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Abstract
Background
Chronic kidney disease (CKD) is a health problem due to its increasing prevalence and imposes a significant economic burden on the health system. This study aimed to analyze the cost–benefit of kidney transplantation through the valuation of patients with ESRD for a kidney transplant and its costs to help decide this regard.

Material and methods
This study was a descriptive-analytical and cross-sectional economic evaluation study of health interventions performed in Imam Khomeini Hospital in Urmia from the patient’s perspective. The records of kidney recipients were used to calculate the direct costs of kidney transplantation based on the government tariff rate in 2021. The willingness to pay for kidney transplantation (benefit) was measured through a questionnaire and with a contingent valuation method from 266 samples of patients with ESRD. The questionnaire designed by the researchers had four scenarios with different chances for kidney transplant success. Validation and test–retest methods were used to check the validity and reliability of the questionnaire. Stata software was used to estimate the regression of the factors affecting the willingness to pay and the kidney transplant demand function.

Results
The average cost of a kidney transplant was $877.4. The average willingness to pay for a kidney transplant for four scenarios was estimated at $4733. The mean cost–benefit ratio (BCR) and net present value (NPV) for the four kidney transplant scenarios were 5.39 and $3855. The variables of employment status, awareness of kidney function, number of years with ESRD, insurance coverage, and patients’ income significantly affected their willingness to pay. However, the effect of other variables was not significant. The absolute value of price elasticity of kidney transplant demand was also equal to 2.13.

