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Abstract
Background As stroke has become the leading cause of death and disability in China, it has induced a heavy disease 
burden on society, families, and patients. Despite much attention within the literature, the effect of multiple risk 
factors on length of stay (LOS) and inpatient costs in China is still not fully understood.

Aim To analyse the association between the number of risk factors combined and inpatient costs among adults with 
stroke and explore the mediating effect of LOS on inpatient costs.

Methods A retrospective cross-sectional study was conducted among stroke patients in a tertiary hospital in 
Nantong City from January 2018 to December 2019. Lifestyle factors (smoking status, exercise), personal disease 
history (overweight, hypertension, dyslipidemia, diabetes mellitus, atrial fibrillation), family history of stroke, and 
demographic characteristics were interviewed by trained nurses. Inpatient costs and LOS were extracted from 
electronic medical records. Hierarchical multiple linear regression models and mediation analysis were used to 
examine the direct and indirect effects of the number of risk factors combined for stroke on inpatient costs.

Results A total of 620 individuals were included, comprising 391 ischaemic stroke patients and 229 haemorrhagic 
stroke patients, and the mean age was 63.2 years, with 60.32% being male. The overall mean cost for stroke inpatients 
was 30730.78 CNY ($ 4444.91), and the average length of stay (LOS) was 12.50 days. Mediation analysis indicated 
that the greater number of risk factors was not only directly related to higher inpatient costs (direct effect = 0.16, 
95%CI:[0.11,0.22]), but also indirectly associated with inpatient cost through longer LOS (indirect effect = 0.08, 95% CI: 
[0.04,0.11]). Furthermore, patients with high risk of stroke had longer LOS than those in low-risk patients, which in turn 
led to heavier hospitalization expenses.

Conclusions Both the greater number of risk factors and high-risk rating among stroke patients increased the length 
of stay and inpatient costs. Preventing and controlling risk behaviors of stroke should be strengthened.
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Introduction
Globally, stroke is the second leading cause of death and 
disability, with over 13  million new cases annually, and 
the deaths and disabilities from stroke almost doubled 
during 1990–2016 worldwide [1]. In China, stroke has 
become a leading cause of death, long-term disabil-
ity, and years of life loss [2, 3], and the disease burden 
has increased dramatically over the past 40 years [4, 5]. 
According to one study with 4,229,616 Chinese adults 
aged 40 years above from 31 provinces in mainland China 
conducted by the China Stroke Prevention Project Com-
mittee (CSPPC)(since 2011), the weighted prevalence of 
stroke increased from 2.28% in 2013 to 2.58% in 2019, 
with the average increase rate of 2.2% [4]. with approxi-
mately 2 million new cases annually, stroke may lead to a 
high and increasing disease burden, with the highest dis-
ability-adjusted life years lost of any disease in China [3].

With rapid population aging, urbanization, and lifestyle 
shifts, prevention and management of stroke in China 
remains an ongoing challenge [6]. The Global Burden of 
Diseases, Injuries, and Risk Factors Study (GBD) revealed 
that high systolic blood pressure, high body-mass index 
(BMI), high fasting plasma glucose (FPG), tobacco smok-
ing, alcohol consumption, and low physical activity were 
the important and modifiable risk factors for stroke in 
2019 worldwide [7], which contributing for large increase 
in the global burden of stroke Meanwhile, evidence in 
developed countries have shown that stroke is prevent-
able and controllable [8, 9]. Currently, modifiable behav-
iors including physical activity have been proven to be 
crucial for the management of stroke [10].

To address the enormous challenge of stroke, the 
CSPPC launched the China Stroke High-risk Popula-
tion Screening and Intervention Program (CSHPSIP) as 
a critical national project in 2011 [11]. In this screening 
project, eight high-risk factors for stroke were defined to 
detect those at risk among community-dwelling adults 
aged 40 years and above, including hypertension, diabe-
tes, atrial fibrillation, dyslipidaemia, smoking, overweight 
or obesity, low physical activity, and family history of 
stroke. The CSHPSIP considers an individual with 3 or 
more risk factors to be at high risk of stroke. However, 
the relationship and underlying mechanism between the 
risk factors and inpatient costs of stroke have not been 
given attention in the last 10 years [11]. Most current 
studies have focused on the prevalence and disease bur-
den of stroke and its attributing risk factors [12]. There-
fore, this study aimed to explore the relationship between 
risk factors and stroke-related inpatient costs.

The economic burden of stroke patients is very 
heavy. In urban China, the weighted average annual 

direct medical cost per stroke was RMB 10,637 [95% 
CI = 10,435–10,840] (US$ 1682, [95% CI = 1650–1714]), 
with a full self-payment cost of RMB 3093 (US$ 489) of 
29.04% of total stroke costs; moreover, the highest annual 
direct medical cost among haemorrhagic stroke patients 
was RMB 20,007 (US$ 3163), associated with the high-
est full self-payment percentage of 32.28% [13]. Previous 
studies have revealed that the length of stay (LOS) was an 
important factor affecting the inpatients costs in adults 
with stroke [14–18]. In China, a report conducted among 
ischaemic stroke inpatients from 121 hospitals in Beijing 
from March 1, 2012, to February 28, 2015, revealed that 
LOS, hospital level and pulmonary infection were key 
determinants of hospitalization expenses [19]; another 
retrospective study that collected records on stroke-
related first hospitalizations in Shanghai from January 1, 
2016, to December 31, 2019, showed that the main fac-
tors influencing hospitalization cost were LOS, hospital 
level, and whether surgery was performed [20]. Another 
report showed that factors affecting inpatient costs were 
age, day of the week of discharge, LOS, stroke subtype, 
other neurological disorders, renal failure, fluid and 
electrolyte disorders, and total number of comorbidities 
[21]. Moreover, LOS was an important common factor 
for hospital costs in different regions in China, and fur-
ther studies should be encouraged to identify the appro-
priate and optimal LOS strategies for different diseases 
[22]. Medical insurance type is another noteworthy fac-
tor affecting healthcare expenditures. Total health costs 
among patients who had medical insurance were higher 
than those without any insurance [19].

