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Background and objectives: Characterizing relationships of kidney function to healthcare costs in polycystic kidney disease
has applications for economic evaluations of standard and emerging therapies.
Design, setting, participants, & measurements: The administrative records (2003 to 2006) of a private health insurer were
examined to identify polycystic kidney disease patients (n ⴝ 1913) from ICD9 diagnosis codes on billing claims. The first
available diagnostic claim was assumed as an index date, and baseline estimated GFR (eGFR) was computed using closest
serum creatinine value. The associations of eGFR with annualized charges were modeled by nonlinear and linear regression.
Results: Medical, pharmacy, and total healthcare costs varied significantly by baseline kidney function, such that mean total
annualized charges (unadjusted) were approximately 5-fold higher in patients with eGFR < 15 ml/min compared with those
with eGFR > 90 ml/min. After adjustment for age and gender, total charges did not differ significantly among patients with
eGFR > 30 ml/min, and but rose precipitously with eGFR < 30 ml/min. Each ml/min decline <30 ml/min predicted
approximately $5435 higher adjusted annual charges. Results were similar after adjustment for baseline diabetes and
cardiovascular disease as identified in claims, while significantly higher adjusted charges were detected with eGFR ⴝ 31 to
60 ml/min versus >90 ml/min in a subgroup free of diabetes and cardiovascular disease.
Conclusions: Healthcare charges are associated with advanced renal dysfunction in polycystic kidney disease patients.
Strategies that prevent loss of renal function below 30 ml/min have the potential to generate substantial reductions in medical
charges.
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A

utosomal dominant polycystic kidney disease (ADPKD) is
the most common inherited cystic renal disease as
well as the most common single-gene disorder of the
kidneys. ADPKD affects approximately 600,000 persons in the
United States and 10 million persons worldwide (1). The natural history of ADPKD is one of inevitable pathologic and clinical progression over time, characterized by growth in the
number and size of cysts with secondary destruction of functional parenchyma. A recent prospective study of structural
and functional progression among 232 ADPKD patients with
creatinine clearance ⬎70 ml/min at enrollment documented
average increases in total kidney volume of 204 ⫾ 246 ml over
3 years, and decrements in GFR of 4.3 ⫾ 8.1 ml/min per year in
participants with baseline kidney volume ⬎1500 ml (2). Incidence estimates for ESRD among ADPKD patients have ranged
from 45% to 70% by age 65 years (3– 6). As a manifestation of its
progressive course, ADPKD ranks as the fourth most common
cause of ESRD among adults in the United States (7). At
present, no medical therapy has proven to substantially slow

Received January 25, 2010. Accepted April 27, 2010.
Published online ahead of print. Publication date available at www.cjasn.org.
Correspondence: Dr. Krista L. Lentine, Saint Louis University Center for Outcomes
Research, Salus Center 2nd Floor, 3545 Lafayette Avenue, Saint Louis, MO 63104. Phone:
314-977-9477; Fax: 314-977-1101; E-mail: lentinek@slu.edu
Copyright © 2010 by the American Society of Nephrology

the growth of ADPKD-related cysts or the volumetric expansion of polycystic kidneys. However, innovative strategies to
blunt renal tubular cell proliferation and fluid secretion, the
processes that drive growth of cystic bodies, comprise foci of
active research (8,9).
Considered broadly without respect to underlying cause,
chronic kidney disease (CKD) is recognized as a source of
substantial morbidity and economic burdens. Epidemiologic
studies have demonstrated associations between kidney dysfunction and increased risks of adverse outcomes including
cardiovascular disease events, hospitalizations, resource utilization, and mortality (10,11). For example, based on data from
a large Healthcare Maintenance Organization (HMO), Smith et
al. found that patients with CKD stages 2 to 4 had 1.9 to 2.5
times more prescriptions, 1.3 to 1.9 times more outpatient visits,
and 1.8 to 4.2 times more inpatient stays than age- and gendermatched controls (11). Notably, however, costs were similar
across these functional stages within the CKD sample. Characterizing relationships of kidney function to healthcare costs
among patients with CKD due to polycystic kidney disease has
practical applications for economic evaluations of standard and
emerging therapies in this disease. While ADPKD confers important public health impacts based on its progressive nature
within affected patients and relative frequency among heritable
disorders, the disease is less common than leading causes of
ISSN: 1555-9041/508 –1471

1472

Clinical Journal of the American Society of Nephrology

CKD such as diabetes, which by comparison affects approximately 7.2% of the adult population in the United States (15
million Americans) (12). The challenge of assembling large
cohorts for outcomes analyses in ADPKD can be addressed by
study designs that integrate data across multiple centers or
providers.
To advance understanding of the association of kidney function with healthcare costs in polycystic kidney disease, we
performed a retrospective study of the administrative records
of a large health insurance provider. Administrative insurance
data compile dated records of physician encounters, hospitalizations, procedures, and prescriptions that may be examined
to classify groups with diagnoses of interest and to study
associated resource utilization and healthcare costs. Using
linked administrative billing and laboratory data, we sought to
identify a cohort of polycystic kidney disease patients receiving
care in contemporary practice and to characterize the relationship of kidney function with medical and pharmaceutical
charges to the insurer across a broad spectrum of renal function
levels.