Conclusion
According to the cost–benefit analysis indexes, the study results showed that a kidney transplant has a net positive benefit for all levels of its probability of success, so the willingness to pay or valuation of patients is about five times the cost of a kidney transplant. Also, the demand for kidney transplantation shows the high sensitivity of the demand for this service to the price. Therefore, preparations for kidney transplantation in patients with ESRD should be considered in situations where the price and cost of transplantation change. The results can help health policy-makers decide to allocate financial resources more efficiently.
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Introduction
Today, despite the increase in life expectancy, chronic diseases are one of the significant health issues in the world. People with these diseases have to change their role from ordinary people in everyday life to a person with permanent patient roles. They are always under the supervision of treatment groups. Chronic kidney disease (CKD) is one of the chronic diseases that causes a person to constantly play the role of a patient in life due to his health condition and disease and its treatment [1].
CKD is a stage in which kidney function reaches less than 50% of its standard capacity [2]. If the kidneys cannot function more than 10–15% of their standard capacity as the end-stage renal disease (ESRD) is considered. End-stage renal disease can cause complications, including anemia (not enough red blood cells to carry oxygen throughout the body), bone disease, brain damage, edema (swelling), fluid in and around the lungs, high levels of certain minerals (potassium or phosphorus), infections, nerve damage, seizures, stroke. At this stage, kidney transplant or dialysis of the type of hemodialysis or peritoneal dialysis becomes necessary for the survival of the person [3].
In general, the incidence of this disease in most countries is more than 200 cases per 1 million people in a year. Due to its increasing prevalence and high economic burden, it has become a problem and a threat to global health [4, 5].
Today, one of the main goals of governments is to organize, provide and finance health services for all members of society [6]. Lack of adequate funding is currently one of the most common problems in the health sector, so discussing how to finance health services is one of the main challenges for governments and providers [7]. In this regard, the exceptionally high costs of treating ESRD and eliminating subsidies for this disease can reduce government spending in the short term. However, in the long run, if the disease is not controlled, the direct and indirect costs to patients (costs of absenteeism, reduced productivity, and production) will impose a significant financial burden on patients, their families, and society. Currently, basic and complementary health insurances largely cover kidney transplant costs in the Iranian health system. In addition, the gift of self-sacrifice is paid to kidney donors, part of which is paid by the recipient's family and part by the Ministry of Health and the Foundation for Special Diseases. This amount of gift is now 1160$.
The health and economic consequences of medical interventions and the costs and financing of these interventions are considered by health managers and economists, examined in economic evaluation studies such as cost-effectiveness, cost-utility, and cost–benefit. Cost–benefit analysis is one of the economic evaluation methods in which both costs and consequences of interventions are measured on a monetary scale. In the CBA approach, if the benefits of an intervention or program outweigh the costs, that intervention or program will be preferable to others and therefore increase social welfare [8].
Cost–benefit analysis is especially useful for valuing goods and services that show health and non-health consequences [9]. Because a successful kidney transplant prolongs the patient’s life and increases productivity and income, it is a clear example of the above goods. Therefore, valuing the consequences of kidney transplantation using monetary units and its cost–benefit analysis seemed to be a practical solution.
The increase in new dialysis cases and demand for services by this group of patients and the dramatic increase in the price of medical services make it necessary to choose the most cost–benefit of treatment method. The cost–benefit study can also help rank alternative treatments for diseases according to the different benefits and efficiencies of treatment methods and their specific cost level. Accordingly, the basis for measuring the benefits of alternative treatments must be determined [10]. The benefits or consequences of a kidney transplant can be measured by estimating the willingness to pay for each of the designed scenarios based on the likelihood of successful treatment. In general, preferences and willingness to pay are common ways to measure the value of goods or outcomes that reflect the total utility of health and non-health outcomes [11]. In other words, in the willingness to pay method, the amount of willingness to pay by individuals is calculated to get rid of disease or health problems.
Economists often use the Contingent Valuation Method (CVM) to derive their willingness to pay. In the CVM, individuals are asked to set a price for a commodity that may not be purchased (non-consumable). In this method, the individual is asked how much he or she is willing to pay to receive the hypothetical service in question [12]. The studies of Farabi et al. [19], Darvish et al. [6], Killing (2017), and Herold [23] also used the willingness to pay approach to analyze the cost–benefit of the service.
According to the Ministry of Health’s Center for Specific Disease Management and Kidney Transplant statistics, about 100,000 people in the country with advanced CKD are being treated with blood and peritoneal dialysis. The pain of dialysis and its financial burden for patients with ESRD should be noted in those on dialysis. According to statistics, the cost of each dialysis session for a patient is about $29 and equivalent to $4176 per year [13]. By calculating the population of thousands of dialysis patients in the country, it is possible to predict the heavy burden of this disease on the country’s health economy. In Iran, unlike other developed countries, financial support is much less and requires increasing attention from insurance companies and the government. Therefore, an analysis of the economic aspects of ESRD seemed necessary due to its prevalence and high treatment costs in Iran.
This study was conducted in Urmia, the center of kidney transplantation in the northwest of the country, with the aim of cost–benefit analysis of receiving it by assessing the valuing of patients with ESRD for a kidney transplant and hospital costs of transplant. Finally, a successful probability of kidney transplantation with more positive net benefits was identified for subsidized resources and investment allocation.
Methods
This study was an economic evaluation study of health interventions conducted in Urmia. Urmia is one of the centers of kidney transplantation in the country, so this city was selected for the study. To accurately estimate the direct costs associated with a kidney transplant, including the cost of visits, surgery, tests, ultrasound, and pharmaceutical items were used from the records of kidney recipients, kidney transplant tariffs in 2021, and comments of kidney surgeons.
The maximum willingness to pay patients under four specific scenarios, designed based on the probability of kidney transplant success, was measured through a questionnaire using CVM and bidding price acquisition as double-bounded dichotomous-choice through face-to-face interviews with 266 patients with CKD (Additional file 1). This researcher-made questionnaire included information about kidney transplantation, the socioeconomic status of participants, and the four scenarios of a kidney transplant to assess the willingness to pay in each of these scenarios. The differences in the studied scenarios were 10, 30, 70, and 99% chance of a successful transplant. These probabilities were designed based on transplant specialists’ opinions to measure true willingness to pay if they know the chances of transplant success. In the double bounded method, each respondent is offered two amounts; the second amount depends on the answer to the first offer. If the answer to the first amount is positive, the second amount that is higher than the first amount will be provided, and if the answer to the first offer is negative, the amount of the second offer that is less than the amount of the first offer will be presented. Batman states that the second bid (in case of a positive response to the first bid) should be twice the amount of the first bid, and the amount of the second bid (if the answer to the first bid is negative) should be half the amount of the first bid [14]. For example, in the first scenario, the patient with ESRD is told that if the cost of kidney transplantation is 1549$ and the success rate of the transplant is 10%, how much would you like to pay? People who answer no to the first offer will be offered a smaller amount, and patients who answer yes will be offered a higher amount.
Multivariate regression was used to measure the factors affecting the willingness to pay. The dependent variable is the willingness to pay (WTP). The independent variables (X) include awareness of kidney function, stage of CKD, and socioeconomic variables such as household income, age and sex, marital status, education, basic and complementary health insurance status, and employment status. [image: $${\text{X}}_{\text{i}}$$] are the model’s explanatory variables, β is the coefficient vector, and [image: $${\upvarepsilon }_{\text{i}}$$] is the error term. [image: $${\text{WTP}}_{\text{i}}$$] is also willingness to pay of the ith person.[image: $${\text{WTP}}_{\text{i}}={{\upbeta X}}_{\text{i}}+{\upvarepsilon }_{\text{i}}.$$]




