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Abstract
Background Stroke is a major health threat and the leading cause of mortality and disability in China. The aims of this
study were to identify the possible in�uencing factors of health-related quality of life (HRQoL) and its domain-speci�c
contents in stroke patients in rural areas in China.

Methods A total of 1709 stroke patients aged from 36 to 79 years from the Henan Rural Cohort Study (n=39259) were
included in this study. The Chinese version of the European Quality of Life Five Dimension Five Level Scale (EQ-5D-5L)
and visual analogue scale (VAS) were used to evaluate HRQoL in stroke patients. Tobit regression models, generalized
linear models and binary logistic regressions models were constructed to determine the potential in�uencing factors of
the EQ-5D utility index, as well as in�uencing factors of each domains and VAS score.

Results The mean utility index and VAS scores of stroke patients were 0.885 (SD, 0.204), and 68.39 (SD, 17.31),
respectively. Pain/discomfort (PD, 35.2%) and mobility (MO, 30.4%) were the most frequently reported issues.
Regression models revealed that stroke patients who were illiterate; had a low monthly income; reported low physical
activity intensity; and had diabetes, anxiety, depression or poor sleep quality had lower utility index and VAS scores. For
the different dimensions of the EQ-5D, the in�uencing factors varied.

Conclusion Stroke patients in rural areas had a lower HRQoL than those in urban areas. Factors associated with the EQ-
5D utility index as well as each domain and VAS score, need attention. Stroke patients in rural areas need to be
managed systematically.

Clinical trial registration: The Henan Rural Cohort Study has been registered in the Chinese Clinical Trial Register
(Registration Number: ChiCTR-OOC-15006699). Date of registration: 2015-07-
06.http://www.chictr.org.cn/showproj.aspx?proj=11375.

Background
Stroke is a major health threat and the leading cause of mortality and disability in the world, with substantial economic
costs associated with poststroke care [1]. Those living in East Asia have the highest risk of incidence stroke in the
world, with a risk of 38.8% [2]. China has the highest risk of incidence stroke among all countries, with a 39.3% risk, and
Chinese men have the highest risk of incidence stroke of any male population worldwide, with a more than 41% risk [2].
China accounted for 5.51 million (40%) of the 13.7 million strokes worldwide in 2016 [3]. The mortality-to-incidence
ratio of stroke has regional differences [4]. The incidence of stroke in rural areas (298 cases per 100,000 person-years)
is higher than that in urban areas (204 cases per 100,000 person-years) in China [5].

Living with the effects of stroke can in�uence a patient’s physical and psychological health, leading to decreased
health-related quality of life (HRQoL) [6]. The HRQoL of persons living with the effects of stroke was reported to be
lower than those living without the effects of stroke [7]. Identi�cation of in�uencing factors related of HRQoL can guide
effective strategies for HRQoL improvement in stroke patients. Previous studies that focused on HRQoL showed that
the predictors of HRQoL included demographic factors, clinically related factors, and environmental and individual
factors; however, the results have been inconsistent due to cultural differences [8]. Moreover, the use of different tools
for measuring HRQoL may also lead to the identi�cation of different factors associated with HRQoL [9]. The European
Quality of Life Five Dimensions (EQ-5D), is one of the most commonly prefered generic tools to assess HRQoL in
different patients; the EQ-5D 5 Level (EQ-5D-5L) can reduce the ceiling effect more than the EQ-5D-3L, and has some
psychometric advantages compared with the EQ-5D-3L in measuring some generic health outcomes in stroke patients
[10–12]. However, most researchers focused on only the in�uencing factors of the total EQ-5D score, and paid little
attention to the in�uencing factors of each domain score. Due to the multidimensionality of HRQoL, understanding the
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in�uencing factors of the scores of each domain of the EQ-5D-5L will provide detailed insight into the challenges of
stroke survivors [13].

Henan is a populous provinces located in central China, with half of the total population living in rural areas [14]. People
living in the rural areas generally have worse HRQoL than those living in urban areas [15]. Data on the HRQoL and
speci�c domains in stroke patients in rural Henan remain limited. To guide effective and useful interventions to improve
the HRQoL in rural stroke patients, this study aimed to evaluate the HRQoL, its speci�c domains, and possible
determinants in a large sample of rural stroke patients using the Chinese EQ-5D-5L.

Methods
Sample

The cross-sectional study was conducted among adults aged 18-79 years who were permanent residents living in �ve
rural regions (south, central, north, east, and west) of Henan Province, China. The survey was carried out between July
2015 and September 2017. The respondents were requested to complete a standard questionnaire including
information on general demographic characteristics, lifestyle, sleep situation, mental status, etc. They were also asked
to report their health status using the EQ-5D-5L. This study was approved by the Zhengzhou University Life Science
Ethics Committee under ethical approve code: [2015] MEC (S128), and written informed consent was obtained from all
participants.

A total of 39259 people responded to the survey and 6.7% of them (2642) reported suffering from stroke. A detailed
description of the survey in the Henan rural cohort has been published elsewhere [16]. Further information was obtained
and analyzed for respondents who reported experiencing stroke. EQ-5D-5L questionnaires with incomplete data were
exclude, thus, the �nal dataset for this study contained the data of 1709 stroke survivors.

EQ-5D-5L

The Chinese version of the EQ-5D-5L, a generic preference-based instrument, consists of a descriptive system and EQ-
5D visual analogue scale (EQ-VAS) [17]. The descriptive system has �ve domains, including mobility (MO), self-care
(SC), usual activities (UA), pain/discomfort (PD), and anxiety/depression (AD). Each domain is rated on �ve-point scale,
ranging from "no problem ( 1)" to "extreme problems (5)" [17] . There are 3125 possible health states, with a
combination of possible answers ranging from 11111 (full health) to 55555 ( extremely poor health), which are
represented by a single “utility” index ranging from -0.391 (for 55555) to 1.000 for (11111) considering Chinese
crosswalk value sets . A scores index of 1 represents full health, a score of 0 represents death, and a score of less than
0 represents a health status worse than death [19]. The EQ-VAS asks people to rate their health state on a vertical
thermometer-like scale ranging from best imaginable health (100) to worst imaginable health (0) [18].