Materials and Methods
Data Source
Study data were drawn from the administrative records of a large
national health insurance provider. The insurance database contains all
medical as well as outpatient pharmacy billing claims submitted for
beneficiaries during periods of eligibility. Individual claim records
contain the date in which a given claim was paid, date in which services
were performed, diagnostic and procedure codes, place of service
codes, revenue codes, and amount charged. The total population in the
database numbers 6 million individuals from across the United States.
For the purpose of this analysis, billing claims data were augmented
with extracts from outpatient labs for a subsample of beneficiaries,
permitting combined examinations of lab results along with expenditures for healthcare services and prescription medications. Data were
available for claims and labs submitted in January 2003 to December
2006. Final samples were limited to patients with at least 6 months of
insurance eligibility after the diagnosis or capture date of interest. All
study participants were simultaneously enrolled in medial and pharmacy benefits with this company exclusively during the study window.
This study was approved by the Institutional Review Board of Saint
Louis University.

Identification of Patients with Polycystic Kidney Disease
Patients with ADPKD were identified by billing claims with a corresponding International Classification of Diseases 9th Edition (ICD-9)
code (753.13, “polycystic kidney disease, autosomal dominant”) within
the available claims data. As cysts may be recognized in ADPKD
patients before the diagnosis is formalized, we also considered claims
for “polycystic kidney, unspecified type” (753.12). In categorizing patients as 753.13 versus 753.12, a mutually exclusive diagnostic hierarchy
was used such that individuals with any appearance of 753.13 codes
during observation were considered to have ADPKD, whereas patients
without 753.13 claims but any 753.12 claims were considered to have
polycystic kidney disease/unspecified. We defined the first diagnosis
claim in the data set as the analysis “index date.”

Classification of Renal Function and Baseline Characteristics
Age and gender of the study samples were ascertained from insurance eligibility files. Renal function was computed as estimated GFR
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(eGFR) from closest serum creatinine values reported in the laboratory
results database within ⫾365 days of index polycystic kidney disease
claim. eGFR was computed according to the abbreviated Modification
of Diet in Renal Disease (aMDRD) equation (13) without racial adjustment as: eGFR (ml/min per 1.73 m2) ⫽ 186 ⫻ (serum creatinine) ⫺
1.154 ⫻ (Age) ⫺ 0.203 ⫻ (0.742 if female). As race information is not
tracked in the administrative data, we assumed all subjects to be
nonblack in accord with “best practice in laboratory medicine” recommendations (14) and the approach of previous investigations with
administrative data (15,16). The computed eGFR was assumed to apply
to the individual at the time of the index claim. Level of kidney function
was classified according to the GFR-based schema of the National
Kidney Foundation, Kidney Disease Outcomes Quality Initiative
(NKF/KDOQI) (17) as: ⱖ90, 60 to 89, 30 to 59, 15 to 29, or ⬍15 ml/min.
To restrict the sample to patients with pre-ESRD polycystic diseases, we
excluded individuals with billing claims before the index date for
dialysis, transplantation, and/or associated complications based on
ICD-9 diagnosis codes (V45.11, V45.12, 585.6, V56.0, V56.31, V56.32,
V56.8,, E870.2, E871.2, E872.2, E874.2, E879.1, 996.56, 996.68, 996.73,
996.62, 996.81), ICD-9 procedure codes (39.95, 54.98, 55.69, 00.91, 00.92,
00.93), Common Procedural Terminology/Healthcare Common Procedure Coding System codes (90918 –90937, 90945, 90947, 90951 to 90970,
90999, 99512, 99559, G0308 to G0327, 0505F, 0507F, 4052F, 4053F, 4054F,
4055F, 50360, 50365), or the Diagnosis Related Group for kidney transplantation (302).
The presence of comorbid diabetes mellitus and of cardiovascular
disease at baseline sampling were defined by billing claims with corresponding ICD-9 diagnosis codes within ⫾30 days of the index date,
using coding algorithms similar to previous reports (18 –22) as: Diabetes mellitus (250, 357.2, 362.0, 366.41, 648.0); cardiovascular disease
composite including coronary artery disease (414), myocardial infarction (410.x), angina pectoris (411,413), heart failure (398.91, 422, 425,
428, 402.x1, 404.x1, 404.x3, V42.1), or stroke/transient ischemic attack
(433 to 435).

