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Abstract
Background Preference-based measures of health-related quality of life (HRQoL), such as the EQ-5D or the SF-6D, are 
essential for health economic evaluation. However, they are rarely included in clinical trials of ankylosing spondylitis 
(AS). This study aims to develop mapping algorithms to predict EQ-5D-3L and EQ-5D-5L health utility scores from the 
Bath Ankylosing Disease Activity Index (BASDAI) and the Bath Ankylosing Spondylitis Functional Index (BASFI).

Methods Patients with AS were recruited from the largest tertiary hospital in Shandong province, China, between 
December 2019 and October 2020. Patients were selected by convenience sampling method according to the 
following criteria: (1) diagnosed with AS according to the New York criteria; (2) aged 18 years and above; and (3) 
without mental disorders; (4) able to understand the questionnaires; (5) without serious complications. There were 
243 patients who completed the face-to-face questionnaire survey, and 5 cases with missing values in key variables 
were excluded. Ordinary least squares, censored least absolute deviations, Tobit, adjusted limited dependent variable 
mixture model and beta-mixture model (BM) in the direct approach and ordered logit and multinomial logit (Mlogit) 
model in the response approach were used to develop mapping algorithms. Mean absolute error, root mean square 
error, Spearman’s correlation coefficient and concordance correlation coefficient were used to access predictive 
performance.

Results The 238 patients with AS had a mean age of 35.19 (SD = 9.59) years, and the majority (74.47%) were male. 
The observed EQ-5D-3L and EQ-5D-5L health utility values were 0.88 (SD = 0.12) and 0.74 (SD = 0.27), respectively. 
The EQ-5D-5L had higher conceptual overlap with the BASDAI and BASFI than the EQ-5D-3L did. The Mlogit was the 
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Background
Ankylosing spondylitis (AS) is a common chronic inflam-
matory rheumatic disease associated with low back 
pain, stiffness and restriction of lumbar spine motion 
[1, 2]. The symptoms of AS can lead to severe functional 
impairment and a marked decrease in patients’ health-
related quality of life (HRQoL) [2], resulting in a heavy 
physical burden for patients and a significant impact on 
their normal daily life, social communication and work 
engagement [3, 4]. HRQoL refers to patient-reported 
health status of functioning and well-being in physical, 
mental, and social domains of life. In addition, the diag-
nosis and treatment of AS also impose a substantial eco-
nomic burden on patients’ family, society and the whole 
county [5]. Although the prevalence of AS in mainland 
China between 2005 and 2019 (0.22–0.35%) was lower 
than that in the United States (0.9–1.4% from 2009 to 
2010) and that in central Europe (0.3–0.5% from 2000 
to 2006), it has shown an increasing trend [1, 2, 6]. The 
increasing epidemiological trend and the enormous eco-
nomic burden of AS pose great challenges for the govern-
mental decision-making regarding the inclusion of AS 
health interventions in public health insurance coverage.

Health economic evaluation is recommended as a criti-
cal tool to inform policy decisions on the efficient allo-
cation of limited healthcare resources for the prevention 
and treatment of AS [7]. The Chinese College of Rheuma-
tology included health economic evaluation in the expert 
consensus and recommendations for the treatment of AS 
in 2021 [8]. Cost-utility analysis (CUA) is a widely used 
health economic evaluation method that compares the 
cost per quality-adjusted life year (QALY) or the incre-
mental cost-effectiveness ratio of different interven-
tions [9, 10]. In order to calculate QALYs, we need to 
use generic preference-based measures of HRQoL, such 
as the EQ-5D or SF-6D, to capture health state utilities 
[11]. However, most clinical trials of AS therapies did 
not include EQ-5D or SF-6D questionnaires to measure 
patients’ QALY but rather disease-specific questionnaires 
to measure QALY [12–14]. To bridge this gap, mapping 
has been widely used to predict EQ-5D health utility val-
ues by estimating the relationship between preference-
based and disease-specific questionnaires using various 
regression methods [15, 16].