Participants’ characteristics

Stroke patients were strati�ed into three groups according to age (< 55, ≥ 55 to 65, ≥ 65 years). Educational level was
classi�ed as illiterate, primary school, junior high school or above. Marital status was classi�ed as married/cohabiting
or widowed/unmarried/divorce/separation. Average monthly individual self-perceived net income was classi�ed as<
$72(US dollars), ≥ $72 to $143, or ≥ $143. Current smoking was de�ned as at least one cigarette per day during the
previous six months. Current drinking was de�ned as consuming alcohol 12 times or more per year. A high-fat diet was
de�ned as consuming at least 75 grams of fat per day. A high vegetable and fruit diet was de�ned as consuming at
least 500 grams of vegetables or fruits per day. Physical activity intensity information over the last 7 days was
collected with the International Physical Activity Questionnaires (short form) and categorized into three levels
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(light,moderate and vigorous) [20, 21]. The duration of illness (years) was classi�ed as <1 year , ≥1 year to < 3 years, ≥
3 years to < 5 years,or ≥ 5 years.

Body mass index (BMI) was calculated as weight (kilogram) divided by height (meters squared), and was divided into
four categories: underweight (< 18.5 kg/m2), normal weight (18.5kg/m2 ≤ BMI < 24.0 kg/m2), overweight (24.0kg/m2

≤BMI < 28.0kg/m2) and obese (BMI ≥ 28.0kg/m2) [20, 21]. Centripetal obesity was diagnosed when the waist
circumference (WC) was ≥ 90 cm in males and ≥ 80 cm in females [22]. A normal waist-to-hip ratio was de�ned as a
ratio ≥ 0.9 in males and ≥ 0.8 in females [23]. The normal waist-to-height ratio was de�ned as the ratio was ≥ 0.50
[24]. Hypertension was de�ned as blood pressure≥140/90 mmHg or the use of antihypertensive medication [25].
Diabetes mellitus was de�ned as fasting blood glucose ≥ 7.0 mmol/L, a self-reported diagnosis by a doctor, or  the use
of hypoglycemic agents including insulin. Anthropometric variables were measured while the participants wore light
clothing, and body weight and height to the nearest 0.1 kg and 0.1 cm, respectively, were measured twice. Blood
pressure was measured using an electronic sphygmomanometer (HEM-770A Fuzzy, Omron, Japan) while the patient
was in a seated position after 5 minutes of rest, and fasting blood glucose was measured by analyzing venous blood
samples after overnight fasting.

Anxiety  in the previous two weeks was measured by the 2-item Generalized Anxiety Disorder Scale (GAD-2), with a
GAD-2 score ≥ 3 indicating anxiety [26]. Depression in the previous two weeks was measured by the 2-item Patient
Health Questionnaire-2 (PHQ-2), with a PHQ-2 score ≥ 2 indicating depression[26]. Sleep quality in the previous month
was measured by the Pittsburgh Sleep Quality Index (PSQI), with a PSQI score 5 indicating poor sleep quality [28]. More
detailed information on the cohort has been described elsewhere [16].

Data analysis

Means and standard deviations (SDs) are used to describe continuous variable data, and frequencies and percentages
are used to describe categorical variable data. The EQ-5D domain results and various participants’ characteristics were
compared with chi-square tests in the univariate analysis. Binary logistic regressions was used to assess the potential
in�uencing factors of EQ-5D domain scores. As the EQ-5D-5L utility index was skewed and one-sided and the scores of
the EQ-5D-5L VAS were abnormally distributed (Kolmogorov-Smirnov test, P<0.05 ), Mann-Whitney U and Kruskal-Wallis
tests were used to examine the associations between the independent variables and the EQ-5D-5L utility index and VAS
scores. Tobit regression models were constructed to assess the potential in�uencing factors of the EQ-5D-5L utility
index, and a generalized linear model (GLM) was applied to determine the potential in�uencing factors of EQ-5D-5LVAS
scores. The descriptive statistics were calculated and the corresponding tests were conducted using the IBM SPSS
statistics software package, version 21.0 for Windows (Chicago, IL, USA). The Tobit regression models were
constructed using STATA 15 for Windows. Statistical signi�cance was set at P ≤ 0.05 in all analyses.

Results
Sample characteristics

The mean (SD) age of the sample was 64.06 years (7.63), ranging from 36 to 79 years. The characteristics of the stroke
patients are shown in Table 1.
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Table 1
Distribution of stroke patients within different subgroups over reporting problems (slight to extreme problems) on EQ-

5D dimension, mean (SD) EQ-5D utility index and VAS score (n = 1709)
Subject
characteristics

n (%) MO SC UA PD AD Mean Utility
index (SD)

Mean VAS

scores (SD)

Age(years)                

< 55 237
(13.90)

46
(19.4)**

21
(8.9)**

29
(12.2)**

67
(28.3)*

24
(10.1)

0.92 (0.16)** 69.58 (17.84)

55 ~ 65 580
(33.90)

155
(26.7)

54 (9.3) 88
(15.2)

191
(32.9)

58 (10) 0.90 (0.18) 68.97 (17.58)

65~ 892
(52.20)

319
(35.8)

147
(16.5)

215
(24.1)

343
(38.5)

120
(13.5)

0.86 (0.23) 67.70 (16.98)

Gender                

Male 804
(47.00)

254
(31.6)

106
(13.2)

157
(19.5)

245
(30.5)**

69
(8.6)**

0.89 (0.19)* 68.63 (16.80)

Female 905
(53.00)

266
(29.4)

116
(12.8)

175
(19.3)

356
(39.3)

133
(14.7)

0.87 (0.21) 68.17 (17.76)

Education                

illiterate 425
(24.90)

149
(35.1)*

66
(15.5)

97
(22.8)*

175
(41.2)

60
(14.1)*

0.86 (0.22)** 67.72
(18.45)*

Primary
school

596
(34.90)

194
(32.6)

82
(13.8)

129
(21.6)

232
(38.9)

77
(12.9)

0.87 (0.22) 67.18 (17.15)

Other 688
(40.30)

177
(25.7)

74
(10.8)

106
(15.4)

194
(28.2)

65 (9.4) 0.91 (0.18) 69.85 (16.61)

