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Abstract 

Background: SF-6Dv2, the latest version of SF-6D, has been developed recently, and its measurement properties 
remain to be evaluated and compared with the EQ-5D-5L. The aim of this study was to assess and compare the meas-
urement properties of the SF-6Dv2 and the EQ-5D-5L in a large-sample health survey among the Chinese population.

Methods: Data were obtained from the 2020 Health Service Survey in Tianjin, China. Respondents were randomly 
selected and invited to complete both the EQ-5D-5L and SF-6Dv2 through face-to-face interviews or self-adminis-
tration. Health utility values were calculated by the Chinese value sets for the two measures. Ceiling and floor effects 
were firstly evaluated. Convergent validity and discriminate validity were examined using Spearman’s rank correlation 
and effect sizes, respectively. The agreement was assessed using intraclass correlation coefficients (ICC). Sensitivity 
was compared using relative efficiency and receiver operating characteristic.

Results: Among 19,177 respondents (49.3% male, mean age 55.2 years, ranged 18–102 years) included in this study, 
the mean utility was 0.939 (0.168) for EQ-5D-5L and 0.872 (0.184) for SF-6Dv2. A higher ceiling effect was observed in 
EQ-5D-5L than in SF-6Dv2 (72.8% vs. 36.1%). The Spearman’s rank correlation (range: 0.30–0.69) indicated an accept-
able convergent validity between the dimensions of EQ-5D-5L and SF-6Dv2. The SF-6Dv2 showed slightly better 
discriminative capacities than the EQ-5D-5L (ES: 0.126–2.675 vs. 0.061–2.256). The ICC between the EQ-5D-5L and 
SF-6Dv2 utility values of the total sample was 0.780 (p < 0.05). The SF-6Dv2 had 29.0–179.2% higher efficiency than the 
EQ-5D-5L at distinguishing between respondents with different external health indicators, while the EQ-5D-5L was 
found to be 8.2% more efficient at detecting differences in self-reported health status than the SF-6Dv2.

Conclusions: Both the SF-6Dv2 and EQ-5D-5L have been demonstrated to be comparably valid and sensitive when 
used in Chinese population health surveys. The two measures may not be interchangeable given the moderate ICC 
and the systematic difference in utility values between the SF-6Dv2 and EQ-5D-5L. Further research is warranted to 
compare the test–retest reliability and responsiveness.
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Introduction
Health-related quality of life (HRQoL) has been exten-
sively used worldwide as a multidimensional concept 
that could be used to assess an individual’s health status 
based on physical, mental, and social functioning [1–3]. 
HRQoL can be evaluated using generic preference-based 
measures (GPBMs), which are commonly used in eco-
nomic evaluations of healthcare interventions [4, 5]. A 
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GPBM consists of a health state descriptive system and 
a corresponding country-specific health utility value set 
elicited from a representative sample of the general pop-
ulation. The health utility lies on a standard scale, where 
the upper boundary 1 refers to full health, 0 refers to 
death, and values lower than 0 refer to the health states 
that are deemed as worse than death. It provides a stand-
ardized weight to interpret the severity of the health 
state [6]. Given the acceptable cognitive burden for the 
respondents, the GPBMs are increasingly used in popu-
lation health surveys [7–9]. A population health survey 
provides integral information on the overall situation and 
longitudinal trend of the health status of the residents, as 
well as the empirical evidence for supporting healthcare 
decision-making [10, 11].

The EQ-5D and the Short Form Six-Dimension (SF-
6D) are the two most frequently used GPBMs world-
wide [12, 13]. The EQ-5D was developed by the EuroQol 
Group, and currently has two versions, i.e., the EQ-
5D-3L and the EQ-5D-5L. Both versions have the same 
dimensions to describe health states, while having dif-
ferent response levels (three levels in EQ-5D-3L and 
five levels in EQ-5D-5L) for each dimension [14, 15]. In 
comparison with the EQ-5D-3L, the EQ-5D-5L defines 
a wider range of health state descriptions, thus reduc-
ing ceiling effects and enhancing discriminant proper-
ties [15–17]. The original version of the SF-6D (SF-6Dv1) 
was developed based on the 36-item Short-Form Health 
Survey (SF-36) in 2002 and comprises six dimensions 
[18]. These dimensions are combined with four to six 
levels of severity, yielding up to 18,000 health states [18]. 
Another version of the SF-6D was developed based on 
the 12-item Short-Form Health Survey (SF-12) in 2004 
[19]. It has the same six dimensions but different levels in 
each (three to five levels), defining 7500 health states [19]. 
More detailed information and empirical evidence of the 
difference between these two versions can be found else-
where [9, 18, 19]. The newest version of the SF-6D, the 
SF-6Dv2, was recently developed by revising the ambigu-
ity between the dimension levels and unifying the incon-
sistency of positive and negative wording in the SF-6Dv1 
[20, 21].