In recent years, several studies have developed map-
ping algorithms in patients with AS in European coun-
tries. Ara and Mlcoch developed linear regression models 
to predict EQ-5D-3L utility values using date from a large 
multicenter RCT conducted in European countries [17, 
18]. Wailoo predicted EQ-5D-3L scores from the Bath 
Ankylosing Disease Activity Index (BASDAI) or the Bath 
Ankylosing Spondylitis Functional Index (BASFI) using 
both direct and indirect mapping approaches [19], and 
Neilson converted BASDAI and BASFI to EQ-5D-5L 
values using similar models [12]. More recently, Hernan-
dez Alava predicted EQ-5D-3L values from the Ankylos-
ing Spondylitis Disease Activity Score (ASDAS) using 
bespoke mixture models and compared their predictive 
performance with BASDAI [20].

In principle, country-specific algorithms are recom-
mended to predict health utility values for health eco-
nomic evaluations in different countries [21]. However, 
there has been little research on mapping algorithms 
based on data and tariffs in China. Considering the 
increasing prevalence of AS and the increasing role of 
health economic evaluation in health policy-making in 
China [22], a country-specific mapping algorithm should 
be developed to facilitate the implementation of CUA in 
Chinese clinical trials. In addition, previous studies on 
mapping algorithms in AS patients included EQ-5D-3L 
or EQ-5D-5L questionnaires. However, there were signif-
icant unpredictable differences between EQ-5D-3L and 
EQ-5D-5L in health economic evaluation [23]. Therefore, 
it is necessary to select an appropriate outcome question-
naire and mapping method to generate unbiased QALYs 
for CUA.

To fill these research gaps, this study aims to develop 
mapping algorithms for both EQ-5D-3L and EQ-5D-5L 
in patients with AS in China and select the best-perform-
ing model to support health policy decision-making. The 
mapping practice and reporting followed the guidelines 
of the International Society for Pharmacoeconomics and 
Outcomes Research (ISPOR) and the “Mapping onto 
Preference-based measures reporting Standards (MAPS) 
statement” developed by Petrou and Wailoo [15, 24, 25].

best-performing model for the EQ-5D-3L, and the BM showed better performance in predicting EQ-5D-5L than other 
direct and indirect mapping models did.

Conclusion This study demonstrates that the EQ-5D-5L, rather than EQ-5D-3L, should be selected as the target 
outcome measure of HRQoL in patients with AS in China, and the BM mapping algorithm could be used to predict 
EQ-5D-5L values from BASDAI and BASFI for health economic evaluation.

Keywords EQ-5D, Mapping, BASDAI, BASFI, Ankylosing spondylitis
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Methods
Study sample
The samples were recruited from a tertiary hospital in 
Shandong province, China, between December 2019 and 
October 2020. This hospital, which has more than 4000 
ward beds, is the largest and best-performing tertiary 
hospital in Shandong province [26]. In 2022, it delivered 
2.68 million ambulatory or outpatient visits, 187.6 thou-
sand hospital visits, and 148 thousand surgeries. The 
rheumatology department of this hospital employs 20 
medical staff members and trains rheumatism special-
ists from all three provinces of Shandong, Xinjiang and 
Ningxia. Furthermore, the department is the preferred 
choice for the diagnosis and treatment of complex rheu-
matism cases from all 16 cities in Shandong provinces. 
This study included patients with AS disease who met 
the following criteria: (1) Diagnosed as AS according to 
the New York criteria [27]; (2) Aged 18 years and above; 
and (3) No mental disorders; (4) Able to understand the 
questionnaires; (5) Without serious complications. The 
AS patients were selected using a convenience sampling 
method and given their written informed consent prior to 
the survey. Trained interviewers conducted face-to-face 
questionnaire surveys. A total of 243 patients completed 
the survey during the study period. After deleting five 
cases with missing values in key variables, the remaining 
238 patients were included in the development and vali-
dation of the mapping algorithm.

This study obtained ethical approval from Ethics Com-
mittee of Scholl of Healthcare Management, Shandong 
University (ECSHCMSDU20181102).

