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Background: Autosomal dominant polycystic kidney disease (ADPKD) results in kidney cyst 

development and enlargement, resulting in chronic kidney disease (CKD) leading to renal failure. 

This study sought to determine if ADPKD patients in the early stages of CKD contribute to a 

sizable economic burden for the US health care system.

Methods: This was a retrospective, matched cohort study, reviewing medical resource utiliza-

tion (MRU) and costs for adults in a US private-payer claims database with a diagnosis code of 

ADPKD (ICD-9-CM 753.13). ADPKD patients were matched by age grouping (0–17, 18–34, 

35–44, 45–54, 55–64, and 65+ years) and sex to controls to understand the burden of ADPKD. 

Descriptive statistics on 6-month MRU and costs were assessed by CKD stages, dialysis use, 

or previous renal transplant.

Results: The analysis included ADPKD patients in CKD stages 1–5 (n=316 to n=860), dialy-

sis (n=586), and post-transplant (n=615). Mean ages did not differ across CKD stages (range 

43–56 years). Men were the majority in the later stages but the minority in the early stages. The 

proportion of patients with at least one hospitalization increased with CKD stage, (12% to .40% 

CKD stage 2 to stage 5, dialysis or post-transplant). The majority had at least one hospital 

outpatient visit and at least one pharmacy claim. Total 6-month per-patient costs were greater 

among ADPKD patients than in age-matched and sex-matched healthy non-ADPKD controls 

(P,0.001 for all comparisons).

Conclusion: ADPKD patients with normal kidney function are associated with a significant 

economic burden to the health care system relative to the general population. Any treatments 

that delay progression to later stages of CKD may provide potential health care cost offsets.

Keywords: autosomal dominant polycystic kidney disease, medical resource utilization, chronic 

kidney disease

Introduction
Autosomal dominant polycystic kidney disease (ADPKD) is the most common inherited 

kidney disease and the fourth leading cause of end-stage renal disease (ESRD) in the 

USA. ADPKD is characterized by progressive cyst development and growth which 

contributes to loss of kidney function. The prevalence of ADPKD estimates range 

from one in 400 to one in 4,000 diagnosed patients.1

ADPKD patients experience renal-related complications and failure due to cyst 

development.2 Appearance, timing, and severity of signs and symptoms correlate 

with the number, distribution, and growth rate of these cysts.3 ADPKD accounts for 
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approximately 10% of all ESRD cases.4 Most symptoms and 

renal complications occur before an ADPKD diagnosis is 

made and decades prior to loss of kidney function.5 In 2010, 

approximately 2.3% of incident ESRD patients had ADPKD 

with increasing incidence and a median age for ESRD onset 

of 54 years.6

Currently available therapies focus on limiting the mor-

bidity and mortality associated with ADPKD by only treating 

a limited number of complications that contribute to ESRD 

(eg, cyst infections, hypertension, and modifiable cardiovas-

cular risk factors) rather than targeting the inhibition of cyst 

formation which contributes to the loss of kidney function.1 

While restricting dietary protein intake, controlling blood 

pressure, and administration of renin–angiotensin system 

inhibitors may delay the onset of ESRD, they have not been 

shown to prevent its onset.7–9

Reliable information regarding ADKPD-specif ic 

medical costs is rare. One study showed that medical 

and pharmacy costs of combined ADPKD and polycystic 

 kidney disease in a privately insured population correlated 

inversely with kidney function.10 Although informative, 

the inclusion of both ADPKD and the broader diagnosis 

of polycystic kidney disease, based on the International 

Classification of  Diseases, Ninth Revision, Clinical Modi-

fication (ICD-9-CM) diagnosis code for polycystic kidney 

disease (753.12), potentially resulted in including patients 

without ADPKD. The study relied on charge data rather 

than actual payer reimbursement, and it did not determine 

the relative costs associated with dialysis or transplant. 

Most importantly, the economic impact of ADPKD was not 

assessed relative to medical costs for healthy age-matched 

and sex-matched controls.