Several studies have been conducted to compare the 
measurement properties of the EQ-5D and SF-6D in 
various types of diseases, such as diabetes, cardiovascular 
disease, cancer, chronic obstructive pulmonary disease, 
and end-stage renal disease [22–41]. All these studies 
were conducted to compare the SF-6Dv1 with EQ-5D-3L 
or EQ-5D-5L. A common finding in most studies was 
that the EQ-5D and SF-6D appeared to be generally reli-
able, valid, and responsive (or sensitive) to measure the 
HRQoL among the disease populations. Although the 
test–retest reliability of the SF-6D might be higher than 

that of the EQ-5D [33], the results of comparing discrim-
inate validity (or known-group validity), as well as the 
responsiveness, were not consistent across studies [22, 
23, 25–27, 29–33, 38, 40, 41].

Nevertheless, there have been only a few comparisons 
between the EQ-5D and SF-6D among the general popu-
lation or in population health surveys [11, 42–46]. Most 
of these studies involved the EQ-5D-3L and SF-6Dv1, 
except one study which was conducted to compare the 
EQ-5D-5L with SF-6D (derived from the SF-12) in the 
Thai general population [42]. Although generally good 
convergent validity between the EQ-5D and SF-6D was 
observed [42–44], the discriminate validity varied across 
different studies. For example, Zhao et al. [43] found that 
the SF-6Dv1 had a higher level of discriminant validity 
than the EQ-5D-3L, while Bharmal et al. [45] illustrated 
that the EQ-5D-3L performed better than the SF-6Dv1 in 
the discriminative power. The responsiveness was com-
pared in only one study, and it was found that the EQ-
5D-5L was more responsive than the SF-6D (derived 
from the SF-12) for the respondents with worse health 
status [42]. No studies have been conducted to compare 
the reliability of the EQ-5D and SF-6D in the general 
population. Therefore, evidence comparing the measure-
ment properties of the SF-6Dv2 and EQ-5D in the gen-
eral population, especially in population health surveys, 
is still lacking worldwide.

Given that the SF-6Dv2 has been used in various coun-
tries [47, 48], and the Chinese version of SF-6Dv2 and 
its corresponding utility value set has been developed 
recently [49, 50], its measurement properties remain to 
be evaluated and compared with the EQ-5D-5L. There-
fore, the aim of this study was to assess and compare the 
measurement properties of the SF-6Dv2 and EQ-5D-5L 
in a large-sample health survey among the Chinese 
population.

Methods
Data source
Data used in the study were obtained from the 2020 
Tianjin Health Service Survey, which was conducted by 
Tianjin Health Commission between July and August 
2020 [51]. Tianjin is one of the four municipalities of 
China, with a total of 16 districts and more than 15 mil-
lion permanent population [52]. A multi-stage, strati-
fied cluster random sampling strategy was used. First, 
five subdistricts (or townships) in each of the 16 districts 
were randomly selected. Second, two communities (or 
villages) were randomly selected within each of the 80 
subdistricts (or townships). Third, 60 households were 
randomly selected within each of the 160 communities 
(or villages), and consequently, a total of 9600 households 
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were included. All residents registered under each house-
hold were invited to participate in the survey.

Data from the 2020 Tianjin Health Service Survey were 
collected through three different approaches in this study 
to comply with the COVID-19 administrative policy in 
China, including face-to-face paper-based interviews at 
resident’s home, face-to-face paper-based interviews in 
publicly unified places (governmental subdistrict office 
or community health service center), and self-report at 
resident’s home. The process of the face-to-face interview 
was as follows. First, the respondent who was the most 
familiar with their family situations answered the basic 
questions, including the annual household medication 
expenditure and the distance to the closest healthcare 
institute from home. Second, all respondents provided 
a series of demographic characteristics (e.g., gender and 
age) and socioeconomic status (e.g., education level, 
marital and employment status). Third, respondents 
aged ≥ 15  years completed both the EQ-5D-5L and 
SF-6Dv2, then answered health indicator questions, 
including the presence of chronic diseases, presence 
of health examinations, and presence of illnesses in the 
last two weeks. Forth, questions referring to children 
aged < 5 years and including the number of health exami-
nations within the past twelve months and the presence 
of vaccination certificates were posed to their parents. 
Fifth, female respondents aged 15–64  years were asked 
questions about the number of their children and the 
delivery place. Last, all respondents were asked about 
their knowledge and satisfaction with the hierarchi-
cal diagnosis and treatment model developed in China. 
Informed consent was obtained from all respondents 
included in the survey. Detailed information on sampling 
and data collection can be found elsewhere [51].

For this study, data collected in the second and 
third parts of the survey were used. Respondents 
aged < 18 years were excluded from this study since both 
the EQ-5D-5L and SF-6Dv2 are recommended to be used 
among adult respondents [20, 53]. Respondents were also 
required to meet the following inclusion criteria: (1) had 
no missing data for the EQ-5D-5L and SF-6Dv2 meas-
ures; and (2) had no missing data for the variables used in 
this study, including demographic characteristics, socio-
economic status, and health indicators.

Measures
EQ‑5D‑5L
The EQ-5D-5L descriptive system comprises five dimen-
sions, namely, mobility, self-care, usual activities, pain/
discomfort, and anxiety/depression, each with five lev-
els of severity (no, slight, moderate, severe, and extreme 
problems). A visual analog scale (hereafter EQ VAS) using 
a scale ranging from 0 (worst imaginable health state) to 

100 (best imaginable health state) is also included in the 
EQ-5D-5L [15]. The EQ-5D-5L defines 3125 (=  55) differ-
ent health states according to all the possible combina-
tions of dimension levels. The Chinese EQ-5D-5L utility 
value set was developed using the time trade-off (TTO) 
approach, with the range of − 0.391 (55,555) to 1 (11,111) 
[54].