Outcome measures
The EQ-5D is a generic preference-based question-
naire designed to measure health-related quality of life. 
It comprises five dimensions (mobility, self-care, usual 
activities, pain/discomfort, and anxiety/depression). The 
instrument was initially developed using three levels (no 
problem, some problem and extreme problem) for each 
dimension in the 1990s [28] and then adapted to five lev-
els (no problems, slight problems, moderate problems, 
severe problems, and extreme problems) in 2011 [29]. 
The EQ-5D-5L has been demonstrated to outperform 
EQ-5D-3L in aspects of feasibly, ceiling effect, discrimi-
natory power, and convergent validity [30–32]. Both the 
EQ-5D-3L and the EQ-5D-5L have been translated into 
Chinese and have demonstrated excellent reliability and 
validity in measuring and valuing health status [33]. The 
Chinese value set was employed to estimate health util-
ity values. The values calculated from the EQ-5D-3L and 
EQ-5D-5L tariffs for China range from − 0.149 to 1 [34], 
and from − 0.391 to 1, respectively [35]. The higher val-
ues of EQ-5D indicate better health, with 1 representing 

perfect health, 0 corresponding to death and negative 
values representing health status worse than death.

Source measures
In accordance with previous studies on AS mapping [12, 
17–20], predictive variables included BASDAI, BASFI 
and age. The BASDAI, developed by Garrett, is a self-
administered questionnaire comprising six items attrib-
uted to five major symptoms of the AS disease. Each item 
was recorded on an 11-point numerical rating scale, with 
0 representing no problem and 10 representing the most 
serious problem, in order to assess the severity of the five 
symptoms. The BASDAI score ranged from 0 to 10, with 
equal weight being given to each symptom. The BASDAI 
questionnaire has been translated into Chinese and has 
been demonstrated to be reliable and valid for the assess-
ment of the status and activity of patients with AS in 
China [36].

The BASFI is also a self-assessment questionnaire com-
prising of 10 items. Eight of these items reflect impair-
ment of function, while the remaining two items related 
to the ability of daily life. Each item is rated on a horizon-
tal visual analogue scale and with a length of 10 cm, and 
scored from 0 (easy) to 10 (impossible). The BASFI score 
was calculated as the mean of 10 items, with scores rang-
ing from 0 to 10. Higher scores indicated worse function 
or status. Lin also translated the BASFI questionnaire 
into Chinese and verified its good reliability and validity 
among Chinese patients with AS [36].

Statistical analysis
The data analysis strategy followed the “Good Practice 
for Mapping Studies” developed by ISPOR [15]. The fre-
quency and percentage were employed to describe the 
fundamental characteristics of categorical variables. The 
distribution of continuous variables was described using 
means, standard deviations, minimum, and maximum. 
Additionally, a histogram was employed to graphically 
display the distribution of EQ-5D values.

The normality of the data was tested using the Shapiro-
Wilk test. Due to the non-normal distribution of con-
tinuous variables, Spearman rank correlation coefficients 
were employed to assess the conceptual overlap between 
BASDAI scores, BASFI scores and EQ-5D values. Fur-
thermore, the relationship between each item of BASDAI 
with BASFI and each EQ-5D dimension score was tested 
using Spearman rank correlation coefficient.

