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Abstract

Background

The prevalence of chronic kidney disease (CKD) is high in general populations around the
world. Targeted testing and screening for CKD are often conducted to help identify individu-
als that may benefit from treatment to ameliorate or prevent their disease progression.

Aims

This systematic review examines the methods used in economic evaluations of testing and
screening in CKD, with a particular focus on whether test accuracy has been considered,
and how analysis has incorporated issues that may be important to the patient, such as the
impact of testing on quality of life and the costs they incur.

Methods

Articles that described model-based economic evaluations of patient testing interventions
focused on CKD were identified through the searching of electronic databases and the
hand searching of the bibliographies of the included studies.

Results

The initial electronic searches identified 2,671 papers of which 21 were included in the final
review. Eighteen studies focused on proteinuria, three evaluated glomerular filtration rate
testing and one included both tests. The full impact of inaccurate test results was frequently
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not considered in economic evaluations in this setting as a societal perspective was rarely
adopted. The impact of false positive tests on patients in terms of the costs incurred in re-
attending for repeat testing, and the anxiety associated with a positive test was almost
always overlooked. In one study where the impact of a false positive test on patient quality
of life was examined in sensitivity analysis, it had a significant impact on the conclusions
drawn from the model.

Conclusion

Future economic evaluations of kidney function testing should examine testing and monitor-
ing pathways from the perspective of patients, to ensure that issues that are important to
patients, such as the possibility of inaccurate test results, are properly considered in the
analysis.

Introduction

The prevalence of chronic kidney disease (CKD) is high in general populations globally [1-7].
For example, data from the Health Survey in England 2009 and 2010 found the prevalence of
low excretory kidney function (glomerular filtration rate [GFR] <60 mL/min/1.73 m?) to be
5.2% [8]. The accepted international definition of CKD is abnormalities of kidney structure or
function present for >3 months, with implications for health [9]. This definition essentially
comprises either low excretory kidney function and/or the presence of kidney damage. GFR is
recognised ‘as the best overall measure of kidney function, and is frequently used in the diagno-
sis, staging, and management of CKD’ [10]. In the absence of other evidence of kidney damage,
CKD is defined by a GFR threshold of <60 ml/min/1.73m? [11]. Excretory kidney function is
commonly assessed using estimates of the GFR (eGFR) derived from serum creatinine mea-
surements and using equations that take account of age, gender, and ethnicity. Detection of
albuminuria (increased urinary losses of albumin, including lower amounts historically
referred to as microalbuminuria) is also used to identify kidney disease as it indicates the pres-
ence of kidney damage irrespective of whether there is also low excretory kidney function [12].
Urinary reagent strip (‘dipstick’) testing is commonly used to screen patients for albuminuria.
In order to lessen or remove the impact of kidney failure and lower the risk of cardiovascular
disease (CVD) events, patients from both general and high-risk populations such as those with
diabetes and hypertension may be screened using eGFR and albuminuria testing with the goal
of identifying high risk patients eligible for management to slow the progression of CKD and
lower the risk of CVD events [13].

In CKD screening and monitoring are the most common approaches to medical testing.
Screening targets patients that are apparently healthy and seeks to identify early disease or
emerging risk factors. Monitoring involves using a test repeatedly at various points in time, tar-
geting patients that already have disease e.g. patients with CKD <60 ml/min/1.73m?, hyperten-
sion, diabetes, etc., to identify any changes in their disease status that would warrant new
treatment or a change in treatment regime.

However screening for CKD in the general population may have a negative impact on
patients. Although previous studies have suggested that positive CKD tests do not cause psy-
chological harm to patients [14-16], there is still the burden on the patient of having to receive
turther confirmatory testing, referral to secondary care, and potentially unnecessary treatment
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[17]. From the perspective of the health care provider there are the costs incurred due to addi-
tional patient visits and extra testing, all of which could be spent on other services [18]. Indeed,
one of the key issues with CKD is that because the progression of disease is relatively low com-
pared to the variability of the measure used to monitor progression, namely change in GFR or
increase in albuminuria, there are likely to be many false positive test results [12].

During the implementation of a testing and diagnostic pathway, delays can occur which
prevent patients accessing the optimum treatment pathway for their condition. For example, if
testing is delayed then patients that have asymptomatic disease will not get access to the treat-
ment they need, which may lead to unnecessary progression of disease. Then once patients
have been tested, delays may occur while waiting for a definitive test result. Furthermore, once
the need for treatment has been established, there may be delays accessing this treatment. All
of these delays may have an impact on the quality of life of patients. In all cases there is the pos-
sibility of the unnecessary progression of disease, while waiting for confirmatory testing and
then treatment may lead to unnecessary anxiety. Unnecessary delays may also occur as a result
of inefficient health care systems or may be the result of inaccurate testing. For example, a false
negative test may give patients false assurance about their health status but result in unneces-
sary disease progression, potentially leading to increased costs for the health care provider as a
result of having to treat more advanced disease later, which is typically more expensive. Even
in people with non-progressive CKD the situation is further complicated by the increased like-
lihood of significant associated complications such as cardiovascular disease events, acute kid-
ney injury, infections, hospitalisations and all cause mortality [19].

An economic evaluation is a comparative study that examines the difference between costs
and benefits between two or more options and is used in the estimation of cost effectiveness.
There are three main types of economic evaluation: (1) the cost-effectiveness analysis (CEA)
which uses an outcome measure in natural units, e.g. cost per case detected, or cost per patient
treated; (2) the cost benefit analysis (CBA) which uses an outcome measure in monetary units;
and (3) the cost-utility analysis (CUA) which uses the quality adjusted life year (QALY) as the
outcome measure. One QALY is defined as one year of life lived in perfect health, and is often
the preferred outcome measure in economic evaluations due to its comparability across disease
areas. An economic evaluation is conducted from a specific perspective that indicates which
costs should be included in the analysis. A health provider perspective means that only the
costs incurred by the health care provider will be considered in the analysis, while a societal
perspective expands on this perspective to include wider societal costs including the costs
incurred by patients, such as travel time and loss of income [20].

Trial based economic evaluations just take cost and outcome data directly from a trial and
use these to inform the cost-effectiveness of an intervention over the time horizon of the trial.
This approach benefits from being able to take advantage of well designed studies to ensure
that the conclusions drawn from the analysis are unbiased. However it is limited to drawing
conclusions from only one source of data which may not be representative of the wider popula-
tion from which it is drawn, and is limited to conducting analysis over the time horizon of the
trial, which may not be appropriate for chronic diseases. In contrast, model-based economic
evaluations allow the synthesis of data from different sources and allow analysis to continue
beyond the end of a trial. This latter approach is more relevant to patients and health care pro-
viders who have to consider the impact of these diseases over many years [20]. Ideally the time
horizon adopted for a chronic disease should be life-time to ensure that all the patient costs
and outcomes are contained within the analysis. However the model-based approach does rely
on assumptions in order to produce a working model and any analysis will only be as good as
the validity of these assumptions. For example, assumptions are required to formulate the
structure of the model, the costs that are applied beyond the end of the trial, and patient
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outcomes in the long term. Thus checking the appropriateness of the modelling approach is of
importance to ensure that the conclusions drawn from a model-based analysis are valid.

