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Abstract

Objective: We analyzed the proportion of cancer-caused hospitalization expenses in total hospitalization
expenses from national authoritative data and explored influencing factors of the proportion so as to provide
effective data information for more rational utilization of health resources.

Methods: Two-level lineal regression model was used to explore influencing factors of ratios of the cancer
inpatient expenditure over the total inpatient expenditure of hospitals in China in 2015. A total of 40.76 million
inpatient medical records were used to generate the outcome variables, while the explanatory variables were from
hospital information database and China Health and Family Planning Statistical Yearbook and literatures.
Results: Inpatient expenditure pattern for cancer (IEPC) varied largely across provinces, ranging from 3.03% to
19.61%. The major sources of variability were from the differences of hospital level and number of beds. There was
homogeneity within a province, while heterogeneity between the provinces. Rising one level of the hospital led to
the increase of 0.475 natural logarithm units of IEPC averagely. The number of beds increasing 1,000 each made
the natural logarithm of IEPC increase one unit averagely.

Conclusions: Our study showed that a considerable proportion of IEPC variation could be explained by the
differences of hospital level and number of beds. It implied that it is possible to estimate disease-specific ratio of
inpatient expense taking into account key influencing factors in China. Furthermore, this study is an input to

economic and financial analyses and provides evidence for future study on the national economic burden of cancer.
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Introduction

Since the 1970s, incidence rate and mortality for cancer
have been rising in China. Cancer has become the first
killer of human in the 21st century. Based on the data of
China National Cancer Center, the crude morbidity rate of
cancers in 2012 has reached 264.85/100,000 and the crude
mortality rate of cancers has reached 161.49/100,000 (1).
About 13% of death in Chinese residents (1 out of 7-8
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deaths) was caused by cancer (2). Cancer not only seriously
affects the health of the residents, but also causes heavy
economic burden to family and society. The prevention
and treatment for cancer has become a major public health
problem in China. In 2010, the total expenditure for the
prevention and treatment of cancer was 94.84 billion RMB
(13.79 billion US dollars), accounting for 5.14% of the
total health expenses and 0.24% of gross domestic product
(GDP) in China at the same period (3). In 2015, the total
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expense for cancer in tumor special hospitals reached 50.76
billion RMB (7.38 billion US dollars) (4).

Information on hospital expenditure is an important
input to the economic and financial analyses of many types
of health interventions, and is also essential for budgeting
and planning exercises. Previous studies (5,6) mainly
focused on the quantification of the cost of cancer, which is
an absolute number and cannot account for the cancer-
caused proportion of health resources in various diseases.
Moreover, analysts estimating the costs of health
interventions requiring hospitalization often cut corners
because they lack data and the costs of undertaking full
step-down costing studies are high. They sometimes use
the costs taken from a single hospital; and sometimes use
simple rules of thumb for allocating total hospital costs
(7,8). To fill the gap, for the first time, we analyzed the
proportion of cancer-caused hospitalization expenses in
total hospitalization expenses from the national
authoritative data, explored the influencing factors of the
proportion, and provided effective data information for
more rational utilization of health resources, so as to
control unreasonable medical expenses, reduce the
economic burden, and promote health care system reform
and the management of health care costs. Furthermore, this
study could be used to understand possible influencing
factors of inpatient expenditure pattern for cancer IEPC),
and provides evidence for future studies to predict costs in
regions where data were not available.

Materials and methods
Data source

The related information on inpatient expenditure for
cancer in China in 2015 is from the inpatient medical
record home page IMRHP) of general hospitals, whose
main contents include patients’ demographic information,
code of diagnosis, code of surgery, results of treatments,
hospitalization expenses, etc. The IMRHP was quarterly
reported by the general and special hospitals in the
secondary and above levels through the Health Statistics
and Report System of Center for Health Statistics and
Information (CHSI), National Health and Family Planning
Commission, China. Hospital information reported by
every hospital in China is from hospital information
database. Hospitals update their information as long as the
information changed through the Health Statistics and
Report System of CHSI. Hospital information mainly
includes hospital’s property, level, number of staff, number
of beds, situation of equipment, volume of medical services,
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etc. Provincial data, including GDP per capita, the
proportion of urban population, age structure, sex ratio and
so on, are from China Health and Family Planning
Statistical Yearbook 2016.

Every year before March, national CHSI checks the
completeness and validity of IMRHP and hospital
information of last year by provincial level and informs the
provincial CHSIs of the results of data quality control.
Besides, national CHSI carries out data quality supervision
and inspection regularly, and helps the provinces with
poorer data quality to improve their data’s completeness

and validity.
Statistical analysis

Brief conceptual framework

Considering the possible clustering in IEPC, we used
multilevel model to explore the influencing factors of ratio.
As the ratio after logarithmic transformation obeys normal
distribution, we proposed two-level (hospital level and
province level) linear regression model. We used SAS
software (Version 9.3; Institute Inc., Cary, USA) to clean
data, explore analysis and choose explanatory variables, and
modeled by MLwiN (Version 2.02; Multilevel Models
Project Institute of Education, London, UK).

