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ABSTRACT

CLINICAL EPIDEMIOLOGY

Compared with other racial groups, African Americans have a similar prevalence of CKD but are much
more likely to progress to ESRD, suggesting that the cost-effectiveness of screening strategies requires
dedicated study in this population. Here, we calibrated the CKD Health Policy Model so that it accurately
forecasts the higher rates for ESRD observed for African Americans. We then used the calibrated model to
estimate the cost-effectiveness of screening for microalbuminuria followed by treatment with angiotensinconverting enzyme inhibitors or angiotensin II-receptor blockers. Incorporating racial differences in risk
factors did not fully explain the much higher lifetime incidence of ESRD among African Americans. Thus, to
calibrate the model, we applied a 20% increase in the rate of GFR decline at stage 3 and a 60% increase in
the rate of GFR decline at stage 4, which resulted in a model that closely reﬂects lifetime ESRD incidence
among African Americans. Compared with usual care, screening African Americans for microalbuminuria at
10-, 5-, 2-, and 1-year intervals had incremental cost-effectiveness ratios of $9000, $11,000, $19,000, and
$35,000 per quality-adjusted life year, respectively. Incremental cost-effectiveness ratios for the same
screening intervals were higher for non-African Americans: $17,000, $23,000, $44,000, and $81,000 per
quality-adjusted life year, respectively. In summary, these models suggest that screening African Americans for microalbuminuria at either 5- or 10-year intervals is highly cost-effective.
J Am Soc Nephrol 23: 2035–2041, 2012. doi: 10.1681/ASN.2012040347

CKD is a leading cause of morbidity and high medical
costs, affecting an estimated 26 million adults in the
United States.1 Persons with CKD but not ESRD accounted for nearly one-sixth of all Medicare expenditures in 2009. CKD may progress to ESRD, which
affected .571,000 US adults and cost .$42 billion in
2009.2 Elevated albuminuria is the earliest marker of
CKD.3 Previous work has shown that urine dipstick
screening for clinical albuminuria (macroalbuminuria) and treatment with angiotensin-converting enzyme (ACE) inhibitors or angiotensin II-receptor
blockers (ARBs) is cost-effective in certain populations, even without considering the possible beneﬁts
of avoiding non-ESRD costs.4,5 We previously developed and used the CKD Health Policy Model to estimate the cost-effectiveness of screening for low levels of albuminuria (microalbuminuria), an even
J Am Soc Nephrol 23: 2035–2041, 2012

earlier marker of CKD.6,7 We found this intervention
to be cost-effective in populations with diabetes or
hypertension, two risk factors for CKD and ESRD.8
African Americans are at particularly high risk
for ESRD.8 On the basis of the National Health and
Nutrition Examination Survey (NHANES) data,
the prevalence of CKD among African Americans
is similar to or lower than that of other racial
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groups.9 However, US Renal Data System (USRDS) data indicate that African Americans have much higher lifetime incidence of ESRD.2 The reasons for this disparity in the progression
to ESRD are unclear. The Modiﬁcation of Diet in Renal
Disease (MDRD) study explored the association of GFR
slope with certain covariates and found African-American
race to be associated with the largest GFR decline coefﬁcient
of all variables included in the regression.10 Hsu et al. examined risk factors for CKD using NHANES data and found
that African Americans experience higher progression rates
unexplained by other risk factors, such as age, sex, diabetes,
systolic and diastolic BP, and albuminuria.11 Neither study
explains this apparent racial disparity in CKD progression.
Our previous model does well in predicting CKD prevalence
and the cumulative incidence of ESRD in the overall US
population.7 However, the model does not accurately predict
the elevated risk of ESRD among African Americans. The purpose of this paper is to calibrate the CKD Health Policy Model
so that it accurately forecasts the observed higher ESRD rates
for African Americans, and to use the calibrated model to
estimate the cost-effectiveness of microalbuminuria screening
for African Americans and non-African Americans.
RESULTS
Effect of African-American Risk Factors