The objective of this systematic review was to examine the published literature that has
reported model based economic evaluations that focus on testing and screening for CKD. Its
purpose is not to draw conclusions about the cost-effectiveness of different interventions;
rather it is to examine how economic models are implemented in this setting. Of particular
interest was to gain a greater understanding of how the impact of test accuracy has been incor-
porated into these analyses, how delays along the testing and diagnostic pathway have been
modelled, and whether the impacts of the testing and diagnostic pathway on patients in terms
of its effect on quality of life (e.g. anxiety following a positive test) and the costs incurred by
patients have been properly considered.

Methods
Inclusion Criteria

This study sought to identify model-based economic evaluations that focused on testing for,
and diagnosis of, CKD. To be included in this review, studies had to meet the following criteria.
They had to focus on albuminuria-based and/or eGFR based testing for CKD and be an eco-
nomic evaluation, namely CEA, CUA, or CBA that reported an incremental cost-effectiveness
ratio (ICER), which is the ratio of the difference between costs and outcomes between the inter-
ventions considered in the analysis. Only studies that focused on general, hypertensive and dia-
betic populations were incorporated, and for studies where the patients were already diagnosed
with CKD, only patients with eGFR >15 mL/min/1.73m” were considered, with those that
focused on patients with kidney failure (eGFR <15 mL/min/1.73m?) being excluded from this
review. Studies also had to be model-based with those that used costs and outcomes measured
from a trial being excluded from this analysis.

Search Strategy

Articles were identified through searches of electronic databases and hand searching of the bib-
liographies of the included studies. Studies were limited to those that focused on humans and
published in English language. The following databases were searched: Medline (In-Process &
Other Non-Indexed Citations and Ovid MEDLINE(R), 1948 to Present), Embase (Embase
1974 to Present) and PsycINFO (1967 to present) accessed via Ovid SP; CINAHL (from 1981
to present) accessed via EBSCO, The NHS Economic Evaluation Database and the HTA data-
base both accessed via the Cochrane Library (Wiley). The search strategy was customized for
each database and used a combination of key terms such as “chronic kidney disease”, “cost-
effectiveness”, “economic evaluation”, “diagnosis”, “testing”, “proteinuria”, “hypertension”,
“diabetes”, “GFR”, “eGFR”, and “microalbuminuria”. Medical Subject Headings (MeSH) terms
were applied to each search strategy where appropriate (see SI Appendix).

Selection of papers for review

In order to judge the final suitability of studies for inclusion in this review, each study was
grouped independently by two of the investigators (A.S. and K.B.) by examining its title and
abstract where available, based on the initial criteria described in Table 1. Consensus resolved
any differences. The full text was obtained from articles in Groups A-D, and examined to judge
their suitability to be included in the review.

For each paper included in this systematic review, data extraction was conducted in order to
answer the following research questions (see S2 Appendix):
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Table 1. Initial categorization of studies.

Group Criteria Action Notes
A Reported a model-based economic evaluation that incorporates one or Retrieved full
more albuminuria- and/or eGFR-based testing strategies targeting the text
hypertensive, diabetic, or general population
B Reported an economic evaluation that incorporates one or more Retrieved full  Unsure if model-based
albuminuria- and/or eGFR-based testing strategies targeting the text
hypertensive, diabetic, or general population
C Discussed costs and impacts of one or more testing strategies targeting Retrieved full  Unsure if model-based economic evaluation or
the hypertensive, diabetic, or general population text unsure if focused on albuminuria- or eGFR-based
testing
D Discussed the costs and impact of one or more testing strategies Retrieved full  Generally unsure about contents
text
E Not relevant Exclude E.g. not focused on appropriate testing, or
inappropriate patient group, not an economic
evaluation

doi:10.1371/journal.pone.0140063.t001

o Test accuracy—was the accuracy of each test defined, justified and incorporated in the analy-
sis? How did test accuracy impact on patient outcomes? Were the parameters that define the
test accuracy subjected to any sensitivity analysis?

« Modelling approach—what type of model was used (e.g. Markov, decision tree)? How was
progression of the chronic nature of CKD described in the analysis?

« Patient outcomes—was the time delay as a result of patients not being placed on the opti-
mum treatment (or management) pathway reflected in the patient outcomes? Did the analy-
sis include the impact on patient outcomes as a result of changing the timing of testing,
decision-making and treatment?

 Economic outcomes—were the costs incurred by the patients (societal costs) along the testing
pathway incorporated into the analysis

The methodological quality of each paper was assessed through the use of a ten-item check-
list [21] (see S3 Appendix). A score was assigned to each paper based on how well it met the
criteria; scores of 1.00, 0.50 and 0 were assigned to “yes”, “cannot tell” and “no”, respectively.
Thus each paper scored from 0 (bad quality) to 10 (good quality) [22]. The aim of this system-
atic review was to examine the methods used in describing testing and diagnostic pathways in
economic evaluations in this field and not to comment regarding the results and conclusions
drawn from these studies. Consequently, no studies were excluded from this review due to

issues regarding quality.

Results
Study Selection

The searches were conducted on 17™ February 2015; a flow diagram describing the outcome of
these searches is shown in Fig 1. The initial search strategy of the databases identified 2,671
studies of which 908 were duplicate studies and 1,689 were excluded because they contained no
material of relevance to this study. Hence, 74 studies were selected for full-text review. Overall,
21 studies met the criteria for inclusion in this systematic review (Table 2), including some
studies that were originally misclassified as being in Groups B-D based on their title and
abstract.
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Records identified
through search terms
(n=2,671)

Identification

y

Duplicates removed
(n=908)

A 4

Screening

Records Screened
(n=1763)

y

Eligibility

Full-text articles
assessed for eligibility
(n=74)

A=14 B=6
C=31 D=23

A 4

Not Relevant (E)
(n=1,689)

y

Included

Studies included in the
systematic review
(n=21)

A 4

Excluded
(n=54)
A=1 B=4
C=27 D=22
(Does not meet full Group A
criteria for acceptance)

Fig 1. Identification of studies for final review.

doi:10.1371/journal.pone.0140063.g001

Additional studies

identified through

reference checks
(n=1)

Characteristics of Selected Studies

Of the studies in this review, 19 considered proteinuria, of which 6 were focused on reagent
strip (‘dipstick’) proteinuria testing and 13 on albuminuria. Three studies evaluated eGFR test-
ing (one study incorporating both proteinuria and eGFR). One further study described the
parameterisation of a model of CKD without considering an intervention [23], but this was
considered in this review since this model was subsequently applied in a number of other stud-
ies [24-26]. Eight studies originated from the US, three studies were from Canada and the
Netherlands, and one each from Australia, France, Germany, Japan, UK, Switzerland, and
Thailand.

The majority of studies focused on adults drawn from the general population [23-31], with
one study considering schoolchildren [32]. Ten studies focused on monitoring patients with
diabetes [12,33-41] and two studies considered monitoring patients with diabetes and
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Table 2. Characteristics of included studies (UAE- urine albumin excretion, GFR-glomerular filtration rate, UPCR-urine protein to creatinine ratio,
UACR-urine albumin to creatinine ratio, LYG-life years gained, QALY-quality adjusted life year, CKD-chronic kidney disease).