In summary, few studies in China have explored the 
relationship between risk factors and inpatient costs, as 
well as the relationship between risk factors and LOS. 
The aim of our study was to evaluate (1) the relationship 
among the number of risk factors combined for stroke, 
LOS, and inpatient costs; (2) the potential mediating role 
of LOS in the association between stroke risk factors and 
inpatient costs; (3) the independent effect of the single 
risk factor for stroke and risk factors rating group on 
inpatient costs among adults with stroke.

Methods
Study design and participants
A retrospective and cross-sectional study was conducted 
among stroke patients in a tertiary hospital from January 
2018 to December 2019. The hospital is the only desig-
nated hospital for the CSHPSIP in Nantong City, Jiangsu 
Province, PRC. The enrolment criteria of participants 
were: (1) discharged patients with ICD-10 codes I60-I69 
and cerebrovascular disease as the main diagnosis; (2) 
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normal communication skills, a high degree of coop-
eration, and strong compliance; (3) access baseline elec-
tronic medical record data; and (4) aged over 18 years. 
The exclusion criteria of participants were: (1) serious 
diseases or functional defects (e.g., mental illness, blind-
ness, deafness, and dementia); and (2) emotional prob-
lems or traumatic experiences in the past 6 months (e.g., 
death of a relative, diagnosis of a terminal illness). Finally, 
620 participants were included in this study.

This study followed the principles outlined in the Dec-
laration of Helsinki and was approved by the institutional 
medical ethics committee of Nantong University, Jiangsu 
Province, PRC. Written informed consent was obtained 
from all patients, or an appropriate family member (in 
situations where the patient was disabled) to participate.

Procedures
We assessed eight risk factors related to stroke, which 
were recommended and outlined by the China Stroke 
High-risk Population Screening and Intervention Pro-
gram (CSHPSIP). First, physio logical indicators including 
blood pressure, random blood glucose, electrocardio-
gram (ECG), total cholesterol (TC), triglycerides (TGs), 
high-density lipoprotein cholesterol (HDL-C), and low-
density lipoprotein cholesterol (LDL-C) were measured. 
Second, questionnaires included sociodemographic 
characteristics (age, sex, body weight, height, marital sta-
tus, social healthcare insurance status), lifestyle factors 
(history of smoking, physical inactivity), personal and 
family medical history (hypertension, dyslipidemia, dia-
betes mellitus, atrial fibrillation, transient ischemic attack 
[TIA], stroke) was face-to-face interviewed by trained 
nurses. These nurses involved in the survey were trained 
in the program and evaluated by theoretical and practical 
tests. Third, the hospitalization costs and length of stay 
of stroke patients were extracted from electronic medical 
records.

Measures
Independent variables: risk factors, number of risk factors, 
and risk factor rating
In this study, we assessed stroke-related risk factors 
based on the guidelines of the CSHPSIP [11], including 
hypertension, atrial fibrillation or valvular heart disease, 
diabetes mellitus, smoking, dyslipidaemia, physical inac-
tivity, obesity, and family history of stroke. Hypertension 
was defined as: (1) systolic blood pressure ≥ 140 mm Hg 
and/or diastolic blood pressure ≥ 90  mm Hg; (2) self-
reported hypertension; (3) use of antihypertension medi-
cations. Atrial fibrillation was defined as a self-reported 
history of persistent atrial fibrillation or ECG results. 
Diabetes mellitus was defined as: (1) fasting plasma 
glucose ≥ 7.0 mmol/L; (2) self-reported diabetes mel-
litus; (3) use of oral hypoglycaemic agents or insulin 

injections. Dyslipidaemia was defined as (1) abnormal 
fasting plasma markers (triglycerides ≥ 2.26 mmol/L, 
total cholesterol ≥ 6.22 mmol/L, high-density lipopro-
tein cholesterol < 1.04 mmol/L, low-density lipoprotein 
cholesterol ≥ 4.14 mmol/L); (2) self-reported dyslipidae-
mia; (3) use of anti-dyslipidaemia medications. Smoking 
exposure was defined as continuous or cumulative smok-
ing for more than six months in life and those who had 
quit smoking for more than six months at the time of the 
survey were excluded. Physical inactivity was defined as 
moderate and vigorous physical exercise performed for 
< 3 times per week and < 30  min each time. Moderate 
activities refer to activities that take moderate physical 
effort and make breathing somewhat harder than normal. 
Vigorous physical activities refer to activities that take 
hard physical effort and make breathing much harder 
than normal. Obesity was defined as body mass index 
(BMI) ≥ 28 kg/m2.

Furthermore, according to the Guideline of CSHPSIP, 
the individuals were divided into three categories as risk 
rating: high-risk, moderate-risk, and low-risk individuals 
for stroke.

High-risk individual: with three or more of the above-
mentioned eight risk factors for stroke, or who had TIA 
or had a previous stroke.

Moderate-risk individual: with less than three of eight 
risk factors, but suffering from one of three chronic dis-
eases, such as hypertension, atrial fibrillation, valvular 
heart disease, or diabetes mellitus.

Low-risk individual: with less than three risk factors 
and no chronic diseases such as hypertension, atrial 
fibrillation, valvular heart disease, or diabetes mellitus.

Dependent variable: inpatient costs
Inpatient costs were calculated by summing different 
kinds of hospitalization cost variables extracted from 
the subjects’ electronic medical records, including gen-
eral basic therapy service fees, nursing fees, diagno-
sis fees, treatment fees, operation fees, medicine fees, 
materials fees, and other fees during hospitalization. 
The total stroke inpatient costs were natural log trans-
formed before regression analysis because they are highly 
right-skewed.

Mediating variable: length of stay (LOS)
The LOS was collected from patients’ electronic medical 
records during their hospitalization for stroke.

Covariates
Covariates included age (< 50, 50–59, 60–69, 70–79, and 
≥ 80 years), sex (male or female), marital status (single/
unmarried or married), BMI (< 18.5, [18.5–24), [24–28), 
and ≥ 28 kg/m2) and medical insurance categories (Urban 
Employee Basic Medical Insurance (UEBMI), Urban 
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Resident Basic Medical Insurance (URBMI), full self-pay-
ment, and other insurance).

Statistical analysis
Stata software (v.15.0) and IBM SPSS Statistics (v.27.0) 
were used to analyze the data. First, the basic character-
istics of participants were described using summary sta-
tistics, that is, means, standard deviations (continuous 
variables), frequency distributions, percentages (categor-
ical variables), medians, and quartile ranges (variables 
that did not have a normal distribution). The differences 
in the variables were compared between the two stroke 
subtypes.

