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Background and objectives: The prevalence of chronic kidney disease (CKD) has increased over the past two decades. The
sensitivity of serum creatinine (sCr) to identify CKD is low. As a result, many healthcare centers report estimated GFR (eGFR)
with routine blood work. The aim of this study was to determine the cost-effectiveness of automatic eGFR reporting compared
with reporting sCr alone.

Design, setting, participants, & measurements: A Markov model was designed to evaluate the cost-effectiveness of reporting
eGFR compared with reporting sCr alone in a hypothetical cohort of 60-yr-old individuals undergoing annual blood chemistry
testing over 18 yr. Paths and path probabilities were identical between the two arms, except for the sensitivity and specificity
of eGFR and sCr to detect CKD.

Results: eGFR reporting was dominant with a cost/effectiveness ratio of $16,751/quality-adjusted life year (QALY) versus
$16,779/QALY for sCr reporting. Monte Carlo microsimulations in a hypothetical cohort of 10,000 patients demonstrated that
over 18 yr, an average of 13 fewer deaths, 29 fewer ESRD events, and 11,348 more false positive CKD (FP-CKD) cases occurred
with eGFR reporting. A sensitivity analysis revealed that decreasing the FP-CKD quality of life by > 2% rendered sCr
reporting more cost-effective than eGFR reporting. If FP-CKD reduced quality of life by 5%, the incremental cost-effectiveness
ratio for sCr reporting versus eGFR reporting would be $4367/QALY.

Conclusion: A decision analysis suggests that reporting eGFR may be beneficial, but this limited benefit was reversed with
virtually any reduction in quality of life caused by incorrect diagnosis of CKD.
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T he prevalence of all stages of chronic kidney disease
(CKD) in the United States has been estimated to be
13.1%; the great majority of these patients are unaware

of their disease (1,2). The elevated morbidity and mortality
associated with CKD (3,4), including cardiovascular disease
and progression to end-stage renal disease (ESRD), have
spurred physicians to develop methods of detecting and treat-
ing CKD before ESRD occurs.

Although examining serum creatinine alone is an insensitive
method of detecting CKD (5,6), equations have been developed
that use serum creatinine in addition to clinical and demo-
graphic data to estimate the GFR. The most extensively studied
of these equations is the Modification of Diet in Renal Disease
(MDRD) equation. Although a more sensitive measure than
serum creatinine alone for CKD detection, MDRD underesti-
mates measured GFR (mGFR) in healthy patients (7–11). False
positive diagnosis with CKD can engender costs from addi-

tional clinical evaluations and, potentially, reduce quality of
life.

Interest in identifying patients with unrecognized CKD has
led many healthcare center laboratories to report eGFR auto-
matically when a serum creatinine test is requested. As of
November 2007, Connecticutt, Louisiana, Michigan, New Jer-
sey, Pennsylvania, and Tennessee have mandated eGFR report-
ing (12,13). Despite this important change in practice, few stud-
ies have investigated the impact of routine reporting of eGFR
(14).

The aim of this study was to assess whether routine reporting
of eGFR is cost-effective compared with reporting serum cre-
atinine alone. We hypothesized that reporting eGFR with se-
rum creatinine would increase detection of true CKD, but also
lead to the false identification of healthy individuals as CKD
patients, thereby limiting the cost-effectiveness of the strategy
of universal reporting of eGFR. We also hypothesized that the
cost-effectiveness of routine reporting of eGFR would be
strongly influenced by any decrement in health-related quality
of life resulting from a false positive diagnosis of CKD.

Materials and Methods
Model Design

A state-transition Markov model with two arms was constructed
(15); one arm assessed the cost and effect of serum creatinine reporting,
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and the other assessed the cost and effect of routine eGFR reporting. All
probabilities, costs, and rewards within a state were identical between
the two arms, except for the sensitivity and specificity of serum creat-
inine and eGFR reporting with respect to identifying cases of CKD. The
base case patient was 60 yr of age and was followed for 18 cycles, 1 yr
in length. Sixty years was chosen because of the increasing prevalence
of CKD after age 60 (1). Eighteen cycles were performed to capture the
effects of eGFR reporting until the average age at the end of life in the
United States, based on life expectancy at birth: 78 yr (16). Patients had
either a serum creatinine or creatinine plus eGFR measurement every
cycle.

