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ABSTRACT

Introduction: The prevalence of Chronic Kidney Disease (CKD)
in Iran amounts to 15.14%, which is higher than the global
average. Given the substantial cost of this disease, health
insurance companies need evidence of the cost-effectiveness of
screening for the disease in adults at risk so that they can control
the prevalence of the disease and the associated incremental
medical costs by implementing a nationwide screening.

Aim: To explore the cost-effectiveness of screening for CKD
among adults as compared with having a non-intervention strategy.

Materials and Methods: The study had a cross-sectional
design and uses the cost-effectiveness analysis approach to
compare the costs and outcomes of screening versus non-
screening CKD. The estimated Glomerular Filtration Rate
(GFR) was used for primary screening of the population. For
this purpose, blood creatinine was measured; subsequently,
urine creatinine and volume were analysed. However, some
complementary measures and diagnostic tests were employed
for positive cases, including the kidney ultrasonography. Costs
and outcomes of the two strategies was calculated using a

INTRODUCTION

CKD is a global public health concern. With an average annual
growth rate of 8%, it holds one of the fastest rates among chronic
diseases and has accordingly been considered by policy-makers
as one of the public health challenges on the global scale [1-3]. The
prevalence of this disease in developing countries overrides that
of the developed ones. The average prevalence of this disease is
reported to be 13.4 per 100 people worldwide [4].

To design the Markov model of the natural course of CKD, the
different stages of the disease needs to be identified. For this
purpose, five phases were identified using the Glomerular Filtration
Rate (GFR) as recommended by the disease guideline [5,6].

As the patient moves from one stage to another stage, his/her
quality of life decreases, and the burden of medical care increases
due to the patients’ need for dialysis or transplantation as well as
cardiac complications. Policy makers are seeking to prevent and
delay patient transition to advanced stages of the disease where the
patient may endure impaired kidney function [7,8].

CKD canhaveaconsiderablefinancial burden onfamilies, the country,
and insurance organisations because of dialysis, hospitalisation,
and transplantation costs [9,10]. In 2015, Medicare Insurance in the
United States spent over 98 billion USD on kidney failure patients
[11]. In Canada, the cost is estimated at $ 260 million for 2017
[12]. In Australia, studies show that the annual cost of treatment
for these patients will reach $ 1.1 billion by 2020 [13]. The huge
cost of treatment and the lengthy treatment process have caused
some patients to suffer catastrophic expenditure, putting them on
the borders of poverty [4]. While kidney disease accounts for 1.1%
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Markov decision model. This model is designed based on the
natural course of CKD and GFR as a five-stage model. Costs
of services required for patients were calculated based on
Iran Health Insurance Organisation database, and outcome
data were extracted in terms of the Quality-Adjusted Life-Year
(QALY) index. Using TreeAge software, costs and outcomes
were simulated for 1000 patients, and sensitivity analysis was
used to test the reliability of the model data.

Results: For an adult population, the cost-effectiveness ratio
for screening versus non-screening was 277,686,954 Rials per
QALY, which was the effective cost. The results of one-way
sensitivity analysis on the variables of the model shows that the
screening strategy can be considered a dominant strategy in
different domains.

Conclusion: Given the high prevalence of CKD in Iran, early
detection of this disease via adult population screening is
cost-effective for health insurance companies, and these
organisations can control the costs of dialysis and kidney
transplantation by reducing the rate of patient transitions from
early to the final stages of the disease.
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of the global burden of disease [14], these circumstances have
caused 35.6% of the patients in middle-to high-income countries
to be exposed with the dreadful costs of the disease [10].

The predictions as per the increased incidence of CKD and the
limitations associated with current treatments in eliminating kidney
inefficiencies suggest the need for clinical and population-based
interventions to prevent CKD [3]. The early detection of this disease
via screening is one of the programs used to prevent or delay the
effect of the disease, especially in high-risk groups such as those
with high blood pressure and diabetes [7].

Considering the financial burden ofimplementing alarge-scale screening
at the community level, and the need to ensure the effectiveness of
screening results, the use of cost-effectiveness analysis is essential for
the economic evaluation of laboratory tests [15].

Numerous studies have been conducted in different countries to
economically evaluate CKD screening, with differences in target
groups, perspectives of analysis, and expected outcomes. The
target population has mainly comprised of adults, senior citizens,
and children [16-18]. The perspectives have included the community,
service providers, the Ministry of Health, and funding providers to
identify costs [19-21]. Concerning the analysis outcome, the studies
have utilised the QALY index, the gained year of life, and the number of
patients with end-stage prevention for the modeling process [22,23].

CKD has a prevalence rate of 15.14% in Iran, overriding that of the
global average [24]. The lack of evidence on assessing the cost-
effectiveness of screening for this disease underlies the motive to
conduct this study. Moreover, analysis and modeling were made
from the perspective of the insurance organisations/companies.
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This study was designed to provide some evidence for the policy-
making of CKD screening among the adult population of Iran. The
study evaluated the cost-effectiveness of screening versus non-
screening CKD from the perspective of insurance organisations
in Iran. The findings are expected to help policy makers to design
interventions that can delay the disease progression to advanced
stages and improve health outcomes.