Spouse                

Yes 1458
(85.30)

436
(29.9)

191
(13.1)

279
(19.1)

508
(34.8)

168
(11.5)

0.88 (0.21) 68.43 (17.17)

No 251
(14.70)

84
(33.5)

31
(12.4)

53
(21.1)

93
(37.1)

34
(13.5)

0.89 (0.18) 68.15 (18.18)

Per capita monthly actual income
($)

           

< 72 801
(46.90)

282
(35.2)**

126
(15.7)*

187
(23.3)**

316
(39.5)*

112
(14)*

0.86 (0.22)** 65.79
(17.63)**

72 ~ 143 500
(29.30)

150
(30)

61
(12.2)

96
(19.2)

158
(31.6)

53
(10.6)

0.90 (0.19) 69.63 (16.61)

143~ 408
(23.90)

88
(21.6)

35 (8.6) 49 (12) 127
(31.1)

37 (9.1) 0.92 (0.18) 71.97 (16.76)

MO: Mobility; SC: Self-care; UA: Usual activities; PD: Pain/discomfort; AD: Anxiety/depression

GAD-2 Generalized Anxiety Disorder Scale-2, PHQ-2 Patient Health Questionnaire-2, PSQI the Pittsburgh Sleep
Quality Index

* P < 0.05; ** P < 0.001
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Subject
characteristics

n (%) MO SC UA PD AD Mean Utility
index (SD)

Mean VAS

scores (SD)

Smoking
status

               

Never 1140
(66.70)

346
(30.4)

157
(13.8)

233
(20.4)

433
(38)*

166
(14.6)**

0.87 (0.21)* 67.92 (17.54)

Former 276
(16.10)

91
(33.0)

36
(13.0)

51
(18.5)

82
(29.7)

15 (5.4) 0.91 (0.18) 70.00 (16.81)

Current 293
(17.10)

83
(28.3)

29 (9.9) 48
(16.4)

86
(29.4)

21 (7.2) 0.89 (0.18) 68.63 (16.83)

Drink status                

Never 1287
(75.30)

384
(29.8)*

172
(13.4)*

253
(19.7)*

464
(36.1)

174
(13.5)*

0.88 (0.21)* 67.96
(17.19)**

Former 205
(12.00)

87
(40.1)

37
(17.1)

55
(25.3)

76 (35) 14 (6.5) 0.92 (0.17) 73.70 (15.57)

Current 217
(12.70)

49
(23.9)

13 (6.3) 24
(11.7)

61
(29.8)

14 (6.8) 0.88 (0.18) 66.26 (18.82)

High-fat diet                

No 1543
(90.30)

480
(31.1)

209
(13.5)*

311
(20.2)*

545
(35.3)

184
(11.9)

0.88(0.21) 68.11(17.41)*

Yes 166
(9.70)

40
(24.1)

13 (7.8) 21
(12.7)

56
(33.7)

18
(10.8)

0.91(0.16) 70.93(16.18)

Vegetable and fruit diet              

No 987
(57.80)

336
(34)**

136
(13.8)

213
(21.6)*

365
(37)

137
(13.9)*

0.87 (0.21)* 67.51
(17.56)*

Yes 722
(42.20)

184
(25.5)

86
(11.9)

119
(16.5)

236
(32.7)

65 (9) 0.90 (0.19) 69.59 (16.90)

Physical activity
intensity

             

Mild 748
(43.80)

306
(40.9)**

154
(20.6)**

213
(28.5)**

285
(38.1)

97 (13) 0.84 (0.25)** 67.32 (17.68)

Moderate 536
(31.40)

131
(24.4)

51 (9.5) 80
(14.9)

180
(33.6)

63
(11.8)

0.91 (0.16) 68.39 (18.11)

Intense 425
(24.90)

83
(19.5)

17 (4) 39 (9.2) 136
(32)

42 (9.9) 0.93 (0.11) 70.26 (15.41)

BMI (n = 1244)              

< 18.5 37
(2.19)

13
(35.1)

4 (10.8) 6 (16.2) 14
(37.8)

11
(29.7)*

0.85 (0.26) 62.14 (21.19)

MO: Mobility; SC: Self-care; UA: Usual activities; PD: Pain/discomfort; AD: Anxiety/depression

GAD-2 Generalized Anxiety Disorder Scale-2, PHQ-2 Patient Health Questionnaire-2, PSQI the Pittsburgh Sleep
Quality Index

* P < 0.05; ** P < 0.001
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Subject
characteristics

n (%) MO SC UA PD AD Mean Utility
index (SD)

Mean VAS

scores (SD)

18.5 ≤ BMI < 
24.0

587
(34.67)

164
(27.9)

72
(12.3)

113
(19.3)

210
(35.8)

63
(10.7)

0.89 (0.19) 67.98 (16.60)

24.0 ≤ BMI < 
28.0

739
(43.65)

212
(28.7)

84
(11.4)

127
(17.2)

244
(33)

86
(11.6)

0.90 (0.19) 69.02 (17.30)

≥ 28.0 330
(19.49)

118
(35.8)

51
(15.5)

74
(22.4)

126
(38.2)

38
(11.5)

0.87 (0.22) 68.86 (17.86)

Centripetal obesity (n = 
1245)

             

No 780
(46.00)

218
(27.9)

95
(12.2)

142
(18.2)

274
(35.1)

85
(10.9)

0.90 (0.19) 68.06 (17.38)

Yes 917
(54.00)

293
(32.0)

119
(13)

182
(19.8)

322
(35.1)

114
(12.4)

0.88 (0.20) 68.79 (17.20)

Waist-to-hip ratio (n = 
1244)

             

Normal 429
(25.28)

387
(30.5)*

165
(12.7)**

250
(19.3)

454
(35.1)

158
(12.2)

0.90 (0.19) 67.91 (17.81)

abnormal 1268
(74.72)

124
(28.9)

49
(12.2)

74
(18.5)

141
(35.2)

41
(10.2)

0.88 (0.20) 68.64 (17.10)

Duration of the illness (years)            

< 1 209
(12.2)

54
(25.8)**

25
(12)*

32
(15.3)*

76
(36.4)

25 (12) 0.90 (0.17) 70.91 (16.38)