We employed both direct and indirect approaches to 
develop the mapping algorithm. In the direct approach, 
statistical models were selected according to the distri-
butional characteristics of EQ-5D values, including infla-
tion at 1, skewness, multimodality, and gaps in the range 
of feasible values [15]. The initial approach involved the 
use of ordinary least squares (OLS) regression, the most 
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common method, to predict EQ-5D values. However, a 
previous review demonstrated that the predicted values 
of OLS exhibited systematic bias, including values out-
side the feasible range, underestimation for patients with 
good health, and overestimation for patients with severe 
health conditions [37]. Secondly, in order to address the 
inflation of EQ-5D values at 1, we explored censored 
least absolute deviations (CLAD) and Tobit models [16]. 
Thirdly, the EQ-5D utility score was frequently dramati-
cally skewed, bounded at bottom and top values, and 
inflated at the upper limit. Previous studies have dem-
onstrated that bespoke regression models, such as the 
adjusted limited dependent variable mixture model 
(ALDVMM) [38] and the beta-mixture (BM) model [39], 
exhibit superior performance to traditional models in 
predicting EQ-5D scores. The ALDVMM and BM out-
performed the basic regression model in several aspects. 
These included the ability to capture the multimodality of 
EQ-5D values, to account for gaps between 1 (full health) 
and the nearest feasible value, and to deal with boundary 
values [39]. The Stata commands “aldvmm” and “beta-
mix” were employed to fit the ALDVMM and BM mod-
els, respectively [40, 41].

In terms of indirect mapping approach, both ordered 
logit (Ologit) and multinomial logit (Mlogit) methods 
were employed. The procedures described by Gray [42] 
and Hernández Alava [43] were followed to estimate five 
Ologit and Mlogit models for each EQ-5D dimension. 
These models were used to predict the probability of a 
given response level in the first step. Subsequently, the 
EQ-5D values were calculated based on the probabilities 
of each level of each dimension and the Chinese EQ-5D 
tariffs.

In the present study, no suitable external dataset could 
be identified as a validation sample. Consequently, we 
employed in-sample five-fold cross-validation to validate 
the mapping algorithm, following the methodology pre-
viously described by [44]. Firstly, the primary data were 
divided into five distinct categories. Secondly, four sub-
samples were employed as estimation data, while the 
remaining subsample was retained as validation data 
in order to evaluate predictive performance. Thirdly, 
the aforementioned process was repeated five times, 
with each subsample serving as validation data on one 
occasion.

In accordance with good mapping best practices [15], 
the mean absolute error (MAE) and root mean squared 
error (RMSE) were employed to assess the predictive 
performance of each model type and specification. Fur-
thermore, Spearman’s correlation coefficient and con-
cordance correlation coefficient (CCC) were employed 
as performance indicators to assess the concordance 
between observed and predicted EQ-5D values. The 
CCC was a robust indicator for evaluating the correlation 

between observed and predicted values from uniform or 
other non-uniform distributions [45]. The model with the 
lowest MAE and RMSE, as well as the highest Spearman’s 
correlation coefficient and CCC values, demonstrated 
superior predictive performance in comparison to other 
models. The models were ranked according to four per-
formance indicators, and the model with the lowest aver-
aging rank was selected as the best-performing one [46]. 
Furthermore, the mean, standard deviation, minimum 
and maximum of observed and predicted EQ-5D values 
were compared. A scatter plot between observed and 
predicted EQ-5D values was drawn to identify any poten-
tial bias. A variance-covariance matrix was constructed 
to conduct a probabilistic sensitivity analysis for future 
economic evaluation.

All data analysis was conducted in Stata 15.0 (Stata 
Corp LP, College Station, Texas, USA) [47]. The threshold 
for statistical significance was set at P < 0.05.

Results
Patient characteristics
The basic characteristics of the 238 observations are 
reported in Table  1. The mean age of the patients was 
35.19 years (SD = 9.59), with the majority being male 
(74.47%). The mean (SD) of the EQ-5D-3L value was 0.88 
(0.12), while that of the EQ-5D-5L value was 0.74 (0.27). 
The maximum of EQ-5D-3L and EQ-5D-5L values was 
1, whereas the minimum of EQ-5D-5L value (-0.35) was 
much smaller than that of EQ-5D-3L (0.17). The mean 
(SD) score for BASDIA and BADFI was 3.60 (2.38) and 
3.19 (2.62), respectively. Fig. 1 shows the distribution of 
EQ-5D values. Both the EQ-5D-3L and EQ-5D-5L values 
exhibited a left-skewed distribution, with the majority of 
values concentrated between 0.7 and 1.0.

