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Abstract: One way to reduce healthcare costs is to target the high spenders who remain persistently
high in cost over time. Using claims data from China between 2010 to 2014, we sought to identify
the level of concentration in spending and the proportion of spenders whose costs remain high over
five years. Using a transition matrix and a linear regression strategy, we find that the top 10% of
the spenders account for more than 50% of total expenditures. Of the individuals who were in the
top 10% in 2010, 33.6% remained in the top 10% one year later and 23.6% were still in that category
even four years later. Past spending plays a major role in the dynamic of health spending. A 10%
increase in expenditure is associated with an increase of 0.36% to 1.33% of spending in the future.
Persistence has some heterogeneity in terms of age, gender, and income level. Many diseases have
strong predictive power for future spending. Research on the concentration and persistence of health
expenditures will inform policymakers in terms of controlling costs and providing protection for
catastrophic spending.

Keywords: health expenditures; spending persistence; spending concentration; health care reform;
catastrophic spending protection; cost containment

1. Introduction

Health care spending is increasing rapidly in both developed and developing coun-
tries [1,2]. Controlling health expenditure as well as promoting population health is
becoming a great concern around the world [3].

One area that has received particular attention has been the focus on high-cost pa-
tients, who account for a disproportionate amount of spending and have significant health
needs [3,4]. There is a robust set of research from developed countries and regions that sug-
gests that a small percentage of the population accounts for a large share of total healthcare
expenditures [5,6], and these patients have high spending persistently over time [7–10].
However, as far as we know, the time interval for most of these studies is short and the
information revealed about the trend of concentration and persistence over time is limited.
In addition, the studies on the concentration and persistence of health spending are mostly
about developed countries and regions, such as the United States, Britain, and France.
There is little research about developing countries due to a lack of long-term administrative
and survey data. Results from developing countries such as China may be different given
differences in disease profiles, stage of population aging, and medical system [11].

To fill the literature gap, in this paper we investigate the concentration and dynamic
of health spending in China using a unique individual-level claim dataset with a 5-year
observation period. Using a transition matrix and a linear regression strategy, we reach
three conclusions. First, we find that the top 10% of spenders account for more than 50%
of total expenditures. The top 50% consume more than 90% of medical resources. Of the
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individuals who were in the top 10% in 2010, 33.6% remained in the top 10% one year
later. The probability declined gradually thereafter, but 23.6% of the top spenders in 2010
were still in the same category four years later. Past spending plays a major role in the
dynamic of health spending, and is dependent on age, gender, conditions (health), and
other characteristics. A 10% increase in expenditure is associated with an increase of 0.36%
to 1.33% in spending in the future.

Second, the most expensive 10% of health care users tend to be older, male, urban
residents, and seeking care in secondary and tertiary health institutions. Diagnoses of the
top 10% of spenders are concentrated among neoplasms, diseases of the circulatory system,
diseases of the digestive system, diseases of the genitourinary system, neurodevelopmental
disorders and injury, poisoning, and other consequences of external causes. Among them,
malignant neoplasms and digestive system, cerebrovascular, hypertensive, and ischemic
heart diseases play a major role. These findings support disease management for conditions
that are strong predictors of future high spending.

Third, persistence has some heterogeneity in terms of age, gender, and income level.
The spending persistence trend is weaker among people older than 65 than among younger
people ranging from 18 to 44, even after controlling for diagnoses. This may be because
the elderly enjoys less health investment than younger people in China, especially in
rural areas. Compared with higher income patients, the financially constrained group
experiences stronger expenditure persistence.

Our research makes several contributions to the literature. First, this is the first
research studying the concentration of health expenditure based on claim-level data in
one metropolitan region of China. Existing studies on the concentration of health care
expenditures are mainly about developed countries. They show that the distribution of
spending is highly right-skewed, and a small group of people account for a large share
of total expenditures. For example, the top 5% of spenders accounted for around 50%
of total health care expenditures in the United States from 1996 to 2012 [4–6,12–14]. In
Taiwan, the top 10%, on average, accounted for 55% of total National Health Insurance
expenditures between 2005 and 2009 [9]. Gastaldi-Ménager et al. [10] found that the top
10% of spenders in France consumed about 59% and 62% of total health resources in 2008
and 2013, respectively. In China, Peng and Du [11] studied health spending concentration
in one county of China and found that the top 10% of spenders accounted for about 50% of
total expenditures. However, the data they used were at the NCMS claim level and thus
the population covered was rural residents. We extend their research by using claim-level
data from a metropolitan area covering both rural and urban citizens. We find the top 10%
of the spenders utilize more than 50% of health resources.

Second, it contributes to the research on the persistence of health expenditure based
on claim-level data in one metropolitan area of China. Existing studies on the persistence
of health care expenditures are mainly on developed countries. They have proved that
expenditures, especially high expenditures, persist from one year to the next over a long-
term period. Hirth et al. [8] show that for the under-65 population of the United States, of
those in the top 10% in 2003, 34.4% remained in the top 10% five years later. Kohn and
Liu [15] found that past use of health services is significantly predictive for future use in
Britain. Ku et al. [9] proved that of the top 10% of health care users in Taiwan in 2005, 39%
remained in this category one year later between 2005 and 2009. Gastaldi-Ménager et al. [10]
found that, of the top 10% of spenders in France in 2008, 48% were still in the top decile of
spenders in 2009. Many other studies have reached a similar conclusion [7,14,16–25]