Six health states were included in the model: (1) no kidney disease or
early stages of kidney disease, which included all patients with GFR
�60 ml/min/1.73 m2 in the “true negative” state (TN-CKD); (2) CKD in
the “true positive” state (TP-CKD); (3) CKD in the “false negative” state
(FN-CKD); (4) no kidney disease or early stages of disease in the “false
positive” state (FP-CKD), among patients with a GFR �60 ml/min/
1.73 m2 and an incorrect diagnosis; (5) ESRD, which included all
patients with eGFR � 15 ml/min per 1.73 m2 and did not distinguish
among transplant recipients, hemodialysis patients, and peritoneal di-
alysis patients; and (6) death. Figure 1 shows these health states and
possible transitions between states.

CKD, both true positive and false negative, included only National
Kidney Foundation Kidney Disease Outcomes Quality Initiative (K/
DOQI) CKD stages 3 to 4, in which GFR is 15 to 59 ml/min/1.73 m2

(16). The model was designed in this way because the MDRD equation
has been validated in stages 3 to 5 of CKD and because nephrology
evaluation is usually obtained in these later stages of disease. We
combined stages 3 and 4 because some important studies of CKD
outcomes did not distinguish between these stages (18–21).

Patients were distributed initially between TN-CKD, TP-CKD, FN-
CKD, and FP-CKD on the basis of CKD prevalence and test character-
istics (see Transition Probabilities) and were then able to move through
the model as follows (see Figure 1):

(1) Patients in the TN-CKD state could not move directly to ESRD.
We assumed that patients with such rapid progression would be a
minimal fraction of the total ESRD population and would be detected
regardless of eGFR reporting practices. (2) TP-CKD and FN-CKD pa-
tients could not return to the TN-CKD or FP-CKD states. Thus, acute
kidney injury was not considered in our model because we assumed a

nephrologist would follow the great majority of these patients regard-
less of eGFR reporting practices. (3) Patients could not return to TN-
CKD, TP-CKD, FN-CKD, or FP-CKD after entering ESRD. (4) TP-CKD
patients could not transition to FN-CKD. (5) Death was the only ab-
sorbing state.

On the basis of the sensitivity and specificity characteristics of eGFR
and serum creatinine, some patients in each cycle moved from TN-CKD
to FP-CKD. We assumed that the majority of actual patients falsely
diagnosed with CKD would have further evaluation of their renal
function with an outpatient evaluation, after which they would be
correctly recognized as having no kidney disease. All FP-CKD patients
incurred the one-time costs of diagnostic workup and returned to the
TN-CKD state after one cycle. In summary, the model treats eGFR � 60
ml/min/m2 or an elevated serum creatinine as possible evidence of
CKD; these patients are then assumed to undergo additional confirma-
tory evaluation by a nephrologist.

Transition Probabilities
Movement between states was dependent on incidence and preva-

lence of CKD, sensitivity and specificity of serum creatinine or eGFR to
detect CKD, the probability of progressing from CKD to ESRD with and
without optimal renal management, mortality without CKD, mortality
for CKD patients with and without optimal renal management, and
mortality with ESRD. Optimal renal management in this study in-
cluded BP control and the use of angiotensin-converting enzyme in-
hibitors (18,20-22). Values and data sources are listed in Table 1.

Prevalence and Incidence
Age-specific prevalence of CKD (stages 3 to 4) was estimated from

National Health and Nutrition Examination Survey (NHANES) (1).
Discrete values for these prevalence estimates presented in the pub-
lished report only in graphical form were obtained from the authors
(11). (Personal communication: Dr. Josef Coresh). We estimated age-
specific incidence from NHANES data based on differences in preva-
lence across age groups.

Mortality, Morbidity and Effects of Therapy
Age-specific mortality in U.S. patients without CKD was estimated

from United States Life Tables (23). We estimated annual mortality in
CKD patients from published studies (3,18–21). Stage-specific mortality
was published in Go et al. (3), so for CKD patients in our study, a
weighted average was calculated to represent mortality in stages 3 to 4

The effect of therapy on mortality was represented by a factor (CKD
mortality coefficient) by which annual CKD mortality was multiplied
(� 1 � protective, 1 � no effect, � 1 � harmful). We found conflicting
data regarding the effect of appropriate medical treatment on mortality
in CKD patients (18,20,21). Given these data, we used 1 as the CKD
mortality coefficient, meaning therapy had no effect on mortality, but
we examined lower values in a sensitivity analysis.

