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Abstract
Purpose
Chronic viral hepatitis is a major global public health problem. The guidelines suggest the long-term performance of regular ongoing liver examinations to monitor liver inflammation and screen for hepatocellular carcinoma. However, the effects of regular liver examinations on health-related quality of life (HRQoL) have not been adequately evaluated. Therefore, this study evaluated the effects of regular ongoing examinations on the quality of life of patients with hepatitis.


Methods
A cross-sectional study was conducted from October to December 2016 in four hospitals in northern Taiwan. A hepatitis pay-for-performance (P4P) program was launched in 2010 to ensure that hepatitis patients have regular ongoing liver examinations. The study group consisted of patients who joined and stayed in the program for more than one year. The study assessed HRQoL utilizing the five-level version of the EuroQol-5 Dimension (EQ-5D-5L) and the EuroQoL visual analog scale (EQ-VAS). The responses for the EQ-5D-5L in hepatitis patients were transformed into the EQ-5D index according to the Taiwanese population’s value set. Sociodemographic and clinical characteristics were collected by questionnaire, and descriptive statistics were presented. A two-part model and generalized linear model with a Poisson distribution and a log link function, respectively, were used to examine the associations of the EQ-5D index and EQ-VAS score with participation in the hepatitis P4P program. We applied propensity score weighting with inverse probability weighting to control for selection bias.

Results
In all, 508 patients (aged 57.6 ± 11.6 years; 60.8% male) were enrolled in this study. The mean (standard deviation, SD) reported EQ-5D index and EQ-VAS scores were 0.93 (0.12) and 75.1 (13.8), and the median (interquartile range, IQR) values were 1 (0.108) and 80 (15), respectively. The study group had a moderately significantly higher EQ-VAS score (mean ratio = 1.029, P < 0.001). However, the differences in the EQ-5D index scores between the study and control groups were not significant.