Second, the association among the number of risk fac-
tors, LOS, and inpatient costs (see Fig. 1) was examined 
using mediation analysis based on principles from Baron 
and Kenny [23]. Hierarchical multiple linear regression 
models were used to examine the effects of the number of 
risk factors on inpatient costs and explore the mediating 
role of LOS in these associations. Model 1 examined the 
relationship between the number of risk factors (X) and 
inpatient costs (Y) (H1 in Fig. 1). Model 2 analyzed the 
relationship between the number of risk factors (X) and 
LOS (M) (H2a in Fig.  1), and Model 3 tested the direct 
effect of the number of risk factors (X) and LOS (M) on 
inpatient costs (Y) (H2b in Fig.  1). All the control vari-
ables were entered into these three models.

Third, Hayes (2015) SPSS macro program PROCESS 
was used to test the mediating role of LOS (M) in the 
relationship between inpatient costs (X) and the number 
of risk factors (Y). The mediation analysis was performed 
based on 5,000 bootstrapped samples, and bias-corrected 
95% confidence intervals (CIs) were calculated. If the 
confidence interval values did not contain zero, the medi-
ating effect was considered significant.

As additional analyses, we repeated the hierarchical 
multiple linear regression models to further explore the 
effect of different stroke risk rating groups on LOS and 
inpatient costs (Model 4, Model 5, and Model 6). Then, 
we repeated the hierarchical regression analysis to esti-
mate the independent effect of the single risk factor on 
LOS and inpatient costs (Model 7, Model 8, and Model 

9). All the models were adjusted for age, sex, BMI, mari-
tal status, medical insurance, and stroke subtype.

The results of hierarchical regression models were 
presented as coefficients and 95% confidence interval 
(CI). The p − value of < 0.05 was considered statistically 
significant.

Results
Participant characteristics
The demographic characteristics of the participants are 
summarized in Table  1. A total of 620 individuals were 
included, comprising 391 ischaemic stroke patients and 
229 haemorrhagic stroke patients, and the mean age was 
63.2 years, with 60.32% being male. The mean number 
of stroke risk factors was 2.38 (SD = 1.00). Additionally, 
according to the screening criteria of the high-risk pop-
ulation for stroke in the Chinese Stroke Screening and 
Prevention Project (CSSPP), 283 (45.65%) participants 
were identified at high risk of stroke, and 129 (20.81%) 
participants were in the low-risk group. The overall 
unadjusted mean inpatient costs were 30730.78 CNY ($ 
4444.91), and the average length of stay (LOS) was 12.50 
days (SD = 5.32). Comparisons between the two groups of 
stroke subtypes are shown in Table 1.

The number of risk factors and inpatient costs among 
adults with stroke
Hierarchical regression analysis was used to evaluate the 
relationship among the number of risk factors combined 
for stroke, LOS, and inpatient costs (see Table 2). Model 
1 (in Table  2) showed that the number of risk factors 
was significantly and positively associated with inpatient 
costs (β = 0.24, P < 0.001, path c in Fig. 2) after adjusting 
for covariates, which explained 5.28% of the variance in 
inpatient costs, and Hypothesis 1 was supported. LOS 
was significantly predicted by the number of risk fac-
tors in Model 2 (β = 0.08, P < 0.001), which met the first 
requirement (path a in Fig.  2). When the independent 
variable, mediator, and control variables were entered 
into the equation model (Model 3 in Table 2), LOS was 
significantly and positively associated with inpatient costs 
(β = 0.07, P < 0.001), which met the second requirement 

Fig. 1 A hypothetical model of relationships among the number of risk factors, LOS and inpatient costs
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Variables Ischaemic stroke
n1 = 391

Haemorrhagic stroke
n2 = 229

Total
n = 620

x2 / t/Z

n (%) n (%)
Sex 1.36
 Male 229(58.57) 145(63.32) 374(60.32)
 Female 162(41.43) 84(36.68) 246(39.68)
Age (years) 65.70 ± 12.98 59.00 ± 14.22 63.22 ± 13.83 5.979***

 < 50 42(10.74) 52(22.71) 94(15.16) 33.86***

 50–59 73(18.67) 67(29.26) 14(22.58)
 60–69 111(28.39) 51(22.27) 16(26.13)
 70–79 112(28.64) 42(18.34) 15(24.84)
 ≥ 80 53(13.55) 17(7.42) 70(11.29)
Marital Status 1.15
 Single/unmarried 2(0.51) 3(1.31) 5(0.81)
 Married 389(99.49) 226(98.69) 615(99.19)
BMI (kg/m2) 24.7 ± 3.1 24.6 ± 3.2 24.7 ± 3.1 1.2
 < 18.5 8(2.05) 5(2.18) 13(2.10)
 18.5–23.9 148(37.85) 96(41.92) 24(39.35)
 24-27.9 185(47.31) 103(44.98) 28(46.45)
 ≥ 28 50(12.79) 25(10.92) 75(12.10)
Medical insurance 16.95***

 UEBMI 127(32.48) 69(30.13) 196(31.61)
 URBMI 210(53.71) 99(43.23) 309(49.84)
 Full self-payment 46(11.76) 55(24.02) 101(16.29)
 Other 8(2.05) 6(2.62) 14(2.26)
Hypertension 0.00
 No 111(28.39) 65(28.38) 17(28.39)
 Yes 280(71.61) 164(71.62) 44(71.61)
Diabetes mellitus 5.94*

 No 274(70.08) 181(79.04) 45(73.39)
 Yes 117(29.92) 117(20.96) 16(26.61)
Atrial fibrillation 27.27***

 No 321(82.10) 221(96.51) 54(87.42)
 Yes 70(17.90) 8(3.49) 78(12.58)
Smoking 0.64
 No 182(46.55) 99(43.23) 28(45.32)
 Yes 209(53.45) 130(56.77) 33(54.68)
Dyslipidaemia 1.20
 No 323(82.61) 199(86.90) 52(84.19)
 Yes 68(17.39) 30(13.10) 98(15.81)
Physical inactivity 7.14**