Study

Adarkwah
et al (2010)
Germany

Adarkwah
etal (2011)
Netherlands

Boersma et al
(2010)
Netherlands

Boulware
et al (2003)
us

Den Hartog
et al (2009)
us

Farmer et al
(2014) UK

Golan et al
(1999) US

Hoerger et al
(2010) a & b;
us

Hoerger et al
(2012) US

Howard et al
(2010)
Australia

Kessler et al
(2012)
Switzerland
Kiberd et al
(1995)
Canada

Kiberd et al
(1998)
Canada

Study
Population

Newly diagnosed
2 type diabetes
Aged 50

Newly diagnosed
2 type diabetes
Aged 50

General
Population Aged
28-75

General
Population Aged
50

General
Population
(Hypothetical)
Aged 60

Type 1 and Type
2 diabetes
patients

Newly diagnosed
diabetes aged 50

General
Population (US)
aged 5090

African / non-
African
Americans Aged
50+

Hypertensive /
diabetic cohort
(Simulated) Aged
50+

General
Population Aged
50+

Patients with
insulin dependent
diabetes mellitus
for 5 years

Patients with
insulin dependent
diabetes mellitus
for 5 years

Method

albuminuria (UAE 30-300
mg/d); gross albuminuria

(UAE >300 mg/d)

albuminuria (UAE 30-300
mg/d); gross albuminuria

(UAE >300 mg/d)

Albuminuria (UAE 30-300

mg/d)

Proteinuria (reagent strip)

eGFR (<60 ml/min/1.73m?);
serum creatinine 1.06—1.36

(mg/dl)

UACR (>2.5mg/mmol for
men and >3.5mg/mmol for

women)

albuminuria (UAE 30-300
mg/d); gross proteinuria

(UAE >300 mg/d)

Albuminuria (UAE 30-299

mg/d)

Albuminuria (UAE 30-299

mg/d)

Proteinuria (reagent strip
followed by spot UACR >20
mg/mg confirmatory test)

Albuminuria (UACR 30-299

mg/g)

Albuminuria (UAE >20 pg/
min) or hypertension or
macroproteinuria, or both
(dipstick >0.3 g/l or positive
Albustix confirmed with
>300 mg/d or UAE >200 pg/

min proteinuria)

albuminuria (UAE >20 pg/
min or UACR 30 mg
albumin/g creatinine);
macroproteinuria (dipstick
>0.3 g/l or positive Albustix
confirmed with >300 mg/day
or >200 pg/min proteinuria)

Type of
Testing

Monitoring

Monitoring

Screening

Screening

Screening

Monitoring

Monitoring

Monitoring

Monitoring

Monitoring

Screening

Monitoring

Monitoring

Timing

Annual

Annual

One-off

Annual

Annual

Annual

Annual

1-,2-, 5,
10-years

1-, 2-, 5-,
10-years

Annual

1-,2-, 5,
10-years

Annual

Annual

Outcome

LYG/
QALY

LYG/

QALY

LYG

QALY

QALY

QALY

LYG/
QALY
QALY

QALY

QALY

QALY

QALY

LYG/
QALY

Modelling
Approach

Markov

Markov

Markov

Markov

Markov

Individual
based
simulation
model

Markov

Micro-
simulation
Markov
Micro-
simulation
Markov

Markov

Micro-
simulation
Markov

Markov

Markov

Perspective

Health care
provider

Health care
provider

Health care
provider

Societal

Health care
provider

Health care
provider

Societal

Health care
provider

Health care
provider

Health care
provider

Health care
provider

Third party
and
government

Third party
and
government

Test
accuracy
considered

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

(Continued)
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Table 2. (Continued)

Study

Kiberd et al
(1999) US

Kondo et al
(2012) Japan

Le Floch et al
(1993)
France

Manns et al
(2010)
Canada

Palmer et al
(2008) US

Sekhar et al
(2010) US

Siegel et al
(1992) US

Srisubat et al
(2014)
Thailand

Study
Population

Male (Pima
Indians) with
diabetes at
diagnosis
General
Population Aged
40-74

Fictitious cohort
of 10,000
diabetes patients

General
Population

Type 2 diabetes
and hypertension

School children
aged 8-15

Newly diagnosed
with diabetes
Aged 15

45 year old
patients with
diabetes with
normotension

doi:10.1371/journal.pone.0140063.t002

Method

albuminuria (UACR >3 mg
albumin per 1 mmol of
creatinine or UACR >30 mg
per 1g of creatinine)

Proteinuria (reagent strip)
eGFR (<50ml/min/1.73m?)

Albuminuria (UAE >20 pg/
min)

eGFR (<60 ml/min/1.73 m?)

Albuminuria (UAE 20—
199 pg/min)

Proteinuria (reagent strip)

Proteinuria (>300 pg/min)

Proteinuira (reagent strip)

Type of
Testing

Monitoring

Screening

Monitoring

Screening

Monitoring

Screening

Monitoring

Monitoring

Timing

Annual

One-off

Annual

One-off

Annual

One-off

Annual

Annual

Outcome

LYG

QALY

QALY

QALY

QALY

Case of
CKD
diagnosed

LYG

QALY

Modelling
Approach

Markov

Markov

Markov

Markov

Markov

Decision
Tree

Markov

Markov

Perspective

Third party
and
government

Societal

Health care
provider

Health care
provider

US third-party
health
insurance
payer

Health care
provider

Health care
provider

Societal

Test
accuracy
considered

No

No

Yes

No

Yes

Yes

No

Yes

hypertension [42,43]. In all included studies, testing was either administered in primary care or
had no stated setting.

The time horizons adopted in these studies were based either on the final age of the patient
population or on a specific period of time. Six studies conducted model analysis until the
patient population had reached 75 years old or more [24-26,28,3043]. Three Studies adopted a
lifetime time horizon until all the patients had died [31,35,41]. Four Studies adopted a time
horizon of 50 years or more [33,34,38,39], Five studies adopted 25-30 years [12,36,37,40,42],
and Two studies implemented time horizons of less than 20 years [27,29]. Only one study did
not incorporate a time horizon. This study adopted a decision tree approach and considered
the cost per case of CKD detected for urine dipsticks targeting school-aged children [32].

Modelling Issues and Quality

The quality assessment scores applied to each study in this review ranged from 6.5 to 10 (54
Appendix). The majority of studies had a score of 9 or more (n = 17), but only 2 studies had
perfect scores. The mean quality score was 8.7 across all studies and the standard deviation was
0.98. All but three studies [29,36,43] lost one point for not discussing all the issues relevant to
users, which in this case meant that the studies did not discuss the impact of testing from the

patient perspective (e.g. costs incurred, anxiety, etc.).

Eight studies in this review examined the cross-validity of the model results by comparing
them to results obtained from other similar studies [27,30,33,34,36,39,42,43]. Five studies
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examined both the internal validity of the model and its cross-validity [12,24-26,31]. Eight
studies did not examine the validity of the models or their results [28,29,32,35,37,38,40,41].

How was test accuracy considered in the analysis?