≥ 1 to < 3 486
(28.4)

123
(25.3)

52
(10.7)

76
(15.6)

161
(33.1)

52
(10.7)

0.90 (0.19) 69.09 (17.35)

≥ 3 to < 5 347
(20.3)

97
(28.0)

36
(10.4)

63
(18.2)

121
(34.9)

38 (11) 0.90 (0.19) 68.39 (17.97)

≥ 5 663
(38.8)

245
(37)

109
(16.4)

161
(24.3)

241
(36.3)

86 (13) 0.86 (0.23) 67.12 (17.18)

Hypertension                

MO: Mobility; SC: Self-care; UA: Usual activities; PD: Pain/discomfort; AD: Anxiety/depression

GAD-2 Generalized Anxiety Disorder Scale-2, PHQ-2 Patient Health Questionnaire-2, PSQI the Pittsburgh Sleep
Quality Index

* P < 0.05; ** P < 0.001
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Subject
characteristics

n (%) MO SC UA PD AD Mean Utility
index (SD)

Mean VAS

scores (SD)

No 982
(57.50)

262
(26.7)**

114
(11.6)*

169
(17.2)*

353
(35.9)

118
(12)

0.89 (0.20)* 69.46
(17.61)*

Yes 727
(42.50)

258
(35.5)

108
(14.9)

163
(22.4)

248
(34.1)

84
(11.6)

0.87 (0.21) 66.93 (16.80)

Diabetes mellitus              

No 1473
(86.20)

425
(28.9)**

183
(12.4)

272
(18.5)*

516
(35)

170
(11.5)

0.89 (0.19)* 68.68 (17.36)

Yes 236
(13.80)

95
(40.3)

39
(16.5)

60
(25.4)

85 (36) 32
(13.6)

0.84 (0.27) 66.58 (16.97)

Anxiety (n = 1246)              

GAD-2 < 3 1553
(91.00)

447
(28.8)**

180
(11.6)**

276
(17.8)**

491
(31.6)**

126
(8.1)**

0.90 (0.18)** 69.17
(16.93)**

GAD-2 ≥ 3 154
(9.00)

71
(46.1)

40 (26) 54
(35.1)

108
(70.1)

76
(49.4)

0.71 (0.32) 60.39 (19.09)

Depression (n = 1246)              

PHQ < 2 1525
(89.30)

423
(27.7)**

170
(11.1)**

255
(16.7)**

479
(31.4)**

115
(7.5)**

0.91 (0.17)** 69.41
(16.66)**

PHQ ≥ 2 183
(10.70)

96
(52.5)

51
(27.9)

76
(41.5)

121
(66.1)

87
(47.5)

0.69 (0.33) 59.75 (20.07)

Sleep quality (n = 1229)              

PSQI ≤ 5 1196
(69.98)

200
(40.2)**

102
(20.5)**

144
(29)**

248
(49.9)**

102
(20.5)**

70.36
(16.94)**

0.91 (0.17)**

PSQI 5 513
(30.02)

320
(26.4)

120
(9.9)

188
(15.5)

353
(29.1)

100
(8.3)

63.78(17.31) 0.82 (0.26)

MO: Mobility; SC: Self-care; UA: Usual activities; PD: Pain/discomfort; AD: Anxiety/depression

GAD-2 Generalized Anxiety Disorder Scale-2, PHQ-2 Patient Health Questionnaire-2, PSQI the Pittsburgh Sleep
Quality Index

* P < 0.05; ** P < 0.001

 
Reported Health Problems

Regarding the EQ-5D-5L, PD was the most frequently reported issue (35.2%), followed by MO (30.4%). AD was the least
reported issue (11.8%). The frequencies of PD, MO, UA, AD and SC were all signi�cantly different among the monthly
income groups and among those with anxiety, depression and poor sleep quality (Table 1). In addition, the frequencies
of the different issues were signi�cantly different among stroke survivors with different conditions, as shown in
Table 1.

Eq-5d-5l Utility Index And Vas Scores
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The mean utility index of patients with stroke was 0.885 (SD, 0.204), ranging from − 0.348 to 1.000 with a left-skewed
distribution (skewness=-2.769) (Fig. 1A). The mean VAS score of the participants was 68.39 (SD, 17.31), with skewness
of -0.533 (Fig. 1B).

The EQ-5D-5L utility index and VAS scores strati�ed by different participant characteristics are presented in Table 1. The
differences in the EQ-5D-5L utility index and VAS scores among the education level groups, monthly income groups,
alcohol consumption groups, vegetable and fruit diet groups, hypertension and anxiety groups, depression groups and
poor sleep quality groups were statistically signi�cant (P < 0.05) (Table 1) .

Factors Associated With Each Eq-5d Dimension Score

The risk factors for low scores in each EQ-5D dimension identi�ed by multiple logistic regression analysis are shown in
Fig. 2, and the details can be found online in Supplementary Table S1. Older stroke patients reported more MO issues
[OR 1.55 (1.05–2.3)] than younger patients. Female stroke survivors were less likely to participate in SC [OR 0.61 (0.38–
0.96)] and UA [OR 0.66 (0.44–0.98)] than male stroke survivors.

Stroke patients with a higher education level were less likely to have MO issue [OR 0.73 (0.53–0.99)] and PD issue [OR
0.70 (0.52–0.94)] than those with a lower education level. Stroke patients with higher income were less likely to have
MO issues [OR 0.61 (0.45–0.82)] and more likely to perform UA [OR0.57 (0.39–0.82)] than those with a lower income.

Stroke patients who smoked reported less AD [OR 0.42 (0.20–0.88)] than those who never smoked. Stroke patients who
drank alcohol reported more MO issues [OR 1.77 (1.19–2.64)], more UA [OR 1.81 (1.13–2.89)] and more PD [OR 1.52
(1.02–2.27)] than those who never drank. Stroke patients who consumed a high-fat diet were less likely to have AD
issues [OR 0.53 (0.37–0.77)] than those who did not consume a high-fat diet. The higher the BMI was the fewer AD
problems patients reported. Stroke patients who reported intense physical activity had fewer MO issues, performed less
SC and performed less UA than those with less intense physical activity. Patients who had lived with the effects of
stroke for more than 5 years reported more MO issues [OR 1.49 (1.02–2.17)] and performing more UA[OR 1.52 1.60
(1.01–2.52)] than those who had lived with the effects of stroke for less than 1 year.