However, some research has concluded that health spending has no strong persistence
characteristics, and the main reason is that high spenders are more likely to die and exit
the reimbursement sample [26]. Research on health expenditure persistence in developing
regions is rare, which may be due to a lack of long-term administrative and survey data.
Xu et al. [27] studied health expenditure persistence using claim-level data of the UEBMI
from one city in China. However, the data span they use is too short (only three years) and
the information revealed about health expenditure is thus limited.
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As far as we know, our research is the first study on the concentration and persistence
of health care expenditures of both rural and urban citizens in China based on long-term
unique administrative data in one metropolitan region. In this paper we carry out two
further activities. First, we utilize various statistical methods, including a transition matrix,
to tackle the high-skewed distribution of health spending. Second, we incorporate four
lags of expenditures as regressors into the regression model to identify the effect of past
spending on future spending, conditional on other covariates. Kohn and Liu [15] prove
that past use should be incorporated into econometric models of health care use. However,
existing studies about spending persistence rarely have lags of expenditures as explanatory
variables and some just take the first/base year spending as a regressor to predict future
expenditures [8]. Long-term data are essential to study the concentration and persistence of
health expenditure. By using long-term administrative data, we can identify the persistence
characteristics of expenditures and predict future spending more precisely and convincingly.
First, it will take a long time for some diseases (such as malignant neoplasms) to be cured,
so short-term data may be misleading. Second, diseases that can be treated and cured
transform with technology development. The persistence and concentration may thus
change, and long-term data can reveal these kinds of aspects. Finally, long-term data can
provide more precise information on resources of health costs.

2. Data

China has accomplished the goal of universal health coverage; more than 1.35 billion,
or 98% of the Chinese people, have been covered by the public health insurance program
(Chinese Health Statistics Yearbook, 2020). The Urban Employee Basic Medical Insurance
(UEBMI) is for the urban employed population, the New Rural Cooperative Medical
Insurance Scheme (NCMS) is for rural residents, and the Urban Resident Basic Medical
Insurance (URBMI) targets urban residents without formal employment, especially the
elderly and children. The NCMS and URBMI have been integrated since 2016 in most
regions of China due to similar financing and reimbursement arrangements, as well as to
promote efficiency.

In this paper, we use the inpatient claim-level data of the NCMS and URBMI from
2010 to 2014 in one metropolitan region, namely S city of China. The administrative data
consist of information on health care utilization, expenditures, and patient demographics.
Health care utilization data include dates of admission and discharge, diagnoses, and
level of health care institutions. Expenditure data cover total expenditure, out-of-pocket
expenditure, and drug and test spending. Patient information provides date of birth,
gender, enrollment location, and income level. Like other administrative data, there is no
record of education in our dataset.

From this dataset, we retain individuals aged 18 and older, and drop observations with
negative expenditures, or those missing key variables (e.g., age, gender, and enrollment
location). The sample is restricted to individuals with claims data in each year, but is
not balanced over time since we do not have information about date of death. In this
way, our research of persistence should be a lower bound in consideration of death, and
concentration of spending is an average level for decedents and survivors. However,
we will definitely improve our analysis in future research once we gain access to death
information. Total annual health care expenditures for those recipients with more than
one claim within one calendar year are calculated by summing all the expenditures within
the year. This leads to a total of 779,785 individuals by yearly observations. The recorded
reimbursements are in current RMB. We transform them into 2014 RMB using the rural
residents’ medical cost Consumer Price Index of the province in which this city is located.

Several selected conditions are used to measure health status. Cancer, cardiac disease,
and cerebrovascular disease were selected since they have been identified among the most
expensive and fatal conditions in inpatient settings across China. Chronic renal disease,
chronic pulmonary disease, chronic liver disease, mental disorders, and trauma were
included given their high prevalence in the sample. Hypertension and diabetes were
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also selected because they are quite common chronic conditions. These conditions were
identified by the inpatient diagnosis record with corresponding ICD-10-CM codes. We also
have one dummy variable to indicate whether an individual was admitted more than once
in the same calendar year.

3. Methods
3.1. Statistical Analysis

To describe the concentration of health spending, we divide beneficiaries of each year
into different percentiles by total annual expenditures (including the top 1%, 5%, 10%,
20%, and 50%), and calculate each percentile’s cumulative percentage of the aggregate
expenditures for each year. To analyze the persistence of high spending over time, we
construct a transition matrix showing the probability that a recipient in the top 10% and
top 20% of the expenditure distribution in 2010 remains in the top 10% and top 20% four
years later. We also study the persistence of health spending by counting the number of
admissions based on hospitalization records over five years.

3.2. Empirical Analysis

To provide more empirical evidence of the dynamic of health care expenditure and
to predict the contribution of each variable to future spending, we run an ordinary least
squares estimation by including the lag of expenditure as the independent variable. The
regression model is as follows:

ln(Yit) = α + Zitβ + ∑
k

γt−k ln(Yi,t−k) + θd + µt + εit k = 1, 2, 3, . . . , t− 1 (1)

where dependent variable Yit is the health expenditure of individual i in calendar year t.
The key independent variables Yi,t−k are the lag of health expenditure for each individual i
over a certain number of calendar years. For example, Yi,t−k includes Yi,2013, Yi,2012, Yi,2011,
Yi,2010 for calendar year 2014 for an individual who has four years of expenditure. The log
values of all the expenditure variables are taken. Given that medical utilization is highly
skewed, the log transformation helps in improving precision and reducing the effect of
outliers [28].

