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ABSTRACT
Objectives Stroke is the leading cause of death and 
disability in China, but there is scare of evidence on 
whether and to what extent comorbidity affects the 
stroke- related costs in health system. We examined the 
association between comorbidity and stroke- related health 
service utilisation and costs in urban China.
Settings The data used in this study were extracted 
by a 5% random sampling from claims data of China 
Urban Employees’ Basic Medical Insurance and Urban 
Residents’ Basic Medical Insurance from 2013 to 2016, 
which covered more than 93% of residents in urban China. 
The data included 89 cities and contained beneficiaries’ 
demographic information, medical diagnoses and 
expenditures of outpatient and inpatients services.
Participants 382 906 patients with stroke were identified 
as the study population in this study.
Primary and secondary outcome measures The 
information on health service utilisation and cost was 
extracted based on the condition that stroke was claimed 
as the index disease.
Results Among 382 906 patients with stroke, 41.0% 
had a comorbidity. The estimated number of annual 
outpatient visits among patients with 0, 1, 2 and 3 or more 
comorbidities were 1.97, 2.30, 2.34 and 2.37, respectively. 
The annual outpatient expenditure increased from 762.4 
(95% CI 746.9 to 777.8) RMB among patients without any 
comorbidities to 1156.4 (1132.7 to 1180.2) RMB among 
patients with three or more comorbidities. The increased 
utilisation and costs among patients with comorbidity 
were also observed for inpatient services. Stroke- related 
services utilisation and costs were significantly increased 
among patients who comorbid conditions like hypertension 
or chronic pulmonary diseases.
Conclusion Comorbidity among patients with stroke was 
associated with increased healthcare utilisation and cost. It 
poses an extra substantial healthcare burden in China. Our 
study provides information for both clinical management 
and health service planning and financing for patients with 
stroke.

INTRODUCTION
Stroke remains the leading cause of death 
and disability. According to the estimation 
based on Global Burden of Disease 2016 
study, stroke caused 5.5 million deaths and 

116 million disability- adjusted life years 
(DALYs) worldwide, and the proportional 
contribution of stroke- related DALYs and 
deaths to all diseases had increased to 5.28% 
and 10.11%, respectively.1 2 In China, the 
mortality rate of stroke has been reported 
to be four times greater than that in western 
developed nations.3 Every year approximately 
1.6 million deaths and 2.5 million new cases 
occurred in this country, which made stroke 
exceed heart disease to become the leading 
cause of morbidity and mortality.4–6 The 
economic burden of stroke has also risen 
sharply, with annual increase rate higher 
than 110% during the first decade of the 21st 

Strengths and limitations of this study

 ► This study, using the claims data of urban medical 
insurance, provided the most recent situation on 
comorbidity and its association with health service 
utilisation and costs among patients with stroke in 
urban China.

 ► This study employed the Elixhauser Index, which 
has been demonstrated to be a more comprehen-
sive and better predictive tool for outcomes of peo-
ple with stroke, to examine the association between 
comorbidity and stroke- related health service utili-
sation and costs in urban China.

 ► Our study quantified the extra burden of comorbid-
ity on major types of health service utilisation and 
costs, which allows the governments to estimate 
the medical budget, optimise resource allocation 
and enhance modelling of the potential return on 
prevention investment.

 ► Extrapolation from our findings to the comorbid 
situation of patients with stroke in China should be 
cautious because the claims database we used was 
restricted to the urban population.

 ► The lack of related information on the time of oc-
currence of comorbidity and the cross- sectional 
data excluded the possibility to determine the se-
quence of comorbidities and stroke events for fur-
ther analysis.
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century, and the cost of stroke care has reached approxi-
mately ¥40 billion since 2011.7 As the population ageing, 
the stroke expenditure will become more burdensome to 
the entire society.