Conceptual overlap
Table  2 displayed the Spearman correlation coefficients 
between BASDAI and BASFI scores and EQ-5D total 
scores and five dimensions. In general, the BASDAI 
and BASFI scores were moderately negatively signifi-
cantly correlated with the EQ-5D-3L total scores (r=-
0.4071 and r=-0.4144, respectively, P < 0.001), while they 
were strongly negatively significantly correlated with 
EQ-5D-5L total scores (-0.8056 and -0.8310, respec-
tively, P < 0.001). The Spearman correlation coefficients 
between BASDAI and BASFI scores and EQ-5D dimen-
sion scores were all significantly positive (P < 0.001), 
with values ranging from 0.4750 to 0.7853. In general, 
there was a high degree of conceptual overlap between 
the BASDAI and BASFI questionnaires and the EQ-5D 
questionnaires.
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EQ-5D-3L model development and predictive performance
Table 3 displays the predictive performance of five direct 
mapping models and two indirect mapping models for 
EQ-5D-3L. Among the seven models, the mean of the 
predictive EQ-5D-3L value of OLS was equal to that of 
the observed, while the CLAD and Tobit exhibited higher 
predictive mean values, and the other four models exhib-
ited lower predictive mean values. Notwithstanding, the 
minimums of predictive values of all the seven models 
were much higher than those of the observed EQ-5D-3L 
values (0.170). Moreover, the maximum of predictive val-
ues of CLAD and Tobit were beyond the feasible range 
of EQ-5D-3L, which were higher than 1. (Fig. 2) displays 
the scatter plot between observed EQ-5D-3L values and 
predictions captured from seven models. The Mlogit 
exhibited the lowest MAE value (0.084) and the highest 
Spearman correlation coefficient (0.440), while the OLS 
exhibited the lowest RMSE values (0.113) and the Ologit 

model exhibited the highest CCC index (0.364). Conse-
quently, the Mlogit model demonstrated superior per-
formance in predicting EQ-5D-3L from BASDAI, BASFI 
and age. The coefficients and their variance-covariance 
matrix for each mapping model used to predict EQ-
5D-3L scores are reported in Supplementary Material 1.

EQ-5D-5L model development and predictive performance
Table  4 reports the predictive performance of seven 
models for EQ-5D-5L values. The means of predictive 
EQ-5D-5L values from the OLS (0.7396) and BM (0.7312) 
models were much closer to the observed EQ-5D-5L 
value (0.7388) than those from the other five models. The 
BM and Ologit model exhibited negative predictive val-
ues, while the minimum of predictive values from other 
models were all greater than zero. (Fig.  3) displays the 
scatter plot between observed EQ-5D-5L values and pre-
dictions captured from seven models. With regard to the 
four predictive performance indicators, the Mlogit model 
exhibited the lowest MAE values (0.1006), while the BM 
demonstrated the lowest RMSE (0.1533) and the highest 
Spearman correlation coefficient (0.8570) and CCC index 
(0.8130). The average rank of the four predictive perfor-
mance indicates that the BM is the optimal fit model for 
predicting EQ-5D-5L from BASDAI, BASFI and age, and 
the ALDVMM was a sub-optimal model. The coefficients 
and their variance-covariance matrix of seven regression 
models to predict EQ-5D-5L value are reported in the 
Supplementary Material 2.

The best-performing algorithms for predicting EQ-
5D-3L and EQ-5D-5L values were provided in Supple-
mentary Material 3 and can be easily implemented in 
Stata software.

Discussion
In order to facilitate the use of CUA in health resource 
policy making in AS disease, this study developed both 
direct and indirect mapping algorithms to predict EQ-
5D-3L and EQ-5D-5L utility values from two widely used 
AS disease-specific questionnaires (BASDAI and BASFI). 
According to the ranks of five predictive performance 
indicators, Mlogit was identified as the optimal model 
for estimating EQ-5D-3L scores, while BM demonstrated 
the highest performance for estimating EQ-5D-5L values. 
Given the increasing prevalence trend of AS in China 
and the lack of preference-based questionnaires in clini-
cal studies, the mapping algorithms provide a reliable 
and convenient tool for converting BASDAI and BASFI 
to EQ-5D-3L and EQ-5D-5L health utility values. This 
could facilitate the application of CUA in the future.