The demand amounts for kidney transplantation were calculated at different price levels to extract this demand function. The following equation estimated the linear demand function using Ordinary Least Squares (OLS).
All data were converted to a logarithmic form to better estimate the demand function, in which case β represents the elasticity.[image: $${{\text{Q}}_{\text{i}}} = \alpha - \beta \;\ln {{\text{P}}_{\text{i}}} + \upvarepsilon,$$]



where Q is the number of people accepting the proposed price, P is the proposed and accepted price, β is the slope of the demand function, α is the intercept of the demand function, and ε is the statistical disturbance component.
Pagan test was used to analyze the data for the presence of variance’s heteroscedasticity [15] via Stata software version 14.
Finally, to help policy-makers and managers decide on the optimal and correct allocation of limited resources of the health system, the cost–benefit analysis of kidney transplantation was performed using the benefit–cost ratio (BCR). In this study, to calculate the above ratio, the present value method was used, and the present value of the benefits of the studied scenarios was divided by the present value of kidney transplant costs [16].[image: $${\text{B}}/{\text{C}} = {\text{PV}}\left( {{\text{Benefits}}} \right)/{\text{PV}}\left( {{\text{Costs}}} \right) = {\text{PV}}_{\text{B}}/{\text{PV}}_{\text{C}}.$$]




Generally, If B/C ≥ 1 or B-C ≥ 0 is an economic intervention and resource allocation is a higher priority for that intervention, and if B/C < 1 or B-C < 0 is not an economic intervention.
Results
Descriptive statistics
According to Table 1, among the 266 patients studied, 153 (57.52%) were male, and 113 (42.48%) were female. Out of the total sample, 157 patients (59.02%) were unemployed, and 106 participants (40%) were employed. More than 39% of the study samples, i.e., 106 patients, had rural health insurance coverage, followed by social security insurance, with more than 92 patients (34%) was in the next rank. Out of the four age groups of patients classified in this study, the highest statistics belonged to the age group of 45–64 years with more than 132 patients (49%), and the lowest belonged to the age group of 65–75 years which was less than 1% of total samples that were equivalent to 1 patient. More than 95% of the patients participating in the present study stated that their most important source of preparing for kidney transplantation is buying from a healthy person. The priority of about 3% of the study samples was a gift from the deceased. 33.83% of the study samples, equivalent to 90 patients, stated that their kidney functions were less than 15%, and 1.5% of the study population (4 patients) were unaware of their kidney function. The average income of patients participating in the study is $482. Also, the minimum and maximum incomes of the studied sample were $58 and $1740, respectively.Table 1Patients’ information to estimate willingness to pay


	Variables
	Number
	Frequency (%)