Four studies did not consider the issue of test accuracy at all [30,31,40,41], with the remainder
considering the issue to some extent. Only one study which examined serum creatinine versus
eGFR explicitly modelled all the different permutations of test status following a test i.e. true
positive, true negative, false positive, and false negative [29]. In this case, for patients with a
false positive test result, these were assumed to incur the one-time costs of diagnostic workup
before being returned to the true negative state after one cycle which in this model was one-
year. In this study eGFR reporting was found to be cost-effective compared to serum creatinine.
At baseline, the authors assumed that a false positive test result would not have any impact on
patient health. However, when this assumption was relaxed during sensitivity analysis with the
assumption that a false positive test might impact on QoL for one year, it reversed the conclu-
sions drawn from the model with serum creatinine testing becoming more cost-effective com-
pared to eGFR. Patients in the false negative state were assumed to remain unaware of their
disease status, until the next cycle, and the next round of screening one year later, leading to
unnecessary disease progression and the possibility of reaching kidney failure before being
identified as requiring treatment.

In the other studies where test inaccuracy was considered, eight studies (one testing for
eGFR [29]) incorporated its impact on the analysis by including the unnecessary additional
costs incurred due to confirmatory tests amongst patients that tested false positive [12,24,26—-
29,42,43]. However in all cases the possibility of the confirmatory tests also being false positive
was not examined and the impacts on patients of the initial positive test (e.g. increased anxiety)
were also not incorporated. Where the possibility of a false negative test was incorporated into
the analysis, this was implemented by assuming that the patient had to wait one time cycle
(one year in all cases) before being offered another test, with the patient thereby experiencing
unnecessary disease progression for at least one time cycle [24,28,29,36,37,42].

Finally, the evidence used to inform sensitivity and specificity values was frequently taken
from single studies [24,26,32,36,37,42,43], rather than using more robust evidence from meta
analyses or a systematic review. Interestingly in the studies by Adarkwah et al [33,38] adopting
a specificity of 100% in the base-case analysis was regarded as a conservative approach as ‘treat-
ing false positives leads to cost savings’. However confirmatory testing or any negative impacts
on the patient of a positive test were not incorporated into the analysis.

What approach was used in the modelling of disease progression?

The majority of studies used a Markov model approach to model disease progression (see
Table 2). Four studies applied a micro-simulation approach to a Markov model structure [23-
26]. This means that the model followed patients individually as they passed through different
states of the Markov model rather than monitoring populations of patients. One study utilized
an individual based model structure in which the timing of a cardiovascular event was esti-
mated in order to estimate lifetime outcomes and the quality-adjusted life expectancy associ-
ated with different screening strategies [12]. Only one study did not model disease progression
and instead used a decision tree approach to establish the cost-effectiveness of identifying cases
of CKD amongst school children [32].

Amongst the studies that described the progression of CKD this was conducted through the
use of progressive albuminuria or GFR states. Only 3 studies explicitly allowed for the possibil-
ity of the reversibility in CKD severity [12,27,36], In one further study there was no progression

PLOS ONE | DOI:10.1371/journal.pone.0140063 October 14,2015 9/16



@’PLOS ‘ ONE

Economic Evaluations of Chronic Kidney Disease Testing

between stages of CKD, instead the probabilities of progression to ESRD were based on the
renal function stratum of the initial population at time zero [30]. In another, CKD was repre-
sented as a single health state [31].

Were the impacts of any delays on the testing and treatment pathway
considered?

Since the majority of the studies incorporated in this review focused on screening, the most com-
mon type of delay considered was in getting disease positive patients tested for the first time. The
screening studies in this review all considered annual screening [12,24-26,28,29,33,36-43]. A
number of studies then extended this screening interval in sensitivity analysis up to 10 years
[12,26,28], thereby implying that a patient that becomes eligible may have to wait up to 10 years
before diagnosis and treatment is offered. Interestingly no study considered the possibility of a
screening interval of less than 1 year. It is noted that screening interventions tend to become
more cost-effective for longer screening intervals as under these circumstances it is likely that
more true positive individuals that are eligible for treatment will be identified during each screen-
ing event (e.g. Hoerger et al (2010), Hoerger et al (2012) and Kessler et al (2012) [24-26]. More-
over there were no studies that considered the possibility of symptomatic patients seeking
diagnosis and treatment outside of the defined screening intervals.

No studies considered the possibility of a delay in receiving results following testing. While
it is acknowledged that for the modern health care systems considered in this review, these
delays will be minimal, delays in the communication of abnormal test results to patients can
still occur. In addition, receiving immediate treatment following a confirmed positive test
seems to be an implicit assumption made in all of the studies where testing and treatment was
considered.

Were costs incurred by patients (societal costs) along the testing
pathway considered?

Four studies reported adopting a societal perspective [28,30,36,41], with the remainder using
only a health-care provider perspective. In the case of the study by Kondo et al (2012) [30],
only the costs incurred as a result of the costs of the tests, a detailed patient examination, and
then various treatments are incorporated in the analysis, while in the study by Boulware et al
(2003) [28] direct costs of medical care were considered as well as the indirect costs of loss of
income for people disabled as a result of kidney failure. In the case of Srisubat et al (2014) [36],
this study considered the costs for patients as a result of albuminuria progression due to the
food, travel, and opportunity costs incurred as a result of travelling to receive testing. Golan
etal (1999) [41] reported using a societal perspective, but did not report costs in sufficient
detail to gain an understanding of how costs incurred by patients might be incorporated into
the analysis. Aside from the study by Srisubat et al (2014) [36] there were no studies that con-
sidered the costs incurred by patients as a result of travel costs and loss of income as a result of
having to attend for testing (and re-testing). Although this was mitigated as in some cases it
was stated that testing could be conducted during a regular primary care appointment [28,35].

Discussion

This systematic review has focused on the approaches used in model-based economic evaluations
of testing and diagnosis for CKD. Twenty-one studies were identified and data was extracted
from these to gain insights into how test accuracy, delays along the testing and treatment path-
way, and the costs incurred by patients were incorporated in the analysis. Test accuracy was

PLOS ONE | DOI:10.1371/journal.pone.0140063 October 14,2015 10/16



@’PLOS ‘ ONE

Economic Evaluations of Chronic Kidney Disease Testing

considered in 17 of the studies in this review, although its full implications on model results were
not always examined. Typically only the possibility of false positive tests was incorporated in the
analysis with patients either assumed to undertake further testing to confirm the original test
result, or else receive unnecessary management and treatment. In the case of repeated testing,
only the costs of the repeat tests incurred by the health care provider were incorporated into the
analysis. This approach meant that the impact on the patient of receiving a false positive test
result was overlooked, and as a result the costs incurred by patients in terms of travel costs and
loss of earnings due to having to return for further testing were usually not incorporated in the
analysis, and neither was the impact of the anxiety associated (i.e. potential reduction in quality
of life) with having received a positive test. Moreover the failure to incorporate confirmatory test-
ing for initially positive test results in many of these studies is also a concern, since the variability
of the test results for patients in this setting (particularly the elderly) may mean that in the
absence of confirmatory testing, patients could be given inappropriate treatment.

False positive tests potentially have a large impact on results drawn from models where the
prevalence of a disease is very low [44]. Under these circumstances it is much more likely that a
positive test will be false and as such false positive results may have a large impact on the con-
clusions drawn from a model. For CKD, this is likely to be the case only when screening is tar-
geting younger age groups of the general population where the prevalence of CKD is lower.
Only one study incorporated the impact of the anxiety associated with a false positive test, and
interestingly found that changing this value across reasonable bounds led to changes in the
conclusions drawn from the study, with serum creatinine being preferred to eGFR when larger
quality of life adjustments for a false positive CKD diagnosis were applied in the model. In the
case of false negative test results these were frequently not considered in these analyses, but
when they were, it was assumed that patients with disease would progress as normal until the
next opportunity to get tested. False negative tests become important when the prevalence of a
disease is very high, and then it becomes more likely that a negative test may be false [44].