Zit is a vector of covariates which consists of the age and gender of individual i, the
level of health care institutions, whether individual i has been hospitalized more than
once within one calendar year, as well as diagnoses (including cancer, cardiac disease,
cerebrovascular disease, chronic renal disease, chronic pulmonary disease, chronic liver
disease, mental disorders, trauma, hypertension, and diabetes). θd is district fixed effect
and µt denotes time fixed effect. εit is a random error term.

The parameter for the lag of health expenditure is our concern. It indicates the γt−k
percent by which the current expenditure will increase once k year’s lag of spending
increases by 1%.

4. Statistical Analysis
4.1. Concentration of Health Spending

Table 1 describes the minimum health care spending for recipients who are in the
top 1%, 5%, 10%, 20%, and 50% of health care spenders in each year. For the top 1%, the
minimum expenditure in 2014 is 85,150 RMB ($13,914). The minimum spending for each
percentile increased with time, except for the top 1%.
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Table 1. Distribution of Expenditure by Year, 2010–2014.

Min (RMB)

Expenditure Percentile 2010 2011 2012 2013 2014
Top 1% 85,150 61,583 63,833 66,335 69,048
Top 5% 17,256 21,092 21,530 21,541 22,255
Top 10% 9506 11,484 11,893 11,608 12,123
Top 20% 5596 6661 6874 6629 6971
Top 50% 1699 2296 2512 2457 2676

Observations 114,744 136,575 155,705 183,209 189,552
Source: Authors’ analysis of claims data for 2010–2014. Notes: The average exchange rate between the yuan and
the US dollar was about 6.119 in 2014.

Figure 1 shows the concentration of expenditures. The top 1% of users consume
almost 20% of medical resources. The top 10% and 20% of spenders account for more than
50% and 70% of total expenditures, respectively. The top 50% account for more than 90%
of total spending. As shown in Figures 2 and 3, many other countries and regions share
similar trends. For example, the top 1% and 10% of spenders in the United States accounted
for more than 20% and 60% of overall health care expenditures, respectively [4–6,12–14].
In Taiwan the top 10% of users on average accounted for 55% of total National Health
Insurance expenditures between 2005 and 2009 [9]. In France the top 10% of spenders in
2008 and 2013 consumed 59% and 62% of medical resources, respectively [10].

Figure 1. Concentration of Health Spending in China. Source: Authors’ analysis of claims data for
2010–2014.

Figure 2. Concentration of Health Spending in the U.S. source: Data is from Cohen [4,14]. Notes: All
ratios are calculated based on inpatient spending.
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Figure 3. Concentration of Health Spending for the Top 10% of Users in Different Countries and
Regions. Source: Data for China is from the sample we used in this paper, and it is the average
ratio during 2010–2014. Data for the United States is from Cohen [4,14] and it is averaged during
2005–2012. Data for France is from Gastaldi-Ménager et al. [10] and it is in 2013.

4.2. Demographic and Diagnoses Characteristics of High Spenders

Given the high concentration of health spending, identifying the characteristics of
those high spenders is of great concern for managing their health care expenditures. Table 2
provides summary statistics for high spenders and the rest of the population. It shows that
there are statistically significant differences between the top 10% and 20% of spenders and
the rest of the population. The top 10% tend to be older, male, urban residents, and seeking
care in secondary and tertiary health institutions. Moreover, high spenders are prone to
having more serious and chronic conditions than the rest, except for hypertension and
pulmonary diseases. We believe that the main reason for this is that the data we used are
inpatient claim data, while many hypertension and pulmonary disease patients in China
utilize outpatient clinical services. At the same time, those in the top 10% are prone to
having more than one admission record in the same calendar year (in other words, they
are hospitalized more than once within one year). The top 20% have similar characteristics
to the top 10%.

Table 2. Demographic and Diagnoses Characteristics of High Spenders.

(1) (2) (3) (4)

Variables The Top 10% Bottom 90% The Top 20% Bottom 80%

Panel A: Spending, Demographic and Health Institutions
Expenditure 31,746.076 *** 2922.246 20,132.385 *** 2222.633

(29,850.790) (2623.510) (24,114.321) (1749.899)
Age 54.310 *** 51.138 52.954 *** 51.081

(16.281) (17.777) (17.281) (17.732)
Gender 0.539 *** 0.423 0.493 *** 0.420

(0.498) (0.494) (0.500) (0.494)
Urban 0.667 *** 0.611 0.670 *** 0.603

(0.471) (0.488) (0.470) (0.489)
Secondary Institutions 0.415 *** 0.435 0.505 *** 0.415

(0.493) (0.496) (0.500) (0.493)
Tertiary Institutions 0.565 *** 0.115 0.469 *** 0.082

(0.496) (0.319) (0.499) (0.275)
Panel B: Diseases

Tumor 0.159 *** 0.023 0.121 *** 0.015
(0.365) (0.149) (0.326) (0.122)

Heart Attack 0.026 *** 0.015 0.024 *** 0.014
(0.159) (0.121) (0.154) (0.117)

Cerebrovascular 0.061 *** 0.048 0.059 *** 0.047
Disease (0.239) (0.213) (0.235) (0.211)

Hypertension 0.008 *** 0.042 0.013 *** 0.045
(0.091) (0.201) (0.115) (0.208)
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Table 2. Cont.