The effect of therapy on CKD progression to ESRD was represented
by a CKD progression coefficient by which annual probability of pro-
gressing from CKD to ESRD was multiplied (20,21). Age-specific mor-
tality in ESRD was estimated from United States Renal Data System
(USRDS) Annual Data Report (ADR) data (24).

Sensitivity and Specificity of Serum Creatinine Versus
eGFR

We searched for published studies that estimated the sensitivity and
specificity of eGFR and/or serum creatinine in the general population
with reference to mGFR (such as evaluated by iothalamate clearance)
and that defined CKD as a GFR � 60 ml/min/1.73 m2. Currently

Figure 1. State transition model showing the possible transitions
of patients between health states. An individual patient could
be in only 1 of the 6 possible states during a single cycle.
TN-CKD, true negative state for patient without chronic kidney
disease (GFR � 60 ml/min/1.73 m2); CKD, chronic kidney
disease stages 3 to 4 (GFR 15 to 59 ml/min/1.73 m2); ESRD, end
stage renal disease (GFR � 15 ml/min/1.73 m2).
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available studies, however, used a variety of eGFR, serum creatinine,
and mGFR thresholds to define the testing characteristics of eGFR and
serum creatinine. In addition, some of the studies were not performed
exclusively in the general population.

On the basis of studies that examined the four-variable MDRD equa-
tion, we selected a mean eGFR sensitivity of 0.924 and specificity of
0.835 as base-case values for our model (25,26). These values were used
in conjunction with other variables to transition patients into the four
health states of TN-CKD, FN-CKD, TP-CKD, and FP-CKD.

We selected a mean sensitivity of 0.559 and specificity of 0.950 of
serum creatinine for our base-case model using data from studies that
compared serum creatinine alone to mGFR (27–29). These studies used
cut-offs for abnormal serum creatinine that ranged from 1.06 to 1.36
mg/dl and mGFR thresholds to define CKD that ranged from 60 to 72
ml/dl.

Utilities
Values for health utilities are presented in Table 2. A maximum

utility of 1 was allocated to patients in the state of TN-CKD, and a
minimum utility of 0 was reserved for death; CKD was assigned an
intermediate value based on a study of CKD patients (30). We assigned
identical QALYs to the states of FN-CKD and TP-CKD. The health state
of FP-CKD was given a base case utility of 1. For ESRD, we used a mean
QALY value based on 62 quality-of-life estimates in different ESRD
populations (31). Health utilities were discounted at an annual rate
of 3%.

Costs
Medical costs are presented in Table 3. Annual medical costs were

estimated for the health states of TN-CKD, FN-CKD, TP-CKD, and

Table 1. Prevalence, incidence, mortality, progression to ESRD, effect of therapy, and test characteristics

Probabilities Age
(yr)

Base Case
(%/yr) Range Source

Annual incidence of CKD 50-64 0.71 Estimated from Coresh
(1)65� 2.29

Annual mortality in the United States 60 0.97 Arias (23)
70 2.36

Annual mortality of patients with ESRD 62 14.9 USRDS ADR (24)
67 18.9
74.5 26.0

Prevalence of CKD at age 60 0.149 0.075 to 0.224 Coresh (1)
Annual mortality of patients with CKD 0.050 0.0076 to 0.17 Foley, Go, Gerstein,

Jafar, Sarnak (3, 18,
19, 20, 21)

Annual probability of progressing from CKD
to ESRD

0.076 0.023 to 0.160 Foley, Jafar, Sarnak
(19-21)

Effect of therapy on mortality
and progression

Effect of therapy on annual mortality of
CKD patients (CKD mortality
coefficient)

1 0.76 to 1.00 Gerstein, Sarnak, Jafar
(18, 20, 21)

Effect of therapy on annual progression from
CKD to ESRD (CKD progression
coefficient)

0.728 0.637 to 0.819 Jafar, Sarnak (20, 21)

Test characteristics of eGFR and
serum creatinine

sensitivity of eGFR in detecting CKD 0.924 0.919 to 0.928 Froissart, Rigalleau
(25, 26)

specificity of eGFR in detecting CKD 0.835 0.784 to 0.885 Froissart, Rigalleau
(25, 26)

sensitivity of serum creatinine in detecting
CKD

0.559 0.385 to 0.90 Newman, Oddoze, Xia
(27, 28, 29)

specificity of serum creatinine in detecting
CKD

0.950 0.90 to 0.975 Newman, Oddoze, Xia
(27, 28, 29)

eGFR was derived using the abbreviated MDRD equation. ESRD, end stage renal disease (glomerular filtration rate � 15
ml/min/1.73 m2); CKD, chronic kidney disease, stages 3 to 4 (glomerular filtration rate 15 to 59 ml/min/1.73 m2); USRDS
ADR, United States Renal Data Service, Annual Data Report.
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ESRD using the USRDS ADR (24) and data from a case-control study by
Smith et al. (32).