 No 221(56.52) 104(45.41) 32(52.42)
 Yes 170(43.48) 125(54.59) 29(47.58)
Obesity 1.66
 No 338(86.45) 206(89.96) 54(87.74)
 Yes 53(13.55) 23(10.04) 76(12.26)
Family history of stroke 0.50
 No 385(98.47) 227(99.13) 61(98.71)
 Yes 6(1.53) 2(0.87) 8(1.29)
Inpatient costs (RMB) (M(QR)) 27551.64(21141.83) 38302.31(48341.60) 30730.78(27729.89) -5.53***

Log (Inpatient costs)
(Mean ± SD)

10.29 ± 0.69 10.63 ± 0.86 10.41 ± 0.77 -5.02***

LOS (days) (Mean ± SD) 11.74 ± 4.62 13.79 ± 6.13 12.50 ± 5.32 -4.40***

Number of risk factors for stroke (Mean ± SD) 2.44 ± 1.02 2.30 ± 10.7 2.38 ± 1.00 1.71*

Table 1 The basic characteristics of participants
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(path b in Fig. 2). According to Baron and Kenny’s (1986) 
method, both criteria of the mediation model were met, 
indicating that LOS may act as a potential mediator, and 
Hypothesis 2 was supported. In addition, from Model 1 

to Model 3, the regression coefficient for inpatient costs 
concerning the number of risk factors for stroke (from 
β = 0.24 to β = 0.16, P < 0.001) was reduced and was still 
significant (path c’ in Fig. 2), indicating that LOS partially 

Table 2 Hierarchical regression among number of risk factors for stroke, LOS, and inpatient costs
variables Log (Inpatient costs) Length of stay (LOS) Log (Inpatient costs)

Model 1 Model 2 Model 3
Coefficient (95% CI) Coefficient (95% CI) Coefficient (95% CI)

Independent variable
Number of risk factors 0.24(0.18,0.30)*** 1.06(0.62,1.49)*** 0.16(0.11,0.22)***

Mediator
LOS 0.07(0.06,0.08)***

Covariates
Stroke subtypes
(ref: Ischaemic stroke)
 Haemorrhagic stroke 0.37(0.24,0.49)*** 2.07(1.21,2.94)*** 0.22(0.11,0.33)***

Sex (ref: Male)
 Female 0.23(0.10,0.35)** -0.32(-1.22,0.58) 0.25(0.14,0.36)***

Age (ref: <50) (years)
 50–59 0.06(-0.13,0.26) 0.31(-1.06,1.69) 0.04(-0.13,0.21)
 60–69 0.05(-0.15,0.24) -0.83(-2.20,0.55) 010(-0.07,0.27)
 70–79 -0.02(-0.22,0.18) -0.35(-1.76,1.06) 0.01(-0.17,0.18)
 ≥ 80 -0.12(-0.36,0.12) 0.70(-0.98,2.37) -0.17(-0.38,0.03)
Marital Status
(ref: Single/unmarried)
 Married -0.54(-1.20,0.12) -5.60(-10.23, -0.97)* -0.14(-0.72,0.43)
BMI (ref: <18.5)(kg/m2)
 18.5–23.9 0.20(-0.21,0.61) 1.87(-1.01,4.74) 0.07(-0.28,0.42)
 24-27.9 0.09(-0.32,0.50) 1.25(-1.63,4.14) 0.00(-0.35,0.36)
 ≥ 28 -0.04(0.48,0.39) 1.67(-1.41,4.75) -0.16(-0.54,0.22)
Medical insurance
(ref: UEBMI)
 URBMI 0.15(0.02,0.28)* 0.50(-0.45,1.44) 0.11(-0.00,0.23)
  Full self-payment 0.04(-0.14,0.22) 0.27(-0.99,1.52) 0.02(-0.13,0.18)
 Other 0.03(-0.37,0.43) 0.30(-2.49,3.09) 0.01(-0.33,0.35)
Adj R-squared 12.74% 9.98% 34.29%
Note:

(1) *p < 0.05, **p < 0.01, ***p < 0.001

(2) The inpatient costs of stroke patients were naturally log-transformed in regression analysis

(3) All coefficients are unstandardized

(4) Abbreviation: BMI: body mass index; UEBMI, Urban Employee Basic Medical Insurance; URBMI, Urban Resident Basic Medical Insurance; LOS, length of stay

Variables Ischaemic stroke
n1 = 391

Haemorrhagic stroke
n2 = 229

Total
n = 620

x2 / t/Z

n (%) n (%)
Stroke risk factor rating 2.54
 Low 75(19.18) 54(23.58) 129(20.81)
 Moderate 129(32.99) 79(34.50) 208(33.55)
 High 187(47.83) 96(41.92) 283(45.65)
Note:

(1) *p < 0.05, **p < 0.01, ***p < 0.001

(2) Abbreviation: BMI: body mass index; UEBMI: Urban Employee Basic Medical Insurance; URBMI: Ubran and Rural Residents Basic Medical Insurance; LOS: Length 
of stay

Table 1 (continued) 
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mediated the relationship between the number of risk 
factors and inpatient costs.

Test for the mediating role of LOS
Table  3 reveals the results of the direct and indirect 
effects of the number of risk factors on inpatient costs 
through LOS in the mediation analysis by the bootstrap 
procedure. Figure 2 shows the regression coefficients for 

each pathway in the mediation model. First, the greater 
number of risk factors had a significant direct impact 
on increased inpatient costs (β = 0.16, Bootstrap 95%CI: 
[0.11,0.22]). Second, LOS mediated the effect of the num-
ber of risk factors on inpatient costs (β = 0.08, Bootstrap 
95%CI: [0.04,0.11]), the mediating effect accounted for 
33.33% of the total effect. These results highlighted that 
the greater number of risk factors among adults with 
stroke may incur longer LOS and more treatment, which 
may lead to higher total costs among inpatients.