Our algorithms are compared to existing algorithms 
developed in European countries. Firstly, consistent with 
previous studies [12, 17, 19], we also included BASDAI, 
BASFI and age into the regression models to estimate 

Table 1 Basic characteristics of the study samples (N = 238)
N (%) Range 

(min, max)
Age, year (Mean ± SD) 35.19 ± 9.59 18, 66
Sex
 Male 182 (74.47)
 Female 56 (23.53)
Region of residence
 Urban 121 (50.84)
 Rural 117 (49.16)
Marital status
 Never married 58 (24.37)
 Married 170 (71.43)
 Divorce or widowed 4 (1.68)
 Other 6 (2.52)
Years of schooling
 < 6 8 (3.36)
 6–9 51 (21.43)
 9–12 61 (25.63)
 > 12 118 (49.58)
Household income per year, Yuan 
(RMB)
 < 30,000 57 (23.95)
 30,000–80,000 104 (43.70)
 80,000-150,000 68 (28.57)
 > 150,000 9 (3.78)
Duration of disease, year
 < 1 25 (10.50)
 1–2 42 (17.65)
 3–5 63 (26.47)
 6–8 47 (19.75)
 > 9 61 (25.63)
EQ-5D-3L index value 0.88 (0.12) 0.17, 1.00
EQ-5D-5L index value 0.74 (0.27) -0.35,1.00
BASDAI 3.60 (2.38) 0, 9.20
BASFI 3.19 (2.62) 0, 10.00
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Table 2 Spearman’s correlation coefficients between EQ-5D-5L, EQ-5D-3L, BASDAI, and BASFI scores
Total score MO SC UA PD AD Utility

EQ-5D-3L
 BASDAI -0.4071 0.5897 0.4750 0.6840 0.7181 0.6471 -0.4071
 BASFI -0.4144 0.6916 0.5737 0.7265 0.6275 0.5767 -0.4144
EQ-5D-5L
 BASDAI -0.8056 0.6521 0.5687 0.6901 0.7614 0.7430 -0.8056
 BASFI -0.8310 0.7643 0.7131 0.7853 0.7034 0.7138 -0.8310
All correlation coefficients were statistically significant at p < 0.001 level. EQ-5D EuroQol five-dimensional questionnaire, BASDAI bath ankylosing spondylitis disease 
activity index, BASFI bath ankylosing spondylitis functional index

Table 3 Predictive performance of direct and indirect mapping models for the EQ-5D-3L (N = 238)
Model type Mean SD Min Max MAE RMSE Spearman CCC Average rank
EQ-5D-3L value 0.8811 0.1207 0.1702 1.0000
Full sample
 OLS 0.8811 0.0466 0.7590 0.9444
 CLAD 0.8788 0.0737 0.6788 1.0002
 Tobit 0.9100 0.0680 0.7317 1.0107
 ALDVMM 0.8799 0.0468 0.7463 0.9427
 BM 0.8944 0.0469 0.7254 0.9491
 Ologit 0.8791 0.0896 0.5966 0.9868
 Mlogit 0.8795 0.0881 0.6573 0.9882
Cross validation
 OLS 0.8810 0.0473 0.7383 0.9499 0.0869 0.1130 0.4059 0.2410 5
 CLAD 0.9100 0.0687 0.7077 1.0266 0.0850 0.1197 0.4057 0.2890 5
 Tobit 0.8958 0.0745 0.6847 1.0207 0.0856 0.1174 0.4158 0.3230 3
 ALDVMM 0.8788 0.0501 0.7224 0.9483 0.0896 0.1168 0.4114 0.2360 7
 BM 0.8677 0.0553 0.7175 0.9569 0.0858 0.1132 0.4195 0.2810 3
 Ologit 0.8786 0.0901 0.5758 0.9885 0.0848 0.1202 0.4365 0.3640 2
 Mlogit 0.8786 0.0893 0.6124 0.9905 0.0836 0.1199 0.4395 0.3630 1
CLAD censored least absolute deviations, ALDVMM adjusted limited dependent variable mixture model, BM beta-mixture model, Ologit ordered logit, Mlogit 
multinomial logit. Bold indicates the best model in this performance indicator

