.061)  1.037(1.014-1.061) 

Condition for admission      

Normal (reference group) -  -  - 

Severe -  1.146(1.109-1.185)  1.145(1.108-1.184) 

Dangerous -  1.695(1.627-1.767)  1.695(1.627-1.765) 

ECI1 -  1.004(1.002-1.006)  1.004(1.002-1.006) 

No. of open beds -  1.000(1.000-1.000)  1.000(1.000-1.000) 

No. of nurses per 100 beds -  1.001(0.998-1.004)  1.001(0.998-1.004) 

No. of physicians per 100 beds -  1.001(0.997-1.004)  1.001(0.997-1.005) 

In-patient cares per doctor -  1.025(0.923-1.140)  1.027(0.924-1.142) 

Government financial aid -  1.000(1.000-1.000)  1.000(1.000-1.000) 

In-hospital survival      

Yes (reference group) -  -  - 

No -  1.210(1.135-1.289)  1.277(1.166-1.398) 

Interaction     0.999(0.998-1.000) 

1ECI indicates Elixhauser Comorbidity index. 
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Table A3. Multilevel negative binomial regression analysis of length of stay for patients with percutaneous coronary 

intervention 

 PCI1 

 Model1(Unadjusted)  

Model2(Risk-adjusted 
for Patient 
Characteristics and 
Hospital Characteristics) 

 

Model3(Model2+ 
reimbursement rate * 
In-hospital Death 
Interaction) 

Sex      

 Male (reference group) -  -  - 

Female -  1.036(1.010-1.063)  1.036(1.009-1.063) 

Age-year      

18-55 (reference group) -  -  - 

56-65 -  1.051(1.022-1.080)  1.050(1.021-1.079) 

66-75 -  1.165(1.131-1.200)  1.164(1.130-1.199) 

>76 -  1.277(1.233-1.322)  1.276(1.233-1.321) 

Marital status      

Married (reference group) -  -  - 

Unmarried -  0.993(0.904-1.091)   0.993(0.903-1.091)  

Widowed -  0.970(0.900-1.046)   0.973(0.903-1.048)  

Divorced -  1.022(0.958-1.091)   1.022(0.958-1.091)  

Admission pathways      

Outpatient admission 
(reference group) -  -  - 

Emergency admission -  0.898(0.877-0.918)  0.898(0.877-0.918) 

Condition for admission      

Normal (reference group) -  -  - 

Severe -  1.142(1.068-1.220)  1.142(1.069-1.221) 

Dangerous -  1.280(1.201-1.365)  1.280(1.201-1.365) 

ECI2 -  1.004(1.002-1.007)  1.005(1.002-1.008)  

No. of open beds -  1.000(1.000-1.000)  1.000(1.000-1.000) 

No. of nurses per 100 beds -  0.995(0.993-0.997)  0.995(0.993-0.997) 

No. of physicians per 100 beds -  1.002(1.000-1.005)  1.002(1.000-1.005) 

In-patient cares per doctor -  1.045(0.862-1.266)  1.048(0.865-1.270) 

Government financial aid -  1.000(1.000-1.000)  1.000(1.000-1.000) 

In-hospital survival      

Yes (reference group) -  -  - 

No -  0.850(0.768-0.939)  0.736(0.639-0.847) 

Interaction     1.003(1.001-1.005) 

1PCI indicates percutaneous coronary intervention; 2ECI indicates Elixhauser Comorbidity index. 
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