Conclusion
Patients with hepatitis partially benefited from receiving hepatitis P4P in Taiwan, which featured regular ongoing liver examinations, in that their EQ-VAS scores were enhanced but not their EQ-5D index scores.
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Introduction
Viral hepatitis is a major global public health problem, and mortality from viral hepatitis has increased by 22% from 2000 to 2015 globally. Hepatitis B (HBV) and hepatitis C (HCV) are the major forms of viral hepatitis and are responsible for 96% of hepatitis-related mortality. In 2015, the World Health Organization (WHO) estimated that 257 million people (3.5%) were living with chronic HBV infection and 71 million people (1%) were living with chronic HCV infection [1]. Hepatitis B and hepatitis C virus infections induce liver inflammation, which is almost always mild but persistent. A person infected with HBV or HCV may exhibit minimal symptoms for up to 30 years or more before developing any clinical signs. Thus, viral hepatitis is underdiagnosed among the population due to inadequate examination and treatment of carriers [2, 3]. Without monitoring and treatment, HBV and HCV infection can lead to life-threatening consequences, including cirrhosis and hepatocellular carcinoma (HCC). Strong and effective antiviral therapy has been introduced in recent decades and has shown promising effects in handling chronic viral hepatitis. With appropriate treatment, HBV-induced hepatitis can be controlled [4], and HCV infection can be cured [5, 6]. However, there is no true cure for hepatitis B infection and reverse hepatitis-induced liver fibrosis, which may increase the risk of developing related hepatic complications. Current guidelines suggest that all patients with HBV and/or HCV infection should regularly undergo glutamic oxaloacetic transaminase (GOT)/glutamate pyruvate transaminase (GPT) tests and should have abdominal sonography at least twice yearly for hepatitis monitoring and HCC surveillance, respectively [7–12]. For a patient with HBV, and HCV, monitoring and surveillance can aid in the early detection of early-stage tumors and improve overall survival [13].
Taiwan is an endemic area for HBV infection with a prevalence of approximately 15–20% before the massive vaccination program launched in June 1984 [14]. A recent survey shows that the hepatitis B prevalence rate of the population born after 1984 is below 1%. However, the carrier rate of hepatitis B remains high, ranging from 6.7 to 10.2 percent among the population born before 1984 [15]. Furthermore, Taiwan has an estimated hepatitis C prevalence of 3.28% (1.8–5.5%), which is higher than the global rate [12]. Based on the latest data obtained for Taiwan in 2019, HCC was the 2nd leading cause of cancer death, and chronic hepatitis and cirrhosis were the 10th leading causes of all deaths [16]. However, in 2009, only 22% of Taiwanese hepatitis patients underwent the recommended guidelines of twice-yearly follow-ups [17]. To solve this issue, the Taiwan National Health Insurance Administration (NHIA) launched a hepatitis pay-for-performance (P4P) program in 2010.
The P4P program is a reimbursement model, different from fee-for-service, that provides extra financial rewards to physicians and medical institutes based on their performance on quality measures. The hepatitis P4P program in Taiwan aims to improve the quality of patient care by increasing the implementation of guidelines that suggest preventive services and regular liver examinations twice a year [18].
Some studies have presented the effect of the hepatitis P4P program as related to the patient’s utilization rate of services and clinical outcomes. The results indicate that the P4P program improves adherence to a guideline-based examination schedule; however, the change reported is minimal [19]. Furthermore, with regard to clinical outcomes, the program has failed to decrease hepatitis-related admission events and the incidence of cirrhosis in participating patients for at least three years [20]. However, whether the program has implications for patient-reported outcomes (PROs), such as quality of life (QoL), has not yet been reported.
The WHO defines QoL as an individual's perception of their position in life in the context of the culture and value systems in which they live and in relation to their goals, expectations, standards and concerns. Those aspects of self-perceived well-being that are related to or affected by the presence of disease or treatment are defined as health-related quality of life (HRQoL) [21]. The US Food and Drug Administration officially defines HRQoL as “a multidomain concept that represents the patient’s general perception of the effect of illness and treatment on physical, psychological, and social aspects of life” [22]. In a long-lasting disease course, chronic viral hepatitis not only induces clinical symptoms but also profoundly impacts patients' daily life, similar to other chronic diseases [23]. Viral hepatitis has impacts on multiple dimensions, not merely via the physical symptoms directly caused by complications. Patients often report subjective symptoms, such as fatigue, loss of appetite, depression, anxiety, low self-esteem, and other psychological problems [24–26]. Thus, awareness of the need for comprehensive HRQoL assessments in chronic hepatitis patients has increased. Some of these symptoms and perceptions of disease management in daily life cannot be evaluated merely by clinical measures, and HRQoL measures can provide a more comprehensive evaluation from the patient perspective and have been emphasized in the management of chronic diseases [27, 28].
Given that the primary activities rewarded by the hepatitis P4P program in Taiwan are regular examinations, the incentives impact continuous follow-up by physicians [17]. In practice, guidelines for chronic viral hepatitis treatment, regular liver examinations have also been suggested, in addition to medication, for hepatitis patients [7–12]. Although previous studies have demonstrated that preventive, nontherapeutic intervention improves clinical outcomes [29], few studies have explored the effects of regular and continuous examinations on QoL. Therefore, the present study evaluated the effectiveness of the hepatitis P4P program, which features regular and continuous examinations, on QoL.
Materials and methods
The National Health Insurance Administration (NHIA) is a mandatory single-payer health insurance program in Taiwan that provides comprehensive medical care to greater than ninety-nine percent of Taiwanese residents. The NHIA provides insurance-covered liver examinations to all patients with chronic HBV and HCV infection every 6 months. However, the attendant rate of such preventive services was only 22% in 2009 [17]. In 2010, the NHIA launched a first version of the P4P program called “Reimbursement Improvement Themes for NHIA hepatitis B and C patients” to improve the care quality of viral hepatitis patients. The sixth and also the latest version of the hepatitis P4P proposal was launched in 2016, after which there have been no changes to the hepatitis P4P proposal [18]. The program aims to encourage physicians via extra financial incentives to improve the care quality for hepatitis patients by increasing the uptake rate of guideline-based preventive services for monitoring and surveillance of disease status and chronic hepatitis-related complications in outpatient settings. The hepatitis P4P program was based on the following methods: first, a patient-centered care model was created; second, patients were proactively tracked to encourage regular visits according to guideline suggestions; third, a comprehensive and continuous care model was provided; and fourth, viral hepatitis education was improved and strengthened.
This program is open to physicians specializing in gastroenterology, family medicine, or pediatrics who provide treatment for patients infected with HBV or HCV. Once they have received continuous follow-up at the same medical facility twice with a 6-month interval, patients can be enrolled in P4P by their physicians. The follow-up must include serum GOT/GPT tests and abdominal sonography. Patients participate in the program at their will. On enrollment, patients receive health education regarding viral hepatitis via the physician or disease manager. As they enroll patients, physicians become eligible for four types of extra payments per capita: a new enrollment payment (U.S.$3); a payment for subsequent follow-up every 6 months (U.S.$3); and a payment for (1) referral of a patient with a newly screen-detected hepatic tumor, for whom the tumor was diagnosed as an early-stage (The American Joint Committee on Cancer stage I or II) HCC by subsequent examinations (U.S.$17), and (2) confirmation of the referred hepatic tumor as an early-stage HCC (U.S.$17) or detecting and diagnosing a hepatic tumor as an early-stage HCC (U.S.$34). For care continuity, the patient must be registered through the NHIA website when joining the P4P and tracked and followed by the same physician or medical institute. Any patient referral must involve an online transfer procedure via the NHIA website. A patient who is lost to follow-up by his assigned physician or medical institute for more than one year is dropped from the program. If the follow-up rate among enrolled patients falls below 20%, the NHIA will cut the physician's payment the subsequent year. The enrollment rate was approximately 38% in 2016 [30]. Low enrollment rates may be due to patient-level or physician-level factors, including physician preferences and perceptions of patients with mild or non-symptomatic hepatitis, patients who forget their carrying status, and insufficient patient education [20, 30].
Study sample
This cross-sectional study was performed from October to December 2016, during which we collected data from patient surveys and medical record reviews at the gastroenterology clinics of four hospitals in northern Taiwan. Inclusion criteria were as follows: (1) patients infected with chronic hepatitis B and/or hepatitis C, and (2) patients aged 18 years or older. A previous study revealed that the duration of enrollment in the P4P program was associated with patient outcomes [31], indicating there may be a dose–response relationship by which QoL was superior for patients in the P4P group (more than 2 examinations) compared to patients in the control group (only one/two examinations). Therefore, we further divided all the study subjects into two groups: the P4P group (study group) and the non-P4P group (control group). Our P4P group consisted of patients who, having provided signed consent, participated in the program consecutively for more than one year.
Patient characteristics
We collected patient sociodemographic characteristics, including age, sex, income (monthly income including subsidies from family and government < 1000 USD, 1000–2000 USD, 2001–3333 USD, and > 3333 USD), education attainment (below elementary including illiterate, junior high, college, senior high including vocational high, Bachelor’s degree, Master’s degree and above), and marriage status (married, unmarried, widow, others including separated, divorced, etc.). The following clinical characteristics were recorded: nonhepatitis-related comorbidities diagnosed by a doctor, hepatitis complications (history of hepatitis acute exacerbation, liver cirrhosis), admission or emergency department visits related to viral hepatitis within the previous year, and type of viral hepatitis (HBV, HCV or HBV/HCV coinfection). The list of comorbidities in our survey questionnaire was obtained from the Elixhauser Comorbidity Index [32].
Outcome measures and survey procedure
Regarding the outcome measures, we chose to emphasize HRQoL rather than QoL because HRQoL focuses on overall quality of life with respect to physical or mental health and can be easily used to assess the patient’s perception of illness status and treatment outcomes [33]. We adopted the EQ-5D presented by the EuroQol Group, one of the most widely used generic scales for measuring HRQoL [34] because the EQ-5D (EQ-5D-5L) has greater advantages, including high validity, simplicity and lower time requirements [35, 36], and generates a higher minimally important difference [37] and a wider range of utility scores than other health utility measures [38] (e.g., the Short-Form Health Survey). Furthermore, the Taiwanese version of the EQ-5D-5L has been tested and has demonstrated validity, reliability, and responsiveness [39, 40].
The EQ-5D essentially consists of two parts: the EQ-5D index and the EuroQoL visual analog scale (EQ-VAS). The EQ-5D index is a self-reported but objective, multidimensional health status evaluated in five parts, including mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Each dimension has five levels that roughly correspond to no, slight, moderate, severe, and extreme problems [41]. In contrast, the EQ-VAS is a more subjective health status, which records the patient’s self-rated health on a vertical VAS, with endpoints labeled ‘The best health you can imagine (100 points)’ and ‘The worst health you can imagine (0 points).’ The VAS can be used as a quantitative measure of health outcome that reflects the patient’s own judgment. Thus, the EQ-5D index introduces preferences related to social valuations regarding health status, but the EQ-VAS does not [42]. In most cases, the EQ-5D index score correlated well with the associated VAS score [43]. However, sociodemographic characteristics, such as age, education, ethnic background [44], and psychological disposition [43], can influence an individual’s EQ-VAS scores, independent of that person’s health state. Using a value-set algorithm, the scores reported for the descriptive system in the EQ-5D can be transformed to a single measure called the EQ-5D index. This study adopted the Taiwanese value-set algorithm recently generated for the EQ-5D index [45].
When they came in for routine follow-up for chronic viral hepatitis, the study subjects were screened and selected by trained interviewers, who briefly introduced the study, obtained informed consent, and distributed self-writing questionnaires. If the respondents could not read or appeared unable to understand the questions, the interviewers were asked to read the entire questionnaire to the interviewees to ensure their comprehension. The EQ-5D was generally completed by patients in the P4P group after finishing at least the two times of regular examinations, because they were required to have participated in the program consecutively for more than one year. This research was approved by the ethics committee of the Institutional Review Board (IRB), Taipei Hospital, Ministry of Health and Welfare (IRB number IRC-IRB-4-0014-01-02).
Statistical analysis
Descriptive statistics were used to evaluate the sociodemographic and clinical characteristics investigated. Subjects with missing values for the aforementioned variables were excluded. The variance inflation factor (VIF) was used to address the problem of multicollinearity between independent variables. A VIF above 10 indicated a high correlation, and the correspondent variable was removed [46]. Multivariable ordinary least squares (OLS) regression was applied to estimate the effects of the P4P program on the EQ-5D index and EQ-VAS score. Independent variables included age, sex, monthly income, marital status, education level, nonhepatitis-related comorbidity, hepatitis-related complications, history of recent admission or emergency department visit in the latest year because of hepatitis-related condition, and type of viral hepatitis infection, as described in the patient characteristics section. Regarding the skewness and ceiling effect of the EQ-5D index, in general, the utility values are expected to be skewed, whereby many patients would report perfect health [23, 47]. To adjust these problems, we first conducted a Kolmogorov–Smirnov test to examine normality and then used a two-part model to adjust the skewness and ceiling effect of the EQ-5D index. In general, the two parts of the model are (1) a logistic regression and (2) a generalized linear model (GLM). First, the logistic regression models the probability of disutility (1-EQ-5D index) for adjusting purposes because too many respondents report a perfect EQ-5D index. The second part of the model utilized a GLM with a gamma distribution and a log link function under the condition of probability of disutility [47, 48]. Regarding the adjustment of skewness of the EQ-VAS score, we adopted a GLM with a Poisson distribution and a log link, as reported in a previously published article [49].
To avoid selection bias regarding P4P program participation, we applied a propensity score weight (PSW) with an inverse probability weighting to weight patients in the P4P intervention and control groups [50]. Compared to the matching method, weighting the propensity score has the advantage of incorporating most of the analytical observations and can increase precision in estimating treatment effects [51]. Two of the most used propensity-score-weighting approaches are inverse probability treatment weights (IPTW) and standardized mortality ratio weights (SMRW). Inverse probability treatment weights (IPTW) involve weighting by the inverse probability of receiving the study intervention (1/propensity score for the treated group and 1/(1 - propensity score) for the reference group). Our study adopts the IPTW in propensity score weighting to balance the self-selection bias of P4P program participation. Each of the aforementioned sociodemographic (age, sex, income, marital status, education level) and clinical characteristics (comorbidity, hepatitis-related complication, admission or emergency department for hepatitis-related condition, type of hepatitis) were used to generate an inverse probability weighting (propensity score) for each patient via logistic regression, and the resulting propensity score was used in subsequent regression analysis.
All analyses utilized SAS software version 9.4 (Statistical Analysis Systems, Inc., Cary, NC, U.S.) except for the two-part model, which was analyzed by STATA 15. The results were considered statistically significant for P < 0.05 in all analyses.
Results
We interviewed and collected data from 516 patients. Eight cases had missing data, seven involving income level and one involving incomplete EQ-5D scores, reducing the sample size of our study to 508. Table 1 shows the baseline characteristics of the subjects in the P4P and non-P4P groups. No significant differences were observed between the two groups in terms of clinical factors, including comorbidities or related complications. The patients in the two groups differed with regard to two demographic characteristics, namely, a high income and a high education level; there were borderline differences in terms of sex.Table 1Characteristics of study participants