The majority of patients with stroke are diagnosed at 
an advanced age and often have concomitant chronic 
diseases. Stroke shared several potential risk factors with 
other chronic conditions like diabetes, hypertension, 
renal diseases and cancer, which further increase the 
prevalence of comorbidity among patients with stroke.8 
Comorbidity was associated with exposure to complex 
pharmacological treatment and increased risk of adverse 
events, which has substantial impacts on both short- term 
and long- term health outcomes.9 10 Previous studies 
suggested that comorbidity in the general population 
incurred extra healthcare utilisation and expenditures.11 
Therefore, assessing the prevalence of comorbidity and 
the composite impact of comorbidity on stroke- related 
health service utilisation and costs in China would 
improve the financial predictability and prioritised 
prevention efforts.12

Currently, it is unknown that to what extent comor-
bidity, in terms of types and numbers, affects the stroke- 
related costs on health system in China. Previous research 
mainly focused on health outcomes of patients with stroke 
using the Charlson Comorbidity Index.13 In this study, we 
employed the Elixhauser Index, which has been demon-
strated to be a more comprehensive and better predic-
tive tool for outcomes of people with stroke,14 to examine 
the association between comorbidity and stroke- related 
health service utilisation and costs in urban China, using 
medical insurance claims data.

METHODS
Data source and study population
The data used in this study were extracted by a 5% random 
sampling from claims data of China Urban Employees’ 
Basic Medical Insurance (UEBMI) and Urban Residents’ 
Basic Medical Insurance (URBMI) from 2013 to 2016, 
which covered more than 93% of residents in urban 
China.15 The number of beneficiaries of UEBMI and 
URBMI in these 4 years had summed up to 2578 million 
(644.5 million per year on average). The data, which 
were collected and sampled by China Health Insurance 
Research Association, included 89 cities and contained 
beneficiaries’ demographic information, medical diag-
noses and expenditures of outpatient and inpatients 
services. The sample was drawn using systematic random 
sampling strategy with a random start. In brief, every Kth 
record from a population of size N was selected, with the 
first sample record picked from a random number table. 
In such a way, a sample size of n was obtained, where N/
n>=K (To clarify, the extracted data were cross- sectional 
data set in each year (2013, 2014, 2015 and 2016), so 
we cannot capture the first visit of a patient with stroke. 
Each patient had his/her own ID number, we further 
checked our sample to make sure there was no patient 

counted twice in the extracted data). We extracted the 
medical information including the date of birth, date of 
visit, health institute name, primary diagnosis (classified 
according to International Classification of Diseases, 10th 
edition (ICD-10)) and city of residence. A total of 382 906 
patients with stroke were identified in the dataset between 
2013 and 2016, based on the 10th revision of the Interna-
tional Statistical Classification of Diseases (ICD-10) codes 
(G45, I60, I61, I62, I63 and I64 as the diagnosis code).

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

Measures
Comorbidity
The Elixhauser’s translated ICD-10 coding algorithms 
were applied to define comorbidities in our study 
sample.16 Two variables were used to measure the condi-
tion of comorbidity: having comorbid conditions (yes or 
no) and the number of comorbid conditions (0, 1, 2 or 
≥3). For further analysis on specific types of comorbidity, 
we identified the eight most prevalent types of comorbid-
ities as binary variables: hypertension (uncomplicated 
and complicated), diabetes (uncomplicated and compli-
cated), chronic pulmonary diseases (CPD), periph-
eral vascular diseases (PVD), cardiac arrhythmias (CA), 
other neurological diseases (OND), peptic ulcer diseases 
excluding bleeding (PUD) and rheumatoid arthritis/
collagen vascular diseases (RA).