	Gender

	 Male
	153
	57.52

	 Female
	113
	42.48

	Employment status

	 Unemployed
	157
	59.02

	 Employed
	109
	40.98

	Health insurance status

	 No insurance coverage
	4
	1.5

	 Health insurance (rural insurance)
	58
	21.58

	 Health insurance (other than rural insurance)
	106
	39.85

	 Social security
	92
	34.59

	 Armed forces
	4
	1.5

	 Other
	2
	0.75

	Age

	 0–19 years
	14
	5.26

	 20–44 years
	119
	44.74

	 45–64 years
	132
	49.62

	 65–75 years
	1
	0.38

	Preference for a kidney preparation

	 Buy from a healthy person
	255
	95.86

	 Gifts from the deceased
	8
	3.01

	 Gifts from family and friends
	3
	1.13

	Awareness of kidney function

	 I don’t know
	4
	1.5

	 Less than 60%
	28
	10.53

	 Between 30 and 50%
	65
	24.44

	 Between 15 and 30%
	79
	29.7

	 Less than 15%
	90
	33.83

	Average income ($)
	266
	482 ± 370




Kidney transplant cost
The mean direct cost of a kidney transplant was $877 in 2021. Indirect costs include travel and accommodation costs, and absenteeism from work was not considered.
Willingness to pay for a kidney transplant
Table 2 shows the willingness to pay of chronic kidney patients by scenarios. The difference between these scenarios was a 10, 30, 75, and %99 chance of success of kidney transplantation. According to the scenarios and chance of success, the average willingness to pay was 3650, 4130, 5387, and $5764. The average willingness to pay for a kidney transplant for four scenarios was $4733. Also, the lowest and highest willingness to pay for a kidney transplant were 725 and $9859, respectively.Table 2Cost–benefit analysis of kidney transplant in patients with CKD in four scenarios


	Subject
	Amount ($)
	Average total of four scenarios

	Scenario1
	Scenario 2
	Scenario 3
	Scenario 4

	Average willingness to pay
	3650
	4130
	5387
	5764
	4733

	Average kidney transplant costs
	877
	877
	877
	877
	877

	Benefit cost ratio (BCR)
	4.16
	4.71
	6.14
	6.57
	5.39

	Net present value (NPV)
	2773
	3253
	4510
	4887
	3856




Cost–benefit analysis of kidney transplant
The values of net present value (NPV) and cost–benefit ratio (BCR) used in this study to analyze the cost–benefit Analysis of kidney transplantation were calculated according to the scenarios in the table below. The average BCR for kidney transplantation was obtained from the average BCR of all Patients for the four scenarios equal to 5.39. In addition, the average NPV for the four kidney transplant scenarios was estimated at $3855.
Kidney transplant request function
Table 3 shows the details of the estimated kidney transplant demand function, which is derived from the willingness to pay of patients with renal failure for receiving a transplant. The price coefficient (β) shows the slope of the demand function as well as the price elasticity of kidney transplant demand which is equal to − 2.13. The R2 index, which is one of the model’s fitting indices and shows the dependent variable’s predictive power based on independent variables, is 0.64 for this model. The value of this index is between zero and one, and if it is more than 0.6, it shows that the independent variables have been able to explain the changes of the dependent variable to a large extent. Therefore, the selected model for estimating the kidney transplant demand function has a good fit. F-statistic also indicates the overall significance of a regression. Breusch-Pagan’s null hypothesis based on a constant variance in this model was not rejected, and the data did not have the problem of variance heteroscedasticity.Table 3Results of estimating the kidney transplant demand function


	Variable
	Coefficient (β)
	Standard error (SE)
	t-statistic
	P-value

	p
	− 2.128864
	0.5371697
	− 3.96
	0.003

	Intercept
	12.89876
	2.340703
	5.51
	0.000

	F
	15.71

	P
	0.0033

	R2
	0.6357

	Adjusted R2
	0.5952




As shown in Fig. 1, the demand function curve of kidney transplantation has a negative slope. In this curve, the vertical axis shows the proposed price, and the horizontal axis shows the amount of demand, which is the number of patients accepting the proposed price for a kidney transplant.[image: ]
Fig. 1Kidney transplant demand function curve