Ascertainment of Healthcare Charges
Costs for all medical services and outpatient pharmaceutical prescriptions were derived from charges reported on claims paid by the
insurer. Monetary figures were adjusted to the prices in the year 2008
Medical Care Component of the Consumer Price Index (23). Annualized charges were computed among patients with at least 6 months of
insurance eligibility after the index date to avoid magnification of
outlier effects in patients captured with short eligibility windows.
Annualization was performed by aggregating total charges per patient
over 6 months after index date and multiplying by 2 to represent
estimated costs for 1 year of care. Medical charges from inpatient
sources were also examined separately. The charge contributions of
renal replacement services were examined among those who required
sustained dialysis (defined as at least two dialysis claims over ⱖ30
days) or kidney transplant during observation. Dialysis charges were
annualized among dialysis-dependent patients, whereas transplant
charges were defined as those associated with the transplant hospitalization.

Statistical Analyses
Data sets were merged and analyzed with SAS for Windows software, version 9.2 (SAS Institute Inc., Cary, NC). Distributions of age,
gender, and baseline diabetes and cardiovascular disease diagnoses in
patients with specified ADPKD/753.13 versus unspecified/753.12 polycystic kidney disease, as well as trait distributions by eGFR level within
a given group, were compared by the two-sample t test (or ANOVA)
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for age and the Chi-square test for categorical factors. The KruskalWallis test, a nonparametric equivalent to one-way ANOVA, was used
to compare insurance charges in patients with specified ADPKD versus
unspecified polycystic kidney disease, as well as to compare unadjusted charges across eGFR levels. Pairwise comparisons of unadjusted
charges in a given eGFR level versus eGFR ⬎ 90 ml/min were performed by the Wilcoxon test, with statistical significance for pairwise
comparisons defined as P ⬍ 0.01 based on a Bonferroni correction for
multiple comparisons. To assess the shape of the relationship of eGFR
with annualized healthcare charges, a general linear model incorporating splines was constructed using a mid-range eGFR (60 ml/min) as a
reference and including form break points (knots) at 15, 30, 45, and 90
ml/min. The resulting shape informed construction of a linear regression model including adjustment for gender and age. Models were
constructed for total charges as well as components of total medical
(excluding outpatient pharmacy), inpatient medical, and pharmacy
charges. Additional linear regressions on charges were fit adding comorbidities of diabetes, cardiovascular disease and their interaction, as
well as in a sample free of baseline diabetes and cardiovascular disease.

Results
Sample Characteristics
Among 2,041,973 patients in the administrative database
with at least one reported serum creatinine result within their
period of observed insurance benefits eligibility and at least 6
months of benefits, 1913 (0.09%) had billing claims with diagnosis codes for polycystic kidney disease (496 with 753.13; 1417
with 753.12 alone). Among patients categorized as ADPKD/
753.13, 245 (49.4%) also had claims with unspecified/753.12
polycystic kidney disease diagnosis codes in the available
claims data. There were no significant differences in the distributions of age, gender, or baseline diabetes or cardiovascular
disease in those with diagnosis codes for ADPKD, specifically
compared with unspecified polycystic kidney disease (Table 1).
The eGFR distributions in patients with 753.13 diagnoses compared with 753.12 alone also did not significantly differ (P ⫽
0.31): ⬎90 ml/min: 13.7% versus 16.0%; 60 to 89 ml/min: 33.7%
versus 37.3%; 30 to 59 ml/min: 31.9% versus 29.9%; 15 to 29
ml/min: 12.1% versus 10.0%; ⬍15 ml/min: 8.7% versus 6.5%.
The mean age of the combined study sample of polycystic
kidney patients was 46.7 years, and 43% were men. Diabetes
and cardiovascular disease were present in 5.3% and 2.2% of
the full cohort, respectively; 1781 subjects were free of both
these diagnoses. Compared with patients in the combined cohort with eGFR ⬎ 90 ml/min, those with lower levels of renal
function were older, more commonly male, and had a higher
baseline prevalence of cardiovascular disease.