Multilevel model

To keep the consistency with World Health Organizaiton
relative study (9) we applied linear regression model to
estimate the influencing factors of IEPC. To better explain
the potential clustering and differences of the proportions,
we proposed two-level linear regression model, with
hospital as the low level and province as the high level,
taking account of the potential homogeneity with similar
disease distribution in provinces (10).

Outcome variable

As the outcome variable, IEPC’s numerator is the total
hospitalization expenditure of patients primarily diagnosed
as cancer (International Classification of Diseases 10: C00-
C97) in a hospital and denominator is the total
hospitalization expenditure in a hospital. A total of 40.76
million IMRHP from 2,886 general hospitals were
included in the analysis.

Explanatory variables

We took almost all observed relevant variables of hospital
and province into consideration in order to analyze
influencing factors of inpatient expenditure pattern. Two
factors determined the choice of explanatory variables. One
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was the possible application of the model in predicting
IEPC in regions without IMRHP for the future, namely
the availability of data. Second, we considered the variables
used in previous studies (9,11). Firstly, data included in this
paper are available all over the country because of the
availability of national hospital information database and
China Health and Family Planning Statistical Yearbook.
Adam et al. analyzed influencing factors of the ratio of the
ward-specific cost to the total cost by the explanatory
variables: province, number of staff, number of beds and
occupancy rate (11), and modeled by GDP per capita,
occupancy rate, hospital beds, public or not, etc., to analyze
influencing factors of variation in the cost of inpatient stays
versus outpatient visits in hospitals (9). We referenced
variables used by Adam, but tried more variables to explore
possible correlations. In addition to the aforementioned
variables, hospital level, age-standardized mortality,
floating population, age structure and sex ratio were also
brought into model. The multilevel model is as follows:
Yij = Bo;; + Bigrade;; + Baproperty;; + (Bbed;+
Babutilization; + BsGDP; + [esmortality;+
Broprovince; + Bgymiddle; + Boold; + [Bosexr;

Boij = Bo + ug; + eqij
[ug]~N (0,07,)

Y ug

o] ~N (0,02)

»Peg

i: the first/low level, hospital level; j: the second/high level,
province level; y;: nature logarithmic of IEPC in a hospital;
B, fixed coefficient of each explanatory variable, k=1, 2, 3
...... 10; grade,;: hospital level; property;: hospital property;
bed;;: number of beds in a hospital; butilization;;: bed
utilization in a hospital; GDP;: GDP per capital in a provi-
nce; smortality;: age-standardized mortality for cancer in a
province; oprovince;: proportion for inpatient outside of
home province; ymiddle;: ratio of population aged 15-64
years old in a province; o/d;: ratio of population >65 years

old in a province; sexr;: sex ratio in a province; oz : between

2,

province variance; o : within province variance.

Results

Descriptive analysis

We analyzed 40.76 million IMRHP of 2,886 hospitals in 30
provinces of China in 2015 except Tibet because of few
data on Tibet. The distribution of IMRHP is presented in
Figure 1. There was a big difference in the number of the
eligible reported IMRHP among provinces in China in
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2015. The IEPC of the total inpatient records was 11.46%
in China in 2015, ranging from 3.03% to 19.61% across
provinces. Top three provinces on IEPC was Fujian,
Jiangsu and Zhejiang, whose IEPC were 19.61%, 18.29%
and 16.35%, respectively. Guizhou, Shandong and Shaanxi
had the least proportion of IEPC, which were 3.03%,
3.92% and 4.74%, respectively. Due to the skewed
distribution for IEPC, we used median and inter-quartile
range as presented in Tuble 1.

The number of public hospitals was approximately 6
times as many as that of private hospitals, while the median
of IEPC% of public hospitals was about 2 times as high as
that of private hospitals. The number of secondary
hospitals amounted to 2,071, which was far more than the
numbers of primary and tertiary hospitals. For IEPC%,
tertiary hospitals were the highest, secondary hospitals
were about a quarter of tertiary hospitals, and the
remaining was approximately one seventh of the tertiary.
Despite middle regions had the least number of hospitals
than the west and the east regions, the median of IEPC%
of east regions was slightly higher than that of the middle,
and that of west regions was the least (Tuble 2).