Table 1 shows the effect of African-American risk factors on CKD
prevalence and lifetime ESRD incidence using the original model
parameters. Observed data (NHANES and USRDS) show that
the prevalence of CKD among African Americans is 14.7% and
the lifetime incidence of ESRD is 86 per 1000 persons. Our previous nonrace-speciﬁc model underpredicts ESRD considerably
(39 per 1000 persons). Incorporating race-speciﬁc hypertension
prevalence results in no increase in lifetime ESRD incidence. Incorporating race-speciﬁc diabetes rates results in an increase in
lifetime ESRD incidence of only 9 per 1000 persons. Modeling
micro- and macroalbuminuria rates observed among African
Americans results in an increase in ESRD incidence, but also

results in an overprediction of CKD compared with that observed
in NHANES data. Incorporating all three African-American
risk factor prevalence values causes the model to overpredict
CKD prevalence, but still substantially underpredict lifetime
ESRD incidence by almost 40% (52 versus 86 per 1000 persons).
Calibration of Race-Speciﬁc CKD Progression

We considered several options to calibrate the model to match
external validation data targets for cumulative lifetime ESRD
incidence and overall CKD prevalence among African Americans and among non-African Americans. These options included increasing the correlation between initial estimated GFR
(eGFR) values and initial albuminuria prevalence, eliminating background screening, and eliminating the 1-year
delay in stage 5 before ESRD initiation. Each option resulted
in very small effects on ESRD incidence, and because none
were supported by external evidence, we ultimately rejected
their inclusion.
We ultimately decided to calibrate the model to accelerate
CKD progression among African Americans with CKD and
conversely to slow the progression of non-African Americans
with CKD. The calibration process begins to affect progression
beginning at stage 3 (eGFR #60 ml/min per 1.73 m2) by applying multiplicative coefﬁcients to the annual GFR decrement value. We initiated calibration at stage 3 because the
baseline model slightly overpredicts the prevalence of eGFR
#60 ml/min per 1.73 m2 for African Americans, and this is
also the point at which the model assumes that lower GFR
values increase the rate of GFR decline. Increasing the GFR
rate of decline by 20% at stage 3 and 60% at stage 4 resulted in
the model closely replicating USRDS lifetime ESRD incidence
(Table 2). Progression rates for non-African Americans were
decreased slightly to keep lifetime ESRD incidence constant
for the general population.
Cost-Effectiveness

We report cost-effectiveness results as incremental costeffectiveness ratios (ICERs), in which the change in costs
from an intervention is divided by the intervention’s effect on

Table 1. Effect of African-American risk factors on model outcomes from initial model
African-American
Risk Factors
Observed ratesb
Model predicted ratesc
Base model
Systolic BP
Diabetes
Albuminuria
All 3