Factors affecting the willingness to pay for a kidney transplant
The results of the multivariate regression model of factors affecting patients’ willingness to pay for a kidney transplant service are presented in Table 4. In this regression, the dependent variable was the willingness to pay and the independent variables were age, sex, employment, years with kidney failure, education level, awareness of kidney function, basic health and supplementary insurance status, doctor’s influence on kidney transplant, preference for a kidney preparation, and monthly income.Table 4Results of linear regression estimation of factors affecting patients’ willingness to pay for a kidney transplant


	Variable
	Coefficient (CI 95%)
	p-value

	Sex

	 Male
	Ref.
	 
	 Female
	0.026 (− 0.023, 0.0758)
	0.296

	Age group

	 0–19
	Ref.
	 
	 20–44
	0.188 (0.72, 0.30)
	0.002

	 45–64
	0.1405
	0.015

	 65–75
	0.215
	0.281

	Years with kidney failure

	 Two years or less
	Ref.
	 
	 Five years or less
	0.175 (0.10, 0.25)
	0.000

	 Over 5 years
	0.2635
	0.000

	Education level

	 Elementary and secondary education
	Ref.
	 
	 High school diploma
	− 0.055 (− 0.12, 0.11)
	0.102

	 Academic degree
	− 0.0165
	0.586

	Awareness of kidney function

	 Don’t know
	Ref.
	 
	 Less than 60%
	− 0.12 (− 0.34, 0.089)
	0.249

	 Between 30 and 50%
	0.892
	0.412

	 Between 15 and 30%
	0.3126
	0.005

	 Less than 15%
	0.4041
	0.000

	Supplementary insurance status

	 No
	Ref.
	 
	 Yes
	− 0.062 (− 0.138, 0.013)
	0.109

	Doctor’s influence on kidney transplant

	 Don’t know
	Ref.
	 
	 Mostly yes
	− 0.27 (− 0.61, 0.65)
	0.412

	 Definitely yes
	0.1348
	0.239

	Basic health status

	 No insurance coverage
	Ref.
	 
	 Health insurance (rural insurance)
	0.426 (0.19, 0.65)
	0.000

	 Health insurance (other than rural insurance)
	0.3944
	0.001

	 Social security
	0.405
	0.001

	 Armed forces
	0.3034
	0.04

	 Other
	0.3384
	0.064

	Monthly income (log)
	0.2727 (0.2158, 0.3297)
	0.000

	Preference for a kidney preparation

	 Buy from a healthy person
	Ref.
	 
	 Gifts from the deceased
	0.060 (− 0.20, 0.08)
	0.412

	 Gifts from family and friends
	0.1402
	0.239

	Employment status

	 Unemployed
	Ref.
	 