MATERIALS AND METHODS

This study was built on a cross-sectional design and the cost-
effectiveness analysis method to compare CKD laboratory screening in
terms of the GFR level [7] versus non-screening in the adult population
of the Tehran province, Iran, from February 2016 to December 2017.
This study was conducted as a computer simulation, and therefore no
patient was studied in the field; hence, no need to formulate inclusion
and exclusion criteria, informed consent, or ethical clearance approval.
An analysis was made from the perspective of social insurance
organisations. A discount rate of 5% was considered for all the benefits
and costs. All the past costs were calculated based on the inflation rate
of service tariffs covered by insurance companies. The cost-related data
for the services provided for patients in line with the disease progression
were extracted from the Health Insurer’s database. The final results were
presented based on the Incremental Cost Effectiveness Ratio (ICER).
The ratio is an indicator that illustrates the difference in cost between
the strategy of using screening and the strategy of not using screening,
divided by the difference in their outcomes. The level of effectiveness
was considered as per the World Health Organisation criteria. It is a
threshold used to indicate the cost-effectiveness of the estimated
costs for one QALY [15]. That is, if the costs exceeded the average or
were less than three times average per capita gross domestic product,
they were considered cost-effective. This study built on one-way
sensitivity analysis to increase and decrease the parameters of the
model by 50% of their original value. The natural course of CKD was
considered based on GFR and its five stages. The screening process
is based on the GFR, whose initial calculation is by measuring blood
creatinine, followed by an analysis of urine creatinine and volume. If the
results confirm CKD, the kidney ultrasound is requested. [Table/Fig-1]
shows the stages of the disease according to GFR.

Stage Pathology GFR amount (mL/min/1.73 m?
| Kidney damage with normal GFR >90

Il Kidney damage with mild GFR 60-89

1l Moderately reduced GFR 30-59

I\ Severely reduced GFR 15-29

\ Kidney failure <15

[Table/Fig-1]: Stages of CKD based on GFR.

Using a Markov decision method [25,26], the study developed the
model of the disease transition stages [5] in two scenarios, i.e.,
screening and non-screening, as presented in [Table/Fig-2]. Based
on this model, the decision tree was built using the decision analysis
software (Tree Age Pro 2015, Wiliamstown, MA). A 1000-people
cohort was simulated via this computer model.

e The stages of the disease and transition processes for the
screening strategy are shown in dots.
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e Transition from the final stage of the disease to the cardiac
disease stage resulting from CKD is not included in the model.

Death

[Table/Fig-2]: A Markov model of the natural course of the disease in screening
and non-screening states.

The initial distribution of CKD patients into different stages was
based on the prevalence data in Iran. The transition probabilities
between the five stages of the disease and the disease-associated
death in the two strategies were derived from the literature [27].
They were finalised using the data from the patients’ electronic
records file and after the panel between nephrologists and health
economics experts was held [Table/Fig-3].

Given the natural course of the disease [6] and the probability
table, screening does not prevent the natural course or return to
a previous stage of CKD, but it only reduces the risks of transition
from an early stage of the disease to advanced stages, so that the
final stages may occur at a delayed time. In this study, each stage
was considered to last for a year. The study did not cover CKD
complications, e.g., cardiac complications, in terms of the transition
probabilities and economic burden, nor did it include the probability
of death occurring as a result of other causes.

Estimates of costs were evaluated from the perspective of insurance
organisations. Costing was performed as aggregating parts to a
whole using the questionnaire of services prescribed at each stage
of the disease using experts’ opinions. Therefore, one questionnaire
was developed for each CKD stage, which identified the type and
frequency of the prescribed services as well as the proportion of
prescription for the patient population at each stage. The services
included laboratory tests, diagnostic imaging, medication, dialysis,
and transplantation. The questionnaire was completed by a panel
of nephrologists and was finalised after unanimous agreement was
reached by them. The cost of services was calculated using the
health insurance organisation’s database according to the tariffs
approved by and the payment made by the organisation.

Screening strategy No screening strategy
No CKD Stage 1 Stage 2 Stage 3 | Stage 4 | Stage 5 No CKD | Stage1 Stage2 | Stage3 | Stage4 | Stage5
No CKD 0.874 0.022 0.021 0.078 0.003 0.002 | No CKD 0.874 0.022 0.021 0.078 0.003 0.002
Stage 1 0 0.27 0.62 0 0 0 Stage 1 0 0.70 0.29 0 0 0
Stage 2 0 0 0.34 0.46 0 0 Stage 2 0 0 0.405 0.58 0 0
Stage 3 0 0 0 0.37 0.27 0 Stage 3 0 0 0 0.35 0.6475 0
Stage 4 0 0 0 0 0 0.28 | Stage 4 0 0 0 0 0 0.24
Stage 5 0 0 0 0 0 0.15 | Stage 5 0 0 0 0 0 0.80

[Table/Fig-3]: Transition probabilities between different stages of CKD in screening and non-screening states.
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State

Well

Stage |

Stage Il

Stage |l

Stage IV Stage V

Utility

1

0.96

0.92

0.88

[Table/Fig-4]: Desirability of different states of model.