Age-Adjusted Prevalence
Any CKD

Stage 1

Stage 2

Stage 3

Stage 4

Stage 5

ESRD Lifetime
Incidencea

0.147

0.033

0.040

0.062

0.005

—

86

0.143
0.144
0.148
0.181
0.182

0.027
0.027
0.027
0.046
0.048

0.035
0.036
0.036
0.052
0.051

0.072
0.072
0.075
0.073
0.072

0.007
0.007
0.008
0.007
0.008

0.002
0.002
0.003
0.003
0.003

39
39
48
42
52

a

Lifetime incidence of initiating ESRD care per 1000 persons.
Observed stage-speciﬁc CKD prevalence is based on the NHANES, 1999–2006. We did not report the estimated prevalence of stage 5 due to the limited sample
size in NHANES. ESRD lifetime incidence is based on data from the USRDS.
c
Stage-speciﬁc CKD prevalence and ESRD incidence are based on simulation results from the base model with no race adjustments other than mortality, and with
individual African-American risk factors (systolic BP, diabetes, albuminuria), and all three risk factors.
b
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quality-adjusted life years (QALYs). We report total per-person
lifetime medical costs for each screening scenario, including
costs not directly attributable to CKD. Because most of the population never develops CKD and intervention costs are only a
small component of lifetime medical costs, the differences in
costs across each scenario appear to be small. However, the incremental cost differences reﬂect the full cost of the interventions
and the effect of the interventions on other medical costs.
Table 3 lists costs, QALYs, ICERs, and lifetime incidence of
ESRD results of screening for microalbuminuria by race. For
ICERs, we calculated the cost per QALYof the different screening strategies compared with usual care and cost per QALY of
one screening strategy compared with the next most effective
screening strategy. Costs are rounded to the nearest $100, and
ICERs are rounded to the nearest $1000 per QALY. Lifetime
incidence of ESRD is reported per 1000 persons. Compared
with usual care, screening African Americans at 10-, 5-, 2-, and
1-year intervals has ICERs of $9000, $11,000, $19,000, and
$35,000 per QALY, respectively. In all cases, screening among
African Americans yields more favorable ICERs than among
non-African Americans. Because this analysis includes a
higher prevalence of macroalbuminuria, these results are generally more favorable than those found in our earlier analysis
for the combined population of all races.8 The ICERs increase
with screening frequency compared with the alternative
screening frequencies. For African Americans, the ICER
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increased from $24,000 to $113,000 per QALY when the screening interval shortened from 5 to 2 years. For non-African
Americans, the ICER increased from $54,000 to $210,000
per QALY. Lifetime incidence of ESRD among African Americans drops from 82 per 1000 persons under usual care to 79
with 10-year universal screening and 78 with more frequent
screening. Part of the beneﬁcial effect of screening is not total
avoidance of ESRD, but a delay in ESRD onset. ESRD incidence decreases by negligible amounts with screening intervals
,5 years.
Table 4 lists the cost, QALY, ICER, and ESRD incidence
results of annual screening for the populations with major
risk factors. For African Americans, microalbuminuria
screenings for all risk factor subpopulations lead to an ICER
below $35,000 per QALY compared with usual care. For nonAfrican Americans, the ICERs are higher for all risk factor
subpopulations.
Sensitivity Analyses

In the one-way sensitivity analysis, we recalculated the costeffectiveness of microalbuminuria screening for African Americans by increasing and decreasing major parameter point
estimates by 25% (Figure 1). We varied the discount rate between 0 and 5%. In a comparison of annual universal microalbuminuria screening versus usual care, all sensitivity analysis
scenarios remained under $50,000 per QALY. The results were

Table 2. Results for African Americans with calibrated CKD progression
Age-Adjusted Prevalence
Observed ratesb
Model predicted ratesc
Base model
African-American risk factors
African-American risk factors and GFR
progression calibration

CKD

Stage 1

Stage 2

Stage 3

Stage 4

Stage 5

ESRD Lifetime
Incidencea

0.147

0.033

0.040

0.062

0.005

—

86

0.143
0.182
0.181

0.027
0.048
0.046

0.035
0.051
0.053

0.072
0.072
0.067

0.007
0.008
0.009

0.002
0.003
0.005

39
52
82

a

Lifetime incidence of initiating ESRD care per 1000 persons.
Observed stage-speciﬁc CKD prevalence is based on the NHANES, 1999–2006. We did not report the estimated prevalence of stage 5 due to the limited sample
size in NHANES. ESRD lifetime incidence is based on data from the USRDS.
c
Stage-speciﬁc CKD prevalence and ESRD incidence are based on the simulation results from the base model with no race adjustments other than mortality, and
with the African-American risk factors, and with the risk factors and calibrated GFR progression rates.
b

Table 3. Cost-effectiveness and ESRD lifetime incidence results of microalbuminuria screening, by race
All African Americans

Usual care
Universal (yr)
10
5
2
1

Costs ($)

QALY

148,200

16.537

148,400
148,500
148,900
149,400

16.567
16.571
16.574
16.575

ICER
versus
Usual ($)

9000
11,000
19,000
33,000

ICER versus
Next Most
Effective ($)

24,000
113,000
635,000

All Non-African Americans
ESRD Lifetime
Incidencea

Costs ($)