	 Employed
	0.101 (0.04, 0.15)
	0.000

	Constant
	14.37791 (13.43, 15.33)
	0.000

	Number of observations
	266

	R2
	0.8635

	Adjusted R2
	0.8499

	F
	63.51

	Prob
	0.000




More than 86% of the dependent variable changes are the willingness to pay of patients for kidney transplantation by independent variables included in the model (R2 = 0.8635). F-statistic also shows the overall significance of regression (F = 63.51).
Discussion
Based on the study results, the cost of a kidney transplant was estimated at $877, and the average willingness to pay for the four designed scenarios was $4733. The average net present value (NPV) and cost–benefit ratio (BCR) are $3855 and 5.39. The values obtained for the net present value are positive for all four scenarios, and their number is high. Also, the values of the cost–benefit ratio of kidney transplantation for the four scenarios are greater than one; it can be said that all four scenarios have a high cost–benefit. The cost of a kidney transplant is far less than the value of its benefits in all four scenarios.
The high values of the NPV and BCR relations might be that patients with ESRD can get rid of the pain and complications of chronic dialysis and, consequently, its direct and indirect costs once by spending on transplant costs. In addition, as proven in previous studies, kidney transplant improves the quality of life and life expectancy of such patients [9, 13]. The results of the Axelrod study also showed the cost-effectiveness of all kidney transplant options, i.e., transplantation from a living and deceased donor, compared to dialysis due to improved survival [17], which confirms the results of the present study.
The study’s findings indicated that the patients’ willingness to pay was affected by their chances of a successful kidney transplant; as the probability of its success increases, the willingness to pay of patients also increases. In the first hypothetical scenario, where the probability of success was %10, the average patients’ willingness to pay was estimated at $3650. According to the average cost of a kidney transplant, which is equal to $877, it is clear that in this scenario, kidney transplantation, despite its low success rate, is cost–benefit. A BCR ratio greater than one (4.16) and a positive NPV ($2772) confirms this.
The average willingness to pay in the second and third scenarios was obtained at 4130 and $5387. In these scenarios, the values of BCR and NPV relations, which are [4.71 and 6.14] and [3253 and $4509], respectively, show that kidney transplant is also cost–benefit. The results of a kidney transplant's third and fourth scenarios have a higher net positive benefit than the first scenario. In the fourth scenario, the willingness to pay was $5764, and the values of NPV and BCR were equal to $4886 and 6.57. This subject shows that a 99% chance of success for a kidney transplant is worth about 6.5 times the actual cost of a transplant for patients. It makes the patients more valuable if they are sure of the result of the transplant.
In different studies such as Palumbo and Darvishi et al., the patients’ willingness to pay for the desired service has increased with increasing the chance of successful treatment and is consistent with the results of this study [6, 18]. Therefore, the probability of transplant success can be one of the most critical factors affecting the patients’ willingness to pay for this service.
Various factors influence the patients’ willingness to pay for kidney transplants. In this regard, Patients’ income has a positive and significant effect on their willingness to pay. However, the income elasticity (income coefficient in the estimated model) is less than one; therefore, with a one percent increase in patients’ incomes, their willingness to pay increases by less than one percent. The result is consistent with dissimilar studies of Farabi and Darvishi [6, 19]. Because the amount of income elasticity is greater than zero and less than one, it can be said that a kidney transplant is a necessary service for patients with ESRD.
In this study, respondents and surveyed patients, knowing that the older patients were, the lower the chance of successful transplant, were less likely to pay even in similar scenarios than younger patients and the reference group. This result is consistent with other existing but dissimilar studies by Darvishi, Farabi, and Mayer [6, 19, 20].
Awareness of kidney function and the number of years with ESRD positively and significantly affected the patient's willingness to pay. This result was consistent with the results of a study by Jensen et al. and Tan et al., which found that kidney transplant was better in the treatment of patients with end-stage renal disease than dialysis [21, 22]. Having insurance coverage has a positive and significant effect on the patients’ willingness to pay with ESRD. People with insurance coverage expect insurance to contribute to kidney transplant costs compared to those without health insurance, so they tend to pay more than the first group, the uninsured. The result of Farabi’s study in this regard was similar to the result of the present study [19].
The employment status variable had a positive and significant effect on an individual’s decision about the willingness to pay in this study, and the result was consistent with Herold’s study [23].
Other variables of supplementary insurance status, Preference for a kidney preparation, doctor’s influence on kidney transplant, education level, and gender of patients with ESRD were not statistically significant. The results obtained for these factors in the present study did not confirm the results of other previous studies.
Studies have evaluated the benefits of kidney transplantation in conditions where the benefit has been measured with a willingness to pay approach have not been performed so far. Therefore, some comparison with previous studies was somewhat impossible.
In this study, the absolute value of price elasticity of 2.13 for kidney transplant demand indicates that the demand for this service was elastic and sensitive to price changes; if the price increases by one percent, demand will decrease by more than one percent. Given that dialysis is a substitute for a kidney transplant in patients with ESRD; therefore, patients are more sensitive to the price and cost of a kidney transplant.
The exclusion of indirect costs, such as travel expenses and lost productivity of patients and their companions in calculating kidney transplant costs, was one of the limitations of this study.
In this study, due to the relationship between insurance coverage and the willingness to pay for a kidney transplant, basic insurance organizations can be considered one of the sources of kidney transplant financing. In particular, the benefits of receiving this service go directly to those organizations by reducing future dialysis costs.
Given the relationship between willingness to pay and patients’ monthly income to receive a kidney transplant, low-income people have a low willingness to receive a transplant due to financial problems. However, these people are far more vulnerable to high-income people with decreased kidney function. Therefore, it is suggested that low-income people be provided with support measures to receive this service.
Conclusion
Based on the results of this study, kidney transplant had a net positive benefit and was economically justified in all scenarios; on average, patients valued a kidney transplant at about five times the cost. The high economic justification of kidney transplantation could be that receiving this service by patients with ESRD and improving their quality of life is expected to achieve significant savings in financial resources by reducing the need for future medical expenses of this disease. Also, in this study, the variables of employment status, awareness of kidney function, number of years with ESRD, health insurance status, and patients’ income significantly affected their willingness to pay, and the effect of other variables was not significant. Estimation of the kidney transplant demand function also showed that patients' demand was highly elastic and sensitive to price changes. The results can help health policymakers’ decisions on the optimal allocation of financial resources (including public resources, insurers’ resources, and household budgets) to the provision of the service under study.
Acknowledgements
The researchers would like to thank the hospital management, the medical records department, and the dialysis staff who contributed to this study.