The main delays on testing and diagnostic pathways that are modelled in this setting are the
delays in disease positive individuals getting tested. These delays are modelled by describing
the interval between screening events, and in this setting these intervals are always assumed as
being one year or longer. Delays due to receiving testing are obviously important in this setting
as these can lead to patients experiencing unnecessary progression of their disease; by contra-
distinction it is likely to be cost-effective to extend the screening interval when targeting the
general population as most of the population will not experience disease progression. Delays
due to symptomatic individuals seeking or failing to seek diagnosis were never considered.
This would obviously be more relevant for studies that focused on high-risk individuals such as
people with diabetes or those suffering hypertension, and might have an impact on the conclu-
sions drawn from the models. Delays in passing on test results to patients, and delays in
patients receiving treatment following a positive test result were never considered. The studies
in this review were all conducted in developed settings and so delays like this may be less com-
mon, but nevertheless these are issues that might be considered more widely.

Four studies considered a societal perspective; with only one of these studies incorporating
the costs incurred by patients as a result of having to attend for testing such as those due to
travel costs and the potential loss of income. In some settings e.g. UK, the advice given when
conducting economic evaluations is that a health-care perspective should be adopted, meaning
that the costs incurred by patients would be outside the scope of the analysis. In addition, some
of the studies in this review mentioned that the testing could be conducted alongside a prear-
ranged primary care appointment which would minimize the costs incurred by the patients.
Nevertheless patient incurred costs may still be significant, particularly in groups with lower
disease prevalence where there are more likely to be false positive tests. It could therefore be
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argued that only using a health care provider perspective in this and many other settings that
consider medical testing may be inappropriate for incorporating some of the issues that are
important to patients.

In the majority of studies, no possibility of the reversibility of CKD severity was incorporated
into the models. However a small proportion of patients (e.g. people with diabetes) with
eGFR>60mL/min/1.73m” with stage 1 or 2 CKD do either spontaneously revert to normalbu-
minuria or do so under the influence of blood pressure (BP) control, specifically RAAS (Renin-
angiotensin-aldosterone system) blockade (with ACE-I or ARB). Similarly, in a small propor-
tion of patients (10-15%) with more advanced CKD with severe hypertension of significant
albuminuria, stabilisation of BP control, and implementation of RAAS blockage, can lead to
moderate improvements in renal function. These improvements need not be sustained, and
experience suggests that the majority of patients then decline again, but perhaps at a slower rate.

From an economic perspective, the implications of ignoring these issues are that additional
treatment may be assumed for patients that do not need it, leading to extra costs being incorpo-
rated into the analysis. Moreover, additional unrealistic disease progression may lead models
to predict more deaths and cases of ESRD than is realistic. While it is acknowledged that it is
often difficult to obtain parameter values which describe reverse progression, this should be
attempted where possible in order to design more realistic models.

This review incorporated extensive searches of a multiple electronic databases which has
increased the likelihood of identifying all the relevant papers in this topic area. This review
could have been expanded to incorporate non-English studies; while the grey literature, which
is academic literature that is not formally published, was also not considered. With the focus
on this study being on the methods used in model based economic evaluations, a further limi-
tation of this study is that the inclusion criteria meant that the studies included in this review
sought to answer different research questions, meaning that an overall conclusion regarding
the results obtained from these studies could not be drawn. To our knowledge this is the first
study that has focused on the methods used in economic evaluations of testing and diagnosis
in CKD to describe the testing and diagnostic pathway and the factors that are important to
patients. Previous reviews in this area have focused on the results obtained from the studies
[45] rather than issues related to the testing pathway that may have a significant impact on
patients.

This systematic review has shown that many of the issues that are important to patients
when undertaking economic evaluations in diagnosis and monitoring for CKD are often not
considered. The impact on patients of a false positive test as a result of the additional costs
incurred by patients through receiving further confirmatory tests is frequently overlooked.
Moreover at least one study in this review has shown that the inclusion of the impact on quality
of life for patients that receive false positive tests has the power to change conclusions drawn
from the analysis. Of course it cannot be said that this will be the case in all groups of people
with CKD, but the fact that it has not been considered in many previous studies is of concern.
Linked to the issue of false positive tests is the wider issue of test accuracy. It is worrying that
studies have been conducted in this area in which test accuracy has not been considered in the
evaluations. Aside from the issues related to false positive tests described above, a false negative
test result means that a cost has been incurred by the health care provider (and patient), but
has provided no patient benefit.

Future economic evaluations in this area should incorporate test accuracy, and where possi-
ble a societal perspective should be adopted. Even if the advice is to use a health care perspective,
at the very least a societal perspective should be considered in sensitivity analysis, as it would be
important to determine whether this has a significant impact on the conclusions drawn from a
model. To ensure these factors are adequately incorporated into an analysis, Fig 2 provides
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Test Accuracy:

Societal perspective:

Have the sensitivity and specificity of all the tests considered in the study been specified?
Have the testing / treatment pathways for each of the possible test results (e.g. TP, FP, TN,
FN) been clearly defined?

Have the consequences of inaccurate test results (e.g. delays in receiving treatment, extra
costs incurred by patients to receive confirmatory testing, anxiety due to FP tests, etc.) been

defined and incorporated into the analysis?

Have the costs incurred by patients as a result of receiving testing (e.g. travel, lost wages,

etc.) been incorporated into the analysis?

(TP-True positive, FP-False positive, TN-True Negative, FN-False Negative)

Fig 2. A selection of key questions to be asked when conducting an economic evaluation focused on patient testing (TP-True positive, FP-False
positive, TN-True Negative, FN-False Negative).

doi:10.1371/journal.pone.0140063.9002

some suggested questions that could be asked when conducting an economic evaluation that
incorporates patient testing. While these questions are not definitive, or may not be appropriate
for all settings, considering them will ensure that many of the issues that impact on patients are
considered in the analysis. At the present time in which patients are becoming ever more
involved in setting the research agenda and guiding approaches to research, a societal perspec-
tive will become even more important in helping decision makers and patients make informed
choices about the use of screening tests.