	 	Total (n = 508)
	P4Pa (n = 121)
	Non-P4Pa (n = 387)
	P value

	Age, y (SE)
	57.61 (0.51)
	58.10 (0.94)
	57.46 (0.61)
	0.57

	Sex

	Male
	309 (60.8)
	83 (69)
	226 (58)
	0.05

	Female
	199 (39.2)
	38 (31)
	161 (42)
	 
	Income

	 < U.S.$1,000
	283 (55.7)
	53 (44)
	230 (59)
	0.001

	U.S.$1,000-$2,000
	146 (28.7)
	37 (31)
	109 (28)
	 
	U.S.$2,001-$3,333
	57 (11.1)
	20 (17)
	37 (10)
	 
	 > U.S.$3,333
	22 (4.3)
	11 (9)
	11 (3)
	 
	Education level

	Below elementary (including illiterate)
	114 (22.4)
	22 (18.18)
	92 (23.77)
	0.02

	Junior high
	93 (18.3)
	16 (13.22)
	77 (19.90)
	 
	College
	58 (11.4)
	24 (19.83)
	34 (8.79)
	 
	Senior high (including vocational high)
	152 (29.9)
	35 (28.93)
	117 (30.23)
	 
	Bachelor
	68 (13.2)
	17 (14.05)
	51 (13.18)
	 
	Master and Doctorate
	23 (4.5)
	7 (5.79)
	16 (4.14)
	 
	Marital status

	Married
	380 (74.8)
	102 (84.30)
	278 (71.83)
	0.06

	Unmarried
	58 (11.3)
	11 (9.09)
	47 (12.14)
	 
	Widow
	30 (5.9)
	6 (4.96)
	24 (6.20)
	 
	Otherb
	40 (7.9)
	2 (1.65)
	38 (9.82)
	 
	Any comorbidity
	313 (61.6)
	67 (55.37)
	246 (63.57)
	0.11

	Any complication
	86 (16.9)
	22 (18.18)
	59 (15.25)
	0.49

	Admission within one year
	23 (4.5)
	3 (2.48)
	20 (5.17)
	0.22

	Emergency department visit within one year
	21 (4.1)
	4 (3.31)
	17 (4.40)
	0.60

	Viral hepatitis type

	Hepatitis B
	376 (74.0)
	96 (79.34)
	280 (72.35)
	0.13

	Other hepatitisc
	132 (26.0)
	25 (20.66)
	107 (27.65)
	 

P4Pa: pay-for-performance; Otherb: separated and divorced status; Other hepatitisc: hepatitis C and hepatitis B/C coinfection; SE, standard error



Table 2 shows the distribution of EQ-5D-5L responses of chronic hepatitis patients and compares the results based on the status of P4P participation. Compared to the non-P4P group patients, patients in the P4P group displayed higher percentages in level 1 and level 2; however, we observed no significant differences between the study group and the control group in any of the EQ-5D domains.Table 2Distribution of EQ-5D-5L responses


	 	P4Pa (%)
	Non-P4Pa (%)
	P valueb

	(n = 121)
	(n = 387)

	Mobility

	Level 1
	117 (97)
	370 (96)
	0.34

	Level 2
	3 (3)
	14 (4)
	 
	Level 3
	0 (0)
	2 (1)
	 
	Level 4
	1 (1)
	0 (0)
	 
	Level 5
	0 (0)
	1 (0.3)
	 
	Self-care

	Level 1
	121 (100)
	377 (97)
	0.63

	Level 2
	0 (0)
	7 (2)
	 
	Level 3
	0 (0)
	2 (1)
	 
	Level 4
	0 (0)
	0 (0)
	 
	Level 5
	0 (0)
	1 (0.3)
	 
	Usual activity

	Level 1
	119 (98)
	367 (95)
	0.39

	Level 2
	2 (2)
	15 (4)
	 
	Level 3
	0 (0)
	4 (1)
	 
	Level 4
	0 (0)
	0 (0)
	 
	Level 5
	0 (0)
	1 (0.3)
	 
	Pain/discomfort

	Level 1
	80 (66)
	236 (61)
	0.86

	Level 2
	34 (28)
	126 (33)
	 
	Level 3
	6 (5)
	21 (5)
	 
	Level 4
	1 (1)
	3 (1)
	 
	Level 5
	0 (0)
	1 (0.3)
	 
	Anxiety/depression

	Level 1
	85 (70)
	276 (71)
	0.94

	Level 2
	34 (28)
	104 (27)
	 
	Level 3
	2 (2)
	6 (2)
	 
	Level 4
	0 (0)
	1 (0.3)
	 
	Level 5
	0 (0)
	0 (0)
	 

P4Pa: pay-for-performance; P valueb: The P values were derived from the chi-square test



The Kolmogorov–Smirnov test revealed skewed distributions of the EQ5D utility scores and VAS scores. Accordingly, mean (standard deviation, SD) and median (interquartile range, IQR) scores are presented. The mean (SD) EQ-5D index and EQ-VAS scores were 0.93 (0.12) and 75.1 (13.8), and the median (IQR) values were 1 (0.108) and 80 (15), respectively (data not shown). Table 3 shows the effect of the hepatitis P4P program based on different clinical variables using univariable analysis. The EQ-VAS score showed significant improvement in all patients after participating in the hepatitis P4P program (P = 0.01). After performing a subgroup analysis according to the clinical variables, the differences were also significant among the patients with comorbidities, patients with hepatitis-related complications, patients without admission within 1 year (for hepatitis-related events), patients with or without emergency department visits within one year and patients without admissions within one year (for hepatitis-related events), and other hepatitis (hepatitis C and hepatitis B/C coinfection). However, hepatitis P4P did not substantially change patients' EQ-5D index, regardless of subgroup.Table 3Effect of the hepatitis pay-for-performance program on EQ5-5D-5L, according to different clinical variables


	 	EQ-5D index
	EQ-VAS score

	P4Pa
	Non- P4Pa
	P value
	P4Pa
	Non- P4Pa
	P value

	All
	0.937 (0.085)
	0.925 (0.132)
	0.32
	78.29 (12.04)
	74.07 (14.21)
	0.01

	Any comorbidity
	0.933 (0.089)
	0.913 (0.148)
	0.30
	78.31 (12.56)
	72.22 (14.33)
	0.002

	No
	0.943 (0.080)
	0.944 (0.094)
	0.92
	78.26 (11.48)
	77.29 (13.45)
	0.64

	Any Complication
	0.945 (0.089)
	0.898 (0.238)
	0.36
	81.30 (11.00)
	71.51 (14.83)
	0.01

	No
	0.935 (0.084)
	0.930 (0.098)
	0.61
	77.58 (12.22)
	74.56 (14.06)
	0.06

	Admission within one year
	0.914 (0.149)
	0.790 (0.386)
	0.60
	81.76 (02.89)
	69.90 (19.32)
	0.31

	No
	0.938 (0.083)
	0.932 (0.097)
	0.55
	78.20 (12.18)
	74.29 (13.88)
	0.01

	Emergency department visit within one year
	0.936 (0.129)
	0.769 (0.416)
	0.45
	80.00 (04.08)
	66.65 (19.49)
	0.02

	No
	0.937 (0.084)
	0.932 (0.097)
	0.58
	78.23 (12.23)
	74.41 (13.86)
	0.01

	Viral hepatitis

	Hepatitis B
	0.942 (0.083)
	0.932 (0.094)
	0.33
	78.05 (12.54)
	74.94 (13.75)
	0.05