SF‑6Dv2
The SF-6Dv2 is derived from 10 items of the SF-36. The 
health state classification system of SF-6Dv2 comprises 
six dimensions, including physical functioning, role limi-
tation, social functioning, pain, mental health, and vital-
ity. The pain dimension has six response levels, while all 
others have five levels, resulting in 18,750 (= 5*5*5*6*5*5) 
different health states [20]. The Chinese SF-6Dv2 value 
set was developed using the TTO approach, with the 
range of − 0.277 (555,655) to 1 (111,111) [49].

Statistical analysis
Descriptive statistics
The characteristics of respondents were described using 
means and standard deviations (SD) for continuous vari-
ables and frequencies and proportions for categorical 
variables. The distribution of response levels on each 
dimension of EQ-5D-5L and SF-6Dv2 was reported using 
histograms. Descriptive statistics (mean, SD) for the EQ-
5D-5L and SF-6Dv2 utility values, and the EQ VAS scores 
were also computed. The EQ VAS scores were adopted 
as an indicator of self-reported health status, which was 
classified into four sub-groups: < 65 (bad), 65–79 (fair), 
80–89 (good), and 90–100 (excellent) in this study [27, 
41, 55].

Agreement
The agreement between EQ-5D-5L and SF-6Dv2 was 
examined using the intraclass correlation coefficient 
(ICC), which was computed with the two-way mixed-
effects model based on absolute agreement [56]. An ICC 
above 0.7 suggests an acceptable agreement [57]. Besides, 
given that the distributions of utility values were highly 
skewed, the paired comparisons between the EQ-5D-5L 
and SF-6Dv2 utility values were examined using Wil-
coxon signed-rank test [34].

Measurement properties of the EQ‑5D‑5L and SF‑6Dv2
The measurement properties evaluated in this study 
included the ceiling and floor effects, convergent valid-
ity, discriminate validity, agreement, and sensitivity of the 
EQ-5D-5L and SF-6Dv2.

Ceiling and floor effects Ceiling and floor and effects for 
each measure were assessed by examining the percentage 
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of respondents in the best and worst health states, respec-
tively. These effects are considered existing if more than 
15% of the respondents achieved either extreme end of 
the scale [58].

Convergent validity Convergent validity refers to the 
extent to which an outcome of interest (such as the pain/
discomfort dimension in EQ-5D-5L) shows an expected 
association with another similar outcome (such as the 
pain dimension in SF-6Dv2) measured at the same time 
point [30, 59]. Convergent validity was assessed by exam-
ining the correlation between EQ-5D-5L and SF-6Dv2 
dimensions using Spearman’s rank correlation coefficient 
(r). An absolute coefficient value greater than 0.5 stands 
for a strong correlation, values between 0.35–0.49 for 
moderate, values between 0.2 and 0.34 for weak, and val-
ues smaller than 0.2 for poor correlation [28, 60].

Discriminate validity The mean utility value of each 
measure was calculated and compared to evaluate the 
capacity to discriminate between each of the respondents’ 
characteristic groups. The t-tests for dichotomous vari-
ables (e.g., gender) and the one-way analyses of variance 
for polytomous variables (e.g., age group and body mass 
index [BMI] group) were used, respectively. Effect sizes 
(ES) were also used to define the discriminative capacity 
of the EQ-5D-5L and SF-6Dv2, which was calculated as 
the difference between the mean utility of two sub-groups 
divided by the pooled standard deviation [61]. For polyto-
mous variables, the effect sizes between the extreme sub-
groups (e.g., the effect sizes between the aged 18–29 sub-
group and the aged ≥ 70 sub-group) were calculated [11]. 
The larger effect size indicates the better discriminative 
ability of the measures [11, 34, 36, 42, 62]. As an extended 
test of validity, known-group validity was used to assess 
the extent to which an outcome measure of interest helps 
distinguish between subgroups that are theoretically 
expected to differ [30]. Based on the published literature 
[34, 42, 44], we hypothesized that the elder, the female, 
and the obese respondents, as well as respondents with 
poorer self-reported health status and chronic diseases, 
such as hypertension and diabetes, had lower utility val-
ues.

Sensitivity The sensitivity of EQ-5D-5L and SF-6Dv2 for 
detecting differences in both external and self-reported 
health indicators were tested using the relative effi-
ciency (RE) statistic. RE was determined via the ratio of 
the square of t-statistics from the t-tests of the compara-
tor measure (SF-6Dv2) over that of the reference meas-
ure (EQ-5D-5L) [42, 43, 46]. A RE value of 1.0 indicates 
that the SF-6Dv2 has the same efficiency as EQ-5D-5L at 
detecting differences in these external health indicators. 