Supporting Information

S1 Appendix. Search Strategies.
(DOCX)

S$2 Appendix. Data Extraction Form.
(DOCX)

$3 Appendix. Quality Assessment of Economic Evaluations Table.
(DOCX)

S4 Appendix. Quality Assessment Scores per Individual Study.
(DOCX)

Acknowledgments

Members of the eGFR-C study group are: Lamb EJ,*' Brettell EA,> Cockwell P,” Dalton RN,*
Deeks JJ,>° Barratt, ], Higgins T,” Kalra PA,® Khunti K, Loud F,'° Ottridge RS, Sitch AJ,” Ste-
vens PE,"! Sharpe CC,'* Sutton AJ,"> Taal MW'*

*lead author for this group

'Clinical Biochemistry, East Kent Hospitals University NHS Foundation Trust, Canterbury,
Kent, CT1 3NG, UK, *Birmingham Clinical Trials Unit, School of Cancer Sciences, Robert

PLOS ONE | DOI:10.1371/journal.pone.0140063 October 14,2015 13/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0140063.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0140063.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0140063.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0140063.s004

@’PLOS ‘ ONE

Economic Evaluations of Chronic Kidney Disease Testing

Aitken Institute, University of Birmingham, Birmingham B15 2TT UK, *University Hospitals
Birmingham NHS Foundation Trust, “Kings College London, *Test Evaluation Research
Group, School of Health and Population Sciences, Public Health Building, University of Bir-
mingham, Birmingham B15 2TT UK, 6University Hospitals of Leicester, ’Centre for Health
Services Studies, University of Kent, Canterbury, CT2 7NF, UK, ®Salford Royal NHS Founda-
tion Trust, Salford M6 8HD *University of Leicester, '*British Kidney Patient Association,
""Kent Kidney Care Centre, East Kent Hospitals University NHS Foundation Trust, Canter-
bury, Kent, CT1 3NG, UK, '*King's College London & King's College Hospital NHS Founda-
tion Trust SE5 9R]J, *Health Economics Research Group, School of Health and Population
Sciences, Occupational Health Building, University of Birmingham, Birmingham B15 2TT UK,
'“Royal Derby Hospital, Uttoxeter Road, Derby DE22 3NE, UK.

Author Contributions

Conceived and designed the experiments: AJS KB. Analyzed the data: AJS KB. Wrote the
paper: AJS KB JJD KK CCS RSO PES PC PAK EJL. Helped interpret results from papers: AJS
KB JJD KK CCS RSO PES PC PAK EJL.

References

1. AroraP, Vasa P, Brenner D, Iglar K, McFarlane P, Morrison H, Badawi A (2013) Prevalence estimates
of chronic kidney disease in Canada: results of a nationally representative survey. CMAJ 185: E417—
E423. cmaj.120833 [pii];doi: 10.1503/cmaj.120833 PMID: 23649413

2. Zhangl,WangF, WangL, Wang W, Liu B, Liu J, et al. (2012) Prevalence of chronic kidney disease in
China: a cross-sectional survey. Lancet 379: 815-822. S0140-6736(12)60033-6 [pii];doi: 10.1016/
S0140-6736(12)60033-6 PMID: 22386035

3. Imai E, Horio M, Watanabe T, Iseki K, Yamagata K, Hara S, et al. (2009) Prevalence of chronic kidney
disease in the Japanese general population. Clin Exp Nephrol 13: 621-630. doi: 10.1007/s10157-009-
0199-x PMID: 19513802

4. Otero A, de FA, Gayoso P, Garcia F (2010) Prevalence of chronic renal disease in Spain: results of the
EPIRCE study. Nefrologia 30: 78-86. doi: 10.3265/Nefrologia.pre2009.Dic.5732 PMID: 20038967

5. Hallan SI, Coresh J, Astor BC, Asberg A, Powe NR, Romundstad S, et al. (2006) International compari-
son of the relationship of chronic kidney disease prevalence and ESRD risk. J Am Soc Nephrol 17:
2275-2284. ASN.2005121273 [pii];doi: 10.1681/ASN.2005121273 PMID: 16790511

6. CoreshJ, Selvin E, Stevens LA, Manzi J, Kusek JW, Eggers P, et al. (2007) Prevalence of chronic kid-
ney disease in the United States. JAMA 298: 2038-2047. 298/17/2038 [pii];doi: 10.1001/jama.298.17.
2038 PMID: 17986697

7. Radhakrishnan J, Remuzzi G, Saran R, Williams DE, Rios-Burrows N, Powe N, et al. (2014) Taming
the chronic kidney disease epidemic: a global view of surveillance efforts. Kidney Int 86: 246-250.
ki2014190 [pii];doi: 10.1038/ki.2014.190 PMID: 24897034

8. Fraser SD, Roderick PJ, Aitken G, Roth M, Mindell JS, Moon G, et al. (2013) Chronic kidney disease,
albuminuria and socioeconomic status in the Health Surveys for England 2009 and 2010. J Public
Health (Oxf). fdt117 [pii];doi: 10.1093/pubmed/fdt117

9. Stevens PE, Levin A (2013) Evaluation and management of chronic kidney disease: synopsis of the
kidney disease: improving global outcomes 2012 clinical practice guideline. Ann Intern Med 158: 825—
830. 1691737 [pii];doi: 10.7326/0003-4819-158-11-201306040-00007 PMID: 23732715

10. Lamb EJ, Brettell EA, Cockwell P, Dalton N, Deeks JJ, Harris K, et al. (2014) The eGFR-C study: accu-
racy of glomerular filtration rate (GFR) estimation using creatinine and cystatin C and albuminuria for
monitoring disease progression in patients with stage 3 chronic kidney disease—prospective longitudi-
nal study in a multiethnic population. BMC Nephrol 15: 13. 1471-2369-15-13 [pii];doi: 10.1186/1471-
2369-15-13 PMID: 24423077

11. Carville S, Wonderling D, Stevens P (2014) Early identification and management of chronic kidney dis-
ease in adults: summary of updated NICE guidance. BMJ 349: g4507. doi: 10.1136/bmj.g4507 PMID:
25059691

12. Farmer AJ, Stevens R, HirstJ, Lung T, Oke J, Clarke P, et al. (2014) Optimal strategies for identifying
kidney disease in diabetes: properties of screening tests, progression of renal dysfunction and impact

PLOS ONE | DOI:10.1371/journal.pone.0140063 October 14,2015 14/16


http://dx.doi.org/10.1503/cmaj.120833
http://www.ncbi.nlm.nih.gov/pubmed/23649413
http://dx.doi.org/10.1016/S0140-6736(12)60033-6
http://dx.doi.org/10.1016/S0140-6736(12)60033-6
http://www.ncbi.nlm.nih.gov/pubmed/22386035
http://dx.doi.org/10.1007/s10157-009-0199-x
http://dx.doi.org/10.1007/s10157-009-0199-x
http://www.ncbi.nlm.nih.gov/pubmed/19513802
http://dx.doi.org/10.3265/Nefrologia.pre2009.Dic.5732
http://www.ncbi.nlm.nih.gov/pubmed/20038967
http://dx.doi.org/10.1681/ASN.2005121273
http://www.ncbi.nlm.nih.gov/pubmed/16790511
http://dx.doi.org/10.1001/jama.298.17.2038
http://dx.doi.org/10.1001/jama.298.17.2038
http://www.ncbi.nlm.nih.gov/pubmed/17986697
http://dx.doi.org/10.1038/ki.2014.190
http://www.ncbi.nlm.nih.gov/pubmed/24897034
http://dx.doi.org/10.1093/pubmed/fdt117
http://dx.doi.org/10.7326/0003-4819-158-11-201306040-00007
http://www.ncbi.nlm.nih.gov/pubmed/23732715
http://dx.doi.org/10.1186/1471-2369-15-13
http://dx.doi.org/10.1186/1471-2369-15-13
http://www.ncbi.nlm.nih.gov/pubmed/24423077
http://dx.doi.org/10.1136/bmj.g4507
http://www.ncbi.nlm.nih.gov/pubmed/25059691