(1) (2) (3) (4)

Variables The Top 10% Bottom 90% The Top 20% Bottom 80%

Diabetes Mellitus 0.009 *** 0.011 0.012 *** 0.011
(0.096) (0.106) (0.107) (0.105)

Kidney Disease 0.014 *** 0.001 0.009 *** 0.001
(0.116) (0.034) (0.094) (0.027)

Pulmonary Disease 0.027 *** 0.049 0.029 *** 0.051
(0.162) (0.216) (0.168) (0.221)

Liver Disease 0.016 *** 0.005 0.014 *** 0.004
(0.126) (0.072) (0.116) (0.067)

Mental Disorders 0.028 *** 0.009 0.023 *** 0.008
(0.164) (0.097) (0.150) (0.091)

Trauma 0.137 *** 0.082 0.101 *** 0.083
(0.344) (0.274) (0.302) (0.277)

Hospitalizations > 1 0.627 *** 0.179 0.504 *** 0.154
in the same Year (0.484) (0.383) (0.500) (0.361)

Observations 77,976 701,809 155,955 623,830

Source: Authors’ analysis of claims data for 2010–2014. Notes: We merge the top 10% spending for each calendar year as the Top 10%. The
same is for the top 20%. Standard errors are in brackets. We used t-tests to test for significant differences. All differences across high-cost
status categories were significant at 1% level. *** p < 0.01.

Figures 4 and 5 report age density distribution of the top 10% of spenders and average
spending for each age group. Figure 4 shows that the age distribution has an inverted U
shape, with high spending concentrated around people aged 45 and 60. These ages also
have the highest average spending, as reported by Figure 5. This differs from developed
countries, in which health spending steadily increases with age. This shows the underuse
of health care services for the elderly in China. Our result is consistent with Gao and
Yao [29], Yan and Chen [30], and Feng et al. [31], who proved that people older than 65 in
China had lower health status and less health spending.

Figure 4. Age Density Distribution of the Top 10% of Users. Source: Authors’ analysis of claims data
for 2010–2014.

Table 3 reports the top six categories of diagnoses for the top 10% of spenders. They
make up almost 50% of total observations. Among them, neoplasms, diseases of the
circulatory system, and diseases of the digestive system account for 3.6%, 13.9%, and
12.3% of total observations, respectively. Malignant neoplasms make up 41.0% of all the
neoplasms, indicating that the probability of being diagnosed with a malignant neoplasm
is very high. For diseases of the circulatory system, cerebrovascular diseases, hypertensive
diseases, and ischemic heart diseases account for 35.3%, 27.9%, and 11.4%, respectively.
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This implies that patients in the studied region suffer from these common diseases and that
they play a major role in high health expenditure. Diseases of the genitourinary system
also make a great contribution. Mental, behavioral, and neurodevelopmental disorders
and injury, poisoning, and other consequences of external causes contribute 1.1% and
8.7%, respectively.

Figure 5. Average Spending of the Top 10% of Users by Age Group. Source: Authors’ analysis of
claims data for 2010–2014.

Table 3. Diagnoses Distribution of The Top 10% Spending.

(1) (2)
Six Categories of Diagnose Observations Ratio (%)

Total Inner Category

Neoplasms 28,227 3.6
Malignant Neoplasms 11,590 41.0

In Situ Neoplasms 3269 11.6
Benign Neoplasms 12,467 44.2

Diseases of The Circulatory System 108,434 13.9
Hypertensive Diseases 30,225 27.9

Ischemic Heart Diseases 12,410 11.4
Cerebrovascular Diseases 38,259 35.3

Diseases of The Digestive System 96,157 12.3
Diseases of Esophagus, Stomach and Duodenum 34,764 36.2

Diseases of Appendix 11,200 11.6
Disorders of Gallbladder, Biliary Tract and Pancreas 10,577 11.0

Diseases of Liver 4911 5.1
Noninfective Enteritis and Colitis 12,890 13.4

Diseases of The Genitourinary System 56,169 7.2
Urolithiasis 16,766 29.8

Acute Kidney Failure and Chronic Kidney Disease 1860 3.3
Diseases of Male Genital Organs 5830 10.4

Inflammatory Diseases of Female Pelvic Organs 11,124 19.8
Noninflammatory Disorders of Female Genital Tract 8577 15.3

Mental, Behavioral and Neurodevelopmental Disorders 8828 1.1
Schizophrenia, Schizotypal, Delusional 4011 45.4

Anxiety, Dissociative, Stress-Related, Somatoform 2099 23.8
Mental Disorders Due to Known Physiological Conditions 1425 16.1

Injury, Poisoning and Other Consequences of External Causes 67,913 8.7
Total 365,728 46.8

Source: Authors’ analysis of claims data for 2010–2014. Notes: We only list the top six categories of diseases in our dataset. ICD-10
(International Classification of Diseases, 10th revision) codes are shown in Table A1 of Appendix A. They account for 46.8% of total
observations. Total number of observations is 779,785. Total ratio is the proportion of observations for each category on total observations.
Inner category ratio is the proportion of observations for each disease within each category. We only list some important diseases for
each category.



Sustainability 2021, 13, 5761 9 of 17

4.3. Expenditure Persistence
4.3.1. Dynamic of Concentration of Health Spending

It is overwhelming that the top 10% of spenders consume more than 50% of total
health resources. Does this persist over time? We aggregate expenditure for everyone over
several years to calculate the proportion of total expenditure accounted for by the top 10%
of spenders. As shown in Figure 6, the ratio for 2010 is 55.9% and it decreases slightly as we
add up expenditure over a longer period. The top 10% of spenders still account for 54.9%
of total expenditure after five years. This indicates that there is strong health expenditure
persistence in light of persisting health spending concentration.