Unadjusted Annualized Charges by eGFR Level
There were no significant differences in annualized charges
among patients with diagnosis codes for ADPKD versus unspecified polycystic kidney disease (P values for charge comparisons: Total medical, 0.69; inpatient, 0.54; outpatient pharmacy, 0.31; total charges, 0.76). A combined study sample of
patients with 753.12 and 753.13 diagnosis codes was thus considered in subsequent analyses. Annualized medical and pharmaceutical charges differed significantly across levels of kidney
function in the study sample (Table 2). Specifically, mean an-
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nual medical charges (unadjusted) increased from $24,427 in
polycystic kidney disease patients with baseline eGFR ⬎90
ml/min to $134,784 in those with baseline eGFR ⬍ 15 ml/min
(P ⬍ 0.0001). Considering inpatient medical charges separately,
mean annual inpatient expenses were $10,721 in polycystic
kidney disease patients with baseline eGFR ⱖ 90 ml/min but
were $37,304 in those patients with eGFR ⬍ 15 ml/min (P ⬍
0.0001). Mean annual outpatient pharmacy charges increased
from $2093 to $5355 across baseline eGFR levels of ⬎90 ml/min
to ⬍15 ml/min (P ⬍ 0.0001), and mean total healthcare charges
per year rose from $26,521 to $140,139 across these levels of
renal function (P ⬍ 0.0001).
There were 187 patients who progressed to dialysis-dependence during observation (proportions per each baseline eGFR
level: ⱖ90 ml/min: 2.0%; 60 to 89 ml/min: 1.4%; 30 to 59
ml/min: 5.4%; 15 to 29 ml/min: 22.4%; ⬍15 ml/min: 68.8%).
The mean annualized charges for dialysis services were
$131,890. Thirty-five patients received kidney transplants during observation (proportions per baseline eGFR level: ⱖ60 ml/
min: 0%; 30 to 59 ml/min: 0.9%; 15 to 29 ml/min: 5.9%; ⬍15
ml/min: 16.3%). The mean charges per transplant hospitalization were $119,931. Among patients with eGFR ⬍ 15ml/min at
baseline, 71% of total medical charges were related to dialysis
or transplant services.

Nonlinear and Linear Regression
Exploration of the relationship of eGFR with total annualized
healthcare charges by spline regression in the study sample is
shown in Figure 1. This method compares additional charges
associated with each ml/min eGFR difference compared with a
mid-range reference of 60 ml/min using a flexible functional
form. The resulting plot demonstrates mild fluctuation in
charges around a baseline of $0 (negligible difference from
reference) until eGFR falls below 30 ml/min, at which point
annual costs rise precipitously with further decrements in
eGFR.
The exploration in Figure 1 was used to inform construction
of a multivariate linear regression model. Here annual charges
associated with kidney function ⬎30 ml/min were considered
according to KDOQI levels rather than by ml/min changes.
Patients with eGFR ⬎90 ml/min were chosen as the reference
on clinical grounds, and models were adjusted for age and
gender. While eGFR levels 31 to 60 ml/min were associated
with a trend toward higher annual charges compared with
eGFR ⬎ 90 ml/min (P ⫽ 0.21), the effect estimates for function
levels ⬎30 ml/min were nonsignificant. Given the sharp rise in
charges with eGFR ⬍ 30 ml/min seen using the spline form, we
modeled the charges associated with each ml/min decline below 30 ml/min. By the resulting linear fit, each ml/min decline
in eGFR ⬍ 30 was associated with an increase in adjusted
annual charges of approximately $5435 compared with eGFR ⬎
90 ml/min (P ⬍ 0.0001). Patterns were similar for total medical
(excluding pharmacy) charges, such that each ml/min decrement in eGFR was associated with $5332 higher adjusted annual medical charges. Outpatient pharmacy charges, which
comprised a smaller fraction of total charges, showed an increase at earlier stages of kidney dysfunction. Adjusted annual
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Table 1. Demographic traits of the study sample by polycystic kidney disease diagnosis and kidney function level

Full Cohort
Age in years, mean ⫾ SD
Male gender
Diabetes
Cardiovascular disease
eGFR ⱖ90
Age in years, mean ⫾ SD
Male gender
Diabetes
Cardiovascular disease
eGFR 60 to 89
Age in years, mean ⫾ SD
Male gender
Diabetes
Cardiovascular disease
eGFR 30 to 59
Age in years, mean ⫾ SD
Male gender
Diabetes
Cardiovascular disease
eGFR 15 to 29
Age in years, mean ⫾ SD
Male gender
Diabetes
Cardiovascular disease
eGFR ⬍15
Age in years, mean ⫾ SD
Male gender
Diabetes
Cardiovascular disease