Additional analysis
Stroke risk factor groups and inpatient costs
Table  4 reports the regression analysis of the effect of 
the risk factor rating group of stroke on LOS and inpa-
tient costs. Model 5 showed that after controlling for 
covariates, compared with those in the low-risk group 
the total hospitalization cost among individuals in high-
risk groups increased by 36% (β = 0.36, P < 0.01; Model 
4 in Table  4), and had a 2.25-day (β = 2.25, P < 0.001; 
Model 5 in Table 4) increase in LOS Furthermore, when 
the risk factors rating variable and covariates entered in 
the model 6 in Table  4, LOS was significant and posi-
tive correlation with inpatient costs (β = 0.07, P < 0.001), 

Table 3 Mediaton effect of the number of risk factors for stroke 
on inpatient costs via LOS
Mediation path Coefficient

(Boot 95%CI)
Total effect (c) 0.24(0.18,0.30)
Direct effect (c’)
Number of risk factors → Inpatient costs

0.16(0.11,0.22)

Indirect effect (a*b)
Number of risk factors → LOS → Inpatient costs

0.08(0.04,0.11)

Adj-R2 = 0.33
Note:

(1) 95% Boot CI, Bootstrap confidence interval with lower and upper limits

(2) Bold coefficients indicate significant associations with CIs that do not cross 
0 (P value < 0.05)

(3) All the models were adjusted for age, sex, BMI, marital status, medical 
insurance, and stroke subtype

Table 4 Hierarchical regression among stroke risk factor group, LOS, and inpatient costs
variables Log

(Inpatient costs)
Length of stay (LOS) Log

(Inpatient costs)
Model 4 Model 5 Model 6
Coefficient
(95% CI)

Coefficient
(95% CI)

Coefficient
(95% CI)

Stroke risk factor group
(ref: Low)
 Moderate -0.20(-0.36, -0.03)* 0.13(-1.04,1.29) -0.21(-0.35, -0.06)**

 High 0.36(0.21,0.52)*** 2.25(1.12,3.38)*** 0.20(0.07,0.35)**

 Mediator
LOS 0.07(0.06,0.08)***

Adj R-squared 14.50% 8.20% 35.58%
Note:

(1) *p < 0.05, **p < 0.01, ***p < 0.001

(2) All coefficients are unstandardized

(3) Abbreviation: LOS, length of stay

(4) All the models were adjusted for age, sex, BMI, marital status, medical insurance, and stroke subtype

Fig. 2 Direct effect and indirect effect of the number of risk factors for stroke on inpatient costs via length of stay. Unstandardized coefficients are shown 
in their path arrows
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indicating that high-risk factors in stroke patients had 
direct effect and indirect effect on total inpatient costs 
through LOS. In contrast, compared with low-risk 
patients, moderate-risk patients had a decrease of total 
inpatient costs and the absolute coefficient for inpatient 
costs was significant and elevated from Model 4 to Model 
6 (from β=-0.20, P < 0.001 to β=-0.21, P < 0.01 in Table 4), 
but LOS was significantly and positively associated with 
inpatient costs, suggesting that moderate-risk group in 
stroke patients may have the masking effect on total inpa-
tient costs, the underlying mechanism in these associa-
tions should be studied further.

Single stroke risk factors and inpatient costs
We evaluated the contribution of each risk factor to LOS 
and inpatient costs after controlling for basic demo-
graphic characteristics and stroke subtype variables (see 
Table 5). The findings demonstrated that lack of physical 
exercise was significantly related to 1.47-day increase in 
LOS (Model 8 in Table 5) and a 27% increase in inpatient 

costs (Model 9 in Table 5), after adjusting for covariates. 
Smoking, obesity, comorbid diabetes mellitus, and atrial 
fibrillation among adults with stroke had only significantly 
contributed to increased inpatient costs, but were not 
related to LOS. However, hypertension only had the direct 
effect on LOS but not on inpatient costs Neither LOS nor 
inpatient cost was related to the family history of stroke.

Discussion
To our knowledge, this is the first retrospective study 
to explore the effect of the number of risk factors com-
bined for stroke assessed in the guideline of CSHPSIP on 
inpatient costs and examine the mediating role of length 
of stay (LOS) between the number of risk factors com-
bined for stroke and inpatient costs. Based on the con-
ceptual model, this study had several main findings. First, 
we found that adults with stroke in China have a heavy 
inpatient burden. A greater number of risk factors among 
stroke patients was related to longer LOS and higher 
inpatient costs. Second, this study indicated that the LOS 

Table 5 Hierarchical regression among single stroke risk factors, LOS, and inpatient costs
Variables Log

(Inpatient costs)
Length of stay
(LOS)

Log
(Inpatient costs)

Model 7 Model 8 Model 9
Coefficient (95% CI) Coefficient (95% CI) Coefficient (95% CI)

Hypertension
(ref: no)
 yes 0.03(-0.11,0.16) 1.19(0.24,2.15)* -0.05(-0.17,0.63)
Diabetes mellitus
(ref: no)
 yes 0.26(0.13,0.40)*** 0.81(-0.16,1.79) 0.19(0.07,0.31)**

Atrial fibrillation
(ref: no)
 yes 0.22(0.04,0.41)* 1.14(-0.20,2.47) 0.11(-0.05,0.27)
Smoking (ref: no)
 Yes 0.30(0.11,0.49)** 0.072(-1.29,1.43) 0.29(0.13,0.45)***

Dyslipidaemia
(ref: no)
 Yes 0.09(-0.08, 0.26) -0.29(-1.53,0.93) 0.10(-0.05,0.24)
Physical inactivity
(ref: no)
 Yes 0.36(0.23,0.48)*** 1.47(0.57,2.37)*** 0.27(0.16,0.38)***

Obesity
(ref: no)
 yes 1.00(0.45,1.54)*** 1.00(-2.94,4.95) 0.87(0.40,1.34)***

Family history of stroke(ref: no)
 yes 0.37(-1.14,0.88) 1.78(-1.94,5.49) 0.23(-0.22,0.67)
Mediator
LOS 0.07(0.06,0.08)***

Adj R-squared 15.66% 4.98% 36.83%
Note:

(1) All coefficients are unstandardized

(2) *p < 0.05, **p < 0.01, ***p < 0.001

(3) Abbreviation: LOS, length of stay

(4) All the models were adjusted for age, sex, BMI, marital status, medical insurance, and stroke subtype
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mediated the association between number of risk fac-
tors and inpatient costs. Finally, stroke risk factors rat-
ing group and physical inactivity had significantly direct 
effect and mediating effect on inpatient costs through 
LOS. These findings may enable to provide empirical evi-
dence for reducing the disease burden of stroke patients.