	Other hepatitisb
	0.908 (0.017)
	0.910 (0.124)
	0.76
	78.20 (10.07)
	71.78 (15.20)
	0.004


Values of scores are presented as the mean (SD; standard deviation); P4Pa: pay-for-performance; Other hepatitisb: hepatitis C and hepatitis B/C coinfection



Table 4 shows the multiple linear regression results obtained upon applying PSW adjustment in addition to adjusting for the other covariables. The regression analysis showed no multicollinearity between independent variables. In this model, P4P participation was associated with higher EQ-VAS scores; however, the difference was nonsignificant (β = 2.25; 95% CI = − 0.025–4.534; P = 0.05). EQ-VAS scores of the patients with income levels ranging from US$2,001 to $3,333 per month (β = 6.813; 95% CI = 2.683–10.943; P = 0.001) and greater than US$3,333 per month (β = 7.997; 95% CI = 1.669–14.325; P = 0.01) were higher than those of patients with income levels less than US$1,000. Married patients exhibited higher EQ-VAS score than unmarried patients (β = − 5.290; 95% CI = − 9.450 to − 1.131; P = 0.01) and patients with other marital statuses, including separated and divorced patients (β = − 7.900; 95% CI = − 12.430 to − 3.364; P < 0.001). Association between P4P participation and the EQ-5D index was nonsignificant in the regression model with PSW adjustment in addition to the other covariables. The EQ-5D index values are significantly associated with marital status, comorbidity, and type of hepatitis patient infected. Regarding marital status, widowed patients (β = − 0.059; 95% CI = − 0.101 to − 0.016; P = 0.01) and patients with other marital statuses (β = − 0.054; 95% CI = − 0.090 to − 0.018; P = 0.003) had lower EQ-5D index values than married patients. Patients who had any one of the comorbidities had lower index scores than those without (β = − 0.025; 95% CI = − 0.044 to − 0.005; P = 0.01). Patients infected with hepatitis B (β = 0.024; 95% CI = 0.002–0.046; P = 0.03) exhibited higher EQ-5D index scores than patients infected with hepatitis C and coinfected with hepatitis B/C. The R squared values of the regression models for the EQ-5D index and EQ-VAS scores were 0.14 and 0.10, respectively.Table 4Estimated propensity score weighting adjustment coefficients for EQ-5D in the multiple ordinary least squares regression model


	 	EQ-5D index
	EQ-VAS score
	VIFe

	β value
	P-value
	95% CIb
	β value
	P-value
	95% CIb

	P4Pa participation
	 < − 0.001
	0.68
	− 0.022 to 0.014
	2.25
	0.05
	− 0.03 to 4.53
	1.095

	Male (Ref: female)
	0.017
	0.11
	− 0.004 to 0.038
	− 0.49
	0.71
	− 3.07 to 2.09
	1.207

	Age
	 < 0.001
	0.74
	 < − 0.001 to 0.001
	− 0.02
	0.73
	− 1.61 to 0.11
	1.824

	Income (Ref: income < US$ 1000)

	U.S.$1000–$2000
	0.018
	0.12
	− 0.005 to 0.042
	2.08
	0.16
	− 0.84 to 5.00
	1.447

	U.S.$2001–$3333
	0.037
	0.03
	0.004 to 0.070
	6.81
	0.001
	2.68 to 10.94
	1.370

	U.S.$ > 3333
	0.037
	0.15
	− 0.014 to 0.088
	8.00
	0.01
	1.67 to 14.33
	1.263

	Education (Ref: Below elementary)

	Junior high
	0.036
	0.02
	0.005 to 0.067
	2.52
	0.20
	− 1.32 to 6.35
	1.693

	College
	0.009
	0.62
	− 0.028 to 0.046
	2.16
	0.37
	− 2.49 to 6.75
	1.718

	Senior high
	0.024
	0.08
	− 0.033 to 0.052
	1.82
	0.30
	− 1.63 to 5.28
	2.074

	Bachelor
	0.003
	0.90
	− 0.036 to 0.041
	2.27
	0.36
	− 2.58 to 7.13
	2.132

	Master & Doctorate
	− 0.009
	0.73
	− 0.061 to 0.043
	3.31
	0.49
	− 4.23 to 8.76
	1.499

	Marital status (Ref: married)

	Unmarried
	− 0.028
	0.10
	− 0.061 to 0.005
	− 5.29
	0.01
	− 9.45 to − 1.13
	1.278

	Widow
	− 0.059
	0.01
	− 0.101 to − 0.016
	0.31
	0.91
	− 4.99 to 5.61
	1.112

	Otherc
	− 0.054
	0.003
	− 0.090 to − 0.018
	− 7.90
	 < 0.001
	− 12.43 to − 3.36
	1.113

	Any comorbidity
	− 0.025
	0.01
	− 0.044 to − 0.005
	− 1.04
	0.41
	− 3.50 to 1.42
	1.120

	Any complication
	0.007
	0.60
	− 0.019 to 0.033
	1.13
	0.49
	− 2.10 to 5.61
	1.119

	Admission within one year
	− 0.067
	0.10
	− 0.145 to 0.012
	3.42
	0.49
	− 6.38 to 13.23
	2.437

	Emergency department visit within one year
	− 0.052
	0.20
	− 0.133 to 0.028
	− 6.12
	0.23
	− 16.18 to 3.94
	2.459

	Hepatitis B (Other hepatitisd)
	0.024
	0.03
	0.002 to 0.046
	− 0.38
	0.78
	− 3.11 to 2.34
	1.129

	R-square
	0.14
	 	 	0.10
	 	 	 

P4Pa: pay-for-performance; CIb: confidence interval; Otherc: separated and divorced status; Other hepatitisd: hepatitis C and hepatitis B/C coinfection; VIFe: variance inflation factor for ordinary least squares regression



Table 5 shows the regression analysis of the EQ-5D disutility scores obtained using the two-part model and the results of the EQ-VAS scores obtained using GLM Poisson with PSW adjustment and adjusting for the other covariables. P4P participation was significantly associated with higher EQ-VAS scores (mean ratio = 1.029; 95% CI = 1.014–1.044; P < 0.001). The monthly income, education level, and marital status of the hepatitis patients also were significantly associated with the EQ-VAS score. Regarding clinical considerations, patients who had visited the emergency department within one year for hepatitis-related events showed lower EQ-VAS scores (mean ratio = 0.935; 95% CI = 0.877–0.997; P = 0.04). P4P participation was not significantly associated with the EQ-5D disutility score in the two-part model after applying PSW adjustment and adjusting for the other covariables (β = − 0.12; 95% CI = − 0.28–0.04; P = 0.14). The regression results revealed that the disutility score was associated with patients’ education level (junior high β = − 0.30; 95% CI = − 0.53 to − 0.06 P = 0.01; senior high β = − 0.30; 95% CI = − 0.52 to − 0.09 P = 0.01; reference: below elementary). The other factors did not show a significant effect in the analysis.Table 5Estimated propensity score weighting adjustment coefficients for EQ-5D in the two-part model and generalized linear model


	 	Disutility score (EQ-5D index)e
	EQ-VAS score

	Coefficient
	P-value
	95% CIb
	Mean ratiof
	P-value
	95% CIb

	P4Pa participation
	− 0.121
	0.14
	− 0.283 to 0.041
	1.03
	 < 0.001
	1.01 to 1.04

	Male (Ref: female)
	− 0.010
	0.90
	− 0.168 to 0.148
	0.99
	0.37
	0.98 to 1.01

	Age
	0.007
	0.28
	− 0.005 to 0.020
	1.00
	0.60
	0.99 to 1.00

	Income (Ref: income < US$ 1000)

	U.S.$1,000–$2,000
	− 0.009
	0.94
	− 0.245 to 0.228
	1.03
	0.002
	1.01 to 1.05

	U.S.$2,001–$3,333
	− 0.115
	0.50
	− 0.449 to 0.219
	1.09
	 < 0.001
	1.06 to 1.12

	U.S.$ > 3,333
	− 0.159
	0.29
	− 0.451 to 0.133
	1.11
	 < 0.001
	1.07 to 1.15

	Education (Ref: Below elementary)