Health service utilisation and costs
Based on previous studies on similar topic12 17 18 and the 
availability of information in our dataset, we chose stroke- 
related health service costs and utilisation as the depen-
dent variables in this study. The information on health 
service utilisation and costs were extracted based on the 
condition that stroke was claimed as the index disease, 
which indicated that the health service utilisation and cost 
of this outpatient visit or inpatient admission were stroke 
related. Health service utilisation included the number 
of annual (calendar year, which means that the annual 
resources use and cost were the totals of stroke- related 
service utilisation and cost in a whole calendar year 
(2013, 2014, 2015 or 2016)) outpatient visits (including 
pharmacies, primary care, secondary and tertiary 
hospitals), the number of annual inpatient admissions 
(including primary care, secondary and tertiary hospi-
tals), the number of annual inpatient days and 31 days 
hospital readmission (defined as patient’s admission to 
a hospital within 31 days after being discharged from an 
earlier hospital stay). Health service costs were measured 
by the annual outpatient expenditure, annual inpatient 
expenditure, the annual outpatient out- of- pocket (OOP) 
expenditure and the annual inpatient OOP expendi-
ture in RMB. All the expenditures included spending 
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on pharmacy, diagnostic tests/medical consumables and 
medical service fees.

Control variables
Control variables included gender (male or female), 
age group (0–44, 45–54, 55–64, 65–74, 75–84, 85 years 
or older), type of insurance (UEBMI or URBMI), year 
(2013, 2014, 2015 or 2016) and stroke type, which was 
categorised as ischaemic (I63), haemorrhagic (I60, I61, 
I62), transient cerebral ischaemic attacks (TIA) (G45) 
and undetermined (I64) based on ICD-10 codes.

Statistical analysis
Descriptive analysis was used to analyse the characteris-
tics of the study sample. While adjusting for the above- 
mentioned control variables, associations between health 
service utilisation (outpatient visits, inpatient admis-
sions, inpatient days and 31 days readmission) and the 
presence of comorbidity, the number of comorbidities 
and the type of comorbidity were evaluated by negative 
binomial regression since over- dispersion is present. And 
generalised linear model (GLM) with a gamma distribu-
tion and a log link was used to assess the associations of 
annual total and OOP healthcare costs with the presence 
of comorbidities, the number of comorbidities and the 
specific type of comorbidities. Annual average health 
service utilisation and costs were estimated based on the 
multivariate analysis (negative binomial regression and 
GLM).

A p value of less than 0.05 was considered statistically 
significant. The software Stata V.14 for Mac (StataCorp) 
was used for the statistical analysis.

RESULTS
Among 382 906 patients with stroke, 212 986 (55.6%) 
were male, 299 735 (78.3%) were covered by UEBMI and 
the mean age of the sample was 63.7 years. Approximately 
64.9% of patients had ischaemic stroke, 27.3%, 7.7% and 
0.1% had haemorrhagic stroke, undetermined type of 
stroke and TIA, respectively. The proportion of patients 
with none, one, two and three or more comorbidities was 
59.0%, 23.2%, 9.4% and 8.5%, respectively. The most prev-
alent comorbid conditions were hypertension (22.9%), 
diabetes (18.7%), CPD (8.2%), PVD (3.8%), CA (2.7%), 
OND (2.5%), PUD excluding bleeding (1.9%) and RA/
collagen vascular diseases (1.7%). Gender- specific results 
were also provided in table 1.

Association between number of comorbidities and health 
service utilisation and cost among patients with stroke in 
urban China
Figure 1 displays the comparison of health service utili-
sation and costs among patients with stroke by number 
of comorbidities, which was drawn based on the estima-
tion from multivariate analyses (online supplemental 
appendix table 1). The annual outpatient total and 
OOP expenditure increased from 762.4 (95% CI 746.9, 

777.8) and 306.7 (289.9, 323.5) among patients without 
any comorbidities to 1 156.4 (1 132.7, 1 180.2) and 
516.4 (484.8, 548.0) RMB among patients with three or 
more comorbidities (figure 1A,B), respectively. Similarly, 
the annual inpatient total and OOP expenditure also 
increased with the number of comorbidities (figure 1). 
The estimated number of annual outpatient visits among 
patients with 0, 1, 2 and 3 or more comorbidities was 
1.97, 2.30, 2.34 and 2.37 visits, respectively (figure 1E). 
The estimated number of annual inpatients admissions 
also increased with the number of comorbidities, with 
1.18, 1.26, 1.34 and 1.43 admissions among patients with 
0, 1, 2 and 3 or more comorbid conditions, respectively 
(figure 1F). The annual inpatient days and the probability 
of hospital readmission also increased with the number 
of comorbidities (figure 1). The result of generalised 
linear model showed statistical significance in all above- 
mentioned associations.