There are no USRDS ADR cost data for a healthy, control population
(which corresponds to TN-CKD in our model). Annual health costs for
TN-CKD patients were, therefore, estimated using a ratio derived from
an article by Smith et al. that examined a population of 27,998 patients
with and without CKD enrolled in the Kaiser Permanente health plan
(32). The CKD patients in this study were a mixture of those with CKD
that was recognized (TP-CKD) and unrecognized (FN-CKD) by their
physicians (personal communication with Dr. Smith). We multiplied
the ratio of medical costs for healthy controls to those for CKD patients
in stages 3 to 4 from Smith et al. by the costs documented in the ADR
for CKD patients as follows:

Annual health costs in TN-CKD�(Annual health costs of control
from Smith/Annual health costs of CKD patients stage 3 to 4 from
Smith) � (Annual health costs in CKD patients from ADR)

No data were found that distinguished between health costs in

recognized versus unrecognized CKD; therefore, the states of TP-CKD
and FN-CKD were assigned identical costs.

Annual health costs for ESRD were estimated for patients over age 65
on the basis of costs and point prevalence counts of ESRD documented
in the ADR by age category (24).

All individuals who transitioned to the states of TP-CKD or FP-
CKD were assigned the one-time cost of an outpatient nephrology
evaluation. We conferred with a group of academic nephrologists at
our institution to define a set of tests that would likely be performed
for newly diagnosed CKD. This consisted of a new patient visit, a
repeat patient visit, a renal metabolic panel, complete blood count,
urinalysis, urine protein, urine creatinine, and a limited retroperito-
neal ultrasound (33). The state of FP-CKD was assigned annual
health costs equaling those of TN-CKD plus the additional cost of
the one-time evaluation.

A one-time cost was assigned when patients transitioned to death
representing the average incremental costs of care during the final year

Table 3. Total annual medical costs by health state and for a one-time nephrology evaluation

Description

Cost ($)

SourceBase
Case

Range

Lower Upper

Single nephrology evaluation for CKDa 266 133 399 Based on CMS laboratory fee
schedule (33)

Annual medical costs for patients with CKD
(FN-CKD or TP-CKD), ages 65�

20,784 15,588 25,980 USRDS ADR, 2007 (24)

Annual medical costs for patients without
CKD stages 3-4 (TN-CKD), ages 65�

11,760 8,820 14,700 Smith, USRDS ADR, 2007
(32, 24)

Annual medical costs for patients with
ESRD, ages 65�

68,808 51,606 86,010 USRDS ADR, 2007 (24)

One-time death cost 37,611 28,208 47,014 Hoover (34)
aEvaluation consists of new patient visit (CPT code 99203, outpatient visit of new patient with presenting problem of

moderate severity), renal metabolic panel (CPT 80069), complete blood count (CPT 85025), urinalysis (CPT 81001), limited
retroperitoneal ultrasound with image documentation (CPT 76775), urine protein (CPT 84156), urine creatinine (CPT 82570),
and repeat patient visit (CPT 99213). CKD, chronic kidney disease, stages 3 to 4 (glomerular filtration rate 15 to 59 ml/min/
1.73 m2); FN-CKD, false negative state for patient with chronic kidney disease, stages 3 to 4; TP-CKD, true positive state for
patient with chronic kidney disease, stages 3 to 4; USRDS ADR, United States Renal Data System, Annual Data Report; TN-
CKD, true negative state for patient without chronic kidney disease (glomerular filtration rate � 60 ml/min/1.73 m2); ESRD,
end stage renal disease (glomerular filtration rate � 15 ml/min/1.73 m2); CMS; Center for Medicine and Medicaid Services.