	Junior high
	− 0.296
	0.01
	− 0.533 to − 0.059
	1.03
	0.01
	1.00 to 1.06

	College
	− 0.016
	0.92
	− 0.340 to 0.308
	1.62
	0.06
	0.99 to 1.06

	Senior high
	− 0.305
	0.01
	− 0.522 to − 0.088
	1.02
	0.03
	1.00 to 1.04

	Bachelor
	− 0.108
	0.59
	− 0.501 to 0.285
	1.03
	0.048
	1.00 to 1.06

	Master & Doctorate
	− 0.111
	0.60
	− 0.526 to 0.303
	1.03
	0.13
	0.99 to 1.07

	Marital status (Ref: married)

	Unmarried
	0.296
	0.09
	− 0.019 to 0.612
	0.99
	 < 0.001
	0.91 to 0.96

	Widow
	0.322
	0.22
	− 0.052 to 0.697
	1.02
	0.26
	0.99 to 1.05

	Otherc
	0.210
	0.10
	− 0.127 to 0.547
	0.90
	 < 0.001
	0.87 to 0.93

	Any comorbidity
	0.168
	0.10
	− 0.033 to 0.369
	0.99
	0.09
	0.97 to 1.00

	Any complication
	− 0.105
	0.39
	− 0.346 to 0.136
	1.02
	0.10
	0.99 to 1.04

	Admission within one year
	0.118
	0.76
	− 0.655 to 0.892
	1.06
	0.07
	0.99 to 1.13

	Emergency department visit within one year
	0.516
	0.26
	− 0.386 to 1.419
	0.94
	0.04
	0.88 to 1.00

	Hepatitis B (Ref: Others hepatitisd)
	− 0.025
	0.80
	− 0.214 to 0.165
	1.18
	0.37
	0.98 to 1.01


P4Pa: pay-for-performance; CIb: confidence interval; Otherc: separated and divorced status; Other hepatitisd: hepatitis C and hepatitis B/C coinfection; Disutility score (EQ-5D index)e: two-part model on disutility score; Mean ratiof: Generalized linear model for the natural log of the mean reported EQ-VAS score



Discussion
To the best of our knowledge, this is the first study to investigate the effect of hepatitis P4P on HRQoL. Our results demonstrate that hepatitis P4P was associated with significantly higher EQ-VAS scores in chronic viral hepatitis patients. However, such interventions were not significantly associated with improvements in the EQ-5D index values.
Previous HRQoL studies that employed the EQ-5D have shown that the mean EQ-5D index scores vary from 0.37 to 0.93, and the range of the mean EQ-VAS scores has been reported to be between 57 and 88 [24, 36, 52–58]. Patients who have higher incomes, are married, and have higher education have higher EQ-VAS scores [57, 58], similar to our results. In our study, the mean EQ-5D index and EQ-VAS scores were 0.92 and 75.4, respectively, which is within the range of previous studies and similar to the EQ-5D results obtained from hepatitis patients in Korea (average EQ-5D index/EQ-VAS = 0.93/70.2) [57] with a similar socioeconomic profile and healthcare environment. Our study showed that the P4P and non-P4P groups were dissimilar in only two demographic characteristics: income and education levels; therefore, heterogeneity in the P4P and non-P4P groups was slightly high. However, the P4P and non-P4P groups were similar in clinical characteristics. In a previous study [59], patients with more severe disease or comorbidities were more prone to participate in a P4P program; this was not the case in the present study because the two groups investigated were identical in terms of comorbidities and disease severity. We also applied a rigorous PSW methodology to compensate for the different distributions within the two groups (income and education), which minimized selection bias. In addition, a previous study using a nationwide claim database exhibited a 59% distribution of male hepatitis patients and an average age of approximately 52 [20]. In the present study, the distribution of male hepatitis patients was 61%, and the average age was 58, which is slightly higher than the average age of the national population. We believe our sample more accurately represents (external validity) Taiwan. With regard to modeling, we discuss the regression model structure and explanatory power (R-square) below. It may be that OLS regression is a poor regression structure due to skewness or ceiling effects associated with the EQ-5D index and EQ-VAS scores [47, 48]. To adjust for these problems, we applied a two-part model and GLM, and the results demonstrated an association between hepatitis P4P and the EQ-VAS score but not the EQ-5D index. This is in contrast to the OLS results, which indicate that P4P is not associated with the EQ-VAS score. The OLS regression results showed that P4P participation did not significantly increase the EQ-VAS (2.25) score; however, the significance observed was borderline (P = 0.05). We do not clearly understand whether hepatitis P4P participation achieves a minimal clinically important difference (MCID) or responsiveness if 2.25 is considered significant. Other studies that are not related to hepatitis care have shown an MCID for EQ-VAS scores ranging from 0.39 to 10.82 [40, 60, 61]. Further study should investigate the effect of hepatitis P4P intervention on the MCID. Regarding model explanatory power, we tried our best to include possible confounders, such as clinical or socioeconomic factors. The R-square values for HRQoL reported in other hepatitis patient studies range from 0.05 to 0.47 [36, 52, 62, 63]. We cannot rule out the possibility that other variables affecting the EQ-5D index and EQ-VAS scores were not considered in our analysis (omitting variable bias). Further research should explore other factors that may be associated with the EQ-5D index and EQ-VAS score.
The association between hepatitis P4P and EQ-VAS health scores may be due to regular and ongoing examinations, continuity of care, physician trust, and control of comorbidity. With regard to the first, hepatitis P4P in Taiwan is characterized by regular and ongoing essential examinations, as studies have shown that examinations can promote patients’ overall health. For example, the United Kingdom (U.K.) P4P programs that target general practitioners include measures related to examinations in different fields, and studies have shown that in the U.K., P4P affects patient outcomes [64] but not quality of life [65]. Regarding continuity of care, patients with chronic diseases who have better continuity of care have been known to have better clinical outcomes [66] and decreased mortality [67]. In addition, studies have shown that continuity of care is associated with better HRQoL in patients with diabetes [68], hypertension [69], and multiple chronic medical conditions [70]. Third, regarding the physician trust issue, compared to patients with irregular or few visits, patients with regular and continuous visits should have a higher chance of building a relationship of trust with their physicians. Consequently, patients with regular and continuous visits are more willing to self-manage their overall health [71]. Fourth, regarding well-treated comorbidities, previous research has shown that patients with more comorbidities are more likely to visit physicians, and those physicians are more likely to administer highly recommended care [72–74]. In other words, patients with regular visits are more likely to be transferred to uptake other highly recommended care practices that enable better outcomes than non-P4P participants.
The following considerations may help explain the ineffectiveness of hepatitis P4P on the EQ-5D index. Previous studies have shown that hepatitis P4P, which purely targets increased regular examinations, does not sufficiently reduce incidences of admission or cirrhosis [20], which may be one reason for the indifference in QoL observed in the P4P versus control groups. Another study with more extensive intervention, reported by Chao et al. [75], demonstrates that after one year of comprehensive care, including government support, technical guidance, standardized medical care, and community involvement, hepatitis B patients significantly improved in terms of HRQoL, perhaps implying that not only regular examinations but also multiple-dimensional interventions are needed to improve EQ-5D index effects. It is also noteworthy that the study design did not allow for before/after comparisons. In addition, we expect to observe no large HRQoL differences between P4P participants and nonparticipants when complications and symptoms are rare. Finally, the hepatitis P4P program focused on preventive liver examination but not antiviral treatment. Hence, differences in the P4P group and non-P4P group were small because treatment has already been shown to be adequate and effective in Taiwan [76].
It is important to note the limitations of this study. First, the cross-sectional study does not permit analysis of the long-term relationship between P4P and QoL. Future studies should examine the abovementioned effect in a longitudinal manner. Second, regarding the validity and reliability of the EQ-5D-5L values obtained using Taiwanese value sets, few hepatitis patient studies exist in this regard because the Taiwanese value set has only been proposed in recent years [45]. In one study, the EQ-5D-5L results obtained using U.K. and Japanese value sets have shown good concurrent, discriminant, and convergent validity via comparison with SF-36 on a national representative sample in Taiwan [39]. In addition, one early study demonstrated good internal reliability for the Taiwanese EQ-5D-5L (Cronbach’s α: 0.78) for patients with stroke [40]. Our study derived similar results when Japanese EQ-5D-5L value sets were used, indicating that the utility score is valid when applied to patients with hepatitis (data not shown). Further studies should investigate validity and reliability issues associated with the Taiwanese EQ-5D-5L for patients with hepatitis by using a recently proposed value set. Third, we did not adopt questionnaires regarding disease-specific quality of life, such as the chronic liver disease questionnaire (CLDQ), because of the following advantages associated with the EQ-5D, which is a simpler questionnaire [35, 36] with fair convergent validity compared to the CLDQ (correlation is approximately 50%) [77]. In addition, the EQ-5D has been broadly used as an outcome measure to evaluate intervention outcomes for patients with hepatitis [53, 54, 58, 78–81]. Future studies could also use the CLDQ to evaluate the effectiveness of hepatitis P4P on HRQoL and verify the results derived from our study. Fourth, we tried our best to include possible confounders, such as clinical and socioeconomic factors. The R-square values for the EQ-5D index and EQ-VAS score reported in other hepatitis patient studies were not lower than our values [36, 52, 62, 63]; hence, we must consider the likely possibility that other variables (i.e., health literacy or health behavior) affecting the EQ-5D index and EQ-VAS values are missing in our analysis. Finally, our results may be confounded by concurrent antiviral treatment [20], which may be associated with QoL. However, we think this effect is probably small because we collected data at only four hospitals. According to a Ministry of Health and Welfare report [30], in 2016, approximately 62,000 hepatitis B patients underwent antiviral therapy, 2.5% of all hepatitis B patients in Taiwan and approximately 5000 hepatitis C patients received antiviral treatment, accounting for approximately 1.3% of all hepatitis C patients. Therefore, the confounding effect of antiviral therapy on our report is likely limited. However, we cannot rule out the possibility that confounding effect occurs if data are derived from the NHIA’s databases.