Combined Cohort,
n (%)a

ADPKD, ICD9 753.13,
n (%)a

Polycystic Kidney
Unspecified, ICD9 753.12,
n (%)a

n ⫽ 1913
46.7 ⫾ 12.5b
828 (43.3)b
102 (5.3)
43 (2.2)b
n ⫽ 295
37.4 ⫾ 12.1
94 (31.9)
14 (4.8)
3 (1.0)
n ⫽ 696
44.1 ⫾ 11.5
272 (39.1)
31 (4.5)
5 (0.7)
n ⫽ 582
51.2 ⫾ 11.0
299 (51.4)
33 (5.7)
18 (3.1)
n ⫽ 205
53.1 ⫾ 10.1
98 (47.8)
13 (6.3)
8 (3.9)
n ⫽ 135
52.1 ⫾ 11.2
65 (48.2)
11 (8.2)
9 (6.7)

n ⫽ 496
46.8 ⫾ 12.4b
221 (44.6)b
31 (6.3)
13 (2.6)b
n ⫽ 68
36.9 ⫾ 11.9
23 (33.8)
3 (4.4)
0
n ⫽ 167
43.5 ⫾ 11.3
67 (40.1)
8 (4.8)
3 (1.8)
n ⫽ 158
50.3 ⫾ 11.0
79 (50.0)
15 (9.5)
7 (4.4)
n ⫽ 60
53.4 ⫾ 9.1
34 (56.7)
3 (5.0)
1 (1.7)
n ⫽ 43
52.7 ⫾ 12.5
18 (41.9)
2 (4.6)
2 (4.6)

n ⫽ 1417
46.7 ⫾ 12.5b
607 (42.8)b
71 (5.0)
30 (2.1)
n ⫽ 227
37.6 ⫾ 12.2
71 (31.3)
11 (4.9)
3 (1.3)
n ⫽ 529
44.2 ⫾ 11.6
205 (38.8)
23 (4.4)
2 (0.4)
n ⫽ 424
51.5 ⫾ 11.0
220 (51.9)
18 (4.3)
11 (2.6)
n ⫽ 145
53.0 ⫾ 10.5
64 (44.1)
10 (6.9)
7 (4.8)
n ⫽ 92
51.8 ⫾ 10.6
47 (51.1)
9 (9.8)
7 (7.6)

a

Percentages reflect proportions within the polycystic kidney diagnosis code category with the indicated demographic or
clinical traits (“column percentages”).
There were no statistically significant differences in distributions of listed clinical traits in 753.13 and 743.12 subgroups at
the P ⬍ 0.05 level.
b
P ⬍ 0.05 for variation in the distribution of clinical traits according to eGFR level within a polycystic kidney diagnosis
code category.
pharmacy charges were approximately $1500 higher in patients
with eGFR ⫽ 31 to 60 ml/min compared with ⬎90 ml/min
(P ⫽ 0.003), and then rose an estimated $199 per ml/min
decline ⬍30 (P ⫽ 0.001). By contrast, inpatient medical charges
were not significantly associated with renal function after covariate adjustment.
Although not common in the study sample of polycystic
kidney patients, both comorbid diabetes mellitus and cardiovascular disease were associated with increased healthcare
charges (Table 3). In the absence of cardiovascular disease,
diabetes at baseline predicted approximately $27,847 higher
annual charges independent of age, gender, and eGFR. In the
absence of diabetes, cardiovascular disease was associated with
approximately $188,220 higher annual charges independent of
age, gender, and eGFR. There was a significant interaction

between these conditions in relation to costs, such that comorbid diabetes and cardiovascular disease had similar cost implications as diabetes alone in this sample. The age and genderadjusted association of eGFR with annual charges in the full
sample was similar after additional adjustment for diabetes and
cardiovascular disease. Specifically, each ml/min decline in
eGFR ⬍30 was associated with $5316 higher adjusted annual
charges.
Considering the sample of 1781 polycystic kidney disease
patients who were free of diabetes and cardiovascular disease
diagnoses at baseline, eGFR ⫽ 31 to 60 ml/min was associated
with approximately $10,788 higher total annual charges compared with eGFR ⬎90 ml/min that now reached statistical
significance (P ⫽ 0.045) (Table 4). Subsequent decrements in
eGFR ⬍ 30 min/ml were associated with estimated increases in
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Table 2. Annualized medical, pharmacy and total charges according to kidney function level in the sample of
polycystic kidney disease patientsa
Medical Charges ($)
eGFR Level

n

Total Medical
Mean

ⱖ90
60 to 89
30 to 59
15 to 29
⬍15
Pb

295
696
582
205
135

Median

24,427
5758
19,064
4532
27,093
6381
38,549
7513
c
134,784
42,910
⬍0.0001

Outpatient
Pharmacy
Charges ($)