A value higher than 1 indicates that the SF-6Dv2 is more 
sensitive than the EQ-5D-5L, while a value lower than 1 
means the opposite [63]. The receiver operating charac-
teristic (ROC) curve was also used to evaluate the sen-
sitivity of these two measures. The ROC curve provides 
a useful method to assess the performance of measures 
against external dichotomous variables of health status 
[64]. The area under the ROC curve (AUC) was computed 
to compare the discriminative power of the EQ-5D-5L 
and SF-6Dv2 [65]. The one that generates the larger AUC 
is regarded as more sensitive or effective at detecting 
differences, and measures with excellent discriminative 
ability would have an AUC score of 1.0, whereas an AUC 
score of 0.5 means no discriminative capacity [63]. For the 
current analyses, the presence of chronic diseases (i.e., 
hypertension and diabetes), illnesses in 2 weeks, and hos-
pitalizations in 12 months represented the external health 
indicators. The self-reported health status was dichoto-
mized as (1) excellent versus good, fair, or bad, (2) excel-
lent or good versus fair or bad, and (3) excellent, good, or 
fair versus bad.

The statistical analyses were performed using STATA 
15.0 (StataCorp LLC, College Station, TX, USA). All 
reported statistical tests were performed two-sided with 
a significance level of 0.05.

Results
Descriptive statistics
Of 24,151 respondents who participated in the survey, 
4974 respondents were excluded from the current analy-
ses because they were under 18 years (N = 3754), had not 
completed the EQ-5D-5L or SF-6Dv2 (N = 329), or had 
missing values among questions included in this study 
(N = 891). Finally, a total of 19,177 respondents were 
included (Fig. 1). As shown in Table 1, 49.3% (N = 9453) 
of respondents were male, and the mean (SD) age was 
55.2 (16.2) years, with a range from 18 to 102  years. 
35.5% (N = 6806) and 13.5% (N = 2586) of respondents 
had hypertension and diabetes, respectively.

The distribution of the responses to the EQ-5D-5L 
and SF-6Dv2 are presented in Fig. 2. An extreme major-
ity of the respondents indicated no problems (level 1) 
on at least one of the five EQ-5D-5L dimensions, with 
the highest proportion appearing in self-care (92.8%), 
followed by anxiety/depression (90.4%), usual activities 
(89.6%), mobility (86.5%), and pain/discomfort (77.9%). 
Analogously, a large proportion of respondents were also 
classified in level 1 on the SF-6Dv2 dimensions of men-
tal health (77.4%), followed by social functioning (75.0%), 
role limitation (71.3%), pain (70.7%), vitality (63.1%), and 
physical functioning (46.7%).

Of the total 19,177 respondents, the mean (SD) util-
ity value of EQ-5D-5L was 0.939 (0.168), while that of 
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SF-6Dv2 was 0.872 (0.184). The mean (SD) score of EQ 
VAS was 84.4 (14.0) (Table 1).

Agreement
The ICC between the EQ-5D-5L and SF-6Dv2 utility val-
ues of the total sample was 0.780 (p < 0.05). Besides, the 
SF-6Dv2 utility values were significantly lower than those 
of the EQ-5D-5L (p < 0.001).

Measurement properties of the EQ‑5D‑5L and SF‑6Dv2
Ceiling and floor effects
The proportion of respondents reporting the best state of 
EQ-5D-5L was 72.8% (N = 13,961), which showed strong 
ceiling effects, while only 0.2% (N = 35) of respondents 
reported the worst state. Similarly, 36.1% (N = 6921) of 
respondents reported the best state of SF-6Dv2, indi-
cating a ceiling effect for the SF-6Dv2, while only 0.1% 
(N = 16) respondents reported the worst state.

Convergent validity
The dimensions of EQ-5D-5L and SF-6Dv2 were posi-
tively and moderately associated, with Spearman’s 
rank correlation coefficient ranging from 0.30 to 0.69 
(p < 0.001). As expected, the EQ-5D-5L pain/discomfort 
dimension was strongly correlated with the SF-6Dv2 pain 
dimension (r = 0.69), and the EQ-5D-5L anxiety/depres-
sion dimension was highly correlated with the SF-6Dv2 
mental health dimension (r = 0.52) (Additional file 1).

Discriminate validity
As reported in Table 2, both the EQ-5D-5L and SF-6Dv2 
utility values were significantly different (p < 0.001) across 
groups defined by demographic characteristics, socioeco-
nomic status, and health-related indicators, with effect 
sizes ranging from 0.061 to 2.256 for the EQ-5D-5L, 
and 0.126–2.675 for the SF-6Dv2. The effects sizes of 
the SF-6Dv2 were generally larger than the EQ-5D-5L. 
Moreover, the hypotheses for known-group validity were 
fulfilled in all tested groups (Table 2).

Fig. 1 The flowchart of the sample inclusion for the comparison study
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Sensitivity
As shown in Table 3, the SF-6Dv2 was found to be 29.0–
179.2% more efficient than the EQ-5D-5L at detecting 
differences in external health indicator groups, includ-
ing hypertension, diabetes, other chronic diseases, ill-
nesses in 2  weeks, and hospitalizations in 12  months. 
The SF-6Dv2 also had a 50.7–102.8% higher efficiency at 
revealing differences between self-reported health status 
groups dichotomized by “excellent” or “good” (Table  4). 
However, when the groups were dichotomized by “bad”, 
the EQ-5D-5L was found to be 8.2% more efficient at 
detecting the differences in self-reported health status 
(Table  4). The AUC values of both SF-6Dv2 and EQ-
5D-5L were above 0.5 with statistically significant dif-
ferences (p < 0.001) (Tables 3, 4). The SF-6Dv2 generated 
higher AUC scores than the EQ-5D-5L, indicating a pos-
sible sensitivity superiority.