Model results

Single factor analysis and correlation analysis were carried
out for explanatory variables. We established a variance
covariance matrix to analyze the correlations in all variables,
which were divided into four categories: property, level,
scale and efficiency of hospital. The results of correlations
showed that staff and income variables are highly correlated
with beds (Pearson correlation coefficient >0.9). The highly
correlated variable (Pearson correlation coefficient >0.75)
with the rest variables in each category was selected as
representative. Finally, we selected four representative
types: hospital property (1 is a public hospital, 0 is a private
hospital), hospital level (1, 2, 3 are primary, secondary and
tertiary hospital, respectively), number of beds in a
hospital, and bed utilization in a hospital (numerator is
bed-days used by patients and denominator is total bed-
days in hospital).

Variance covariance matrix for provincial variables
showed that the region (the east, middle and west of China)
and life expectancy per capita are highly correlated with
GDP per capita. According to single factor liner regression
model, the population variable had no statistical
significance. In the end, the provincial variables include:
GDP per capital, age-standardized mortality for cancer
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Figure 1 The distribution for inpatient medical record home page IMRHP) in China, 2015. The case number is the number of IMRHP in

a county.

(12), proportion for inpatient outside of home province
(numerator is the total number of trans-provincial
inpatients and denominator is the total number of
provincial inpatients), ratio of population aged 15-64 years
old, ratio of population >65 years old, and sex ratio.

Then we put the selected variables one by one into the
model to model. As shown in model 0 without any
explanatory variables, also called zero model, second-level’s
residual had statistically significant difference, suggesting
the IEPC in a province having homogeneity. When we put
the variables successively in the model, we found that
hospital level and number of beds in a hospital had
statistical significance, and the rest of the explanatory
variables showed no significance. The interpreted
proportion of the variation reached 50.65% in the final
model. The residual normal figures of hospital level and
province level were similar to a straight line, indicating that
the hypothesis of first level and second level’s residual
obeying normal distribution is reasonable and the
application of the above model is correct. Fixed coefficient
of each variable is presented in Tuble 3. The results of final
model are as follows:
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Yij = Po;; + 0.475grade;; — 0.036property;; +
0.001bed;; 4 0.032butilization;; — 0.000GDP; +
569.245smortality; + 1.5200province; +
0.056ymiddle; + 0.1170ld; + 0.011sexr;

Boij = —12.390 + uq; + eq;
[uoj] ~N (0,0.153)
[t40ij] ~N (0,0.986)

Discussion

Studying influencing factors of IEPC in China can provide
evidence for more reasonable allocation of limited health
resources. The results show that cancer takes up a large
amount of health resources, strengthening the importance
of greater attention. Additionally, IEPC in a high level has
clustering, namely that there is heterogeneity between
provinces and similarity within a province.

Model results demonstrate that hospital level and
number of beds are the influencing factors of IEPC. We
can see that the higher the level of hospitals, the higher the
value of IEPC. This result can be explained by the fact that
the patients with severe diseases tend to visit the hospitals
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Table 1 IEPC of 30 provinces in China, 2015

15

Province NH PN% IEPC% M Q

Beijing 69 2.39 13.83 9.62 9.58
Tianjin 38 1.32 8.69 4.83 6.97
Hebei 97 3.36 12.34 4.53 8.04
Shanxi 44 1.52 11.55 4.88 8.56
Inner Mongolia 111 3.85 8.06 2.85 5.03
Liaoning 155 5.37 11.58 4.48 7.35
dJilin 102 3.53 11.40 4.60 5.45
Heilongjiang 64 2.22 12.28 3.68 5.67
Shanghai 55 1.91 13.43 8.78 9.96
Jiangsu 145 5.02 18.29 7.04 11.24
Zhejiang 104 3.60 16.35 7.30 7.82
Anhui 87 3.01 13.97 5.39 7.34
Fujian 15 0.52 19.61 6.35 16.87
Jiangxi 51 1.77 12.40 5.40 5.58
Shandong 134 4.64 3.92 2.01 3.63
Henan 147 5.09 8.91 5.38 7.59
Hubei 75 2.60 11.65 4.21 5.64
Hunan 143 4.95 8.85 3.22 3.95
Guangdong 248 8.59 12.59 3.55 6.38
Guangxi 90 3.12 9.05 2.62 5.29
Hainan 29 1.00 14.55 2.98 4.65
Chonggqing 62 2.15 7.06 4.78 2.94
Sichuan 371 12.86 7.32 1.94 3.59
Guizhou 91 3.15 3.03 0.93 1.32
Yunnan 150 5.20 5.92 1.06 0.99
Shaanxi 33 1.14 4.74 2.88 4.04
Gansu 103 3.57 9.38 1.62 3.30
Qinghai 26 0.90 10.49 0.85 1.26
Ningxia 13 0.45 7.67 0.69 1.83
Xinjiang 34 1.18 11.41 2.30 1.82
Total 2,886 100 11.46 3.33 6.18