There is a perception that the disease burden of 

ADPKD during the early stages of the disease, when 

kidney function is still classified as normal (glomeru lar 

filtration rate [GFR] 60 mL/min/1.73 m2), does not 

place a sizeable burden on medical resource utilization 

(MRU). The hypothesis at the start of this research was 

that ADPKD patients, even early in disease, would pose 

a sizeable burden to the US health care system. While we 

investigated the economic burden of ADPKD across all 

stages of kidney disease, dialysis, and transplantation, 

the emphasis in this study was the economic burden of 

ADPKD when kidney function was still considered nor-

mal. We evaluated MRU and costs associated with ADPKD 

from a payer perspective, characterized MRU and costs 

among clinically relevant subgroups, and examined the 

cost of disease progression.

Materials and methods
study design and data sources
This retrospective, longitudinal cohort study was based on 

health insurance claims data from a US private-payer data 

source using the most recent 5-year period (July 1, 2005 to 

June 30, 2010). The Truven Health MarketScan® Commercial 

Claims and Encounters Database (Truven Health Analytics, 

Inc., Ann Arbor, MI, USA) including inpatient, outpatient, 

and outpatient prescription drug claims for over 170 million 

privately insured individuals in the USA annually from 

approximately 90 large employers and health plans, with 

insurance provided under various fee-for-service and capi-

tated health plans. This was supplemented by data from the 

MarketScan Lab Database, which contains community-based 

diagnostic test results integrated with claims data from health 

plan contributors for a subset of their covered lives.

study population
The ADPKD study population comprised patients within the 

database who had:

•	 at least one index medical claim carrying an ICD-9-CM 

code of ADPKD (753.13)

•	 a medical claim within 6 months of the index medical 

claim for ADPKD carrying a diagnosis code indicating 

chronic kidney disease (CKD) stage (585.1–585.6; note 

that CKD stage 5 and ESRD patients were combined 

into a single group), dialysis, previous renal transplant 

(V42.0), or a creatinine laboratory test result

•	 6 months of pre-index eligibility and 6 months of post-

index eligibility (ie, the observational period).

Clinically relevant patient subgroups were identified: 

a hypertensive subgroup (patients with at least one medical 

claim carrying a hypertension ICD-9-CM code during the 

pre-index or post-index period) high risk for renal progres-

sion subgroup (hypertension diagnosed before age 35 years, 

hematuria occurring before age 30 years, or presence of 

albuminuria or one of the following: CKD stage 2 by age 

30 years, CKD stage 3 by age 50 years, and CKD stage 4/5, 

ESRD, or transplant by age 55 years).

MRU and costs for ADPKD patients overall and by sub-

group were classified by disease stage group according to 

CKD stage, dialysis status, and post-transplant status using 

ICD-9-CM codes on medical claims and for patients with 

laboratory results by estimated GFR. In addition, if patients 

had a serum creatinine result available allowing for calcula-

tion of estimated GFR, CKD stage was determined based 

on estimated GFR using the CKD-EPI equation (without 

adjustment for race). If patients progressed through different 
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CKD stages during the observation period, the MRU and cost 

analyses of each observed CKD stage were included.

A random sample of a sex-matched and age-matched 

cohort of healthy patients without polycystic kidney disease 

or ADPKD provided baseline MRU and cost data for com-

parison in order to determine the costs of care at all CKD 

stages of ADPKD for an otherwise healthy population. 

Therefore, patients with CKD or pre-existing or concomitant 

comorbidities were not used as matching criteria.

study endpoints
Six-month MRU and associated costs for ADPKD patients 

were the main study endpoints. All-cause MRU in the 

hospital inpatient, hospital outpatient, physician office, and 

ESRD facility settings during the 6-month study period was 

summarized using medical claims with ICD-9-CM codes, 

Current Procedural Terminology codes, and/or Healthcare 

Common Procedure Coding System codes derived from 

medical and pharmacy claims. Outpatient prescription utiliza-

tion was measured using National Drug Codes on outpatient 

pharmacy claims; inpatient pharmacy medication utilization 

data were unavailable.