Table 1 Characteristics of respondents and EQ-5D-5L and 
SF-6Dv2 utility values (N = 19,177)

Characteristics Population
N (%)

Gender

 Male 9453 (49.3%)

 Female 9724 (50.7%)

Ethnic group

 Han Chinese 18,862 (98.4%)

 Others 315 (1.6%)

Age (mean[SD]) 55.2 (16.2)

Age group (years)

 18–29 1655 (8.6%)

 30–39 2319 (12.1%)

 40–49 2317 (12.1%)

 50–59 3615 (18.9%)

 60–69 5830 (30.4%)

 ≥ 70 3441 (17.9%)

BMIa (mean[SD]) 24.4 (3.5)

BMI groupb

 < 18.5 (thin) 551 (2.9%)

 18.5–24 (normal) 8549 (44.6%)

 24–28 (overweight) 7470 (38.9%)

 ≥ 28 (obese) 2607 (13.6%)

Basic medical insurance

 Urban employee 9394 (49.0%)

 Urban and rural resident 9447 (49.3%)

 No 336 (1.7%)

Recipients of medical assistance

 Yes 391 (2.0%)

 No 18,786 (98.0%)

Marital status

 Unmarried 1736 (9.1%)

 Married 15,833 (82.6%)

 Widowed 1285 (6.7%)

 Divorced 323 (1.6%)

Education

 Primary or below 4385 (22.9%)

 Junior high school 7365 (38.4%)

 Senior high school 3923 (20.5%)

 College or above 3504 (18.2%)

Employment status

 Employed 7035 (36.7%)

 Retired 6279 (32.7%)

 Student 429 (2.2%)

 Unemployed 5434 (28.4%)

Health records

 Yes 15,545 (81.1%)

 No 3632 (18.9%)

Health examination

 Yes 11,964 (62.4%)

 No 7213 (37.6%)

Table 1 (continued)

Characteristics Population
N (%)

Hypertension

 Yes 6806 (35.5%)

 No 12,371 (64.5%)

Diabetes

 Yes 2586 (13.5%)

 No 16,591 (86.5%)

Other chronic diseases

 Yes 1082 (5.6%)

 No 18,095 (94.4%)

Number of illnesses in 2 weeks

 0 17,523 (91.4%)

 1 1377 (7.2%)

 2 or more 277 (1.4%)

Hospitalizations in 12 months

 Yes 733 (3.8%)

 No 18,444 (96.2%)

EQ-5D-5L utility (mean [SD]) 0.939 (0.168)

SF-6Dv2 utility (mean [SD]) 0.872 (0.184)

EQ VAS score (mean [SD]) 84.4 (14.0)

EQ VAS group

 ≥ 90 (excellent) 10,243 (53.4%)

 80–89 (good) 5037 (26.3%)

 65–79 (fair) 2217 (11.5%)

 < 65 (bad) 1680 (8.8%)

SD Standard deviation
a BMI body mass index, equals weight(kg) divided by height(m) squared
b BMI groups were defined according to the guideline published by the 
Cooperative Meta-analysis Group of China Obesity Task Force in 2002 [66]
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Discussion
Both the EQ-5D and SF-6D have been widely applied 
in populations with specific diseases [22–41], while 
evidence on the comparison of their measurement 

properties in the general population is still lacking. To 
the best of our knowledge, this study provided the first 
evidence of comparing the measurement properties 
between the EQ-5D-5L and SF-6Dv2 in a large sample 
of the Chinese population.

EQ-5D-5L

SF-6Dv2

86.5%
92.8%

89.6%

77.9%

90.4%

8.2% 4.3% 6.4% 16.1% 7.8%

3.0% 1.1% 2.0% 4.3% 1.1%
1.3% 0.8% 1.0% 1.1% 0.4%
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20.0%
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100.0%
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46.7%

71.3%
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70.7%
77.4%

63.1%
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Fig. 2 The distribution across levels of the EQ-5D-5L and SF-6Dv2 dimensions (N = 19,177). Note: Except for the pain dimension, which has six 
response levels, all others have five levels, with higher values representing more severe health states
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Table 2 Discriminative capacity and univariate analyses for EQ-5D-5L and SF-6Dv2 utility values within different groups (N = 19,177)

EQ‑5D‑5L SF‑6D‑v2

Mean (SD) p Value Effect  sizea (95% CI) Mean (SD) p Value Effect  sizea (95% CI)

Gender  < 0.001 0.061 (0.032, 0.089)  < 0.001 0.126 (0.098, 0.154)

 Male 0.944 (0.167) 0.884 (0.179)

 Female 0.934 (0.169) 0.860 (0.188)

Age group (years)  < 0.001 0.719 (0.659, 0.780)  < 0.001 1.151 (1.088, 1.214)

 18–29 0.994 (0.067) 0.977 (0.074)

 30–39 0.993 (0.050) 0.964 (0.081)

 40–49 0.984 (0.078) 0.939 (0.115)

 50–59 0.959 (0.129) 0.888 (0.159)

 60–69 0.934 (0.161) 0.846 (0.179)