IEPC, inpatient expenditure pattern for cancer; NH, the number of hospital; PN%, the proportion of hospital number; M, the median

of IEPC%; Q, the inter-quartile range of IEPC%.

with higher level. Although the levels can reflect the ability
of diagnosis and treatment of hospitals in a certain level,
there still is a high variation of inpatient volume among
hospitals in the same level. The number of beds in tertiary
hospitals ranges from 400 to 2,000. Our study shows that
the expenditure of cancer was concentrated in hospitals
with more beds. Briefly, rising one level of the hospital led
to the increase of 0.475 natural logarithm units of IEPC

averagely. The number of beds increasing 1,000 each made
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the natural logarithm of IEPC increase one unit averagely.

Although the rest of the explanatory variables cannot
influence the IEPC, they can explain the differences
between provinces to some extent, including GDP per
capita, age-standardized mortality for cancer, proportion
for inpatient outside of home province and ratio of
population aged 15-64 years old. The final model can
explain 50.65% of the variation, and the independent
variables explained the model well (13).
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Table 2 IEPC in different classification in China, 2015

Variables NH PN% M Q
Hospital property
Public 2,467 85.48 3.60 6.45
Private 419 14.52 2.08 4.30
Hospital level
Primary 243 8.42 1.58 3.24
Secondary 2,071 71.76 2.63 4.19
Tertiary 572 19.82 10.48 9.00
Region
West 1,084 37.56 1.75 3.55
Middle 713 24.71 4.39 6.37
East 1,089 37.73 4.66 8.24

IEPC, inpatient expenditure pattern for cancer; NH, the number of hospital; PN%, the proportion of hospital number; M, the median
of IEPC%; Q, the inter-quartile range of IEPC%.

Table 3 Two-level linear regression model on influencing factors of IEPC

, B (SE)
Variables Model 0 Model 1 Model 2 Model 3 Model 4 Model 5 Model6 Model 7 Model8 Model9 Model 10
Variance in 0.310 0.283 0.283 0.250 0.250 0.186 0.177 0.176 0.165 0.153 0.153
province (0.085) (0.078) (0.078) (0.069) (0.069) (0.052) (0.050) (0.050) (0.047) (0.044) (0.044)
Hospital level 1.017 1.018 0.481 0.481 0.478 0.479 0.479 0.475 0.476 0.475
(0.040) (0.042) (0.052) (0.052) (0.052) (0.052) (0.052) (0.052) (0.052) (0.052)
Hospital property -0.003 -0.038 -0.040 -0.039 -0.037 -0.037 -0.039 -0.036 -0.036
(0.064) (0.061) (0.062) (0.062) (0.062) (0.062) (0.062) (0.062) (0.062)
Number of beds 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Bed utilization 0.027  0.030 0.030 0.030 0.037 0.032 0.032
(0.109) (0.109) (0.109) (0.109) (0.109) (0.109) (0.109)
GDP per capita 0.000 0.000 0.000 0.000 0.000 -0.000
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Age-standardized 475.882 553.736 637.702 522.313 569.245
mortality for cancer (433.049) (503.055) (491.127) (480.740) (501.899)
Proportion for 0.495 0.608 1.505 1.520
inpatient outside of (1.640) (1.591) (1.638) (1.638)
home province
Ratio of population 0.042 0.053 0.056
aged 15-64 years (0.031) (0.031) (0.033)
old
Ratio of population 0.105 0.117
>65 years old (0.067) (0.076)
Sex ratio 0.011
(0.035)
Interpreted 8.71 8.71 19.35 19.35 40.00 42.90 43.23 46.77 50.65 50.65
proportion of
variation (%)
IEPC, inpatient expenditure pattern for cancer; GDP, gross domestic product; SE, standard error.
To our knowledge, this is the first study exploring the estimated the proportion and identified the influencing
IEPC using national authoritative data to acquire the factors of it by multilevel model.
proportion of cancer in various diseases in China. We Limitations should be noted in interpreting the results of
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our study. Firstly, some influencing factors (such as the
price of cancer treatment) on IEPC could not be included
in the model due to the limitation of data accessibility.
Secondly, the variation of data completeness among
different levels of hospitals and different regions may
influence our final model. However, this is still the
inpatient expenditure pattern study with the largest data
sample.

Our study showed that a considerable proportion of
IEPC variation could be explained by the differences of
hospital level and number of beds. It implied that it is
possible to estimate disease-specific ratio of inpatient
expense taking account of key influencing factors in China.
Furthermore, this study is an input to economic and
financial analyses and provides evidence for future study on
the national economic burden of cancer. What’s more, the
influencing factors obtained from this study can predict the
ratio in the area where data are not available.
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