Table 2. Utilities by health state in quality-adjusted life years (QALY)

Health state

Utilities (QALY)

SourceBase
Case

Range

Lower Upper

TN-CKD 1 1 1
CKD (FN-CKD and TP-CKD) 0.79 0.71 0.87 TTO, HUI (30)
ESRD 0.64 0.14 0.9 All values from Tengs (31)
FP-CKD 1 0.95 1 Estimate

TN-CKD, no chronic kidney disease stages 3 to 4 (glomerular filtration rate � 60 ml/min/1.73 m2); CKD, chronic kidney
disease stages 3 to 4 (glomerular filtration rate 15 to 59 ml/min/1.73 m2); FN-CKD, undetected chronic kidney disease stages
3 to 4; TP-CKD, detected chronic kidney disease stages 3 to 4; ESRD, end stage renal disease (glomerular filtration rate � 15
ml/min/1.73 m2); FP-CKD, false-positive chronic kidney disease due to false positive test result; TTO, time trade-off; HUI-3,
Health Utilities Index.
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of life (34). All costs were discounted at an annual rate of 3% and
adjusted to 2005 dollars.

Statistical Analyses
A Markov model was created using Pro Suite 2008 (TreeAge; Wil-

liamstown, MA). The initial distribution of the population was based
on the prevalence of CKD stages 3 to 4 (1). Thereafter, the incidence of
CKD determined transitions from TN-CKD/FP-CKD to CKD. When
multiple studies offered different values for estimates in the model, we
performed sensitivity analyses over the range of published values
(Tables 1 to 3). CKD prevalence at age 60 was varied by 50%; estimated
incidence of CKD was varied from the estimated incidence at age 50 to
age 65�. Testing costs were varied by 50% above and below the base
case value. All other costs were varied by 25%.

Ten Monte Carlo microsimulations of 10,000 hypothetical patients
were performed using the base-case values to estimate the absolute
number of transitions between health states. In addition, a Monte Carlo
probabilistic sensitivity analysis (second order uncertainty analysis)
using 1000 trials was performed. This probabilistic sensitivity analysis
incorporated normal distributions for all variables except QALY of
FP-CKD, CKD mortality coefficient, QALY adjustment for ESRD, and
specificity of serum creatinine, for which custom distributions based on
normal distribution, but that did not extend to values greater than 1,
were used.

Results
As shown by base-case values over an 18-yr period, the eGFR

strategy was dominant (more effective and less costly). The

total cost per patient was $185,933 for the eGFR strategy, with
an effect of 11.100 QALYs/patient and a cost-effectiveness ratio
of $16,751 per QALY. The strategy of serum creatinine alone
was associated with a slightly higher total cost of $186,088 and
a lower effect of 11.090 QALYs/patient, yielding a cost-effec-
tiveness ratio of $16,779 per QALY (Table 4).

Examination of effect alone over the 18-yr period revealed
that 105 patients would be required to have an eGFR annually
to achieve a net increase of one QALY. The eGFR strategy was
also dominant when absolute years of life (instead of QALYs)
were used as the outcome, with a mean effect of 11.596 yr for
eGFR reporting versus 11.586 yr for reporting serum creatinine
alone.

The average of 10 Monte Carlo microsimulations of 10,000
patients over 18 yr revealed that 13 fewer deaths and 29 fewer
transitions to ESRD occurred with eGFR reporting. Notably,
eGFR reporting generated 11,348 more FP-CKD cases com-
pared with serum creatinine alone and resulted in 2072 fewer
patient-years spent with undetected CKD (FN-CKD) (Table 5).

Sensitivity Analyses
One-way sensitivity analyses identified three variables that

had an important impact on the model output. When effective-
ness alone was the outcome, the only variable that rendered the
eGFR strategy inferior to serum creatinine was the QALY as-

Table 4. Cost, effect, cost/effect and incremental cost-effectiveness ratios per person generated after 18 one-year
cyclesa

Base Care
Values and Variables

Sensitivity
Analysis

Boundary
Reporting
Strategy

Cost
($)

Effect
(QALY)

Cost/
Effect

($/QALY)
Descriptive Outcome ICER

($/QALY)b
See

Figure

Base case values SCr 186,088 11.090 16,779 eGFR more effective
and less costly
(dominant)

NA

eGFR 185,933 11.100 16,751

QALY of FP-CKD Lower SCr 186,088 11.068 16.813 SCr more cost-
effective

4,376 3a
eGFR 185,933 11.032 16.853

Upper SCr 186,088 11.090 16,779 eGFR more effective
and less costly
(dominant)