Stroke patients with anxiety were more likely to have issues with PD [OR 2.89 (1.77–4.71)] and AD [OR 3.26 (1.88–
5.67)] than those without anxiety. Stroke patients with depression had a higher risk of MO issues [OR 2.23 (1.4–3.55)],
UA issues [OR 2.75 (1.66–4.55)], PD [OR 1.96 (1.25–3.07)], and AD issues [OR 4.87 (2.91–8.16) ] than those without
depression. Stroke patients with good sleep quality reported less issues with MO [OR 0.58 (0.46–0.75)], SC [OR 0.46
(0.34–0.64)], UA [OR 0.51 (0.39–0.68)], and PD [OR 0.50 (0.40–0.63)], and AD [OR 0.58 (0.41–0.82)] than those with
poor sleep quality.

Factors associated with the EQ-5D-5L utility index and VAS scores

The in�uencing factors of the health utility index and VAS scores according to the Tobit regression analyses and GLM
are shown in Fig. 3, and the details can be found online in Supplementary Table S2. Stroke patients who were smokers
had higher VAS scores (but not utility index scores) than non-smokers. Stroke patients who consumed alcohol had a
lower utility index (but not VAS scores) than those who did not. Stroke patients who were illiterate; had a lower monthly
income; reproted lower physical activity intensity; and had diabetes, anxiety, depression and poor sleep quality had
signi�cantly lower health utility index and VAS scores.

Discussion



Page 10/19

Our study enriches the current literature regarding the relationship between EQ-5D utility, domain-speci�c scores, and
their associated factors because we analyzed a large sample of stroke patients from rural areas. The main �ndings are
that PD was the most frequently reported issue, and stroke patients who were illiterate; had a lower monthly income;
reported lower physical activity intensity; and had diabetes, anxiety, depression and poor sleep quality had lower health
utility index and VAS scores. For the different dimensions of the EQ-5D, the in�uencing factors varied.

The mean utility index and VAS scores in patients with stroke were much lower than those in the urban Chinese
population [16], and were also lower than those in a rural population with dyslipidemia in Xinxiang, Henan, respectively
[30]. This con�rmed that stroke had the greatest impact on decreased HRQoL in a Chinese rural population [31]. The
mean utility index in our study was higher than that in stroke patients in Korea [7]. The reason may be the different
crosswalk value sets used as well as cultural and social distinctions [8, 32].

Our �ndings showed that PD was the most frequently reported issue. Pain after stroke is a common clinical problem
that not only increases depression and cognitive issues but also impairs quality of life [8, 32]. Moreover, pain after
stroke is usually underdiagnosed and undertreated [33]. Health care workers need to assess the pain early and help
patients obtain relief. Our results further con�rm that people living in rural area may suffer from more pain than those
living in urban areas. The �nding was consistent with people with dyslipidemia in Henan [33], but did not agree with the
results of a study in Taiwan, in which stroke patients’ most frequent issue was SC [34]. The possible reason may be that
stroke patients living in rural areas need additional attention.

Stroke patients with higher education levels (associated with fewer MO and PD issues) and monthly income
(associated with fewer MO and UA issues) had a higher health utility index and VAS scores than those with lower
education levels and monthly incomes; education and income are known as predictors of quality of life in stroke
patients [7, 35]. This highlights the importance of ensuring equity in health opportunities for stroke patients. The
Chinese government is committed to implementing “well-off society programs” to help improve incomes, education
levels and quality of life of the population [36]. Although the program has not yet translated to increased HRQoL in
patients with stroke, the situation will improve with improved economic and educational statuses in the future.

Physical activity plays an important role in the prevention of stroke recurrence and improvement in quality of life [37].
Stroke patients who reported lower physical activity intensity had lower health utility index and VAS scores than those
who reported high physical activity intensity, and the less intense physical activity they performed, the more MO, SC,
and UA issues they reported. Although the degree of motor impairment was not considered in this study, the level
physical activity among stroke patients in rural areas still needs to be improved. Evidence supports the fact that stroke
survivors who perform various kinds of training, such as aerobic, strength and traditional Chinese exercises, have an
improved quality of life [38]. However, the different intensities and amounts of physical activity for heterogeneous
stroke populations need to be explored further.

Stroke patients with diabetes had lower health utility index and VAS scores and were more likely to have PD and AD
issues with those without diabetes. Patients suffering from comorbidities (such as diabetes) had a signi�cantly worse
EQ-5D pro�le [39]. Cardiovascular disease comorbid with diabetes has direct effects on quality of life, health services
demands and economic costs [40]. Therefore, attention should be paid to the blood sugar management of stroke
patients.

Stroke patients with anxiety and depression had lower health utility index and VAS scores. Anxiety had both direct and
indirect effects on quality of life in stroke patients [41].Anxiety is common during the �rst year after stroke; it
signi�cantly in�uences quality of life and is a predictor of depression [42]. Depression signi�cantly decreased the EQ-
5D utility index and VAS scores. Poststroke depression is one of the most common complications that negatively
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affects quality of life, and the cumulative percentage of stroke patients who experience depression within the �rst
5 years is 31–52% [43]. Moreover, previous research has shown that elderly individuals in rural areas exhibit more
depressive symptoms than those in urban areas [44]. Therefore, routine anxiety and depression screening and
nonpharmacological treatments, such as life review therapy, problem-solving therapy, and exercise, should be provided
in rural stroke rehabilitation programs [45]. Tai Chi and baduanjin, traditional Chinese exercises, have many advantages
in decreasing anxiety and depression and improving quality of life in patients with chronic diseases [46] and should be
recommended for rural stroke patients. Moreover, a study showed that women living in rural areas had a higher
prevalence of depressive disorders than those living in urban areas [47]; thus, additional attention needs to be paid to
female stroke patients and interventions should be sex-speci�c.