Figure 6. The Proportion of Total Expenditure Accounted for by The Top 10% of Spenders. Source:
Authors’ analysis of claims data for 2010–2014.

4.3.2. Transition Matrix Analysis for Persistence of Health Spending

Table 4 presents the probability of the top 10% beneficiaries remaining in the top 10%
and 20% categories, respectively. For individuals who were in the top 10% in 2010, 33.6%
remained in the top 10% one year later. The probability declined gradually thereafter, with
23.6% of the top spenders in 2010 still in the same category four years later. Therefore,
approximately 74.7% (25.1%/33.6%) and 70.2% (23.6%/33.6%) of individuals who were
the highest spenders were likely to remain so three and four years later, respectively. The
probability of the top 10% beneficiaries remaining in the top 20% was 79.5% (38.5%/48.4%)
and 75.6% (36.6%/48.4%) three and four years later, respectively.

Table 4. Persistence of High Spending Across Years.

1 Year Later (%) 2 Years Later (%) 3 Years Later (%) 4 Years Later (%)

Top 10% to Top 10%
2010 33.6 26.4 25.1 23.6
2011 35.8 28.4 24.9
2012 37.1 27.1
2013 35.0

Top 10% to Top 20%
2010 48.4 41.3 38.5 36.6
2011 50.7 42.0 38.4
2012 52.5 42.7
2013 50.1

Source: Authors’ analysis of claims data for 2010–2014.

4.3.3. Distribution of Years of Admission and Number of Admissions

We calculate distribution of years of admission and number of admissions to provide
more evidence for health expenditure persistence. For the distribution of years of admis-
sion, we add up all expenditures during each calendar year for everyone and take one
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individual’s one year as one observation. For the distribution of number of admissions, we
take one admission as one observation. As shown in Table 5, 51.5% of observations have
two or more years of health spending. However, average expenditure does not increase
as persistence increases. The main reason for this is that high spenders are more likely
to die and exit the reimbursement sample. Figure 7 reports the distribution of years of
admission and number of admissions for the top 10% of spenders. For this group, the
proportion of observations with two or more years of spending is 22.5%, which is lower
than the total sample. It may be that diagnoses and conditions for higher spenders are
usually serious, and thus the mortality rate is high and persistence is weaker. Number of
admissions concentrated around four for the top 10% of spenders.

Table 5. Distribution of Years of Admission and Average Expenditure.

Years (1) (2) (3)
Observations Ratio (%) Average Expenditure (RMB)

1 378,525 48.5 5513
2 213,290 27.4 6179
3 107,325 13.8 6035
4 54,120 6.9 5853
5 26,525 3.4 5927

Total 779,785 100
Source: Authors’ analysis of claims data for 2010–2014. Notes: The average exchange rate between the yuan and
the US dollar was about 6.119 in 2014.

Sustainability 2021, 13, x 11 of 18 
 

  
(a) (b) 

Figure 7. Distribution of Years and Number of Admissions for The Top 10% of Spenders. Source: Authors’ analysis of 
claims data for 2010–2014. Notes: For distribution of years of admission, we add up all expenditures during each calendar 
year for everyone and take one individual one year as one observation. For distribution of number of admissions, we take 
one admission as one observation. Subfigure (a,b) report the distribution of years of admission and number of admissions 
for the top 10% of spenders, respectively. 

5. Empirical Analysis 
5.1. Persistence of Health Spending 

To provide more empirical evidence on the persistence of health expenditures, we 
run the regression of health spending on the lagged dependent variable. The results are 
shown in Table 6. The key finding is that—conditional on age, gender, conditions, and 
other covariates—estimated coefficients for all the lagged health expenditures are 
statistically significant. Although the coefficients decrease as we add more lagged health 
spending, they are still statistically and economically significant. Taking regression 
incorporating four periods of lagged dependent variables as an example, once an 
individual is hospitalized and there is a 10% increase in expenditure, the spending will 
significantly increase by 1.1% 1 year later and 0.76% 2 years later. The coefficient is 0.62% 
for 3 years later. Health spending will increase by 0.36% even after 4 years. This suggests 
that past spending plays a major role in the dynamic of health spending, and depends on 
conditions (health). 

In terms of comorbidities, spenders with serious and chronic conditions generally 
have higher health expenditure. For example, the expenditure for spenders with tumor 
diagnoses is 16% to 59.9% higher than for people without this condition. Conditional on 
four periods of lagged expenditure, spending for recipients with heart attacks, 
cerebrovascular disease, diabetes mellitus, and pulmonary disease is 12.4%, 7.6%, 9.9%, 
and 9.9% higher than for people without those conditions, respectively. 

It is worth noting that kidney disease and mental disorders played a major role in 
predicting high spending over a long time period. For those with kidney disease or mental 
disorders, spending is 50.4% and 97.6% higher than for people with none of these 
conditions, respectively. Trauma also has some predictive power for high expenses. This 
is different from Hirth et al. [14]. They found marginal effects for medical conditions 
tended to be larger than those for psychiatric conditions, and trauma has a relatively small 
marginal effect for predicting expenses. 

Table 6. Regression Results for Persistence of Health Spending. 