Inpatient
Medical
Mean

Median

10,721
8300
c
13,185
c
19,374
c
37,304
⬍0.0001

0
0
0
0
0

Mean

2093
2296
4154
3257
5355

Median
c
c
c
c

⬍0.0001

714
1054
1744
1818
3317

Total Charges ($)
Mean

Median

26,521
7669
21,360
6660
c
31,247
9423
c
41,806
10,499
c
140,139
46,779
⬍0.0001

a

Charges were adjusted to the $2008 medical component of the Consumer Price Index.
Variation in annualized costs by eGFR level was compared by the Kruskal-Wallis test, a nonparametric equivalent to oneway ANOVA. Pairwise comparisons of unadjusted charges in a given eGFR level versus eGFR ⬎90 ml/min were performed
by the Wilcoxon test, with statistical significance for pairwise comparisons defined as P ⬍ 0.01 (c) based on a Bonferroni
correction for multiple comparisons.
b

Figure 1. Associations of eGFR (referenced to 60 ml/min) with
annualized total healthcare charges in polycystic kidney disease patients by spline regression. Plot illustrates annual charge
differences compared with reference eGFR of 60 ml/min.
Charges were adjusted to the $2008 medical component of the
Consumer Price Index.

total charges of $4914 per ml/min. Associations of eGFR with
total medical only, inpatient and outpatient pharmacy charges
in the sample without diabetes and cardiovascular disease were
similar to results in the full sample.

Discussion
ADPKD is a progressive genetic disorder that leads to advanced kidney failure in approximately half of affected patients
by mid-adulthood. We examined administrative records of a
large health insurance provider to assemble a cohort of patients
with polycystic kidney disease and investigate the relationship
of renal function with healthcare charges to the insurer. The
study yielded several key findings: (1) medical, pharmacy, and
total healthcare costs varied significantly by baseline kidney
function level, such that mean total annual charges (unad-

justed) were approximately fivefold higher in polycystic kidney
patients with eGFR ⬍ 15 ml/min compared with those with
eGFR ⱖ 90 ml/min; (2) after adjustment for age and gender,
total charges did not differ significantly in the full sample
among those with eGFR ⬎ 30 ml/min, but rose precipitously in
patients with eGFR ⬍30 ml/min compared with higher levels
of function; (3) comorbid diabetes and cardiovascular disease
were significant correlates of charges in patients with polycystic kidney disease, but the association of eGFR and charges
persisted after adjustment for these comorbidities; and (4) in a
subgroup free of diabetes and/or cardiovascular disease at
baseline, a significant rise in adjusted charges was detected at
eGFR ⫽ 31 to 60 compared with ⬎90 ml/min.
Quantification of the costs associated with health states offer
valuable inputs for economic evaluations including cost-benefit
analyses of standard and emerging disease management strategies. The dramatic increase in healthcare charges for polycystic kidney disease patients with eGFR ⬍ 30 ml/min is important but not surprising. While the study sample in this analysis
was selected to be free of indications of dialysis or transplantation at baseline, GFR ⬍30 ml/min is the functional level at
which many patients begin preparing for dialysis or transplant
and face increased burdens of kidney failure-related complications such as anemia, hypertension, and bone and mineral
disorders (24). Renal replacement therapy often begins after
GFR falls below 10 to 15 ml/min. Notably, outpatient medical
charges appeared to be the main driver of the association of
eGFR with total charges in this analysis, with a lesser but
consistent contribution from outpatient pharmacy charges,
whereas inpatient charges were not significantly associated
with renal function in this sample.
Other investigators have shown positive associations between healthcare costs and proximity to dialysis in CKD
patients. For example, St. Peter et al. found that costs in a
Medicare/Medicaid population increased from $993 per-pa-
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Table 3. Relationships of eGFR with annualized healthcare charges by multivariate linear regression in the full
study sample (n ⫽ 1913)a
Parameter Estimate
($ per year 关SEM兴)b