Comparison with other studies
The main contribution of this study is that the mediating 
role of LOS in the number of risk factors combined for 
stroke and inpatient costs have been verified in both hier-
archical regression models and mediation analyses, which 
provides evidence for preventing and controlling risk fac-
tors for stroke so as to reduce stroke-related economic 
disease burden. Our finding indicated that as the number 
of risk factors including chronic diseases and overweight, 
elevated, both LOS and inpatient costs increased. Diabe-
tes, hypertension, hyperlipidaemia, and atrial fibrillation 
were risk factors for stroke [24, 25]. The combination of 
these risk factors aggravated the admission condition of 
the patients, leading to an increase in LOS, more treat-
ment, and more medicine utilization, which caused 
higher inpatient costs [26]. Diabetes, hyperlipidemia, 
and hypertension were common and poorly controlled in 
China, which contributed to an increased risk of stroke 
and a heavier disease burden. Moreover, our study fur-
ther found that patients with more than three risk fac-
tors or a history of stroke had a longer length of stay and 
higher inpatient costs than those in the low-risk group.

LOS was the main factor affecting inpatient costs for 
stroke. The longer the LOS was, the higher the inpatient 
costs, which is consistent with current research [27]. 
LOS not only reflects the severity and recovery time of 
stroke patients but also embodies the comprehensive 
level of hospital and medical staff [28]. An inappropri-
ate length of stay, on the one hand, would directly lead to 
bed costs, drug costs, nursing costs, and a series of basic 
cost increases; on the other hand, it would also affect 
the timeliness and convenience of treatment for other 
patients, reduce the working efficiency of the hospital 
and reduce social benefits. Therefore, reducing the num-
ber of risk factors combined for stroke could decrease the 
patients’ LOS, which in turn descend inpatient costs.

Modifiable factors and inpatient costs
Additional analysis verified once again that comorbid 
with diabetes mellitus, atrial fibrillation, being over-
weight, and current smoking, lack of physical exer-
cise had a remarkably impact on higher inpatient costs. 
Comorbid with hypertension and lack of physical exer-
cise also significantly increased LOS. Poor lifestyles 
such as lack of physical exercise, smoking, and obesity 
are the leading risk factors and modifiable behaviors, 
which could cause the higher burden of cardiovascular 

diseases. A review reported that lifestyle factors includ-
ing smoking, alcohol consumption, physical inactivity, a 
high-salt diet, and a high-fat diet played important roles 
in the occurrence and development of stroke [29]. A two-
year randomized controlled intervention trial found that 
physical activity was associated with a reduced risk of 
stroke [30]. Thus, more effective public education and 
greater responsibilities of individuals should be strength-
ened to improve control of stroke risk factors.

Uncontrolled hypertension is the main risk factor for 
cerebral infarction and cerebral haemorrhage, manage-
ment of hypertension is the essential public strategy for 
reducing the risk of incidence and mortality of stroke [31]. 
Although improvement in patient awareness and the treat-
ment of hypertension and diabetes in China, the propor-
tion of individuals whose hypertension and diabetes were 
controlled was less than 50%, which was lower than those 
in the developed countries [32, 33]. According to a pre-
vious study, only 39.7% of adults with diabetes achieved 
optimal fasting plasma glucose (FPG) control in China 
[34]. The Berlin acute stroke study reported that stroke 
patients with atrial fibrillation were associated with higher 
inpatient costs than those without atrial fibrillation [35]. 
Another Danish study demonstrated that atrial fibrillation 
had a 20% increase in hospital length of stay for stroke 
patients compared with those without atrial fibrillation 
[36]. In addition, a retrospective study found that patients 
with stroke had higher rates of diabetes, hyperlipidaemia, 
and hypertension [37], and the inpatient costs and LOS 
of patients with these three risk factors were higher than 
those of patients without the three risk factors.

Unmodifiable factors and inpatient costs
In addition, our study reported that stroke subtype and 
sex significantly affected inpatient costs. We found that 
both LOS and inpatient costs were increased among 
patients with haemorrhagic stroke compared with those 
with ischaemic stroke, consistent with a 5-year follow-
up study [38]. In our study, 36.94% of the patients suf-
fered from cerebral haemorrhage, and the inpatient costs 
increased because of the acute onset and increased com-
plications. In terms of sex, the inpatient costs for female 
patients were higher than those for male patients, which 
was consistent with a Korean nationwide study; females 
might have a longer LOS than males, and the cost of 
treatment was higher [39].

Strengths and limitations of this study
Although many studies have investigated the relation-
ship between risk factors and prevalence in adults with 
stroke, few have focused on the effect of risk factors on 
hospital costs. This retrospective study provides a new 
way to reduce the disease burden of stroke patients and 
ineffective lengths of stay. However, our study also had 
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some limitations. First, the current study was conducted 
at only one hospital. The average cost of hospitalization 
was higher among 620 stroke patients, up to 30730.78 
CNY ($ 4,455.67), which was higher than the inpatient 
costs of stroke patients in China in 2018, at 10213.5 CNY 
($ 1,480.86) [3]. The inpatient cost of stroke patients in a 
single hospital may not be representative to all popula-
tion in China. Second, the risk factors in our study did 
not take into account the effect of dietary risks and envi-
ronmental risks, which also contributed to the burden of 
stroke. Future studies should pay more attention to the 
effect of those risks. Finally, the participants in our study 
were adults who survived a stroke event and had a high 
response rate. We did not have information for those 
who died after the stroke event, as the burden of follow-
up on patients and caregivers should be underestimated.

Implications
The findings of our study have important theoretical and 
practical implications for stroke prevention and reduc-
ing the disease burden of stroke patients through inter-
ventions. First, this study contributes to the literature by 
showing the heavy inpatient burden of adults with stroke. 
Chinese healthcare administrators should pay more 
attention to the screening and intervention of people 
with stroke, early detection, early diagnosis, and early 
treatment to control the influence of combined risk fac-
tors on inpatient costs and the reduction of the economic 
burden of stroke patients. Second, we found a significant 
effect of some modifiable factors (e.g., diabetes mellitus, 
atrial fibrillation, smoking, lack of physical exercise, and 
overweight) on LOS and inpatient costs. Community 
health service organizations need to guide residents to 
develop healthy and reasonable eating habits and life-
styles and instruct the high-risk population with these 
chronic diseases to enhance self-care awareness and 
receive regular health check-ups to avoid the occurrence 
of stroke or alleviate the condition of patients admitted to 
hospitals. Third, LOS was a significant predictor of hos-
pital costs. To reduce inpatient costs, health policy-mak-
ing departments should guide patients to seek medical 
treatment reasonably to reduce the LOS in higher-level 
hospitals for stroke rehabilitation. Finally, the mediating 
effect of LOS on the association between the number of 
risk factors and inpatient costs suggests that risk factors 
and LOS must be considered concurrently to reduce the 
inpatient burden. This mechanism provides a theoretical 
implication for why screening and intervention in stroke 
populations can reduce the medical burden.