A study showed that adults with stroke had poorer sleep quality than age-and sex-matched adults without stroke [48].
Poor sleep quality in stroke patients should be taken into consideration when developing a rehabilitation plan.
Moreover, sleep time is one of the key factors affecting quality of life improvement in stroke patients; 6–8 hours of
sleep each day is recommended [49]. However, evidence-based sleep recommendations, such as how to achieve 6–8
hours of sleep per day, are needed by our health organizations. In addition, physical activity can affect the relationship
between sleep quality and quality of life in stroke patients [50], and further research needs to be performed.

Older stroke patients reported a higher rate of MO issues than younger stroke patients. Additionally, stroke patients who
smoke or drink take for granted that they have a higher HRQoL due to smoking or drinking. They do not realize the harm
of smoking or drinking, so health education about a healthy lifestyle should be enhanced [51].

Limitations

Several limitations of this study should be noted. First, the severity, activities of daily living and other in�uencing factors
of stroke were not considered in the analysis. Second, this study was cross-sectional in design, so no causal
relationships could be determined. Third, although a large sample was recruited in this study, the number of stroke
patients in rural Henan Province is limited.

Conclusions
The EQ-5D utility index and VAS scores of rural stroke patients in Henan were lower than those in other rural
populations. PD was the most frequently reported issue. A lower education level, lower monthly income, lower physical
activity intensity, diabetes, anxiety, depression and poor sleep quality predicted lower health utility index and VAS scores
and had effects on each EQ-5D domain score. Rural stroke patients need to be managed systematically by national
public health services.

Abbreviations
HRQoL:Health-Related Quality of Life ; EQ-5D: European Quality of Life Five Dimensions; EQ-5D-5L: EQ-5D 5 Level; EQ-
VAS: EQ-5D Visual Analogue Scale; MO: mobility; SC:self-care; UA: Usual Activities; PD: Pain/Discomfort;
AD:Anxiety/Depression; BMI: Body Mass Index; WC:Waist Circumference; GAD-2: 2-item Generalized Anxiety Disorder
Scale; PHQ-2: 2-item Patient Health Questionnaire-2; PSQI:Pittsburgh Sleep Quality Index; SD:Standard Deviation

Declarations
Acknowledgements



Page 12/19

The authors thank all of the participants, coordinators, and administrators for their support and help during the
research.

Author contributions

All authors contributed to the study conception and design. Material preparation, data collection and analysis were
performed by [Hui Wu], [Jian Hou],[Xiao-tian Liu], [Sheng-xiang Sang] and [Zhen-xing Mao]. The �rst draft of the
manuscript was written by [Yong-xia Mei] and  [Zhen-xiang Zhang]. All authors commented on previous versions of the
manuscript. All authors read and approved the �nal manuscript.

Funding

This research was supported by the Foundation of National Key Program of Research and Development of China (Grant
NO: 2016YFC0900803), China Postdoctoral Science Foundation (Grant NO: 2019M652589), National Natural Science
Foundation of China (Grant NO: U1304821, 81573243, 81602925), Henan Natural Science Foundation of China (Grant
NO: 182300410293), Science and Technology Foundation for Innovation Talent of Henan Province (Grant NO:
164100510021), Science and Technology Innovation Talents Support Plan of Henan Province Colleges and Universities
(Grant NO: 14HASTIT035 and 17HASTIT048), High-level Personnel Special Support Project of Zhengzhou University
(Grant NO: ZDGD13001). The funders had no role in the study design, data collection and analysis, decision to publish,
or preparation of the manuscript.

Availability of data and material

The datasets generated for this study are available on request to the corresponding author.

Ethics approval and Consent to participate

Ethics approval was obtained from the “Zhengzhou University Life Science Ethics Committee”, Ethic approval code:
[2015] MEC (S128).The written informed consent was obtained for all participants. All the respondents agreed to use
the data for scienti�c research purposes only.

Consent for publication

The manuscript is approved by all authors for publication. The work described in this study was original research that
has not been published previously, and not under consideration for publication elsewhere, in whole or in part.

Competing interests:

All authors declare they have no con�ict of interest.

References
1. Rajsic S, Gothe H, Borba HH, Sroczynski G, Vujicic J, Toell T, et al. Economic burden of stroke: a systematic review

on post-stroke care. Eur J Health Econ. 2019;20(1):107–34. doi:10.1007/s10198-018-0984-0.

2. Feigin VL, Nguyen G, Cercy K, Johnson CO, Alam T, Parmar PG, et al. Global, Regional, and Country-Speci�c
Lifetime Risks of Stroke, 1990 and 2016. N Engl J Med. 2018;379(25):2429–37. doi:10.1056/NEJMoa1804492.

3. Johnson CO, Nguyen M, Roth GA, Nichols E, Alam T, Abate D, et al. Global, regional, and national burden of stroke,
1990–2016: a systematic analysis for the Global Burden of Disease Study 2016. Lancet Neurol. 2019;18(5):439–
58. doi:https://doi.org/10.1016/S1474-4422(19)30034-1.



Page 13/19

4. 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(4):394–405. doi:10.1016/S1474-4422(18)30500-3.

5. 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(8):759–71.
doi:10.1161/CIRCULATIONAHA.116.025250.

�. Mahesh PKB, Gunathunga MW, Jayasinghe S, Arnold SM, Liyanage SN. Factors in�uencing pre-stroke and post-
stroke quality of life among stroke survivors in a lower middle-income country. Neurol Sci. 2018;39(2):287–95.
doi:10.1007/s10072-017-3172-6.

7. N.Health-related quality of life and related factors in stroke survivors: Data from Korea National Health and
Nutrition Examination Survey (KNHANES) 2008 to 2014
10.1371/journal.pone.0195713
Kwon S, Park J, Kim W, Han K, Lee Y, Paik. N.Health-related quality of life and related factors in stroke survivors:
Data from Korea National Health and Nutrition Examination Survey (KNHANES) 2008 to 2014. PLoS One, 2018,
13(4), e195713. doi:10.1371/journal.pone.0195713.

�. Wang R, Langhammer B. Predictors of quality of life for chronic stroke survivors in relation to cultural differences:
a literature review. Scand J Caring Sci. 2018;32(2):502–14. doi:10.1111/scs.12533.

9. Golomb BA, Vickrey BG, Hays RD. A review of health-related quality-of-life measures in stroke.
Pharmacoeconomics. 2011;19(2):155–85. doi:10.2165/00019053-200119020-00004.