NA

eGFR 185,933 11.100 16,751

Annual probability of
progressing from
CKD to ESRD

Lower SCr 177,752 11.276 15,764 SCr more cost-
effective

20,289 3b
eGFR 177,824 11.279 15,765

Upper SCr 194,479 10.891 17,857 eGFR more effective
and less costly
(dominant)

NA

eGFR 194,142 10.905 17,802

Sensitivity of SCr Lower SCr 186,422 11.082 16,822 eGFR more effective
and less costly
(dominant)

NA 3c

eGFR 185,933 11.100 16,751

Upper SCr 185,725 11.099 16,733 SCr more cost-
effective

433,324
eGFR 185,933 11.100 16,751

QALY, quality adjusted life year; ICER, incremental cost-effectiveness ratio; SCr, serum creatinine; eGFR, estimated
glomerular filtration rate; CKD, chronic kidney disease, stages 3 to 4 (glomerular filtration rate 15 to 59 ml/min/1.73 m2); FP-
CKD, false-positive state for patient with chronic kidney disease, stages 3 to 4; ESRD, end stage renal disease (glomerular
filtration rate � 15 ml/min/1.73 m2).

aResults calculated using base case values and the upper and lower boundary values used in one-way sensitivity analyses.
bICER results as generated by TreeAge, and differ slightly from ICER values calculated from table due to differing numbers

of significant digits.
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signed to FP-CKD. For the sensitivity analyses of the other two
variables, eGFR was consistently more effective, but was less
cost-effective within the ranges examined (Figures 2 and 3).

Assuming that the quality of life was diminished when a
patient had a false positive test, we decreased the QALY for
FP-CKD from 1 to 0.95. Below a QALY of 0.98, serum creatinine
became the more cost-effective strategy. Using a quality of life
for FP-CKD of 0.95, eGFR reporting yielded 0.035 fewer
QALYs/person over 18 yr than serum creatinine reporting
(Figure 2). Using this 5% reduction in the QALYs assigned to
FP-CKD, the eGFR strategy was also less cost-effective than the
serum creatinine strategy at $16,853 per QALY versus $16,813
per QALY, respectively, yielding an incremental cost-effective-
ness ratio (ICER) of $4367 per QALY gained with serum creat-
inine reporting (Figure 3a).

One-way sensitivity analyses demonstrated that the cost-
effectiveness of serum creatinine reporting became superior to
eGFR reporting over plausible ranges of two variables: 1) an-
nual probability of progressing from CKD to ESRD, and 2)
sensitivity of serum creatinine to detect CKD (Figures 3b and
3c). At the lower bound of annual probability of progressing
from CKD to ESRD, reporting serum creatinine was found to be

more cost-effective than reporting eGFR with an ICER of
$20,289 per QALY gained by eGFR reporting. At the upper
bound of sensitivity of serum creatinine, reporting serum cre-
atinine was more cost-effective than reporting eGFR with an
ICER of $433,324 per QALY gained by eGFR reporting (Table 4).

Sensitivity analysis also showed that if the cost of patient
work-up for a positive test was $652/person or more, reporting
serum creatinine became the more cost-effective strategy. This
cost was, however, outside of our predefined plausible range.

The distribution of cost-effectiveness ratios from a Monte
Carlo probabilistic sensitivity analysis of 1000 trials revealed no
clearly preferable strategy (Figure 4). eGFR reporting generated
a mean cost-effectiveness of 17,796 $/QALY (�1267 $/QALY).
Serum creatinine reporting generated mean cost-effectiveness
of 17,809 $/QALY (�1273 $/QALY).

Figure 2. One-way sensitivity analysis of quality of life assigned
to the state of false positive chronic kidney disease (FP-CKD).
Estimated GFR and serum creatinine reporting strategies are
compared with effectiveness (QALYs) as the measured out-
come.

Figure 3. One-way sensitivity analyses of three variables. (a)
Quality of life adjustment for patients with false positive diag-
nosis of CKD. (b) Annual probability of progressing from CKD
to ESRD. (c) Sensitivity of serum creatinine to identify CKD.
Estimated GFR and serum creatinine reporting strategies are
compared with cost-effectiveness (dollars/quality adjusted life
year) as the measured outcome. Base case results: eGFR
$16,751/QALY, serum creatinine $16,779/QALY; eGFR domi-
nates. CKD, chronic kidney disease stages 3 to 4 (GFR 15 to 59
ml/min/1.73 m2); ESRD, end stage renal disease (GFR � 15
ml/min/1.73 m2).