Conclusion
The results of this study provide strong evidence that 
the greater number of risk factors combined for stroke 
increased inpatient costs directly and indirectly by 

longer LOS. Compared with low-risk adults with stroke, 
high-risk adults incurred heavier inpatient costs due to 
direct or indirect effects of more length of stay. Physical 
inactivity had also significant direct effect and mediat-
ing effect on inpatient costs through LOS. In addition, 
stroke adults with smoking status, being overweight, and 
comorbid with diabetes mellitus and atrial fibrillation 
had the higher economic burden. Promoting healthy life-
styles, public education, and early screening for chronic 
disease should be paid more attention. The emphasis on 
enhancing the prevention and management of risk fac-
tors for stroke should be further reinforced.

Abbreviations
CSPPC  China Stroke Prevention Project Committee
CSHPSIP  China Stroke High-risk Population Screening and Intervention 

Program
TIA  Transient ischaemic attack
TIC  Total inpatient cost
VHD  Valvular heart disease
LOS  length of stay

Acknowledgements
The authors thank all the reviewers who reviewed this paper.

Author contributions
Study conception and design: QM, and YX G; acquisition of data: WJ W, JY J, 
CJ Y, and LY N; analysis and interpretation of data: XC, RY L, and WW T; drafting 
of the manuscript: XC, RY L, WW T and YX G; critical addition of important 
intellectual content to the manuscript: QM, and YX G. All the authors 
approved the final version of the manuscript.

Funding
This study was supported by the National Natural Science Foundation of 
China (Grant No. 82103952) and the Science and Technology Bureau of 
Nantong City (Grant No. MS12021070).

Data availability
The data are available from the corresponding author upon reasonable 
request.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committees of Nantong University. 
Informed consent was obtained from all subjects.

Consent for publication
All authors have no objection to and will also be responsible for the 
publication of the paper.

Competing interests
The authors declare no competing interests.

Author details
1Department of Health Management, School of Public Health, Nantong 
University, Nantong, Jiangsu Province 226019, China
2Institute for Health Development, Nantong University, Nantong,  
Jiangsu Province 226019, China
3School of Health Policy and Management, Nanjing Medical University, 
Nanjing, Jiangsu Province 211166, China
4Affiliated Hospital, Nantong University, Nantong,  
Jiangsu Province 226019, China

Received: 14 June 2023 / Accepted: 1 January 2024



Page 11 of 11Cao et al. BMC Geriatrics          (2024) 24:131 

References
1. GBD 2016 Neurology Collaborators. Global, regional, and national burden 

of neurological disorders, 1990–2016: a systematic analysis for the global 
burden of Disease Study 2016. Lancet Neurol. 2019;18:459–80.

2. Wang W, Jiang B, Sun H, Ru X, Sun D, Wang L, et al. Prevalence, incidence, 
and mortality of stroke in China: results from a Nationwide Population-based 
survey of 480 687 adults. Circulation. 2017;135:759–71.

3. Wu S, Wu B, Liu M, Chen Z, Wang W, Anderson CS, et al. Stroke in China: 
advances and challenges in epidemiology, prevention, and management. 
Lancet Neurol. 2019;18:394–405.

4. Tu W-J, Hua Y, Yan F, Bian H, Yang Y, Lou M, et al. Prevalence of stroke in 
China, 2013–2019: a population-based study. Lancet Reg Health West Pac. 
2022;28:100550.

5. Ma Q, Li R, Wang L, Yin P, Wang Y, Yan C, et al. Temporal trend and attributable 
risk factors of stroke burden in China, 1990–2019: an analysis for the global 
burden of Disease Study 2019. Lancet Public Health. 2021;6:e897–906.

6. Li X, Wu C, Lu J, Chen B, Li Y, Yang Y, et al. Cardiovascular risk factors in 
China: a nationwide population-based cohort study. Lancet Public Health. 
2020;5:e672–81.

7. Feigin VL, Stark BA, Johnson CO, Roth GA, Bisignano C, Abady GG, et al. 
Global, regional, and national burden of stroke and its risk factors, 1990–2019: 
a systematic analysis for the global burden of Disease Study 2019. Lancet 
Neurol. 2021;20:1–26.

8. Owolabi MO, Thrift AG, Mahal A, Ishida M, Martins S, Johnson WD, et al. 
Primary stroke prevention worldwide: translating evidence into action. The 
Lancet Public Health. 2022;7:e74–85.

9. Melak AD, Wondimsigegn D, Kifle ZD. Knowledge, prevention practice and 
associated factors of stroke among hypertensive and diabetic patients – A 
systematic review. Risk Manage Healthc Policy. 2021;14:3295–310.

10. Feigin V, Brainin M. Reducing the burden of stroke: opportunities and mecha-
nisms. Int J Stroke. 2019;14:761–2.

11. Chao BH, Yan F, Hua Y, Liu JM, Yang Y, Ji XM, et al. Stroke prevention and 
control system in China: CSPPC-Stroke Program. Int J Stroke. 2021;16:265–72.

12. Huang Z, Shi X, Nicholas S, Maitland E, Yang Y, Zhao W, et al. Use of traditional 
Chinese medicine and its impact on medical cost among urban ischemic 
stroke inpatients in China: A National Cross-sectional Study. Evid Based 
Complement Alternat Med. 2021;2021:8554829.

13. Zhu D, Shi X, Nicholas S, Chen S, Ding R, Huang L, et al. Medical service 
utilization and direct medical cost of stroke in urban China. Int J Health Policy 
Manag. 2022;11:277–86.

14. Claesson L, Gosman-Hedström G, Johannesson M, Fagerberg B, Blomstrand 
C. Resource utilization and costs of stroke unit care integrated in a care 
continuum: a 1-year controlled, prospective, randomized study in elderly 
patients: the Göteborg 70 + stroke study. Stroke. 2000;31:2569–77.

15. Caro JJ, Huybrechts KF, Duchesne I. Management patterns and costs of acute 
ischemic stroke: an international study. For the Stroke Economic Analysis 
Group Stroke. 2000;31:582–90.