QALY

82

150,300

18.010

79
78
78
78

150,500
150,700
151,000
151,700

18.022
18.025
18.027
18.027

ICER
versus
Usual ($)

ICER versus
Next Most
Effective ($)

ESRD
Lifetime
Incidencea
35

17,000
23,000
44,000
81,000

54,000
210,000
1,571,000

33
33
33
33

a

Lifetime incidence of initiating ESRD care per 1000 persons.
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Table 4. Cost-effectiveness and ESRD lifetime incidence results of microalbuminuria screening, by risk factor
All African Americans

Diabetes diagnosed at age 50 yr
Usual care
Universal (1 yr)
Hypertension (SBP $145)
Usual care
Universal (1 yr)
Neither at age 50 yr
Usual care
Universal (1 yr)

All Non-African Americans
ICER versus
Usual Care ($)

ESRD Lifetime
Incidencea

16.640
16.659

43,000

121
119

155,800
156,900

17.394
17.420

40,000

53
50

148,200
149,700

18.623
18.638

106,000

17
15

ICER versus
Usual Care ($)

ESRD Lifetime
Incidencea

Costs ($)

QALY

Costs ($)

QALY

180,300
180,800

15.195
15.224

19,000

184
181

185,200
186,000

153,800
154,600

16.040
16.079

21,000

110
106

144,100
145,800

17.438
17.485

35,000

45
41

a

Lifetime incidence of initiating ESRD care per 1000 persons.