Variables (1) (2) (3) (4) (5) 
Lagged of Expenditures (log) 

(L1) expenditures × 0.133 *** 0.130 *** 0.129 *** 0.111 *** 
  (0.002) (0.003) (0.005) (0.010) 

Figure 7. Distribution of Years and Number of Admissions for The Top 10% of Spenders. Source: Authors’ analysis of
claims data for 2010–2014. Notes: For distribution of years of admission, we add up all expenditures during each calendar
year for everyone and take one individual one year as one observation. For distribution of number of admissions, we take
one admission as one observation. Subfigure (a,b) report the distribution of years of admission and number of admissions
for the top 10% of spenders, respectively.

5. Empirical Analysis
5.1. Persistence of Health Spending

To provide more empirical evidence on the persistence of health expenditures, we run
the regression of health spending on the lagged dependent variable. The results are shown
in Table 6. The key finding is that—conditional on age, gender, conditions, and other
covariates—estimated coefficients for all the lagged health expenditures are statistically
significant. Although the coefficients decrease as we add more lagged health spending,
they are still statistically and economically significant. Taking regression incorporating four
periods of lagged dependent variables as an example, once an individual is hospitalized
and there is a 10% increase in expenditure, the spending will significantly increase by
1.1% 1 year later and 0.76% 2 years later. The coefficient is 0.62% for 3 years later. Health
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spending will increase by 0.36% even after 4 years. This suggests that past spending plays
a major role in the dynamic of health spending, and depends on conditions (health).

Table 6. Regression Results for Persistence of Health Spending.

Variables (1) (2) (3) (4) (5)

Lagged of Expenditures (log)
(L1) expenditures × 0.133 *** 0.130 *** 0.129 *** 0.111 ***

(0.002) (0.003) (0.005) (0.010)
(L2) expenditures × × 0.079 *** 0.078 *** 0.076 ***

(0.003) (0.005) (0.010)
(L3) expenditures × × × 0.069 *** 0.062 ***

(0.005) (0.010)
(L4) expenditures × × × × 0.036 ***

(0.009)
Demographic and Health Institutions

Age 0.006 *** 0.002 ** −0.002 -0.005 −0.008
(0.000) (0.001) (0.002) (0.004) (0.007)

Age2 −0.000 *** 0.000 0.000 ** 0.000 ** 0.000
(0.000) (0.000) (0.000) (0.000) (0.000)

Gender 0.057 *** 0.039 *** 0.034 *** 0.030 *** 0.026
(0.002) (0.004) (0.006) (0.010) (0.019)

Urban 0.100 *** 0.114 *** 0.112 *** 0.106 *** 0.098 ***
(0.002) (0.004) (0.007) (0.011) (0.020)

Secondary Institutions 1.589 *** 1.480 *** 1.407 *** 1.361 *** 1.403 ***
(0.002) (0.004) (0.007) (0.012) (0.022)

Tertiary Institutions 2.228 *** 2.082 *** 1.974 *** 1.894 *** 1.884 ***
(0.003) (0.007) (0.013) (0.022) (0.039)

Conditions
Tumor 0.599 *** 0.398 *** 0.280 *** 0.279 *** 0.160 *

(0.006) (0.013) (0.026) (0.046) (0.092)
Heart Attack 0.241 *** 0.156 *** 0.130 *** 0.101 *** 0.124 ***

(0.006) (0.010) (0.016) (0.025) (0.046)
Cerebrovascular Disease 0.234 *** 0.153 *** 0.116 *** 0.074 *** 0.076 ***

(0.004) (0.006) (0.009) (0.015) (0.026)
Hypertension 0.048 *** 0.051 *** 0.045 *** 0.013 0.019

(0.004) (0.006) (0.010) (0.016) (0.029)
Diabetes Mellitus 0.108 *** 0.116 *** 0.109 *** 0.055 ** 0.099 **

(0.007) (0.012) (0.018) (0.028) (0.048)
Kidney Disease 0.626 *** 0.554 *** 0.547 *** 0.450 *** 0.504 ***

(0.021) (0.030) (0.040) (0.063) (0.089)
Pulmonary Disease 0.030 *** 0.084 *** 0.111 *** 0.106 *** 0.099 ***

(0.004) (0.006) (0.010) (0.015) (0.029)
Liver Disease 0.316 *** 0.299 *** 0.203 *** 0.108 ** 0.055

(0.011) (0.021) (0.034) (0.053) (0.095)
Mental Disorders 0.469 *** 0.661 *** 0.823 *** 0.894 *** 0.976 ***

(0.012) (0.022) (0.035) (0.056) (0.109)
Trauma Occurred 0.212 *** 0.153 *** 0.189 *** 0.196 *** 0.328 ***

(0.004) (0.010) (0.021) (0.039) (0.071)
Hospitalizations > 1 0.855 *** 0.895 *** 0.918 *** 0.914 *** 0.902 ***

in the same year (0.002) (0.004) (0.006) (0.010) (0.020)

Time Fixed Effect
√ √ √ √ √

Observations 779,785 161,080 51,355 18,137 5305
R-squared 0.658 0.709 0.729 0.741 0.753

Source: Authors’ analysis of claims data for 2010–2014. Notes: Robust standard errors are in brackets; *** p < 0.01, ** p < 0.05, * p < 0.1.

In terms of comorbidities, spenders with serious and chronic conditions generally
have higher health expenditure. For example, the expenditure for spenders with tumor di-
agnoses is 16% to 59.9% higher than for people without this condition. Conditional on four
periods of lagged expenditure, spending for recipients with heart attacks, cerebrovascular
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disease, diabetes mellitus, and pulmonary disease is 12.4%, 7.6%, 9.9%, and 9.9% higher
than for people without those conditions, respectively.