Author contributions
FA, AT and HY were the principal investigators of the research and designed the study. FA, HY and CA collected data, managed and analyzed the data. FA, AT and HY drafted the first version of the manuscript. All authors read and approved the final manuscript.

Funding
This work was supported by the Urmia University of Medical Sciences.

Availability of data and materials
The essential data is available in the article and we can provide upon request.

Declarations
Ethics approval and consent to participate
This study was approved by the Ethics Committee of the Urmia University of Medical Sciences (IR.UMSU.REC.1399.314).

Consent for publication
Not applicable.

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


References
	1.
Parvan K. Quality of sleep and its relationship to quality of life in hemodialysis patients. J Caring Sci. 2013;2(4):295.PubMedPubMedCentral

	2.
Afshar R, Sanavi S, Salimi J. Epidemiology of chronic renal failure in Iran: a four year single center experience. Saudi J Kidney Dis Transplant. 2007;18(2):191.

	3.
Kusiak A, Shah S, Dixon B. Data mining based decision-making approach for predicting survival of kidney dialysis patients. IFAC Proc Vol. 2003;36(15):35–9.Crossref

	4.
Hadian B, Anbari K, Heidari R. Epidemiologic study of end stage renal disease and related risk factors in patients under hemodialysis in Lorestan province. Yafteh. 2015;16(3):44–53.

	5.
Biniaz V, Tayebi A, Ebadi A, Sadeghi Sharmeh M, Nemati E. Effect of receiving intravenous vitamin C on dyslipidemia in patients undergoing hemodialysis. Evid Based Care. 2013;3(2):55–62.

	6.
Darvishi A, Goudarzi R, Habib Zadeh V, Barouni M. Cost-benefit analysis of pharmaceutical treatments of infertility using willingness to pay approach. SSU_Journals. 2018;26(3):245–56.

	7.
Gustafsson-Wright E, Asfaw A, van der Gaag J. Willingness to pay for health insurance: an analysis of the potential market for new low-cost health insurance products in Namibia. Soc Sci Med. 2009;69(9):1351–9.Crossref

	8.
Fawsitt CG, Bourke J, Murphy A, McElroy B, Lutomski JE, Murphy R, Greene RA. A cost–benefit analysis of two alternative models of maternity care in Ireland. Appl Health Econ Health Policy. 2017;15(6):785–94.Crossref

	9.
Goudarzi R, Barouni M, Baneshi MR, Mohamadi B. Cost–effectiveness analysis of dialysis and kidney transplant using DALY in Afzalipour hospital of Kerman. J Hosp. 2015;14(4):21–8.