 ≥ 70 0.834 (0.267) 0.741 (0.245)

BMIb group  < 0.001 0.258 (0.171, 0.344)  < 0.001 0.258 (0.171, 0.344)

 < 18.5 (thin) 0.902 (0.249) 0.835 (0.252)

 18.5–24 (normal) 0.945 (0.160) 0.883 (0.179)

 24–28 (overweight) 0.942 (0.158) 0.872 (0.176)

 ≥ 28 (obese) 0.920 (0.192) 0.844 (0.202)

Marital status  < 0.001 0.723 (0.649, 0.798)  < 0.001 1.087 (1.010, 1.164)

 Unmarried 0.975 (0.119) 0.950 (0.132)

 Married 0.943 (0.160) 0.873 (0.178)

 Widowed 0.835 (0.264) 0.745 (0.246)

 Divorced 0.959 (0.138) 0.894 (0.176)

Education  < 0.001 0.515 (0.470, 0.560)  < 0.001 0.753 (0.707, 0.799)

 Primary and below 0.880 (0.233) 0.787 (0.239)

 Junior high school 0.948 (0.150) 0.882 (0.164)

 Senior high school 0.954 (0.140) 0.890 (0.158)

 College or high 0.977 (0.103) 0.935 (0.127)

Employment status  < 0.001 0.429 (0.330, 0.528)  < 0.001 0.694 (0.595, 0.793)

 Employed 0.987 (0.069) 0.943 (0.105)

 Retired 0.918 (0.184) 0.833 (0.184)

 Student 0.988 (0.075) 0.971 (0.099)

 Unemployed 0.897 (0.220) 0.816 (0.230)

Health examination  < 0.001 0.075 (0.046, 0.104)  < 0.001 0.236 (0.207, 0.265)

 Yes 0.934 (0.166) 0.856 (0.184)

 No 0.947 (0.171) 0.899 (0.181)

Hypertension  < 0.001 0.420 (0.390, 0.450)  < 0.001 0.600 (0.570, 0.630)

 Yes 0.894 (0.216) 0.803 (0.216)

 No 0.963 (0.128) 0.909 (0.151)

Diabetes  < 0.001 0.375 (0.333, 0.417)  < 0.001 0.502 (0.460, 0.544)

 Yes 0.885 (0.224) 0.793 (0.220)

 No 0.947 (0.156) 0.884 (0.175)

Other chronic diseases  < 0.001 0.830 (0.768, 0.892)  < 0.001 1.047 (0.984, 1.109)

 Yes 0.810 (0.289) 0.695 (0.292)

 No 0.947 (0.154) 0.882 (0.170)

Number of illnesses in 2 weeks  < 0.001 0.663 (0.544, 0.782)  < 0.001 0.932 (0.813, 1.051)

 0 0.944 (0.160) 0.882 (0.174)

 1 0.891 (0.217) 0.779 (0.232)

 2 or more 0.837 (0.284) 0.717 (0.299)

Hospitalizations in 12 months  < 0.001 0.851 (0.777, 0.926)  < 0.001 0.967 (0.893, 1.042)

 Yes 0.803 (0.304) 0.703 (0.288)
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While no floor effects were observed for either the EQ-
5D-5L or SF-6Dv2 (0.2% vs. 0.1%), large ceiling effects 
(72.8% vs. 36.1%) were found for both measures. Previous 
studies conducted in the general population also yielded 
ceiling effects of approximately 43.3–73.6% for EQ-5D-3L 
[11, 43–46], and 49.1–54.0% for EQ-5D-5L [42, 67], 

while 1.0–18.3% for SF-6Dv1 [11, 43–46]. However, the 
ceiling effects found in this study were relatively higher 
than those in previous studies. One possible reason is 
that the Chinese population is more unwilling to report 
their health problems than the Western population due 
to the cultural tradition [68], which was confirmed by 

Table 2 (continued)

EQ‑5D‑5L SF‑6D‑v2

Mean (SD) p Value Effect  sizea (95% CI) Mean (SD) p Value Effect  sizea (95% CI)

 No 0.944 (0.158) 0.878 (0.176)

EQ VAS group  < 0.001 2.256 (2.197, 2.315)  < 0.001 2.675 (2.613, 2.737)

 ≥ 90 (excellent) 0.989 (0.055) 0.946 (0.090)

 80–89 (good) 0.953 (0.108) 0.869 (0.136)

 65–79 (fair) 0.884 (0.184) 0.771 (0.177)

 < 65 (bad) 0.665 (0.358) 0.561 (0.312)

T-tests were performed to identify statistically significant effects of dichotomous variables on utility values, while one-way analyses of variance were performed on 
polychromous variables
a The effect size was calculated as the difference between the mean utility of two sub-groups divided by the pooled standard deviation
b BMI: Body Mass Index, equals weight(kg) divided by height(m) squared. BMI groups were defined according to the guideline published by the Cooperative Meta-
analysis Group of China Obesity Task Force in 2002 [66]

95% CI: 95% confidence interval; SD: standard deviation

Table 3 Sensitivity of EQ-5D-5L and SF-6Dv2 to detect differences in dichotomous health indicators (N = 19,177)