10. Golicki D, Niewada M, Buczek J, Karlinska A, Kobayashi A, Janssen MF, et al. Validity of the Eq-5d-5 l in Stroke
Patients. Value Health. 2014;17(7):A570. doi:10.1016/j.jval.2014.08.1906.

11. Janssen MF, Pickard AS, Golicki D, Gudex C, Niewada M, Scalone L, et al. Measurement properties of the EQ-5D-5L
compared to the EQ-5D-3L across eight patient groups: a multi-country study. Qual Life Res. 2013;22(7):1717–27.
doi:10.1007/s11136-012-0322-4.

12. Van Wilder L, Rammant E, Clays E, Devleesschauwer B, Pauwels N, De Smedt. D. A comprehensive catalogue of EQ-
5D scores in chronic disease: results of a systematic review. Qual Life Res. 2019;28(12):3153–61.
doi:10.1007/s11136-019-02300-y.

13. Devlin NJ, Parkin D, Browne J. Patient-reported outcome measures in the NHS: new methods for analysing and
reporting EQ-5D data. Health Econ. 2010;19(8):886–905. doi:10.1002/hec.1608.

14. China NBOS. China Statistical Yearbook, 2019. Beijing,China: China Statistic Press.

15. Zhou Z, Zhou Z, Gao J, Lai S, Chen G. Urban-rural difference in the associations between living arrangements and
the health-related quality of life (HRQOL) of the elderly in China-Evidence from Shaanxi province. PLoS One.
2018;13(9):e204118. doi:10.1371/journal.pone.0204118.

1�. Liu X, Mao Z, Li Y, Wu W, Zhang X, Huo W, et al. Cohort Pro�le: The Henan Rural Cohort: a prospective study of
chronic non-communicable diseases. Int J Epidemiol. 2019;48(6):1756. doi:10.1093/ije/dyz039.

17. Luo N, Li M, Liu GG, Lloyd A, de Charro F, Herdman M. Developing the Chinese version of the new 5-level EQ-5D
descriptive system: the response scaling approach. Qual Life Res. 2013;22(4):885–90. doi:10.1007/s11136-012-
0200-0.

1�. Reenen M, Janssen B EQ-5D-5L User Guide-basic information on how to use the EQ-5D-5L instrument. Version
5.1,2015.

19. Luo N, Liu G, Li M, Guan H, Jin X, Rand-Hendriksen K. Estimating an EQ-5D-5L Value Set for China. Value in
Health,2017, 20(4), 662–669. doi: 10.1016/j.jval.2016.11.016.

20. [Chinese guidelines for data processing and analysis concerning the International Physical Activity Questionnaire]



Page 14/19

Fan M, Lyu J, He P. [Chinese guidelines for data processing and analysis concerning the International Physical
Activity Questionnaire]. Zhonghua Liu Xing Bing Xue Za Zhi, 2014, 35(8), 961–4.

21. Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U. Physical Activity 1: Global physical activity levels:
surveillance progress, pitfalls, and prospects. The Lancet (British edition). 2012;380(9838):247–57.
doi:10.1016/S0140-6736(12)60646-1.

22. Jia W. Obesity in China: its characteristics, diagnostic criteria, and implications. Front Med. 2015;9(2):129–33.
doi:10.1007/s11684-015-0387-x.

23. Zhao WH, Xu HQ, Zhang X, Wang JI, Yin CC, Li M, et al. The association of BMI and WHR on blood pressure levels
and prevalence of hypertension in middle-aged and elderly people in rural China. Biomed Environ Sci.
2000;13(3):189–97.

24. Hsieh SD, Muto T. The superiority of waist-to-height ratio as an anthropometric index to evaluate clustering of
coronary risk factors among non-obese men and women. Prev Med. 2005;40(2):216–20.
doi:10.1016/j.ypmed.2004.05.025.

25. 10.11909/j.issn.1671-5411.2019.03.014
Joint CFGR. 2018 Chinese Guidelines for Prevention and Treatment of Hypertension-A report of the Revision
Committee of Chinese Guidelines for Prevention and Treatment of Hypertension. JGC, 2019, 16(3), 182–241.
doi:10.11909/j.issn.1671-5411.2019.03.014.

2�. Kroenke K, Spitzer RL, Williams JB, Monahan PO, Lowe B. Anxiety disorders in primary care: prevalence,
impairment, comorbidity, and detection. Ann Intern Med. 2007;146(5):317–25. doi:10.7326/0003-4819-146-5-
200703060-00004.

27. Kroenke K, Spitzer RL, Williams JB. The Patient Health Questionnaire-2: validity of a two-item depression screener.
Med Care. 2003;41(11):1284–92. doi:10.1097/01.MLR.0000093487.78664.3C.

2�. Tsai PS, Wang SY, Wang MY, Su CT, Yang TT, Huang CJ, et al. Psychometric evaluation of the Chinese version of
the Pittsburgh Sleep Quality Index (CPSQI) in primary insomnia and control subjects. Qual Life Res.
2005;14(8):1943–52. doi:10.1007/s11136-005-4346-x.

29. Yang Z, Busschbach J, Liu G, Luo N. EQ-5D-5L norms for the urban Chinese population in China. Health Qual Life
Outcomes. 2018;16(1):210. doi:10.1186/s12955-018-1036-2.

30. Wu H, Li H, Li H, Ding Y, Wang C, Zhang G, et al. Evaluation of health-related quality of life in adults with and
without dyslipidaemia in rural areas of central China. Qual Life Res. 2019. doi:10.1007/s11136-019-02336-0.

31. Liang Z, Zhang T, Lin T, Liu L, Wang B, Fu AZ, et al. Health-related quality of life among rural men and women with
hypertension: assessment by the EQ-5D-5L in Jiangsu, China. Qual Life Res. 2019;28(8):2069–80.
doi:10.1007/s11136-019-02139-3.

32. Wang P, Liu GG, Jo MW, Purba FD, Yang Z, Gandhi M, et al. Valuation of EQ-5D-5L health states: a comparison of
seven Asian populations. Expert Rev Pharmacoecon Outcomes Res. 2019;19(4):445–51.
doi:10.1080/14737167.2019.1557048.