	10.
Ryan M. Using conjoint analysis to take account of patient preferences and go beyond health outcomes: an application to in vitro fertilisation. Soc Sci Med. 1999;48(4):535–46.Crossref

	11.
Zweifel P, Breyer F, Kifmann M. Economic valuation of life and health. In: Health economics. New York: Springer; 2009. p. 17–74.Crossref

	12.
Wagner TH, Hu T-W, Dueñas GV, Pasick RJ. Willingness to pay for mammography: item development and testing among five ethnic groups. Health Policy. 2000;53(2):105–21.Crossref

	13.
Amirkhani M, Nouhi E, Jamshidi H. The comparative survey of life quality in renal transplant recipients, peritoneal dialysis, and hemodialysis patients in Kerman in the year 2013. J Fasa Univ Med Sci. 2014;4(1):126–33.

	14.
Redekop W, Severens J. Challenges in modelling the cost effectiveness of various interventions for cardiovascular disease. Chall Assess Cost-Eff Cardiovasc Dis Technol. 2015;32(7):155.

	15.
Greene W. Econometric analysis. Pearson Education India. Delhi; 2003.

	16.
Drummond MF, Sculpher MJ, Claxton K, Stoddart GL, Torrance GW. Methods for the economic evaluation of health care programmes. Oxford: Oxford University Press; 2015.

	17.
Axelrod DA, Schnitzler MA, Xiao H, Irish W, Tuttle-Newhall E, Chang SH, Kasiske BL, Alhamad T, Lentine KL. An economic assessment of contemporary kidney transplant practice. Am J Transplant. 2018;18(5):1168–76.Crossref

	18.
Palumbo A, De La Fuente P, Rodríguez M, Sánchez F, Martinez-Salazar J, Munoz M, Marqueta J, Hernández J, Espallardo O, Polanco C. Willingness to pay and conjoint analysis to determine women’s preferences for ovarian stimulating hormones in the treatment of infertility in Spain. Hum Reprod. 2011;26(7):1790–8.Crossref

	19.
Farabi H, Rezapour A, Moradi N, Aghamir SMK, Koohpayehzadeh J. Men’s willingness to pay for prostate cancer screening: a systematic review. Syst Rev. 2020;9(1):1–10.Crossref

	20.
Mayer M, Selig K, Tüttelmann F, Dinkel A, Gschwend JE, Herkommer K. Interest in, willingness-to-pay for and willingness-to-recommend genetic testing for prostate cancer among affected men after radical prostatectomy. Fam Cancer. 2019;18(2):221–30.Crossref

	21.
Jensen CE, Sørensen P, Petersen KD. In Denmark kidney transplantation is more cost-effective than dialysis. Dan Med J. 2014;61(3):A4796.PubMed

	22.
Tan Q, Song T, Jiang Y, Qiu Y, Liu J, Huang Z, Wang X, Lin T. Factors affecting willingness to receive a kidney transplant among hemodialysis patients in West China: a cross-sectional survey. Medicine. 2017;96(18): e6722.Crossref

	23.
Herold DK. Patient willingness to pay for a kidney for transplantation. Am J Transplant. 2010;10(6):1394–400.Crossref



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


OEBPS/navigation.xhtml

    
      Contents


      
        		Cost–benefit analysis of kidney transplant in patients with chronic kidney disease: a case study in Iran


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/12962_2022_372_Article_TeX_Equa.png
WTPI = BXI + &;.





OEBPS/images/12962_2022_372_Article_TeX_Equb.png
Q,=a—p InP;+¢,





OEBPS/images/12962_2022_372_Article_TeX_Equc.png
B/C = PV (Benefits) /PV (Costs) = PVg/PV¢.





OEBPS/images/12962_2022_372_Article_TeX_IEq2.png





OEBPS/images/12962_2022_372_Article_TeX_IEq1.png





OEBPS/images/12962_2022_372_Article_TeX_IEq3.png
WTP;





OEBPS/css/envelope.png





OEBPS/images/12962_2022_372_Fig1_HTML.png
Price ($)
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

20

T
40

60

T

80

T

100

T T T
120 140 160

Demand Quantity

T T T T
180 200 220 240

260 280





OEBPS/css/sidebar.gif