Costs associated with all-cause MRU were derived from 

medical and pharmacy claims paid by the insurer (including 

outpatient prescription costs), summarized over a 6-month 

period, and adjusted to the most recent available data (2010) 

by the Consumer Price Index. Probabilities of transitioning 

between disease stages, remaining in the same estimated 

GFR/CKD/dialysis or transplant status category, transition-

ing to subsequent stages, and dying in the hospital setting 

over a 6–12-month period were measured.

analysis methods
Descriptive statistics were summarized. Categorical vari-

ables are presented as the count and percentage of patients 

in each category, and chi-square tests were used to compare 

differences across all groups. Continuous variables were 

summarized using the mean, standard deviation, median, 

and range, as appropriate. Kruskal–Wallis tests were used to 

compare costs across groups, and Student’s t-tests were used 

to test all other continuous variables using SAS® version 9.1.3 

software (SAS Institute Inc., Cary, NC, USA).

Results
Demographic and clinical characteristics
Age and sex for the matched-control cohort for each 

disease stage were similar to that of ADPKD patients 

(Table 1).  Diabetes, coronary artery disease, heart failure, 

 hypertension, and neoplasms (malignant and benign) were 

more common among ADPKD patients across disease 

stages relative to the matched controls, except for diabetes 

in ADPKD stage 1.

The average ages of the ADPKD population ranged 

from the early 40s in patients with stage 1 disease to the 

mid-50s in patients with stage 5 disease, on dialysis, or 

post-transplant. Most patients were aged 36–55 years. 

While women comprised the majority of stage 1 and 2 

patients, men comprised the majority in every remain-

ing CKD subgroup. High risk of progression increased 

in frequency as CKD severity increased, ranging from 

42% in stage 1 to 62% among post-transplant patients. 

ADPKD patients were at least twice as likely to have a 

diagnosis of malignant or benign neoplasm as compared 

with controls.

six-month medical resource use
The proportion of patients experiencing at least one hos-

pitalization during the observation period increased with 

increasing CKD stage (Table 2). Per patient, the mean num-

ber of hospitalizations over 6 months averaged between 0.2 

(CKD stage 1) and 0.7 (post-transplant). Among hospitalized 

patients, the average length of stay ranged from 5.7 days 

(CKD stage 1) to 7.7 days (CKD stage 3), with similar lengths 

of stay among dialysis patients (8.7 days) and post-transplant 

patients (8.6 days).

Most ADPKD patients had at least one hospital outpatient 

visit, occurring in more than 90% of CKD stage 5, dialysis, 

and post-transplant patients. Per patient, the average number 

of hospital outpatient visits increased with increasing CKD 

stage, ranging from 2.6 in CKD stage 2 to 13.8 among 

dialysis patients. Over 90% of patients had at least one physi-

cian office visit over 6 months, ranging from an average of 

6.7 visits in CKD stage 2 to 9.2 in CKD stage 5. Similarly, 

high proportions of patients across subgroups had at least one 

outpatient pharmacy claim, with the 6-month mean number 

per patient ranging from 12.2 in CKD stage 1 (equivalent to 

two prescriptions per patient, assuming a 30-day prescription) 

to 23.3 in CKD stage 5.