AUC  Area under the ROC curve, 95% CI 95% confidence interval, RE Relative efficiency, ROC Receiver operating characteristic, SD Standard deviation
a RE of SF-6Dv2 is presented, and reference is EQ-5D-5L, of which RE is 1.000

*p < 0.001. For the ROC curve, p < 0.001 indicates that AUC is statistically significantly greater than 0.5 and that measure has discriminatory power

Dichotomous health status groups N Utility value
(Mean [SD])

t‑test REa ROC curve

t‑statistic p Value AUC 95% CI

EQ-5D-5L Hypertension 6806 0.894 (0.216)  − 27.812  < 0.001 1.000 0.626* (0.619, 0.633)

Non-hypertension 12,371 0.963 (0.128)

SF-6Dv2 Hypertension 6806 0.803 (0.216)  − 39.772  < 0.001 2.045 0.699* (0.692, 0.707)

Non-hypertension 12,371 0.909 (0.151)

EQ-5D-5L Diabetes 2586 0.885 (0.224)  − 17.736  < 0.001 1.000 0.610* (0.599, 0.620)

Non-diabetes 16,591 0.947 (0.156)

SF-6Dv2 Diabetes 2586 0.793 (0.220)  − 23.735  < 0.001 1.791 0.663* (0.652, 0.674)

Non-diabetes 16,591 0.884 (0.175)

EQ-5D-5L Other chronic diseases 1082 0.810 (0.289)  − 26.512  < 0.001 1.000 0.702* (0.686, 0.718)

Non-other chronic diseases 18,095 0.947 (0.154)

SF-6Dv2 Other chronic diseases 1082 0.695 (0.292)  − 33.439  < 0.001 1.591 0.730* (0.714, 0.746)

Non-other chronic diseases 18,095 0.882 (0.170)

EQ-5D-5L Illnesses in 2 weeks 1654 0.882 (0.230)  − 14.448  < 0.001 1.000 0.605* (0.592, 0.618)

Non-illnesses in 2 weeks 17,523 0.944 (0.160)

SF-6Dv2 Illnesses in 2 weeks 1654 0.769 (0.245)  − 24.141  < 0.001 2.792 0.676* (0.663, 0.689)

Non-illnesses in 2 weeks 17,523 0.882 (0.174)

EQ-5D-5L Hospitalizations in 12 months 733 0.803 (0.304)  − 22.606  < 0.001 1.000 0.683* (0.663, 0.703)

Non-hospitalizations in 12 months 18,444 0.944 (0.158)

SF-6Dv2 Hospitalizations in 12 months 733 0.703 (0.288)  − 25.679  < 0.001 1.290 0.719* (0.699, 0.738)

Non-hospitalizations in 12 months 18,444 0.878 (0.176)
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previous studies that the Chinese population reported 
higher ceiling effects than the Western populations [43, 
44]. Another potential reason is that the respondents 
included in this study were in relatively better health sta-
tus. Only 8.6% of them had experienced illnesses 2 weeks 
before the survey, which was much less than a study con-
ducted among the general population in Chengdu city, 
China [43]. Moreover, the EQ-5D-5L showed a higher 
ceiling effect than the SF-6Dv2 in this study, which is 
consistent with previous studies where the EQ-5D-5L 
and SF-6D were compared in both general and disease 
populations [23, 27, 42]. This can be partly explained by 
the difference in the recall period, as the SF-6D frames its 
questions in terms of health “over the last 4 weeks”, while 
“today” is used in EQ-5D. A longer recall period may 
provide more scopes for respondents to include small 
impaired issues affecting their HRQoL that might not be 
detected during a relatively short period [69].

The ICC value between the EQ-5D-5L and SF-
6Dv2 utility values indicated a moderate agreement 
(ICC = 0.780). This result is higher than those found in 
two previous studies. In one of the two studies, the ICC 
between the EQ-5D-5L and the SF-6D (derived from 
the SF-12) was 0.510 [42]. In the other study, the ICC 
between the EQ-5D-3L and SF-6Dv1 was 0.536 [44]. All 
findings reported above suggested that the SF-6Dv2 and 
EQ-5D-5L showed some similarities in detecting the 
trend of changes in health utility values, but might be 
different in the absolute amount of HRQoL measured. 
This could be partly explained by the different dimen-
sions covered and the different utility ranges of the two 
measures (− 0.391 to 1 for EQ-5D-5L vs. − 0.227 to 1 for 

SF-6Dv2) [49, 54]. Therefore, the utility values of the SF-
6Dv2 and EQ-5D-5L may not be interchangeable.

The correlation between the EQ-5D-5L and SF-6Dv2 
dimensions (r = 0.30–0.69) was also acceptable, and bet-
ter than the values in the previous study which the EQ-
5D-3L and SF-6Dv1 were compared (r = 0.20–0.51) [43]. 
Both the EQ-5D-5L and SF-6Dv2 showed those util-
ity differences between sociodemographic and health-
related groups that were expected. However, these 
differences tended to be more apparent for the SF-6Dv2 
with larger effects sizes (ES = 0.061–2.256 for EQ-5D-5L 
and 0.126–2.675 for SF-6Dv2). One of the possible rea-
sons is that the SF-6Dv2 has one more dimension, result-
ing in a larger descriptive system than EQ-5D-5L (18,750 
vs. 3125 health states). However, this result is different 
from the two previous studies. One study was conducted 
to compare the EQ-5D-5L with the SF-6D (derived from 
the SF-12) in the Thai general population (ES = 0.31–1.62 
for EQ-5D-5L and 0.08–0.67 for SF-6D) [42]. The other 
study was conducted to compare the EQ-5D-3L with the 
SF-6Dv1 in the Spanish general population (ES = 0.17–
1.33 for EQ-5D-3L and 0.14–1.33 for SF-6Dv1) [11]. An 
explanation of these contrasting findings might be that 
the SF-6Dv2 has revised the dimension levels and could 
describe more health states than the SF-6Dv1 or the 
SF-6D derived from the SF-12. Consequently, the known 
group validity of the SF-6Dv2 might be improved, which 
has been confirmed by the previous evidence [47].