16. Diringer MN, Edwards DF, Mattson DT, Akins PT, Sheedy CW, Hsu CY, et al. 
Predictors of acute hospital costs for treatment of ischemic stroke in an 
academic center. Stroke. 1999;30:724–8.

17. Buisman LR, Tan SS, Nederkoorn PJ, Koudstaal PJ, Redekop WK. Hospital costs 
of ischemic stroke and TIA in the Netherlands. Neurology. 2015;84:2208–15.

18. Chang K-C, Tseng M-C. Costs of acute care of first-ever ischemic stroke in 
Taiwan. Stroke. 2003;34:e219–21.

19. Kong D, Liu X, Lian H, Zhao X, Zhao Y, Xu Q, et al. Analysis of hospital charges 
of inpatients with acute ischemic stroke in Beijing, China, 2012–2015. Neuro-
epidemiology. 2018;50:63–73.

20. Chen C, Zhu B, Chen Y, Yang T, Li F. Factors influencing the hospitalization cost 
for stroke patients in J district, Shanghai (in Chinese). Zhong Nan Da Xue Xue 
Bao Yi Xue Ban. 2018;19:27–31.

21. Liu C, Luo L, Duan L, Hou S, Zhang B, Jiang Y. Factors affecting in-hospital cost 
and mortality of patients with stroke: evidence from a case study in a tertiary 
hospital in China. Int J Health Plann Manage. 2021;36:399–422.

22. Lu Y, Sun W, Shen Z, Sun W, Liu R, Li F, et al. Regional differences in hospital 
costs of acute ischemic stroke in China: analysis of data from the Chinese 
acute ischemic stroke treatment outcome registry. Front Public Health. 
2021;9:783242.

23. Baron RM, Kenny DA. The moderator-mediator variable distinction in social 
psychological research: conceptual, strategic, and statistical considerations. J 
Pers Soc Psychol. 1986;51:1173–82.

24. Yang J, Zheng M, Chen S, Ou S, Zhang J, Wang N et al. A survey of the per-
ceived risk for stroke among community residents in western urban China. 
PLoS ONE. 2013;8.

25. Kariasa IM, Nurachmah E, Setyowati, Koestoer RA. Analysis of partici-
pants’ characteristics and risk factors for stroke recurrence. Enferm Clin. 
2019;29:286–90.

26. Ghatnekar O, Glader EL. The effect of atrial fibrillation on stroke-related inpa-
tient costs in Sweden: a 3-year analysis of registry incidence data from 2001. 
Value in Health. 2008;11:862–8.

27. Dewey HM, Thrift AG, Mihalopoulos C, Carter R, Macdonell RAL, McNeil JJ, et 
al. Lifetime cost of stroke subtypes in Australia: findings from the North East 
Melbourne stroke incidence study (NEMESIS). Stroke. 2003;34:2502–7.

28. Alhamzawi R, Demarin V, Yahya Algamal Z, Liang P. The direct and indirect 
effects of length of hospital stay on the costs of inpatients with stroke in 
Ningxia, China, between 2015 and 2020: a retrospective study using quantile 
regression and structural equation models.

29. Sarikaya H, Ferro J, Arnold M. Stroke prevention - medical and lifestyle mea-
sures. Eur Neurol. 2015;73:150–7.

30. Silva-Smith AL, Fleury J, Belyea M. Effects of a physical activity and healthy 
eating intervention to reduce stroke risk factors in older adults. Prev Med 
(Baltim). 2013;57:708–11.

31. Arima H, Murakami Y, Lam TH, Kim HC, Ueshima H, Woo J, et al. Effects of 
prehypertension and hypertension subtype on cardiovascular disease in the 
Asia-Pacific region. Hypertension. 2012;59:1118–23.

32. Ong KL, Cheung BMY, Man YB, Lau CP, Lam KSL. Prevalence, awareness, treat-
ment, and control of hypertension among United States adults 1999–2004. 
Hypertension. 2007;49:69–75.

33. Wang J, Zhang L, Wang F, Liu L, Wang H. Prevalence, awareness, treatment, 
and control of hypertension in China: results from a national survey. Am J 
Hypertens. 2014;27:1355–61.

34. Xu Y, Wang L, He J, Bi Y, Li M, Wang T, et al. Prevalence and control of diabetes 
in Chinese adults. JAMA. 2013;310:948–58.

35. Brüggenjürgen B, Rossnagel K, Roll S, Andersson FL, Selim D, Müller-Nordhorn 
J, et al. The impact of atrial fibrillation on the cost of stroke: the Berlin acute 
stroke study. Value in Health. 2007;10:137–43.

36. Jørgensen HS, Nakayama H, Reith J, Raaschou HO, Olsen TS. Acute stroke with 
atrial fibrillation. Cph Stroke Study Stroke. 1996;27:1765–9.

37. Tan WS, Heng BH, Chua KSG, Chan KF. Factors predicting inpatient rehabilita-
tion length of stay of acute stroke patients in Singapore. Arch Phys Med 
Rehabil. 2009;90:1202–7.

38. Sung KCC, Seo MHH, Rhee EJJ, Wilson AM. Elevated fasting insulin predicts 
the future incidence of metabolic syndrome: a 5-year follow-up study. Car-
diovasc Diabetol. 2011;10.

39. Kang JH, Bae HJ, Choi YA, Lee SH, Shin HI. Length of hospital stay after stroke: 
a Korean nationwide study. Ann Rehabil Med. 2016;40:675–81.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	How health risk factors affect inpatient costs among adults with stroke in China: the mediating role of length of stay
	Abstract
	Introduction
	Methods
	Study design and participants
	Procedures
	Measures
	Independent variables: risk factors, number of risk factors, and risk factor rating
	Dependent variable: inpatient costs
	Mediating variable: length of stay (LOS)
	Covariates


	Statistical analysis
	Results
	Participant characteristics
	The number of risk factors and inpatient costs among adults with stroke
	Test for the mediating role of LOS
	Additional analysis
	Stroke risk factor groups and inpatient costs
	Single stroke risk factors and inpatient costs


	Discussion
	Comparison with other studies
	Modifiable factors and inpatient costs
	Unmodifiable factors and inpatient costs
	Strengths and limitations of this study
	Implications

	Conclusion
	References