Fig. 1 Distribution of EQ-5D value
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EQ-5D scores. The results confirmed that BASDAI and 
BASFI scores were significant predictors of health util-
ity values. Secondly, the results indicated that the indi-
rect mapping approach using Mlogit model exhibited the 
highest predicting performance in estimating EQ-5D-3L 
scores among patients with AS in China. Conversely, 
Wailoo’s findings demonstrated that the bespoke mixture 
model was the optimal model in the UK [19]. This may be 
attributed to the characteristics of the patients included 

in this study. As illustrated in Table  1, they reported 
lower age, BASDAI, BASFI and EQ-5D-5L scores than 
those from the UK [19]. It is therefore probable that the 
AS patients in this study exhibited better health status, 
which may have resulted in the selection of a more suit-
able mapping algorithm for them than that employed 
in other studies. Furthermore, the majority of the 
observed EQ-5D-5L scores in our study were unevenly 
concentrated between 0.8 and 1, which may limit the 

Table 4 Predictive performance of direct and indirect mapping models for the EQ-5D-5L (N = 238)
Model type Mean SD Min Max MAE RMSE Spearman CCC Average rank
EQ-5D-5L value 0.7388 0.2694 -0.3480 1.0000
Full sample
 OLS 0.7388 0.2220 0.1635 1.0253
 CLAD 0.8042 0.1808 0.3349 1.0419
 Tobit 0.7716 0.2568 0.1083 1.1165
 ALDVMM 0.7450 0.2081 0.1617 0.9805
 BM 0.7575 0.2003 0.1513 0.9611
 Ologit 0.7561 0.2235 -0.0254 0.9745
 Mlogit 0.7573 0.2149 0.0200 0.9788
Cross validation
 OLS 0.7396 0.2230 0.1472 1.0286 0.1091 0.1567 0.8471 0.7990 3
 CLAD 0.7729 0.2581 0.0865 1.1269 0.1225 0.1666 0.8550 0.8020 6
 Tobit 0.7928 0.2270 0.1099 1.1310 0.1182 0.1759 0.8491 0.7560 7
 ALDVMM 0.7457 0.2078 0.1484 0.9835 0.1044 0.1567 0.8523 0.7880 2
 BM 0.7312 0.2300 -0.0171 0.9791 0.1027 0.1533 0.8570 0.8130 1
 Ologit 0.7567 0.2250 -0.0874 0.9773 0.1012 0.1588 0.8551 0.7960 5
 Mlogit 0.7569 0.2172 0.0069 0.9830 0.1006 0.1578 0.8485 0.7930 4
CLAD censored least absolute deviations, ALDVMM adjusted limited dependent variable mixture model, BM beta-mixture model, Ologit ordered logit, Mlogit 
multinomial logit. Bold indicates the best model in this performance indicator

Fig. 2 Mean predicted vs. mean observed EQ-5D-3L values
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ability of the direct mapping approach to fit a centralized 
distribution.

Thirdly, our study found that the BM was the best-per-
forming model and the ALDVMM was the sub-optimal 
model in predicting EQ-5D-5L scores. Similar with our 
findings, Neilson also found the ALDVMM performed 
better than the indirect mapping approach and lin-
ear OLS models in converting BASDAI and BASFI to 
EQ-5D-5L scores [12]. These findings corroborate the 
advantage of bespoke mixture models in addressing the 
multimodality of EQ-5D-5L data distribution [39].