Conclusion
Patients with hepatitis partially benefited from receiving hepatitis P4P in Taiwan, featuring regular ongoing examinations, as evidenced by enhancement of their EQ-VAS scores but not their EQ-5D indexes.
Acknowledgements
This work was supported by Taipei Hospital [Number: 201702] and the Ministry of Science and Technology [NSC: 105-2410-H-030-057] in Taiwan.

Author contributions
Conceptualization: W-CS, T-TC, C-HW; Methodology: W-CS, T-TC, C-HW; Formal analysis and investigation: W-CS, T-TC; Writing—original draft preparation: S-SY, L-NS, C-KL, C-CW; Writing—review and editing: W-CS, T-TC, C-HW, C-CW; Funding acquisition: T-TC, C-HW; Resources: T-TC, C-HW, S-SY, L-NS, C-KL; and Supervision: T-TC, C-HW. All authors read and approved the final manuscript.

Funding
(1) Taipei Hospital, Number: 201702, (2) Ministry of Science and Technology, NSC: 105-2410-H-030-057.

Availability of data and materials
The datasets during and/or analyzed during the current study available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The study was approved by the Institutional. Review Board (TH-IRB-0017–0028) of the Taipei Hospital and each participant took part in the study after providing a written informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
World Health Orgnization. Global hepatitis report 2017 [Aveailable from: http://​apps.​who.​int/​iris/​bitstream/​10665/​255016/​1/​9789241565455-eng.​pdf?​ua=​1]

	2.
Chhatwal J, Chen Q, Bethea ED, Hur C, Spaulding AC, Kanwal F. The impact of direct-acting anti-virals on the hepatitis C care cascade: identifying progress and gaps towards hepatitis C elimination in the United States. Aliment Pharmacol Ther. 2019;50:66–74.PubMed

	3.
Cohen C, Holmberg SD, McMahon BJ, Block JM, Brosgart CL, Gish RG, London WT, Block TM. Is chronic hepatitis B being undertreated in the United States? J Viral Hepat. 2011;18:377–83.PubMed

	4.
Lok ASF, McMahon BJ, Brown RS, Wong JB, Ahmed AT, Farah W, Almasri J, Alahdab F, Benkhadra K, Mouchli MA, et al. Antiviral therapy for chronic hepatitis B viral infection in adults: a systematic review and meta-analysis. Hepatology. 2016;63:284–306.PubMed

	5.
Li G, De Clercq E. Current therapy for chronic hepatitis C: The role of direct-acting antivirals. Antiviral Res. 2017;142:83–122.PubMedPubMedCentral

	6.
Falade-Nwulia O, Suarez-Cuervo C, Nelson DR, Fried MW, Segal JB, Sulkowski MS. Oral direct-acting agent therapy for hepatitis C virus infection. Ann Intern Med. 2017;166:637.PubMedPubMedCentral

	7.
Terrault NA, Lok ASF, McMahon BJ, Chang K-M, Hwang JP, Jonas MM, Brown RS, Bzowej NH, Wong JB. Update on prevention, diagnosis, and treatment of chronic hepatitis B: AASLD 2018 hepatitis B guidance. Hepatology. 2018;67:1560–99.PubMed

	8.
Lampertico P, Agarwal K, Berg T, Buti M, Janssen HLA, Papatheodoridis G, Zoulim F, Tacke F. EASL 2017 clinical practice guidelines on the management of hepatitis B virus infection. J Hepatol. 2017;67:370–98.

	9.
Chien R-N, Kao J-H, Peng C-Y, Chen C-H, Liu C-J, Huang Y-H, Hu T-H, Yang H-I, Lu S-N, Ni Y-H, et al. Taiwan consensus statement on the management of chronic hepatitis B. J Formos Med Assoc. 2019;118:7–38.PubMed

	10.
Ghany MG, Morgan TR. Hepatitis C guidance 2019 update: American association for the study of liver diseases-infectious diseases society of America recommendations for testing, managing, and treating hepatitis C virus infection. Hepatology. 2020;71:686–721.PubMed

	11.
Pawlotsky J-M, Negro F, Aghemo A, Berenguer M, Dalgard O, Dusheiko G, Marra F, Puoti M, Wedemeyer H. EASL recommendations on treatment of hepatitis C 2018. J Hepatol. 2018;69:461–511.

	12.
Yu M-L, Chen P-J, Dai C-Y, Hu T-H, Huang C-F, Huang Y-H, Hung C-H, Lin C-Y, Liu C-H, Liu C-J, et al. Taiwan consensus statement on the management of hepatitis C: part (I) general population. J Formos Med Assoc. 2020;119:1019–40.PubMed

	13.
Kanwal F, Singal AG. Surveillance for hepatocellular carcinoma: current best practice and future direction. Gastroenterology. 2019;157:54–64.PubMed

	14.
Sung J-L, Chen D-S, Lai M-Y, Yu J, Wang T-H, Wang C-Y, ó é, Lee CA, Chen S-H, Ko T-M: Epidemiological Study on Hepatitis B Virus infection in Taiwan. 1984;1:1-9

	15.
Hu YC, Yeh CC, Chen RY, Su CT, Wang WC, Bai CH, Chan CF, Su FH. Seroprevalence of hepatitis B virus in Taiwan 30 years after the commencement of the national vaccination program. PeerJ. 2018;6: e4297.PubMedPubMedCentral

	16.
Ministry of Health and Welfare Taiwan. 2019 Cause of Death Statistics. Ministry of Health and Welfare, Taiwan; 2020. [Available from: https://​www.​mohw.​gov.​tw/​cp-4964-55572-2.​html] (In Chinese)

	17.
Chen HJ, Huang N, Chen LS, Chou YJ, Li CP, Wu CY, Chang YC. Does pay-for-performance program increase providers adherence to guidelines for managing hepatitis b and hepatitis C virus infection in Taiwan? PLoS ONE. 2016;11: e0161002.PubMedPubMedCentral

	18.
National Health Insurance Administration. The Reimbursement Improvement Themes for the NHIA' s Hepatitis B and C Patients 6th version. May, 7 2015. [Available from: https://​www.​nhi.​gov.​tw/​Content_​List.​aspx?​n=​29D617D5C3597ED3​&​topn=​5FE8C9FEAE863B46​] (In Chinese).