Table 5. Mean results of 10 Monte Carlo microsimulations

Patient Outcomes
Estimated Glomerular

Filtration Rate
(eGFR) Reporting

Serum
Creatinine
Reporting

Mean Difference
Using eGFR
Reporting

Deaths 4,627 4,640 �13
Transitions from CKD (FN-CKD or TP-CKD) to ESRD 1,259 1,288 �29
Number of FP-CKD categorizations 17,015 5,667 11,348
Patient-years spent in FN-CKD 253 2,325 �2,072
Patient-years spent in TP-CKD 22,196 19,842 2,354

Each microsimulation was composed of 10,000 trials of 18 one-year cycles. Serum creatinine and eGFR measurements
occurred once per cycle. CKD, chronic kidney disease, stages 3 to 4 (glomerular filtration rate 15 to 59 ml/min/1.73 m2); FN-
CKD, false negative state for patient with chronic kidney disease, stages 3 to 4; TP-CKD, true positive state for patient with
chronic kidney disease, stages 3 to 4; ESRD, end stage renal disease (glomerular filtration rate � 15 ml/min/1.73 m2); FP-
CKD, false-positive state for patient with chronic kidney disease, stages 3 to 4.
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Discussion
The development of the GFR estimating equations and ad-

vocacy for early CKD diagnosis have led to a rapid shift in
practice toward the automatic reporting of eGFR with serum
creatinine. Although our analysis demonstrated that reporting
eGFR is dominant compared with reporting serum creatinine
alone under base-case assumptions, the difference in cost-effec-
tiveness between the two strategies was modest and highly
sensitive to any decrement in quality of life related to false
positive diagnosis of CKD. In addition, sensitivity analyses
revealed two other variables that render reporting serum cre-
atinine the more cost-effective approach. These findings sug-
gest that the policy of routine reporting of eGFR should be
regarded with caution, particularly until the effect on quality of
life and costs to FP-CKD patients are better understood.

eGFR reporting was the most effective and cost-effective
strategy when analyzed using the separate outcomes of abso-
lute life years, QALYs, and cost/QALY. The superiority of the
eGFR reporting strategy results from the fact that eGFR iden-
tified more cases of CKD, and treatment of CKD led to fewer
cases of ESRD. The limited magnitude of the effect seen with
eGFR reporting is likely a result of the limited effects of therapy
on CKD progression and mortality.

The value assigned to the false-positive diagnosis of CKD
had a strong effect on the model outcomes. In one-way sensi-
tivity analyses, eGFR reporting became inferior to serum cre-
atinine when the QALY for FP-CKD was decreased by greater
than 1%. Our Monte Carlo microsimulations also demonstrated
the tradeoff between increased sensitivity and decreased spec-
ificity with eGFR reporting. In a hypothetical population of
10,000 individuals followed over 18 yr, there were, on average,
13 fewer deaths and 29 fewer cases of ESRD, but 11,348 more
false positive diagnoses of CKD with eGFR reporting compared
with serum creatinine alone. Furthermore, our Monte Carlo
probabilistic sensitivity analysis, which considers jointly the
uncertainties in our decision model, failed to indicate a clearly
preferable strategy.

The range of possible harmful outcomes from false positive
diagnosis of CKD includes health-related, economic, and psy-
chologic consequences. Possible negative health consequences
include unnecessary renal biopsies and medications such as
angiotensin-converting enzyme inhibitors with their associated
costs and potential adverse effects, which we did not include in
our analysis. The economic burden of a false positive diagnosis
with CKD also merits consideration. In this study, the financial
burden of a positive test for CKD was incurred whether or not
a patient had true disease and was, therefore, a greater source
of increased cost in the eGFR reporting strategy as a result of
the high number of FP-CKD patients. This diagnostic evalua-
tion was limited to two visits with a nephrologist and limited
tests that were estimated to cost $266. However, the cost of the
clinical evaluation of a positive test for CKD was based on
opinion and could be an underestimate (35). In addition, we did
not include a one-time cost of software installation to allow
eGFR reporting, because many institutions have already made
this investment (12). Lastly, patients with a false positive diag-
nosis could suffer adverse outcomes such as anxiety, employ-
ment discrimination, and denial of health or life insurance
(36–38).