@’PLOS ‘ ONE

Economic Evaluations of Chronic Kidney Disease Testing

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

of treatment—systematic review and modelling of progression and cost-effectiveness. Health Technol
Assess 18: 1-128. doi: 10.3310/hta18140

Gansevoort RT, Matsushita K, van der Velde M, Astor BC, Woodward M, Levey AS, et al. (2011) Lower
estimated GFR and higher albuminuria are associated with adverse kidney outcomes. A collaborative
meta-analysis of general and high-risk population cohorts. Kidney Int 80: 93—104. ki2010531 [pii];doi:
10.1038/ki.2010.531 PMID: 21289597

Collins RE, Lopez LM, Marteau TM (2011) Emotional impact of screening: a systematic review and
meta-analysis. BMC Public Health 11: 603. 1471-2458-11-603 [pii];doi: 10.1186/1471-2458-11-603
PMID: 21798046

Eborall HC, Griffin SJ, Prevost AT, Kinmonth AL, French DP, Sutton S (2007) Psychological impact of
screening for type 2 diabetes: controlled trial and comparative study embedded in the ADDITION (Cam-
bridge) randomised controlled trial. BMJ 335: 486. bmj.39303.723449.55 [pii];doi: 10.1136/bm|.39303.
723449.55 PMID: 17761995

Skinner TC, Davies MJ, Faroogi AM, Jarvis J, Tringham JR, Khunti K (2005) Diabetes screening anxi-
ety and beliefs. Diabet Med 22: 1497—1502. DME1680 [pii];doi: 10.1111/j.1464-5491.2005.01680.x
PMID: 16241913

Moynihan R, Doust J, Henry D (2012) Preventing overdiagnosis: how to stop harming the healthy. BMJ
344: e3502. doi: 10.1136/bmj.e3502 PMID: 22645185

Taal MW (2012) Screening for chronic kidney disease: preventing harm or harming the healthy? PLoS
Med 9: €1001345. doi: 10.1371/journal.pmed.1001345; PMEDICINE-D-12-02978 [pii]. PMID:
23185137

Levin A, Stevens PE (2011) Early detection of CKD: the benefits, limitations and effects on prognosis.
Nat Rev Nephrol 7:446-457. nmeph.2011.86 [pii];doi: 10.1038/nrmeph.2011.86 PMID: 21712852

Drummond MF, Sculpher MJ, Torrance GW, O'Brien BJ, Stoddart GL (2005) Methods for the Economic
Evaluation of Health Care Programmes. Oxford: Oxford University Press.

Drummond MF, Jefferson TO (1996) Guidelines for authors and peer reviewers of economic submis-
sions to the BMJ. The BMJ Economic Evaluation Working Party. BMJ 313: 275-283. PMID: 8704542

Gonzalez-Perez JG (2002) Developing a scoring system to quality assess economic evaluations. Eur J
Health Econ 3: 131-136. doi: 10.1007/s10198-002-0100-2 PMID: 15609137

Hoerger TJ, Wittenborn JS, Segel JE, Burrows NR, Imai K, Eggers P, et al. (2010) A health policy
model of CKD: 1. Model construction, assumptions, and validation of health consequences. Am J Kid-
ney Dis 55: 452-462. S0272-6386(09)01597-2 [pii];doi: 10.1053/j.ajkd.2009.11.016 PMID: 20116911

Hoerger TJ, Wittenborn JS, Segel JE, Burrows NR, Imai K, Eggers P, et al. (2010) A health policy
model of CKD: 2. The cost-effectiveness of microalbuminuria screening. Am J Kidney Dis 55: 463—
473. S0272-6386(09)01598-4 [pii];doi: 10.1053/j.ajkd.2009.11.017 PMID: 20116910

Hoerger TJ, Wittenborn JS, Zhuo X, Pavkov ME, Burrows NR, Eggers P, et al. (2012) Cost-effective-
ness of screening for microalbuminuria among African Americans. J Am Soc Nephrol 23: 2035-2041.
23/12/2035 [pii];doi: 10.1681/ASN.2012040347 PMID: 23204444

Kessler R, Keusch G, Szucs TD, Wittenborn JS, Hoerger TJ, Brugger U, et al. (2012) Health economic
modelling of the cost-effectiveness of microalbuminuria screening in Switzerland. Swiss Med Wkly
142: w13508. doi: 10.4414/smw.2012.13508; smw-13508 [pii]. PMID: 22307760

Boersma C, Gansevoort RT, Pechlivanoglou P, Visser ST, van Toly FF, de Jong-van den Berg LT,

et al. (2010) Screen-and-treat strategies for albuminuria to prevent cardiovascular and renal disease:
cost-effectiveness of nationwide and targeted interventions based on analysis of cohort data from the
Netherlands. Clin Ther 32: 1103—-1121. S0149-2918(10)00204-3 [pii];doi: 10.1016/j.clinthera.2010.06.
013 PMID: 20637965

Boulware LE, Jaar BG, Tarver-Carr ME, Brancati FL, Powe NR (2003) Screening for proteinuria in US
adults: a cost-effectiveness analysis. JAMA 290: 3101-3114. doi: 10.1001/jama.290.23.3101; 290/23/
3101 [pii]. PMID: 14679273

den Hartog JR, Reese PP, Cizman B, Feldman HI (2009) The costs and benefits of automatic esti-
mated glomerular filtration rate reporting. Clin J Am Soc Nephrol 4: 419-427. CJN.04080808 [pii];doi:
10.2215/CJN.04080808 PMID: 19176794

Kondo M, Yamagata K, Hoshi SL, Saito C, Asahi K, Moriyama T, et al. (2012) Cost-effectiveness of
chronic kidney disease mass screening test in Japan. Clin Exp Nephrol 16:279-291. doi: 10.1007/
s10157-011-0567-1 PMID: 22167460

Manns B, Hemmelgarn B, Tonelli M, Au F, Chiasson TC, Dong J, et al. (2010) Population based screen-
ing for chronic kidney disease: cost effectiveness study. BMJ 341: ¢5869. doi: 10.1136/bmj.c5869
PMID: 21059726