	19.
Chen H-J, Huang N, Chen L-S, Chou Y-J, Li C-P, Wu C-Y, Chang Y-C. Does pay-for-performance program increase providers adherence to guidelines for managing hepatitis b and hepatitis C virus infection in Taiwan? PLoS ONE. 2016;11:e0161002.PubMedPubMedCentral

	20.
Chen T-T, Hsueh Y-S, Ko C-H, Shih L-N, Yang S-S. The effect of a hepatitis pay-for-performance program on outcomes of patients undergoing antiviral therapy. Eur J Pub Health. 2017;27:955–60.

	21.
Ebrahim S. Clinical and public health perspectives and applications of health-related quality of life measurement. Soc Sci Med. 1995;41:1383–94.PubMed

	22.
Sitlinger A, Zafar SY. Health-related quality of life: the impact on morbidity and mortality. Surg Oncol Clin N Am. 2018;27:675–84.PubMedPubMedCentral

	23.
Ong SC, Mak B, Aung MO, Li S-C, Lim S-G. Health-related quality of life in chronic hepatitis B patients. Hepatology. 2008;47:1108–17.PubMed

	24.
Evon DM, Lin HS, Khalili M, Fontana RJ, Yim C, Wahed AS, Fried MW, Hoofnagle JH. Patient-reported outcomes in a large North American cohort living with chronic hepatitis B virus: a cross-sectional analysis. Aliment Pharmacol Ther. 2020;51:457–68.PubMedPubMedCentral

	25.
Kallman J, O’Neil MM, Larive B, Boparai N, Calabrese L, Younossi ZM. Fatigue and health-related quality of life (HRQL) in chronic hepatitis C virus infection. Dig Dis Sci. 2007;52:2531–9.PubMed

	26.
Souza NPD, Villar LM, Garbin AJÍ, Rovida TAS, Garbin CAS. Assessment of health-related quality of life and related factors in patients with chronic liver disease. Braz J Infect Dis. 2015;19:590–5.PubMedPubMedCentral

	27.
Marrero DG, Hilliard ME, Maahs DM, McAuliffe-Fogarty AH, Hunter CM. Using patient reported outcomes in diabetes research and practice: recommendations from a national workshop. Diabetes Res Clin Pract. 2019;153:23–9.PubMed

	28.
Sarin SK, Kumar M, Lau GK, Abbas Z, Chan HLY, Chen CJ, Chen DS, Chen HL, Chen PJ, Chien RN, et al. Asian-Pacific clinical practice guidelines on the management of hepatitis B: a 2015 update. Hep Intl. 2016;10:1–98.

	29.
Singal AG, Pillai A, Tiro J. Early detection, curative treatment, and survival rates for hepatocellular carcinoma surveillance in patients with cirrhosis: a meta-analysis. PLoS Med. 2014;11: e1001624.PubMedPubMedCentral

	30.
Health Promotion Administration Ministry of Health and Welfare. Viral Hepatitis Prevention Project (Phase II project 2017–2020 years) 2018. [Available from: https://​www.​hpa.​gov.​tw/​Pages/​Detail.​aspx?​nodeid=​616&​pid=​10114] (in Chinese)

	31.
Lin TY, Chen CY, Huang YT, Ting MK, Huang JC, Hsu KH. The effectiveness of a pay for performance program on diabetes care in Taiwan: a nationwide population-based longitudinal study. Health Policy. 2016;120:1313–21.PubMed

	32.
Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity measures for use with administrative data. Med Care. 1998;36:8–27.PubMed

	33.
Nanda U, Andresen EM. Health-related quality of life. A guide for the health professional. Eval Health Prof. 1998;21:179–215.PubMed

	34.
Wang A, Rand K, Yang Z, Brooks R, Busschbach J. The remarkably frequent use of EQ-5D in non-economic research. Eur J Health Econ. 2021;23:1007.PubMedPubMedCentral

	35.
Brazier JE, Walters SJ, Nicholl JP, Kohler B. Using the SF-36 and Euroqol on an elderly population. Qual Life Res. 1996;5:195–204.PubMed

	36.
Ul Haq N, Hassali MA, Shafie AA, Saleem F, Aljadhey H. A cross sectional assessment of health related quality of life among patients with hepatitis-B in Pakistan. Health Qual Life Outcomes. 2012;10:91.PubMedPubMedCentral

	37.
Walters SJ, Brazier JE. Comparison of the minimally important difference for two health state utility measures: EQ-5D and SF-6D. Qual Life Res. 2005;14:1523–32.PubMed

	38.
Joore M, Brunenberg D, Nelemans P, Wouters E, Kuijpers P, Honig A, Willems D, De Leeuw P, Severens J, Boonen A. The impact of differences in EQ-5D and SF-6D utility scores on the acceptability of cost-utility ratios: results across five trial-based cost-utility studies. Value in Health. 2010;13:222–9.PubMed

	39.
Yu ST, Chang HY, Yao KP, Lin YH, Hurng BS. Validity of EQ-5D in general population of Taiwan: results of the 2009 national health interview and drug abuse survey of Taiwan. Qual Life Res. 2015;24:2541–8.PubMed

	40.
Chen P, Lin K-C, Liing R-J, Wu C-Y, Chen C-L, Chang K-C. Validity, responsiveness, and minimal clinically important difference of EQ-5D-5L in stroke patients undergoing rehabilitation. Qual Life Res. 2016;25:1585–96.PubMed

	41.
Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, Bonsel G, Badia X. Development and preliminary testing of the new five-level version of EQ-5D (EQ-5D-5L). Qual Life Res. 2011;20:1727–36.PubMedPubMedCentral

	42.
Feng Y, Parkin D, Devlin NJ. Assessing the performance of the EQ-VAS in the NHS PROMs programme. Qual Life Res. 2014;23:977–89.PubMed

	43.
Whynes DK. Correspondence between EQ-5D health state classifications and EQ VAS scores. Health Qual Life Outcomes. 2008;6:94.PubMedPubMedCentral

	44.
Badia Llach X, Herdman M, Schiaffino A. Determining correspondence between scores on the EQ-5D “thermometer” and a 5-point categorical rating scale. Med Care. 1999;37:671–7.PubMed

	45.
Lin H-W, Li C-I, Lin F-J, Chang J-Y, Gau C-S, Luo N, Pickard AS, Ramos Goñi JM, Tang C-H, Hsu C-N. Valuation of the EQ-5D-5L in Taiwan. PLoS ONE. 2018;13: e0209344.PubMedPubMedCentral

	46.
Kim JH. Multicollinearity and misleading statistical results. Korean J Anesthesiol. 2019;72:558–69.PubMedPubMedCentral

	47.
Jalkanen K, Aarnio E, Lavikainen P, Jauhonen HM, Enlund H, Martikainen J. Impact of type 2 diabetes treated with non-insulin medication and number of diabetes-coexisting diseases on EQ-5D-5 L index scores in the Finnish population. Health Qual Life Outcomes. 2019;17:117.PubMedPubMedCentral

	48.
Shafie AA, Chhabra IK, Wong JHY, Mohammed NS. EQ-5D-3L health state utility values in transfusion-dependent thalassemia patients in Malaysia: a cross-sectional assessment. Health Qual Life Outcomes. 2021;19:10.PubMedPubMedCentral

	49.
Emrani Z, Akbari Sari A, Zeraati H, Olyaeemanesh A, Daroudi R. Health-related quality of life measured using the EQ-5D-5 L: population norms for the capital of Iran. Health Qual Life Outcomes. 2020;18:108.PubMedPubMedCentral

	50.
Guo S, Fraser MW. Propensity score analysis: statistical methods and applications. Thousand Oaks: Sage Publications; 2010.