Although both the SF-6Dv2 and EQ-5D-5L showed 
to be sensitive and efficient in this study, some mer-
its of each measure are still worth to be emphasized. 
The SF-6Dv2 was more sensitive than the EQ-5D-5L to 

Table 4 Sensitivity of EQ-5D-5L and SF-6Dv2 to detect differences in dichotomous self-reported health status (N = 19,177)

AUC  Area under the ROC curve, 95% CI 95% confidence interval, RE Relative efficiency, ROC Receiver operating characteristic, SD Standard deviation
a RE of SF-6Dv2 is presented, and reference is EQ-5D-5L, of which RE is 1.000

*p < 0.001. For the ROC curve, p < 0.001 indicates that AUC is statistically significantly greater than 0.5 and that measure has discriminatory power

Dichotomous self‑reported 
health status groups

N Utility value
(Mean [SD])

t‑Test REa ROC curve

t‑Statistic z‑Statistic AUC 95% CI

EQ-5D-5L Excellent 10,243 0.989 (0.055)  − 46.513  < 0.001 1.000 0.698* (0.692, 0.704)

Good, fair or bad 8934 0.882 (0.226)

SF-6Dv2 Excellent 10,243 0.946 (0.090)  − 66.232  < 0.001 2.028 0.780* (0.773, 0.786)

Good, fair or bad 8934 0.787 (0.223)

EQ-5D-5L Excellent or good 15,280 0.977 (0.078)  − 69.879  < 0.001 1.000 0.773* (0.762, 0.781)

Fair or bad 3897 0.789 (0.294)

SF-6Dv2 Excellent or good 15,280 0.921 (0.113)  − 85.390  < 0.001 1.493 0.835* (0.827, 0.842)

Fair or bad 3897 0.680 (0.266)

EQ-5D-5L Excellent, good or fair 17,497 0.965 (0.103) 84.901  < 0.001 1.000 0.833* (0.822, 0.844)

Bad 1680 0.665 (0.358)

SF-6Dv2 Excellent, good or fair 17,497 0.902 (0.133) 81.324  < 0.001 0.918 0.870* (0.860, 0.879)

Bad 1680 0.561 (0.312)
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distinguish between different external health indicators. 
However, when it came to the dichotomous EQ VAS 
based self-reported health status groups, the sensitivity of 
the EQ-5D-5L and SF-6Dv2 varied in terms of the differ-
ent choices of “cut-off” points. The EQ-5D-5L was more 
sensitive for differentiating between the self-reported 
health status with more impaired problems. These find-
ings are inconsistent with two previous studies, which 
were conducted to compare the SF-6D with EQ-5D-3L 
and EQ-5D-5L, respectively [42, 46]. The AUC of SF-
6Dv2 (0.663–0.870) was always higher than that of EQ-
5D-5L (0.605–0.833) in all tested groups. This finding is 
similar to the study conducted in the US general popula-
tion [46], but is contrary to another study carried out in 
the Spanish [11], both of which were compared the EQ-
5D-3L with SF-6Dv1. Thus, which of the two measures 
is more sensitive remains unclear. Further studies are 
required to provide more evidence regarding this issue.

This study has several limitations. First, the respond-
ents were recruited in one city and the average age of 
them was slightly high, which may have an impact on the 
representativeness of the general population in China. 
Second, both face-to-face interviews and self-reports 
were used to ask the respondents to complete the ques-
tionnaire, which may affect the validity of the results of 
this study to some extent. Third, given the main content 
of the health survey, i.e., the accessibility and satisfaction 
with the health services, the number of the external indi-
cators of health status were limited in this study. Fourth, 
this study was conducted based on cross-sectional data 
instead of longitudinal data. Therefore, it was not pos-
sible to evaluate and compare the test–retest reliability 
and longitudinal responsiveness. Further investigations 
using longitudinal data are required to compare the test–
retest reliability and responsiveness of the SF-6Dv2 and 
EQ-5D-5L.

Conclusion
The SF-6Dv2 and EQ-5D-5L have been demonstrated to 
be comparably valid and sensitive when used in the Chi-
nese population health survey. Given that the ICC value 
between the SF-6Dv2 and EQ-5D-5L is moderate and the 
utility values obtained from the two measures are sys-
tematically different, the SF-6Dv2 and EQ-5D-5L appear 
to be not interchangeable. Further research with a rep-
resentative sample of the general population in China is 
needed to compare additional measurement properties 
of these two measures, such as test–retest reliability and 
longitudinal responsiveness.
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