Variables

Total Charges
Intercept
Age (per year)
Male gender
eGFR
⬎90 ml/min level
61 to 90 ml/min level
31 to 60 ml/min level
Per ml/min ⱕ30
Diabetes mellitus
Cardiovascular disease
Diabetes–cardiovascular disease
Total Medical Charges
Intercept
Age (per year)
Male gender
eGFR
⬎90 ml/min level
61 to 90 ml/min level
31 to 60 ml/min level
Per ml/min ⱕ30
Diabetes mellitus
Cardiovascular disease
Diabetes–cardiovascular disease
Inpatient Charges
Intercept
Age (per year)
Male gender
eGFR
⬎90 ml/min level
61 to 90 ml/min level
31 to 60 ml/min level
Per ml/min ⬍30
Diabetes mellitus
Cardiovascular disease
Diabetes–cardiovascular disease
Outpatient Pharmacy Charges
Intercept
Age (per year)
Male gender
eGFR
⬎90 ml/min level
61 to 90 ml/min level
31 to 60 ml/min level
Per ml/min ⱕ30
Diabetes mellitus
Cardiovascular disease
Diabetes–cardiovascular disease
a

interaction

interaction

interaction

interaction

P

Parameter Estimate
($ per year 关SEM兴)c

⫺5886 (8537)
579 (174)
⫺107 (4134)

0.49
0.0009
0.98

reference
1866 (5656)
7590 (6087)
5435 (449)
—
—
—

0.74
0.21
⬍0.0001
—
—
—

⫺6228 (8551)
547 (174)
⫺865 (4162)

0.47
0.0017
0.84

reference
2067 (5676)
6292 (6096)
5332 (448)
—
—
—

0.72
0.30
⬍0.0001
—
—
—

reference
3702 (5476)
6346 (5878)
5215 (433)
25,104 (9265)
186,664 (15797)
⫺184,495 (29667)

0.50
0.28
⬍0.0001
0.007
⬍0.0001
⬍0.0001

⫺3465 (27799)
1437 (520)
⫺4782 (14202)

0.90
0.006
0.74

17,240 (26967)
998 (517)
⫺10,690 (13628)

0.52
0.05
0.43

reference
1262 (20653)
⫺5328 (20169)
783 (1164)
—
—
—

0.95
0.79
0.50
—
—
—

reference
680 (19776)
⫺11,895 (19331)
563 (1114)
⫺18,965 (24284)
176,913 (30285)
⫺193,981 (53821)

0.97
0.54
0.61
0.44
⬍0.0001
0.0004

542 (712)
41 (15)
581 (343)

0.45
0.0045
0.09

reference
18 (472)
1491 (502)
119 (37)
—
—
—

0.97
0.003
0.001
—
—
—

3197 (8266)
301 (170)
⫺2271 (3988)
reference
3556 (5456)
7738 (5869)
5316 (433)
27,847 (9292)
188,220 (15847)
⫺185,935 (29767)
2791 (8281)
273 (170)
⫺2981 (4015)

674 (714)
35 (15)
566 (343)
reference
37 (471)
1514 (501)
118 (36)
2484 (789)
1066 (1341)
⫺1514 (2464)

Charges were adjusted to the $2008 medical component of the Consumer Price Index.
Regression model among the full sample, excluding parameters for diabetes and cardiovascular disease.
c
Regression model among the full sample, including parameters for diabetes and cardiovascular disease.
b

P

0.70
0.08
0.57

0.51
0.19
⬍0.0001
0.0028
⬍0.0001
⬍0.0001
0.74
0.11
0.46

0.35
0.02
0.10

0.94
0.003
0.001
0.002
0.43
0.54
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Table 4. Relationships of eGFR with annualized
healthcare charges by multivariate linear regression in
the polycystic kidney disease sample free of baseline
diabetes and cardiovascular disease (n ⫽ 1781)a
Variable

Total Charges
Intercept
Age (per year)
Male gender
eGFR
⬎90 ml/min level
61 to 90 ml/min
level
31 to 60 ml/min
level
Per ml/min ⬍30
Total Medical Charges
Intercept
Age (per year)
Male gender
eGFR
⬎90 ml/min level
61 to 90 ml/min
level
31 to 60 ml/min
level
Per ml/min ⱕ30
Inpatient Charges
Intercept
Age (per year)
Male gender
eGFR
⬎90 ml/min level
61 to 90 ml/min
level
31 to 60 ml/min
level
Per ml/min ⬍30
Pharmacy Charges
Intercept
Age (per year)
Male gender
eGFR
⬎90 ml/min level
61 to 90 ml/min
level
31 to 60 ml/min
level
Per ml/min ⬍30

Parameter Estimate
($ per year 关SEM兴)

P

3403 (7540)
318 (156)
⫺4664 (3641)

0.65
0.04
0.20

reference
3344 (4966)

0.50

10,788 (5386)

0.045

4914 (403)

⬍0.0001

3042 (7541)
291 (156)
⫺5581 (3660)

0.69
0.06
0.13

reference
3460 (4975)