Association between main types of comorbidities and excess 
health service utilisation and cost among patients with stroke 
in urban China
Figure 2 displays the association between each type of 
comorbidity and stroke- related health service utilisation 
and costs, which was drawn based on the results of multi-
variate analyses (online supplemental appendix table 2). 
In both annual outpatient total and OOP expenditure, 
diabetes and RA were associated with decreased cost, 
and other types of comorbidities were associated with 
increased cost (figure 2AB). And all types of comorbid 
conditions were significantly associated with increased 
annual inpatient expenditure (figure 2C), ranging from 
13.1% (=exp0.12–1, p<0.001) in CPD to 62.1% (=exp0.48–1, 
p<0.001) in PVD. Except for CPD, PUD and RA, all 
other types of comorbid conditions were significantly 
associated with increased annual inpatient OOP expen-
diture (figure 2D). In annual outpatient service, except 
for patients with CA, among which the number of visits 
was significantly decreased by 0.94 (=exp-0.06, p<0.001) 
visits, other types of comorbidities were associated with 
increased number of visits, ranging from 1.04 (=exp0.04, 
p<0.001) in CPD to 1.20 (=exp0.18, p<0.001) visits in OND 
(figure 2E). In annual inpatient admissions, all types of 
comorbidities were associated with increased number 
of admissions (figure 2F). Some types of comorbidity, 
such as hypertension and diabetes, were associated with 
increased days of inpatient care and increased risk of 
hospital readmission (figure 2G,H).

DISCUSSION
This study, using claims data of urban medical insurance, 
is the first to provide the most recent situation on comor-
bidity and its association with health service utilisation 
and costs among patients with stroke in urban China. Our 
study estimated the prevalence and identified the main 
types of comorbidities, as well as its association with utili-
sation and costs of health service in Chinese patients with 
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stroke. Overall, more than 40% of patients have a comor-
bidity. Healthcare utilisation, and both total and OOP 
costs in outpatient and inpatient service were significantly 
higher among patients with a comorbidity than those 
without any comorbidities. And these costs and service 
use increased with the number of chronic conditions. We 
also found variations of outpatient and inpatient service 
utilisation and costs between individuals with different 
types of comorbid conditions.

The prevalence of comorbidities among patients with 
stroke in urban China (41.0%) was relatively lower than 
that in most developed countries. Piror studies showed 
that the prevalence of comorbidity varied widely between 
different regions, ranging from 44% in Denmark17 to 99% 
in Ontario, Canada.18 Different prevalence of comorbidity 
across studies might be caused by the heterogeneity of 
data sources, including the difference in selection, detec-
tion and classification.19 Besides, the medical insurance 

Table 1 Characteristics of stroke patients in China urban medical insurance claims data 2013–2016

Characteristics Total, N (%) Male, N (%) Female, N (%)

No of population 382 906 212 986 169 920

Insurance type

  UEBMI 299 735 (78.3) 174 780 (82.1) 124 955 (73.5)

  URBMI 83 171 (21.7) 38 206 (17.9) 44 965 (26.5)

Year

  2013 60 928 (15.9) 34 853 (16.4) 26 075 (15.4)

  2014 121 988 (31.9) 65 966 (31.0) 56 022 (33.0)

  2015 94 563 (24.7) 53 548 (25.1) 41 015 (24.1)

  2016 105 427 (27.5) 58 619 (27.5) 46 808 (27.6)

Agegroup

  0–44 38 239 (10.0) 20 383 (9.6) 17.856 (10.5)

  45–54 55 897 (14.6) 31 572 (14.8) 24 325 (14.3)

  55–64 92 307 (24.1) 52 605 (24.7) 39 702 (23.4)

  65–74 97 073 (25.4) 53 835 (25.3) 43 238 (25.5)