progression rates of African Americans, but
did not come close to accounting for the
substantially higher lifetime ESRD incidence observed among African Americans.
We calibrated the progression of CKD
by applying multipliers to increase annual
decline in eGFR among African Americans
with eGFR #60 ml/min per 1.73 m2 and
decrease the annual decline in eGFR
among non-African Americans with
eGFR #60 ml/min per 1.73 m2. The eGFR
multipliers (+ 20% at stage 3 and + 60%
at stage 4 for African Americans) were apFigure 1. Sensitivity analysis: microalbuminuria screening in African Americans. One- plied to the total annual eGFR decrement. By
way sensitivity analysis tornado diagram indicates the range of cost-effectiveness ratios incorporating race-speciﬁc risk factor prevaassociated with a 25% increase and decrease in each parameter value. The baseline lence rates and the race-speciﬁc multipliers,
we were able to closely replicate observed lifecost-effectiveness ratio is $33,000 per QALY.
time incidence of ESRD estimated from
USRDS data while closely matching prevalence of stages 3, 4, and 5 identiﬁed in NHANES data. However,
most sensitive to changes in microalbuminuria incidence
for African Americans, we do overestimate total CKD prevalence,
rates, treatment adherence rates, and the discount rate. Results
were least sensitive to treatment costs, the effect of treatment on in particular stages 1 and 2.
slowing progression from micro- to macroalbuminuria, and the
The study has several limitations. First, simulation modnormal rate of micro- to macroalbuminuria progression.
eling extrapolates and synthesizes results from disparate
sources and different, typically shorter, periods of observation
to build a complete framework of disease natural history. This
approach exposes the analysis to risk associated with foreDISCUSSION
casting events or effects beyond the observed period or applying results to a dissimilar population. Second, limited data
Despite comparable prevalence of early stage CKD, African
Americans face a greater risk of ESRD than other racial exist about the relationship between CKD and the risk facgroups. The mechanism of this increased rate of CKD progrestors and complications included in this model, especially for
sion among African Americans is unknown. Our study is the African Americans. Third, we assumed that therapy with
ﬁrst that we are aware of to use a simulation model to explore ACE/ARBs produces the same relative risk reduction in persons
the differences in progression between African Americans and
with microalbuminuria and neither diabetes nor hypertension
as the therapies produce in persons with microalbuminuria
non-African Americans.
and diabetes and/or hypertension. In studies of ACE/ARB efﬁOur model associates certain risk factors with elevated rates
cacy, most patients have either diabetes or hypertension, so there
of GFR decline, including diabetes, hypertension, and elevated
is limited evidence on the efﬁcacy in patients without these
albuminuria. We adapted the model to reﬂect the different
prevalence of these risk factors by race. We found that racial conditions. Fourth, we lacked data to control for differences
differences in risk factor prevalence increased the relative in access to care between African Americans and other races.
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Finally, our calibration approach would be more compelling
if there were a clear reason why African Americans progress
more rapidly than non-African Americans in CKD stages 3
and higher. Genetic differences may play a role.
Although we were unable to account for differential progression rates by race without assuming calibrated GFR
multipliers, our close match to the important external validation target of USRDS observed lifetime ESRD rates lends
credence to the applicability of our model for estimating the
differential cost-effectiveness of screening for microalbuminuria by race. We ﬁnd that screening African Americans results in
favorable cost-effectiveness results, comparable with or even better than the results found when screening the entire diabetes
population. This analysis also reﬁnes our previous results by
more accurately controlling for mortality and effectively increasing the micro- and macroalbuminuria prevalence for all
races. As a result, the cost-effectiveness results for screening
non-African Americans remain closely in line with previous
results for screening the entire population, even though this
analysis includes eGFR multipliers to reduce progression rates
among non-African Americans with CKD stages 3 and above to
yield lower ESRD rates.
This analysis reinforces earlier evidence that the higher prevalence of CKD-associated risk factors among African Americans does not fully explain the much higher incidence of
ESRD observed in this population. Comparing our model results
to observed CKD stage prevalence and ESRD incidence, we
hypothesize that African Americans exhibit accelerated loss of
GFR in CKD stages 3, 4, and 5. We calibrated eGFR multipliers
such that the model recreates estimated lifetime ESRD incidence
rates for African Americans and non-African Americans. This
analysis does not seek to explain the causes and mechanisms
leading to differential progression rates. The faster GFR rates of
decline for AA account for, but do not explain, the higher incidence of ESRD among African Americans.
When considering screening interventions, we ﬁnd that
screening African Americans results in cost-effectiveness ratios
better than those estimated for screening non-African-American
populations with similar risk factors. We ﬁnd that screening
non-African Americans with diabetes or hypertension remains
highly cost-effective; among non-African Americans without
risk factors, annual screening exhibits relatively poor costeffectiveness. For both racial groups, screening less frequently
than annually may improve cost-effectiveness ratios.
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death. CKD stages are deﬁned by GFR and the presence of kidney
damage/albuminuria following Kidney Disease Outcomes Quality
Initiative guidelines. Disease parameters are derived from the epidemiologic literature, clinical trials, and a previous cost-effectiveness
study by Boulware et al.4
Progression through CKD stages is governed by kidney damage status and eGFR. Our model tracks kidney damage based on persistent
microalbuminuria (sustained albumin/creatinine ratio [ACR] between
30 and 299 mg/g) and macroalbuminuria (ACR $300 mg/g). We simulated kidney damage by assigning the prevalence of microalbuminuria
at age 30 years and then including an annual incidence of persistent
microalbuminuria and an annual rate of progression from micro- to
macroalbuminuria. Previously, these rates were based on age, sex, diabetes, and hypertension status. eGFR serves as the other primary variable for tracking progression of CKD between stages. In the model, a
person is assigned an initial eGFR value and then experiences annual
decrements in eGFR based on certain risk factors derived from clinical
trials; decrements vary based on diabetes, hypertension, and albuminuria status.4 Annual decline in eGFR increases upon incidence of
microalbuminuria and increases again upon transition to macroalbuminuria. Because of a lack of data, we assumed the effect on progression
due to a particular risk factor does not vary by race.
Death is simulated by assigning each individual an annual
background mortality rate, CKD multipliers reﬂecting the elevated
mortality risk from CKD, cardiovascular disease mortality rates
determined by myocardial infarction and stroke events, and ESRD
mortality rates. Risk factors (diabetes status, systolic BP and hypertension, left ventricular hypertrophy, total and HDL cholesterol, and
smoking status), and medical events (stroke and coronary heart
disease, including myocardial infarction and angina) are simulated
annually based on probability functions. We assume that patients
who survive 1 year in stage 5 begin ESRD.