33. Delpont B, Blanc C, Osseby GV, Hervieu-Begue M, Giroud M, Bejot Y. Pain after stroke: A review. Rev Neurol (Paris).
2018;174(10):671–4. doi:10.1016/j.neurol.2017.11.011.

34. Chen P, Lin K, Liing R, Wu C, Chen C, Chang K. Validity, responsiveness, and minimal clinically important difference
of EQ-5D-5L in stroke patients undergoing rehabilitation. Qual Life Res. 2016;25(6):1585–96. doi:10.1007/s11136-
015-1196-z.

35. Mahesh PKB, Gunathunga MW, Jayasinghe S, Arnold SM, Liyanage SN. Factors in�uencing pre-stroke and post-
stroke quality of life among stroke survivors in a lower middle-income country. Neurol Sci. 2017;39(2):287–95.
doi:10.1007/s10072-017-3172-6.



Page 15/19

3�. Wang L, Wang Z, Ma Q, Fang G, Yang J. The development and reform of public health in China from 1949 to 2019.
Global Health. 2019;15(1):45. doi:10.1186/s12992-019-0486-6.

37. Bel�ore P, Miele A, Galle F, Liguori G. Adapted physical activity and stroke: a systematic review. J Sports Med Phys
Fitness. 2018;58(12):1867–75. doi:10.23736/S0022-4707.17.07749-0.

3�. 10.1007/978-981-10-4304-8_9
Han P, Zhang W, Kang L, Ma Y, Fu L, Jia L, et al. (2017). Clinical Evidence of Exercise Bene�ts for Stroke. Adv Exp
Med Biol, 2017, 1000, 131–151. doi: 10.1007/978-981-10-4304-8_9.

39. De Smedt D, Kotseva K, De Backer G, Wood D, Van Wilder L, De Bacquer D. EQ-5D in coronary patients: what are
they suffering from? Results from the ESC EORP European Survey of Cardiovascular Disease Prevention and
Diabetes (EUROASPIRE IV) Registry. Qual Life Res. 2019;29(4):1037–46. doi:10.1007/s11136-019-02334-2.

40. 10.1007/s00125-018-4711-2
Harding JL, Pavkov ME, Magliano DJ, Shaw JE, Gregg EW. (2018). Global trends in diabetes complications: a
review of current evidence. Diabetologia, 2018, 62(1):3–16. doi: 10.1007/s00125-018-4711-2.

41. Zhu W, Jiang Y. Determinants of quality of life in patients with hemorrhagic stroke: A path analysis. Medicine.
2019;98(5):e13928. doi:10.1097/MD.0000000000013928.

42. Rafsten L, Danielsson R A. & Sunnerhagen K. Anxiety after stroke: A systematic review and meta-analysis. J
Rehabil Med. 2018;50(9):769–78. doi:10.2340/16501977-2384.

43. Robinson RG, Jorge RE. Post-Stroke Depression: A Review. Am J Psychiatry. 2016;173(3):221–31.
doi:10.1176/appi.ajp.2015.15030363.

44. Li LW, Liu J, Xu H, Zhang Z. Understanding Rural-Urban Differences in Depressive Symptoms Among Older Adults
in China. Am J Psychiatry. 2016;28(2):341–62. doi:10.1177/0898264315591003.

45. Hadidi NN, Huna WR, Lindquist R. Nonpharmacological Treatments for Post-Stroke Depression: An Integrative
Review of the Literature. Res Gerontol Nurs. 2017;10(4):182–95. doi:10.3928/19404921-20170524-02.

4�. Wang X, Pi Y, Chen B, Chen P, Liu Y, Wang R, et al. Effect of traditional Chinese exercise on the quality of life and
depression for chronic diseases: a meta-analysis of randomised trials. Sci Rep. 2015;5:15913.
doi:10.1038/srep15913.

47. Luo Z, Li Y, Hou Y, Liu X, Jiang J, Wang Y, et al. Gender-speci�c prevalence and associated factors of major
depressive disorder and generalized anxiety disorder in a Chinese rural population: the Henan rural cohort study.
BMC Public Health, 2019,19(1). doi:10.1186/s12889-019-8086-1.

4�. Falck RS, Best JR, Davis JC, Eng JJ, Middleton LE, Hall PA, et al.Sleep and cognitive function in chronic stroke: a
comparative cross-sectional study. Sleep, 2019, 42(5). doi:10.1093/sleep/zsz040.

49. Kim Y, Moon HM. Association between quality of life and sleep time among community-dwelling stroke survivors:
Findings from a nationally representative survey. Geriatr Gerontol Int. 2019;19(12):1226–30.
doi:10.1111/ggi.13797.

50. Ezeugwu VE, Manns PJ, Sleep Duration S, Behavior. Physical Activity, and Quality of Life after Inpatient Stroke
Rehabilitation. J Stroke Cerebrovasc. 2017;26(9):2004–12. doi:10.1016/j.jstrokecerebrovasdis.2017.06.009.

51. Wang Y, Li Y, Liu X, Zhang H, Abdulai T, Tu R, et al. Prevalence and In�uencing Factors of Coronary Heart Disease
and Stroke in Chinese Rural Adults: The Henan Rural Cohort Study. Front Public Health. 2019;7:411.
doi:10.3389/fpubh.2019.00411.

Figures



Page 16/19

Figure 1

A: distribution of EQ-5D-5l scores (N=1709); B distribution of EQ-VAS scores (N=1709)
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Figure 2

The risk factors for low scores in each EQ-5D dimension [Mobility (MO), Self-care (SC), Usual activities (UA),
Pain/discomfort (PD) and Anxiety/depression (AD)] among stroke patients (n=1709) identi�ed by multiple logistic
regression analysis.The black dots with the corresponding error bars represented the estimated effect and 95%
con�dence intervals of the change in each of variables. A two-sided P-value 0.05 was considered statistically
signi�cant.
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Figure 3

Factors associated with EQ-5D-5L utility index and Visual Analogue Scale scores in stroke patients were analyzed by
Tobit regression and Generalized linear model, respectively (n=1709). The estimated effect and 95% con�dence
intervals were represented by black squares with the corresponding error bars. A two-sided P-value 0.05 was considered
statistically signi�cant.
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