  75–84 80 452 (21.0) 44 625 (21.0) 35 827 (21.1)

  85+ 18 938 (5.0) 9966 (4.7) 8972 (5.3)

Stroke type

  Ischaemic 248 300 (64.9) 138 146 (64.9) 110 154 (64.8)

  Haemorrhagic 104 541 (27.3) 58 225 (27.3) 46 316 (27.3)

  Undetermined 29 571 (7.7) 16 340 (7.7) 13 231 (7.8)

  TIA 494 (0.1) 275 (0.1) 219 (0.1)

No of comorbidities

  0 225 872 (59.0) 225 871 (59.0) 99 201 (58.4)

  1 88 706 (23.2) 88 707 (23.2) 39 422 (23.2)

  2 35 931 (9.4) 35 931 (9.4) 15 882 (9.4)

  3+ 32 397 (8.5) 32 397 (8.5) 15 415 (9.1)

Comorbid conditions

  Hypertension 87 758 (22.9) 48 072 (22.6) 39 686 (23.4)

  Diabetes 71 621 (18.7) 38 478 (18.1) 33 143 (19.5)

  Chronic pulmonary disease 31 433 (8.2) 16 766 (7.9) 14 667 (8.6)

  Peripheral vascular disease 14 544 (3.8) 7853 (3.7) 6691 (3.9)

  Cardiac arrhythmias 10 285 (2.7) 5240 (2.5) 5045 (3.0)

  Other neurological disease 9641 (2.5) 5636 (2.7) 4005 (2.4)

  Peptic ulcer disease 7133 (1.9) 3731 (1.8) 3402 (2.0)

  Rheumatoid arthritis 6476 (1.7) 3232 (1.5) 3244 (1.9)

TIA, transient ischaemic attacks; UEBMI, Urban Employees’ Basic Medical Insurance; URBMI, Urban Residents’ Basic Medical Insurance.
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Figure 1 (A–H) Showed the predicted annual outpatient expenditure, annual outpatient OOP expenditure, annual inpatient 
expenditure, annual inpatient OOP expenditure, annual outpatient visits, annual inpatient admissions, annual inpatient days and 
hospital readmission by number of comorbidities among patients with stroke in urban China. OOP, out of pocket.
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information system in China has yet to be improved,20 
some clinicians may fail to fully record related disease 
information and thus the inaccuracy and incompleteness 
of patients’ information could result in low comorbidity 
prevalence. The most commonly identified comorbidi-
ties were consistent with both international studies18 and 

localised research13 in China. This could be explained by 
the fact that comorbidities like hypertension, diabetes, 
CPD, PVD, CA and neurological disease are closely 
related to stroke.21–25

We demonstrated that the use and costs of stroke- 
related outpatient and inpatient service increased with 

Figure 2 (A–H) Showed the adjusted association between eight main types of comorbidities and health service utilisation and 
cost (annual outpatient expenditure, annual outpatient OOP expenditure, annual inpatient expenditure, annual inpatient OOP 
expenditure, annual outpatient visits, annual inpatient admissions, annual inpatient days and hospital readmission) among 
patients with stroke in urban China. CA, cardiac arrhythmias; CPD, chronic pulmonary diseases; OND, neurological diseases; 
OOP, out of pocket; PUD, peptic ulcer disease; PVD, peripheral vascular disease; RA, rheumatoid arthritis.
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the number of comorbidities among patients with stroke 
in China. It has been suggested that the odds of func-
tional recovery decreased as the number of comorbidities 
increase among patients with stroke,26 and patients with 
multiple chronic conditions were more likely to spend a 
larger amount of health spending in a short term due to 
a relatively poorer prognosis including stroke recurrence, 
which was also pointed out by the association between the 
number of comorbidities and the risk of 31 days readmis-
sion in our study. This result suggests that the presence 
and the number of comorbidities should be consid-
ered by clinicians when formulating treatment plans, to 
improve prognosis and reduce the excess healthcare costs 
and service utilisation.