It is worth noting that kidney disease and mental disorders played a major role
in predicting high spending over a long time period. For those with kidney disease or
mental disorders, spending is 50.4% and 97.6% higher than for people with none of these
conditions, respectively. Trauma also has some predictive power for high expenses. This
is different from Hirth et al. [14]. They found marginal effects for medical conditions
tended to be larger than those for psychiatric conditions, and trauma has a relatively small
marginal effect for predicting expenses.

5.2. Heterogeneity Analysis
5.2.1. Heterogeneity Analysis by Age and Gender

As shown in Columns 1 and 2 of Table 7, males have stronger expenditure persistence
than females. Age is an important indicator for forecasting health spending since health
expenditure steadily increases with age in developed countries. Surprisingly, there is a
weaker spending persistence trend among people older than 65 than among those aged 18
to 44, even after controlling for diagnoses. The main reason for this is that the elderly enjoys
less health investment than younger people in China, especially in rural areas. According
to field research from six villages in eight provinces in China, “getting rid of the pain and
sickness” and “financial difficulties” are the top two reasons for elderly females living in
rural China committing suicide [32]. Our research is consistent with this finding.

Table 7. Heterogeneity Analysis for Persistence of Expenditure by Gender and Age.

Variables (1) (2) (3) (4) (5)

Gender Age

Male Female 18–44 45–64 65+

(L1) Expenditures 0.239 *** 0.231 *** 0.292 *** 0.229 *** 0.231 ***
(0.010) (0.011) (0.031) (0.012) (0.010)

(L2) Expenditures 0.153 *** 0.137 *** 0.149 *** 0.137 *** 0.149 ***
(0.011) (0.011) (0.032) (0.012) (0.010)

(L3) Expenditures 0.134 *** 0.136 *** 0.153 *** 0.130 *** 0.135 ***
(0.010) (0.010) (0.028) (0.011) (0.010)

Observations 8782 9355 1215 6909 10,013
R-squared 0.492 0.478 0.647 0.502 0.444

Hospital FE
√ √ √ √ √

Time FE
√ √ √ √ √

Reginal FE
√ √ √ √ √

Diagnosis
√ √ √ √ √

Source: Authors’ analysis of claims data for 2010–2014. Notes: Robust standard errors are in brackets; *** p < 0.01;
We report the regression of health spending on lagged 1, 2 and 3 of dependent variable in light of observations
decreases rapidly once control the lagged 4 of health spending.

5.2.2. Heterogeneity Analysis by Income Level and Enrollment Location

Columns 1 and 2 in Table 8 report estimations for heterogeneity analysis by income
level. Compared with higher income patients, the financially constrained group experiences
stronger expenditure persistence. This indicates that low-income populations usually have
a poorer health status than high income people. Moreover, financially constrained patients
usually enjoy more medical assistance. We also divide the sample into urban and rural
subsamples according to their enrollment location. The former includes observations of
city and town, and the latter observations of rural enrollment location. Columns 3 and 4 in
Table 8 show that there are no obvious differences between these two groups.
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Table 8. Heterogeneity Analysis for Persistence of Expenditure by Income and Enrollment Location.

Variables (1) (2) (3) (4)

Income Enrollment Location

Distressed Non-Distressed Urban Rural

(L1) Expenditures 0.249 *** 0.236 *** 0.235 *** 0.237 ***
(0.040) (0.008) (0.009) (0.013)

(L2) Expenditures 0.107 ** 0.147 *** 0.134 *** 0.164 ***
(0.045) (0.008) (0.009) (0.013)

(L3) Expenditures 0.151 *** 0.135 *** 0.142 *** 0.123 ***
(0.042) (0.007) (0.009) (0.012)

Observations 514 17,623 11,642 6495
R-squared 0.586 0.484 0.493 0.462

Hospital FE
√ √ √ √

Time FE
√ √ √ √

Reginal FE
√ √ √ √

Diagnosis
√ √ √ √

Source: Authors’ analysis of claims data for 2010–2014. Notes: Robust standard errors are in brackets; *** p < 0.01,
** p < 0.05; We report the regression of health spending on three periods of lagged dependent variables in light of
observations decreases rapidly once control the lagged four health spending.

6. Discussion and Conclusions

Protection for catastrophic spending is crucial considering the persistence and con-
centration of health expenditure. Do high spenders have enough insurance protection?
Figure 8 shows that the top 10% of spenders account for 60.3% of total out-of-pocket ex-
penditures and it remains 58.1% four years later. Figure 9 reports average individual
cost sharing for the top 10% and the other 90% of spenders. High spenders, on average,
have higher cost shares. The average cost share for the top 10% of spenders was 53.7%
between 2010 and 2014. Research from the World Health Organization finds that the
low-income population will face catastrophic spending risk once cost share gets higher
than 30% (Health Financing Strategy for the Asia Pacific Region (2010-2015), WHO, 2009:
18). At the same time, the average out-of-pocket expenditure for the top 10% of spenders
is 25,637 RMB (about $4042), which is about 250% of the average income for the studied
region. The maximum is 993,380 RMB (about $156,635). Moreover, total average spending
for the top 10% of spenders is 31,746 RMB, which is about three times the average income.
The protection for catastrophic spending is insufficient from this point of view.

However, we do not have enough evidence to make conclusions regarding whether
catastrophic spending is related to high costs of healthcare services or a low level of
insurance protection since we do not have individual/family income data. We will do
further research to precisely identify the sources of catastrophic spending once we have
access to more data, so as to understand the right entry points and measures to control
costs and/or provide protection for catastrophic spending.