Incorporating Race-Speciﬁc Risk Factor Prevalence and
Progression Parameters
For this analysis, we updated the model to account for racial differences between African Americans and non-African Americans. We
deﬁned race-speciﬁc parameters for risk factors and background
mortality rates.
We analyzed 1999–2006 NHANES data to identify the prevalence
of micro- and macroalbuminuria based on race, hypertension, diabetes, sex, and age. We estimated persistent microalbuminuria based
on rates from Coresh et al.1 We found that African Americans experience higher prevalence of micro- and macroalbuminuria at all ages.
We estimated GFR values (baseline distribution and annual rate of
decline) with NHANES data using the MDRD equation.

CONCISE METHODS
Intervention
Model Overview
We adapted the CKD Health Policy Model, a microsimulation model
of the natural history of CKD, by modifying the model to include racial
differences (Supplemental Material). The model, described in detail
elsewhere,6,7 simulates the natural history of CKD progression
among a cohort of persons from age 30 years until age 90 years or
death. The model includes seven states: no CKD, CKD stages 1–5, and
J Am Soc Nephrol 23: 2035–2041, 2012

This analysis simulates screening for microalbuminuria followed by
treatment with ACE inhibitors or ARBs among persons aged $50
years. Interventions are deﬁned by the screening rate used and frequency of screening. Screening interventions were compared with a
“usual care” scenario that introduces actual annual probabilities of microalbuminuria screening: 23%, 22%, 2%, and 0% for patients with
diabetes and hypertension, diabetes only, hypertension only, and
CKD in African Americans
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neither diabetes nor hypertension, respectively.12 We then introduced
population-based screening with 1-, 2-, 5-, or 10-year intervals beginning at age 50 years. The sensitivity of screening is 73% for microalbuminuria and 76% for macroalbuminuria and has a speciﬁcity of 96%.13
To account for nonadherence, 75% of persons were assumed to initiate
treatment after diagnosis.4 The effect of ACE/ARB therapy on persons
with microalbuminuria is assumed to be a 55% reduction in the probability of progression from micro- to macroalbuminuria.14 For persons
with macroalbuminuria, treatment is assumed to provide a 32.7% reduction in annual GFR decrement and a 23% reduction in annual
mortality rates.15–17 Once patients reach ESRD, costs and mortality
are assumed to equal observed USRDS data.

Costs
Early CKD stage costs are derived from cost function estimates for a
privately insured population.18 For the 1-year period in stage 5 CKD
before ESRD, costs were estimated as a combination of 6 months of
stage 4 costs and the costs for the 6 months just before ESRD initiation using costs from USRDS. Estimates from the USRDS 2006 Annual Data Report were used to calculate ﬁrst and subsequent year
ESRD costs.12 Screening costs are based on Centers for Medicare and
Medicaid Services physician and laboratory reimbursement rates.
Future costs were discounted at a 3% annual rate19; all costs are
reported in 2006 US dollars.

QALYs
The summary effectiveness outcome measure was QALYs. We obtained utility values for the different GFR levels from a time tradeoff analysis by Gorodetskaya et al.20; the utility values did not vary
by race. We included a utility decrement of 0.01 for macroalbuminuria.4 QALYs were discounted 3% annually.

Validation and Calibration
We validated CKD stage progression by comparing average stage prevalence rates from the model to those identiﬁed in NHANES data. We
also compared lifetime incidence rates of ESRD to rates calculated based
on USRDS ESRD initiation counts. We calibrated albuminuria and eGFR
parameters concurrently to minimize differences between model output and the external validation targets. Microalbuminuria incidence
and micro- to macroalbuminuria transition probabilities were solved
such that the model replicated NHANES prevalence rates. This
calibration process effectively increases the macroalbuminuria prevalence for African Americans and non-African Americans alike, relative
to rates used in our earlier analyses. We solved for eGFR decrement
multipliers in stages 3 and 4 such that the model recreates lifetime
ESRD incidence rates. We also considered other calibration options.
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