0.49

9604 (5384)

0.07

4805 (402)

⬍0.0001

⫺5199 (26,584)
1339 (520)
⫺27,079 (13,632)

0.85
0.01
0.048

reference
5722 (19,262)

0.77

10,428 (19,194)

0.59

1713 (1106)

0.12

595 (735)
35 (15)
681 (353)

0.42
0.02
0.05

reference
108 (484)

0.82

1428 (518)

0.006

128 (38)

0.0009

a

Charges were adjusted to the $2008 medical component of
the Consumer Price Index.

tient per-month 2 years before dialysis to $6300 per-patient
per-month 6 months after dialysis initiation, with a positive
gradient in between these periods (25). Similar observations
have been made in managed care populations (26). Consistent
with our observation of nonsignificant changes in adjusted
charges in polycystic kidney disease patients with eGFR ⬎ 90 to
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30 ml/min, Smith et al. found that while care of CKD patients
was more expensive than that of controls, provider-side costs
were stable across pre-ESRD CKD stages 2 to 4 in an HMO
setting (11). This study extends understanding of relationships
of renal function and healthcare costs to patients with polycystic kidney disease as the cause of CKD, demonstrating sharp
accrual of economic impact at advanced stages of renal insufficiency. Assuming novel interventions to slow progression of
ADPKD prove clinically effective in the future, the economic
benefits of such interventions are likely to be greatest when
function loss below approximately 30 ml/min can be prevented.
Cardiovascular disease has been regarded as the most costly
disease in the United States, as the combination of high prevalence and case management that may entail expensive procedures was estimated to account for $400 billion direct and
indirect costs for the nation in 2006 (27). Diabetes mellitus was
associated with approximately $174 billion in total costs in the
United States in 2007 (28), although some of the costs of diabetes are mediated by end organ complications such as cardiovascular disease and kidney failure. We therefore estimated the
associations of baseline cardiovascular disease and diabetes
with healthcare charges in our sample of polycystic kidney
disease patients. While uncommon in this sample, both comorbidities were significantly associated with annual total charges.
Importantly, however, the relationship of eGFR with costs was
not significantly affected by adjustment for these conditions. In
a sample selected to be free of baseline diabetes and cardiovascular disease, the significant association between eGFR and
total charges expanded to the patients with eGFR ⫽ 31 to 60
ml/min.
Our study has limitations. As with any observational study,
our findings represent associations and do not prove causal
links between the studied variables. A cross-sectional design
was used based on the nature of the available data. Although
prospective longitudinal studies may demonstrate a somewhat
different form of the relationship of GFR with healthcare costs,
based on the nature of the variables of interest, it is unlikely that
reverse causation (i.e., that costs caused changes in eGFR) explain the findings. Billing claims have been demonstrated to
provide sensitive measures of diagnoses such as diabetes and
cardiovascular disease (18,22), but administrative coding algorithms for identifying polycystic kidney disease have not been
validated with external data. Analogous to the approach of
prior studies of ADPKD in administrative data (29,30), we
combined patients with 753.13 and 753.12 claims in the main
analysis based on the similarity of these groups. Lack of information on participant race may have produced some misclassification of renal function. As the aMDRD equation includes a
scaling factor of 1.21 for black race, eGFR was underestimated
for African American participants by approximately 21%. However, as African Americans account for only 12.5% of the general United States population and are underrepresented among
the privately insured in this county (31), potential misclassification of CKD based on race likely affected only a small number of participants. We used charges as a surrogate measure for
costs based on the billing information available in the source
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data. While charges are frequently examined as proxy measures in studies of healthcare economics, charge data may vary
based on inclusion of different cost items and modification of
charges over time and between centers. Moreover, charges can
be approximately 1.6 to 1.8 times greater than costs (32). However, the relative relationship between cost and charges is unlikely to vary across levels of renal function and, therefore,
should not invalidate the key findings of this investigation.
Findings may differ under other reimbursement systems such
as public insurance. We were also unable to study indirect costs
to the patient. Despite these limitations, the data source used
enabled study of insurance data in nearly 2000 patients with
polycystic kidney disease, a sample much larger than could be
assembled at a single-center center or even multi-institutional
level.
In conclusion, we observed a strong association of healthcare
charges with advanced renal dysfunction in privately insured
polycystic kidney disease patients, independent of age and
comorbid diseases such as diabetes and cardiovascular disease.
This evidence is relevant to economic evaluations of new interventions that could prevent or delay progression of polycystic
kidney disease. Strategies that prevent loss of renal function
below 30 ml/min have the potential to generate substantial
reductions in medical charges.
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