Fourthly, we found that the mapping algorithms for 
EQ-5D-3L and EQ-5D-5L are different even when using 
the same explanatory variables and patient data. This 
demonstrated that the EQ-5D-3L and EQ-5D-5L could 
not be employed interchangeably in AS clinical stud-
ies. On the one hand, both the observed and predicted 
EQ-5D-3L scores exhibited higher means and minimum 
values but lower standard deviation than the EQ-5D-5L 
did. This indicated that the distribution of EQ-5D-3L 
was more concentrated than that of EQ-5D-5L, based on 
the same patients with AS. Consequently, the MAE and 
RMSE of mapping models for EQ-5D-3L were slightly 
smaller than those of EQ-5D-5L. On the other hand, the 
EQ-5D-5L scores exhibited a stronger relationship with 
BASDAI and BASFI than EQ-5D-3L scores did. Further-
more, the Spearman’s correlation coefficient and CCC 
between observed and predicted EQ-5D-5L values were 
much higher than those of EQ-5D-3L, indicating that 
EQ-5D-5L exhibited a higher conceptual overlap with 

BASDAI and BASFI than EQ-5D-3L did. Consequently, 
we recommended that EQ-5D-5L should be broadly 
employed in health economic evaluation and BM could 
be selected to predict health utility values from BASDAI 
and BASFI from clinical research among patients with 
AS.

Our study made two aspects of contribution. Firstly, 
we developed country-specific mapping algorithms for 
converting BASDIA and BADFI to EQ-5D health utility 
values based on patients with AS from China. The map-
ping algorithms based on BM model could be applied in 
future health economic evaluations of AS pharmacies 
and therapies in clinical research conducted in China. 
Secondly, we compared the conceptual overlap between 
two AS disease-specific instruments (BASDAI and 
BASFI) and two versions of the EQ-5D questionnaire, 
and compared the predictive performances of EQ-5D-3L 
and EQ-5D-5L. The findings indicated that EQ-5D-5L 
exhibited a higher conceptual overlap and predictive per-
formance than EQ-5D-3L. Consequently, it is implied 
that mapping studies of AS in other countries should 
select EQ-5D-5L values as target outcome measures. The 
novelty in this research lies in the development of map-
ping algorithms to predict EQ-5D values from BASDAI 
and BASFI among Asian patients, whereas previous stud-
ies were conducted among the UK or Czech patients with 
AS. Furthermore, we also employed an indirect mapping 
approach and provided corresponding mapping algo-
rithms, which enabled researchers in other countries to 
predict EQ-5D values in country-specific tariffs.

Fig. 3 Mean predicted vs. mean observed EQ-5D-5L values
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Nevertheless, it should be noted that this study had 
several potential limitations. Firstly, the patients with AS 
were obtained from a single hospital in Shandong prov-
ince, which were not representative samples of Chinese 
patients. Nevertheless, Zhao found that there was no 
statistically significant difference in the prevalence of AS 
by sampling resource and district in China [6], indicat-
ing that the mapping algorithms could be generally used 
in health economic evaluation studies among Chinese 
populations. However, there may be still selection bias 
in our study, given that this hospital is regarded as the 
leading medical facility in Shandong province and typi-
cally admits patients with severe AS. Secondly, there was 
no external samples to validate the mapping algorithms, 
which may limit the generalizability of results. Although 
five-fold cross-validation was conducted, future research 
should validate the mapping algorithms when large-scale, 
representative external samples are available. Thirdly, the 
mapping algorithms demonstrated an overestimation of 
EQ-5D health utility values for patients with very poor 
health status, particularly for EQ-5D-3L scores .

Conclusions
To the best of our knowledge, this is the first study to 
develop Chinese country-specific mapping algorithms 
from BASDAI and BASFI to EQ-5D health utility values 
in patients with AS. The results demonstrated that direct 
mapping algorithms based on the Mlogit model exhibited 
superior performance in predicting EQ-5D-3L values, 
and BM was the optimal model for predicting EQ-5D-5L 
scores. Given the higher conceptual overlap between 
EQ-5D-5L and BASDAI and BASFI, we propose that 
EQ-5D-5L should be used as the target outcome measure 
for conducting CUA in AS, and BM mapping algorithms 
should be employed to generate health utility values from 
disease-specific questionnaires in clinical research.
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