The presence of most types of comorbidities was associ-
ated with increased cost and utilisation of both outpatient 
and inpatient service. Our results showed that the annual 
stroke- related outpatient and inpatient expenditure 
among patients with hypertension, diabetes, CPD, were 
13.1% to 64.2% more costly compared with that among 
their counterparts without these comorbidities, which 
have been shown to increase the severity and complexity 
of stroke by previous studies.12 26 27 However, we found 
that some types of comorbidity, such as diabetes, RA/
collagen vascular diseases and CA, were associated with 
decreased costs and use of outpatient services among 
patients with stroke. It has been pointed out that pioglita-
zone and methotrexate, which were the widely used medi-
cation for type 2 diabetes and arthritis, were associated 
with a reduced risk of recurrent fatal and nonfatal stroke 
by previous studies.28 29 Such pharmacological treatment 
effects of comorbidities may indirectly reduce the medi-
cation expenditure for the prevention of recurrent stroke 
in outpatient services. On the other side, as a frequent 
and fatal complication of stroke, CA may harm indi-
viduals by haemodynamic instability and cause sudden 
cardiac death during the acute phase of stroke.25 The 
decreased number of outpatient visits may be explained 
by the shortened survival in this population. Nevertheless, 
given a limited explanation for this issue, further in- depth 
investigation, such as analysis of the interaction between 
specific comorbidity and different types of pharmacolog-
ical treatment is required to explore the causation.

Implications
This study provided a comprehensive assessment of the 
association between comorbidity and health service utili-
sation and costs in urban population in China. From the 
perspective of disease management, together with the 
estimation of specific comorbidities, our results provided 
further evidence on the impact of comorbidity on the 
treatment and performance of patients with stroke. 
Therefore, our results offered information for insurance 
providers and medical professionals to develop enhanced 
risk assessment protocols and tailored therapeutic inter-
ventions, as well as integrated care pathways for patients 
with stroke. Furthermore, our findings quantified the 
extra burden of comorbidity on major types of health 

service utilisation and costs, which allows governments 
to estimate the medical budget, optimise resource allo-
cation and enhance modelling of the potential return on 
prevention investment.

Limitation
Several limitations of this study should be noted. First, 
due to a lack of related information in the data source, we 
were unable to estimate the excess costs of comorbidity 
and potential associations according to stroke severity. 
Second, the diagnostic validity of comorbidity might be 
influenced by the heterogeneity of physician documen-
tation and code assignment accuracy from different sites. 
Third, due to a lack of survival information in our dataset, 
we cannot identify patients lived less than 1 year, and 
these patients were also included in the analysis, which 
may result in potential bias to our result. Fourth, extrap-
olation from our findings to the comorbid situation of 
patients with stroke in China should be cautious because 
the claims database we used was restricted to the urban 
population. Lastly, the lack of information on the time 
of occurrence of comorbidity and the cross- sectional 
data excludes the possibility to determine the sequence 
of comorbidities and stroke events for further analysis. 
Despite of the above limitation, the main strength of 
this study is using the predominant urban basic insur-
ance claims data, which universally covered urban resi-
dents in China,15 to identify comorbidities. The health 
insurance record is generally regarded as a relatively 
complete and valid source of information on the patient’s 
health status30 and thus provides an opportunity for us 
to examine comorbidity and its association with the use 
and costs of health services among patients with stroke in 
urban China.

CONCLUSION
Comorbidity among patients with stroke was associated 
with increased healthcare utilisation and cost. It poses an 
extra substantial healthcare burden in China. Research is 
warranted to further characterise the interaction between 
stroke and comorbidities, such as the investigation on the 
effect of pharmacological and treatment interactions on 
healthcare cost among patients with stroke. Our study 
provided information for relevant authorities to iden-
tify individuals with greater needs of health service by 
assessing comorbidity profiles for stroke care resources 
targeting. Insights from this study may also contribute to 
the design of integrated programmes to enhance the effi-
ciency of healthcare, and to manage cost in the meantime.
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