	51.
Desai RJ, Franklin JM. Alternative approaches for confounding adjustment in observational studies using weighting based on the propensity score: a primer for practitioners. BMJ. 2019;367: l5657.PubMed

	52.
Kim HJ, Chu H, Lee S. Factors influencing on health-related quality of life in South Korean with chronic liver disease. Health Qual Life Outcomes. 2018;16:142.PubMedPubMedCentral

	53.
Jang ES, Kim YS, Kim K-A, Lee YJ, Chung WJ, Kim IH, Lee BS, Jeong S-H. Factors associated with health-related quality of life in Korean patients with chronic hepatitis C infection using the SF-36 and EQ-5D. Gut and Liver. 2018;12:440–8.PubMedPubMedCentral

	54.
Buchanan-Hughes AM, Buti M, Hanman K, Langford B, Wright M, Eddowes LA. Health state utility values measured using the EuroQol 5-dimensions questionnaire in adults with chronic hepatitis C: a systematic literature review and meta-analysis. Qual Life Res. 2019;28:297–319.PubMed

	55.
Scalone L, Ciampichini R, Fagiuoli S, Gardini I, Fusco F, Gaeta L, Del Prete A, Cesana G, Mantovani LG. Comparing the performance of the standard EQ-5D 3L with the new version EQ-5D 5L in patients with chronic hepatic diseases. Qual Life Res. 2013;22:1707–16.PubMed

	56.
Jia YX, Cui FQ, Li L, Zhang DL, Zhang GM, Wang FZ, Gong XH, Zheng H, Wu ZH, Miao N, et al. Comparison between the EQ-5D-5L and the EQ-5D-3L in patients with hepatitis B. Qual Life Res. 2014;23:2355–63.PubMed

	57.
Kim SJ, Han KT, Lee SY, Park EC. Quality of life correlation with socioeconomic status in Korean hepatitis-B patients: a cross sectional study. Health Qual Life Outcomes. 2015;13:55.PubMedPubMedCentral

	58.
Huang R, Rao H, Shang J, Chen H, Li J, Xie Q, Gao Z, Wang L, Wei J, Jiang J, et al. A cross-sectional assessment of health-related quality of life in Chinese patients with chronic hepatitis c virus infection with EQ-5D. Health Qual Life Outcomes. 2018;16:124.PubMedPubMedCentral

	59.
Chen TT, Chung KP, Lin IC, Lai MS. The unintended consequence of diabetes mellitus pay-for-performance (P4P) program in Taiwan: are patients with more comorbidities or more severe conditions likely to be excluded from the P4P program? Health Serv Res. 2011;46:47–60.PubMedPubMedCentral

	60.
Nolan CM, Longworth L, Lord J, Canavan JL, Jones SE, Kon SS, Man WD. The EQ-5D-5L health status questionnaire in COPD: validity, responsiveness and minimum important difference. Thorax. 2016;71:493–500.PubMed

	61.
Hu X, Jing M, Zhang M, Yang P, Yan X. Responsiveness and minimal clinically important difference of the EQ-5D-5L in cervical intraepithelial neoplasia: a longitudinal study. Health Qual Life Outcomes. 2020;18:324.PubMedPubMedCentral

	62.
Karacaer Z, Cakir B, Erdem H, Ugurlu K, Durmus G, Ince NK, Ozturk C, Hasbun R, Batirel A, Yilmaz EM, et al. Quality of life and related factors among chronic hepatitis B-infected patients: a multi-center study. Turkey Health Qual Life Outcomes. 2016;14:153.PubMed

	63.
Woo G, Tomlinson G, Yim C, Lilly L, Therapondos G, Wong DK, Ungar WJ, Einarson TR, Sherman M, Heathcote JE, Krahn M. Health state utilities and quality of life in patients with hepatitis B. Can J Gastroenterol. 2012;26:445–51.PubMedPubMedCentral

	64.
Mendelson A, Kondo K, Damberg C, Low A, Motuapuaka M, Freeman M, O’Neil M, Relevo R, Kansagara D. The effects of pay-for-performance programs on health, health care use, and processes of care: a systematic review. Ann Intern Med. 2017;166:341–53.PubMed

	65.
Forbes LJ, Marchand C, Doran T, Peckham S. The role of the quality and outcomes framework in the care of long-term conditions: a systematic review. Br J Gen Pract. 2017;67:e775–84.PubMedPubMedCentral

	66.
Chen CC, Tseng CH, Cheng SH. Continuity of care, medication adherence, and health care outcomes among patients with newly diagnosed type 2 diabetes: a longitudinal analysis. Med Care. 2013;51:231–7.PubMed

	67.
Pereira Gray DJ, Sidaway-Lee K, White E, Thorne A, Evans PH. Continuity of care with doctors—a matter of life and death? a systematic review of continuity of care and mortality. BMJ Open. 2018;8: e021161.PubMedPubMedCentral

	68.
Hsieh P-L, Yang F-C, Hu Y-F, Chiu Y-W, Chao S-Y, Pai H-C, Chen H-M. Continuity of care and the quality of life among patients with type 2 diabetes mellitus: a cross-sectional study in Taiwan. Healthcare. 2020;8:486.PubMedCentral

	69.
Ye T, Sun X, Tang W, Miao Y, Zhang Y, Zhang L. Effect of continuity of care on health-related quality of life in adult patients with hypertension: a cohort study in China. BMC Health Serv Res. 2016;16:674.PubMedPubMedCentral

	70.
Bayliss EA, Ellis JL, Shoup JA, McQuillan DB, Steiner JF, Zeng C. Association between continuity of care and health-related quality of life. J Am Board Fam Med. 2017;30:205–12.PubMedPubMedCentral

	71.
Hao LJ, Tien KJ, Chao H, Hong CJ, Chou FS, Wu TJ, Chao JK, Shi MD, Chai KL, Ko KC, et al. Metabolic outcome for diabetes shared care program outpatients in a veterans hospital of southern Taiwan. J Chin Med Assoc JCMA. 2011;74:287–93.PubMed

	72.
Meduru P, Helmer D, Rajan M, Tseng CL, Pogach L, Sambamoorthi U. Chronic illness with complexity: implications for performance measurement of optimal glycemic control. J Gen Intern Med. 2007;22(Suppl 3):408–18.PubMedPubMedCentral

	73.
Frayne SM, Halanych JH, Miller DR, Wang F, Lin H, Pogach L, Sharkansky EJ, Keane TM, Skinner KM, Rosen CS, Berlowitz DR. Disparities in diabetes care: impact of mental illness. Arch Intern Med. 2005;165:2631–8.PubMed

	74.
Bae S, Rosenthal MB. Patients with multiple chronic conditions do not receive lower quality of preventive care. J Gen Intern Med. 2008;23:1933–9.PubMedPubMedCentral

	75.
Chao J, Song L, Zhang H, Zhu L, Tian L, Jin H, Liu P. Effects of comprehensive intervention on health-related quality of life in patients with chronic hepatitis B in China. BMC Health Serv Res. 2013;13:386.PubMedPubMedCentral

	76.
Chiang CJ, Yang YW, Chen JD, You SL, Yang HI, Lee MH, Lai MS, Chen CJ. Significant reduction in end-stage liver diseases burden through the national viral hepatitis therapy program in Taiwan. Hepatology. 2015;61:1154–62.PubMed

	77.
Khairullah S, Mahadeva S. Translation, adaptation and validation of two versions of the chronic liver disease questionnaire in Malaysian patients for speakers of both english and Malay languages: a cross-sectional study. BMJ Open. 2017;7: e013873.PubMedPubMedCentral

	78.
Kim JH, Kwon SY, Lee YS, Lee JH, Lee YS, Lee CH. Virologic response to therapy increases health-related quality of life for patients with chronic hepatitis B. Clin Gastroenterol Hepatol. 2012;10:291–6.PubMed

	79.
Ahn SH, Choe WH, Kim YJ, Heo J, Latarska-Smuga D, Kang J, Paik SW. Impact of interferon-based treatment on quality of life and work-related productivity of korean patients with chronic hepatitis C. Gut Liver. 2020;14:368–76.PubMed

	80.
Juanbeltz R, Castilla J, Martínez-Baz I, O’Leary A, Sarobe M, San Miguel R. Health-related quality of life in hepatitis C patients who achieve sustained virological response to direct-acting antivirals: a comparison with the general population. Qual Life Res. 2019;28:1477–84.PubMed

	81.
Gormley MA, Akiyama MJ, Rennert L, Howard KA, Norton BL, Pericot-Valverde I, Muench S, Heo M, Litwin AH. Changes in health-related quality of life for HCV-infected people who inject drugs on opioid agonist treatment following sustained virologic response. Clin Infect Dis. 2021;74:1586.PubMedCentral



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


OEBPS/navigation.xhtml

    
      Contents


      
        		The effect of a pay-for-performance program on health-related quality of life for patients with hepatitis in Taiwan


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/css/sidebar.gif