0.84 0.80

Subset Strategy Effectiveness Incremental effectiveness Cost Incremental cost Incremental Cost/ Incremental effectiveness
Dominated No screening 16.46 -1.48 2,475,492,589 412,568,667 - 277,686,954
Undominated | Screening 17.95 0 2,062,923,922 0 0

[Table/Fig-5]: Results of differential cost-effectiveness analysis of screening versus non-screening.

Values of desirability were calculated in terms of QALY. QALY’s value
for each stage of the disease was extracted based on the literature
[27] and is shown in [Table/Fig-4].

RESULTS

As shown in [Table/Fig-5], the ratio of the compared cost-
effectiveness was calculated for both the screening and non-
screening strategies.

The results of the ICER analysis showed that the screening strategy
can be considered a superior strategy. This strategy generates more
output (QALY). Interpreting this ratio shows that the cost of a QALY
unit (one year of full health) has an extra cost through a screening
as much as 277,686,954 Rials. [Table/Fig-6] shows the results of
this analysis.

2,500,000,000.00 °
2,450,000,000.00
2,400,000,000.00
2,350,000,000.00
2 2,300,000,00000 ~A- Do Nothing
O 225000000000 ® dominated
2,200,000,000.00 O screening
2,150,000,000.00 undominated
2,100,000,000.00
2,050,000,000.00 ad
1600 1650 1700 1750 1300 1350
Effectiveness

[Table/Fig-6]: A graph of the cost-effectiveness difference.

Sensitivity Analysis

Regards to the greater weight of end-stage costs variable of CKD,
the one-way sensitivity analysis was performed for mentioned
variable. Considering that during the data collection, sharp currency
fluctuations were dominant in Iranian economy and due to coping
with the methodological errors, the domain of the variables was
considered to be 50+%. The results of sensitivity analysis on the
indicated variable showed that screening strategy was considered
as a dominant strategy in different domains [Table/Fig-7].
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[Table/Fig-7]: One-way sensitivity analysis of end-stage costs variable of CKD.

DISCUSSION
Given the increasing rate of CKD incidence, the use of strategies for
the early detection of the disease and the control of its progression,

Journal of Clinical and Diagnostic Research. 2019 Nov, Vol-13(11): IC01-IC04

especially in the adult population, can both improve the quality
of life of patients and reduce the health costs of the disease for
insurance organisations.

As indicated in the present study, adult population screening
is cost-effective based on the calculation of GFR. Some studies
have indicated screening to be ineffective, such as Manns B et al.,
study in Canada similar to present study from a financial provider’s
perspective, assessing the economic screening of the disease,
whose result is ineffectiveness of screening for the entire population
and even specific groups such as hypertension or the elderly [17].

The studies conducted by Sekhar DL et al., in the United States have
shown that spending money on laboratory screening to diagnose
CKD in the pediatric population is not cost-effective [16]. Some
authors suggest that only high-risk individuals should be considered
as target groups such as the elderly or people with the hypertension
or diabetes, like Craig JC et al., study in Australia, which has been
done with considering the number of preventable cases from the
final stage of kidney disease [22], as well as den Hartog JR et al.,
study conducted in the United States using the QALY analysis
[23]. The two studies considering the provider’s perspective for
delivering the service for analysing, screening of older people have
been recommended [22,23]. Hoerger TJ et al., study in the United
States recommends screening for people with diabetes and high
blood pressure, and considers screening beneficial for the whole
population, if it is done in long intervals, or considered as part of the
package of current care services for doctors [18].

Studies in Australia, the Netherlands and Japan have evaluated
screening for the entire adult population as an effective cost. These
studies have been conducted from a wider perspective of the
community, financial supplier, and provider of health services and
the outcomes are based on QALY or life years gained [19-21,28].

One of the most important factors in these studies seems to be
the prevalence rate of the disease in the target population. In Asian
countries such as Iran, whose prevalence is above average, it is
advisable to conduct screening of the entire population, but in
countries such as Europe and the United States that the prevalence
is less, policy makers are advised to focus on specific populations
that have the risk of suffering from the disease to ensure about
consuming optimal resources.

LIMITATION

- Since the perspective of the present study is from the eyes
of insurance companies, the cost of payment by patients and
their families is not included in the calculations. Also, the costs
imposed to the community that are related to the changes in
the productivity of people with CKD are not considered, and so
the cost section of the model may be less estimated.

- Using the simulation model due to lack of data access.

- Not considering the stage of heart disease caused by CKD
and its resulted death.

- Not counting on the survival table.

CONCLUSION

Given the increasing trend of CKD, which results in the growth of
demand for costly dialysis and kidney transplant services, insurance
organisations must prioritise the prevention and control of the
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