Other factors besides the quality of life of FP-CKD patients
proved influential in our model. Serum creatinine reporting
was more cost-effective than eGFR reporting within the bound-
aries of two variables: the annual probability of progressing
from CKD to ESRD, and the sensitivity of serum creatinine in
identifying patients with CKD (Figure 3, b and c). Varying the
annual probability of progressing from CKD to ESRD did not
result in a large difference in cost-effectiveness between the two
strategies, and both strategies became less cost-effective as the
probability of progression to ESRD increased (Figure 3b).

As the sensitivity of serum creatinine was increased to 0.75
and higher, however, this strategy became substantially more
cost-effective than eGFR reporting (Figure 3c). The influence of
this variable on cost-effectiveness is highlighted because the
sensitivity of serum creatinine for diagnosis of CKD in clinical
practice is uncertain. In contrast to eGFR, which defines CKD
using widely published numerical guidelines, (16) the value at
which a serum creatinine is considered abnormal varies be-
tween physicians. For instance, a study by Mendelssohn
showed that family physicians in Ontario generally did not
refer patients with serum creatinine levels in the range of 1.4 to
1.7 mg/dl to a nephrologist (39), whereas the studies that we
cited defined abnormal serum creatinine as those values higher
than 1.06 to 1.36 mg/dl (27,28,29).

Our study has several limitations. Although published data
were used to specify our model, precise estimates for some
important variables were not available. For instance, limited
data exist regarding health costs in CKD patients. The annual
health costs of CKD were estimated using one retrospective
study that did not distinguish between patients diagnosed with
CKD and those who were undiagnosed (32). Thus, both TP-
CKD and FN-CKD groups were assumed to have similar costs
of care. The undiagnosed group may, in reality, have more
unintended hospital admissions than the diagnosed group.
However, the diagnosed group likely has more outpatient visits

Figure 4. Monte Carlo probabilistic analysis, results of 1000
trials plotting incremental cost versus incremental effect. eGFR
reporting is compared with the baseline strategy of serum
creatinine reporting. QALY, quality-adjusted life year
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and medication prescriptions. Therefore, it is unclear whether
one CKD group would have greater costs than the other, but a
difference in costs could influence the outcomes of our model.

Our model examines the effects of eGFR reporting among the
elderly, although the true prevalence of CKD in this population
is not known. This uncertainty arises, in part, because declines
in renal function among the elderly may represent “normal”
senescence rather than a pathologic disease process. As a result,
there has been substantial debate about the appropriate epide-
miologic approach to measuring CKD in an elderly population
(40,41). For instance, the estimate of CKD prevalence that we
used for our hypothetical population of 60-yr-old individuals
was taken from a study that relied on the MDRD equation to
measure CKD in the general population (1). The MDRD equa-
tion, however, may lack precision in older individuals (9,42,43).
We addressed this uncertainty about the prevalence of CKD by
varying the estimate by � 50% in our sensitivity analysis
around the base-case value.

An additional limitation is that the quality of life of CKD
patients was assumed to be the same in our model whether or
not CKD was diagnosed. As discussed above with respect to
patients falsely diagnosed with CKD, a “true positive” diagno-
sis of CKD could similarly lead to anxiety, employment dis-
crimination, and denial of insurance. However, in patients with
true disease, identification might also allow for treatments that
improve quality of life, such as correction of anemia.

Conclusions
Automatic reporting of eGFR was the dominant strategy

providing more QALYs with fewer costs, but this benefit was
modest and was reversed with virtually any reduction in qual-
ity of life caused by the incorrect diagnosis of CKD. eGFR
reporting also resulted in a far higher number of patients falsely
diagnosed with CKD. Despite the widespread enthusiasm and
increasing adoption of routine eGFR reporting, our study
shows that clinicians and policy-makers should carefully exam-
ine the consequences of this practice. Additional studies are
needed to quantify the impact of false diagnosis of CKD on
quality of life, the probability of progressing from CKD to
ESRD, and the sensitivity with which serum creatinine and
eGFR reporting alone identifies patients with CKD. Until these
data become available, the superiority of eGFR reporting com-
pared with serum creatinine alone remains uncertain.
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