PLOS ONE | DOI:10.1371/journal.pone.0140063 October 14,2015 15/16


http://dx.doi.org/10.3310/hta18140
http://dx.doi.org/10.1038/ki.2010.531
http://www.ncbi.nlm.nih.gov/pubmed/21289597
http://dx.doi.org/10.1186/1471-2458-11-603
http://www.ncbi.nlm.nih.gov/pubmed/21798046
http://dx.doi.org/10.1136/bmj.39303.723449.55
http://dx.doi.org/10.1136/bmj.39303.723449.55
http://www.ncbi.nlm.nih.gov/pubmed/17761995
http://dx.doi.org/10.1111/j.1464-5491.2005.01680.x
http://www.ncbi.nlm.nih.gov/pubmed/16241913
http://dx.doi.org/10.1136/bmj.e3502
http://www.ncbi.nlm.nih.gov/pubmed/22645185
http://dx.doi.org/10.1371/journal.pmed.1001345
http://www.ncbi.nlm.nih.gov/pubmed/23185137
http://dx.doi.org/10.1038/nrneph.2011.86
http://www.ncbi.nlm.nih.gov/pubmed/21712852
http://www.ncbi.nlm.nih.gov/pubmed/8704542
http://dx.doi.org/10.1007/s10198-002-0100-2
http://www.ncbi.nlm.nih.gov/pubmed/15609137
http://dx.doi.org/10.1053/j.ajkd.2009.11.016
http://www.ncbi.nlm.nih.gov/pubmed/20116911
http://dx.doi.org/10.1053/j.ajkd.2009.11.017
http://www.ncbi.nlm.nih.gov/pubmed/20116910
http://dx.doi.org/10.1681/ASN.2012040347
http://www.ncbi.nlm.nih.gov/pubmed/23204444
http://dx.doi.org/10.4414/smw.2012.13508
http://www.ncbi.nlm.nih.gov/pubmed/22307760
http://dx.doi.org/10.1016/j.clinthera.2010.06.013
http://dx.doi.org/10.1016/j.clinthera.2010.06.013
http://www.ncbi.nlm.nih.gov/pubmed/20637965
http://dx.doi.org/10.1001/jama.290.23.3101
http://www.ncbi.nlm.nih.gov/pubmed/14679273
http://dx.doi.org/10.2215/CJN.04080808
http://www.ncbi.nlm.nih.gov/pubmed/19176794
http://dx.doi.org/10.1007/s10157-011-0567-1
http://dx.doi.org/10.1007/s10157-011-0567-1
http://www.ncbi.nlm.nih.gov/pubmed/22167460
http://dx.doi.org/10.1136/bmj.c5869
http://www.ncbi.nlm.nih.gov/pubmed/21059726

@’PLOS ‘ ONE

Economic Evaluations of Chronic Kidney Disease Testing

32.

33.

34.

35.

36.

37.

38.

39.

40.

.

42.

43.

44.
45.

Sekhar DL, Wang L, Hollenbeak CS, Widome MD, Paul IM (2010) A cost-effectiveness analysis of
screening urine dipsticks in well-child care. Pediatrics 125: 660—663. peds.2009-1980 [pii];doi: 10.
1542/peds.2009-1980 PMID: 20231188

Adarkwah CC, Gandjour A, Akkerman M, Evers SM (2011) Cost-effectiveness of angiotensin-convert-
ing enzyme inhibitors for the prevention of diabetic nephropathy in The Netherlands—a Markov model.
PLoS One 6:€26139. doi: 10.1371/journal.pone.0026139; PONE-D-11-10114 [pii]. PMID: 22022539

Kiberd BA, Jindal KK (1995) Screening to prevent renal failure in insulin dependent diabetic patients:
an economic evaluation. BMJ 311: 1595-1599. PMID: 8555801

Siegel JE, Krolewski AS, Warram JH, Weinstein MC (1992) Cost-effectiveness of screening and early
treatment of nephropathy in patients with insulin-dependent diabetes mellitus. J Am Soc Nephrol 3:
S111-S119. PMID: 1457753

Srisubat A, Sriratanaban J, Ngamkiatphaisan S, Tungsanga K (2014) Cost-effectiveness of annual
microalbuminuria screening in Thai diabetics. Asian Biomedicine 8: 371-379.

Le Floch JP, Charles MA, Philippon C, Perlemuter L (1994) Cost-effectiveness of screening for microal-
buminuria using immunochemical dipstick tests or laboratory assays in diabetic patients. Diabet Med
11: 349-356. PMID: 8088106

Adarkwah CC, Gandjour A (2010) Cost-effectiveness of angiotensin-converting enzyme inhibitors and
angiotensin |l receptor blockers in newly diagnosed type 2 diabetes in Germany. Int J Technol Assess
Health Care 26: 62—-70. S0266462309990584 [pii];doi: 10.1017/S0266462309990584 PMID:
20059782

Kiberd BA, Jindal KK (1998) Routine treatment of insulin-dependent diabetic patients with ACE inhibi-
tors to prevent renal failure: an economic evaluation. Am J Kidney Dis 31: 49-54.
S0272638698000079 [pii]. PMID: 9428451

Kiberd BA, Jindal KK (1999) Should all Pima Indians with type 2 diabetes mellitus be prescribed routine
angiotensin-converting enzyme inhibition therapy to prevent renal failure? Mayo Clin Proc 74: 559—
564. S0025-6196(11)64130-X [pii];doi: 10.4065/74.6.559 PMID: 10377929

Golan L, Birkmeyer JD, Welch HG (1999) The cost-effectiveness of treating all patients with type 2 dia-
betes with angiotensin-converting enzyme inhibitors. Ann Intern Med 131: 660-667. 199911020—
00005 [pii]. PMID: 10577328

Palmer AJ, Valentine WJ, Chen R, Mehin N, Gabriel S, Bregman B, et al. (2008) A health economic
analysis of screening and optimal treatment of nephropathy in patients with type 2 diabetes and hyper-
tension in the USA. Nephrol Dial Transplant 23: 1216—-1223. gfn082 [pii];doi: 10.1093/ndt/gfn082
PMID: 18359872

Howard K, White S, Salkeld G, McDonald S, Craig JC, Chadban S, et al. (2010) Cost-effectiveness of
screening and optimal management for diabetes, hypertension, and chronic kidney disease: a modeled
analysis. Value Health 13: 196-208. S1098-3015(10)60363-4 [pii];doi: 10.1111/j.1524-4733.2009.
00668.x PMID: 19878493

Newman TB, Kohn MA (2009) Evidence-Based Medicine. New York: Cambridge University Press.
Komenda P, Ferguson TW, Macdonald K, Rigatto C, Koolage C, Sood MM, et al. (2014) Cost-effective-
ness of primary screening for CKD: a systematic review. Am J Kidney Dis 63: 789-797. S0272-6386
(14)00024-9 [pii];doi: 10.1053/j.ajkd.2013.12.012 PMID: 24529536

PLOS ONE | DOI:10.1371/journal.pone.0140063 October 14,2015 16/16


http://dx.doi.org/10.1542/peds.2009-1980
http://dx.doi.org/10.1542/peds.2009-1980
http://www.ncbi.nlm.nih.gov/pubmed/20231188
http://dx.doi.org/10.1371/journal.pone.0026139
http://www.ncbi.nlm.nih.gov/pubmed/22022539
http://www.ncbi.nlm.nih.gov/pubmed/8555801
http://www.ncbi.nlm.nih.gov/pubmed/1457753
http://www.ncbi.nlm.nih.gov/pubmed/8088106
http://dx.doi.org/10.1017/S0266462309990584
http://www.ncbi.nlm.nih.gov/pubmed/20059782
http://www.ncbi.nlm.nih.gov/pubmed/9428451
http://dx.doi.org/10.4065/74.6.559
http://www.ncbi.nlm.nih.gov/pubmed/10377929
http://www.ncbi.nlm.nih.gov/pubmed/10577328
http://dx.doi.org/10.1093/ndt/gfn082
http://www.ncbi.nlm.nih.gov/pubmed/18359872
http://dx.doi.org/10.1111/j.1524-4733.2009.00668.x
http://dx.doi.org/10.1111/j.1524-4733.2009.00668.x
http://www.ncbi.nlm.nih.gov/pubmed/19878493
http://dx.doi.org/10.1053/j.ajkd.2013.12.012
http://www.ncbi.nlm.nih.gov/pubmed/24529536