Figure 8. The Proportion of Out-of-pocket Expenditure Accounted for by The Top 10% of Spenders.
Source: Authors’ analysis of claims data for 2010–2014.
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Figure 9. Average Individual Cost Share for the Top 10% and The Other 90% of Spenders. Source:
Authors’ analysis of claims data for 2010–2014.

Given the extreme skewness and persistence of health spending in developed countries
and regions, little is known about the spending patterns in developing countries. Using a
unique individual-level claim dataset with a 5-year observation period, this paper provides
considerable evidence of the long-term concentration and persistence characteristics of
health care expenditures in China.

We find that the top 10% of spenders account for more than 50% of total expenditures.
The top 50% consume more than 90% of medical resources. Of the individuals who were in
the top 10% in 2010, 33.6% remained in this category 1 year later. The probability declined
gradually thereafter, with 23.6% of the top spenders in 2010 still in this category 4 years later.
Conditional on age, gender, conditions (health), and other characteristics, past spending
plays a major role in the dynamic of health spending. A 10% increase in expenditure is
associated with an increase of 0.36% to 1.33% of spending in the future.

The most expensive 10% of users tend to be older, male, urban residents, and seeking
care in secondary and tertiary health institutions. Diagnoses of the top 10% of spenders are
concentrated among neoplasms, diseases of the circulatory system, diseases of the digestive
system, diseases of the genitourinary system, neurodevelopmental disorders and injury,
poisoning, and other consequences of external causes. Among them, malignant neoplasms
and digestive system, cerebrovascular, hypertensive, and ischemic heart diseases play a big
role. These findings support disease management for conditions that are strong predictors
of future high spending.

Persistence has some heterogeneity in terms of diagnosis and hospital level, as well as
age, gender, and income level. Expenditure on chronic conditions shows stronger persis-
tence. Compared with secondary and tertiary hospitals, community health centers have
stronger spending persistence. This may be because city S is not very developed and
patients there consume many healthcare services in community health centers. Spend-
ing persistence is weaker among people older than 65 than among people aged 18 to 44,
even after controlling for diagnoses. The main reason for this is that the elderly enjoys
less health investment than younger people in China, especially in rural areas. Com-
pared with higher income patients, the financially constrained group experiences stronger
expenditure persistence.

Sources of health spending persistence should include transition of disease profiles
from acute infectious disease to chronic disease, as the latter often involve regular diagnostic
testing and ongoing use of costly medications. Population aging is another contribution
since the elderly have higher probability of being diagnosed as chronic disease than
younger ones.

Endogenous issues will be induced when the lagged dependent variable is included,
since the lagged dependent variables are correlated with unobservable individual het-
erogeneity and the strict exogenous hypothesis will be violated. Generalized method of
moments (GMM) is utilized to deal with the endogenous problem. However, in this paper,
GMM estimation would induce estimation bias. The differences in lagged health spending
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are instrument variables for the endogenous variables when running GMM estimation.
However, they are taken as missing values for those observations without lagged spending.
Therefore, sample selection and estimation bias would occur in this circumstance. Luckily,
we are concerned with forecasting health spending, so the estimated parameter is not that
important for our study. Nevertheless, further efforts should be made to deal with this
endogenous issue.

Although it presents some interesting results on the skewness distribution and persis-
tence of health expenditures, this paper has potential limitations. First, this research relies
on a relatively limited sample. The data are individual-level reimbursement records from
one city in China. Therefore, these results should be interpreted with caution. Second, since
we have no records of death, data attrition caused by death cannot be tackled. However,
we still find strong evidence of health spending persistence, although it may be weakened
by death. Therefore, the persistence in our paper should be a lower bound.

Research on the concentration and persistence of health expenditures will inform poli-
cymakers in terms of controlling costs and providing protection for catastrophic spending.
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Appendix A

Table A1. ICD-10 (International Classification of Diseases, 10th Revision) Codes.

Condition ICD-10 Codes

Neoplasms C00-D48
Malignant Neoplasms C00-C97

In situ Neoplasms D00-D09
Benign Neoplasms D10-D36

Injury, Poisoning and Certain Other Consequences of External Causes S00-T98

Diseases of The Circulatory System I00-I99
Hypertensive Diseases I10-I15

Ischemic Heart Diseases I20-I25
Cerebrovascular Diseases I60-I69
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Table A1. Cont.

Condition ICD-10 Codes

Diseases of The Digestive System K00-K93
Diseases of Esophagus, Stomach and Duodenum K20-K31

Diseases of Appendix K35-K38
Disorders of Gallbladder, Biliary Tract and Pancreas K80-K87

Diseases of Liver K70-K77
Noninfective Enteritis and Colitis K50-K52

Diseases of The Genitourinary System N00-N99
Urolithiasis N20-N23

Acute Kidney Failure and Chronic Kidney Disease N17-N19
Diseases of Male Genital Organs N40-N51

Inflammatory Diseases of Female Pelvic Organs N70-N77
Noninflammatory Disorders of Female Genital Tract N80-N98

Mental, Behavioral and Neurodevelopmental Disorders F00-F99
Schizophrenia, Schizotypal, Delusional, And Other Non-Mood Psychotic Disorders F20-F29

Anxiety, Dissociative, Stress-Related, Somatoform and Other Nonpsychotic Mental Disorders F40-F48
Mental Disorders Due to Known Physiological Conditions F00-F09

Diseases of The Musculoskeletal System and Connective Tissue M00-M99
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