Very few patients in CKD stages 1 through 4 and very 

few post-transplant patients had an ESRD facility visit over 

the observation period, although some were associated with 

acute kidney injury according to ICD-9-CM codes. However, 

many lacked explanatory codes. Nearly 35% of CKD stage 5 

patients (10.4 visits per patient) and nearly 55% of dialysis 

patients (21.2 charges per patient) reported at least one ESRD 

facility charge over 6 months.
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Table 1 Demographic and clinical characteristics of aDPKD and non-aDPKD matched controla population

Group Age  
Mean  
(SD)

Age  
65 years 
n (%)

Female 
n (%)

High risk 
for early 
progression  
n (%)

Diabetes,  
n (%)

CAD,  
n (%)

Heart  
failure  
n (%)

Hypertension  
n (%)

Neoplasms  
n (%)

aDPKD stage 1 CKD 
(n=316)

43.4 (16.0) 18 (5.7) 195 (61.7) 133 (42.1) 16 (5.1) 28 (8.9) 12 (3.8) 198 (62.7) 78 (24.7)

non-aDPKD matched 
controls (n=1,580)

43.2 (16.7) 111 (7.0) 975 (61.7) n/a 102 (6.5) 62 (3.9) 15 (0.9) 243 (15.4) 151 (9.6)

aDPKD stage 2 CKD 
(n=404)

46.7 (12.2) 17 (4.2) 220 (54.5) 219 (54.2) 40 (9.9) 56 (13.9) 11 (2.7) 301 (74.5) 108 (26.7)

non-aDPKD matched 
controls (n=2,020)

46.60 (13.8) 133 (6.6) 1,100 (54.5) n/a 123 (6.1) 71 (3.5) 19 (0.9) 294 (14.6) 199 (9.9)

aDPKD stage 3 CKD 
(n=860)

52.5 (12.5) 104 (12.1) 397 (46.2) 508 (59.1) 132 (15.3) 156 (18.1) 53 (6.2) 682 (79.3) 212 (24.7)

non-aDPKD matched 
controls (n=4,300)

52.42 (13.3) 610 (14.2) 1,985 (46.2) n/a 349 (8.1) 248 (5.8) 72 (1.7) 854 (19.9) 514 (12.0)

aDPKD stage 4 CKD 
(n=611)

54.9 (12.5) 102 (16.7) 296 (48.4) 358 (58.6) 108 (17.7) 124 (20.3) 54 (8.8) 505 (82.7) 158 (25.9)

non-aDPKD matched 
controls (n=3,055)

54.8 (13.2) 587 (19.2) 1,480 (48.4) n/a 279 (9.1) 212 (6.9) 64 (2.1) 648 (21.2) 395 (12.9)

aDPKD stage 5 CKD 
(n=842)

55.2 (11.5) 141 (16.7) 378 (44.9) 504 (59.9) 151 (17.9) 220 (26.1) 104 (12.4) 734 (87.2) 259 (30.8)

non-aDPKD matched 
controls (n=4,210)

55.4 (12.4) 806 (19.1) 1,890 (44.9) n/a 407 (9.7) 291 (6.9) 78 (1.9) 937 (22.3) 521 (12.4)

aDPKD dialysis  
(n=586)

55.8 (11.4) 104 (17.7) 250 (42.7) 329 (56.1) 102 (17.4) 162 (27.6) 89 (15.2) 524 (89.4) 184 (31.4)

non-aDPKD matched  
controls (n=2,930)

56.0 (12.3) 592 (20.2) 1,250 (42.7) n/a 307 (10.5) 200 (6.8) 49 (1.7) 668 (22.8) 363 (12.4)

aDPKD post- 
transplant (n=615)

53.3 (10.0) 54 (8.8) 267 (43.4) 381 (62.0) 117 (19.0) 133 (21.6) 50 (8.1) 505 (82.1) 215 (35.0)

non-aDPKD matched  
controls (n=3,075)

53.8 (11.4) 360 (11.7) 1,335 (43.4) n/a 297 (9.7) 147 (4.8) 33 (1.1) 614 (20.0) 392 (12.7)

Notes: aaDPKD patients were grouped by CKD stage and matched by age and sex to a control population without aDPKD. less than 1.0% of all non-aDPKD matched 
control patients had a diagnosis for CKD, procedure for dialysis, or an indicator for post-transplant. 
Abbreviations: aDPKD, autosomal dominant polycystic kidney disease; CaD, coronary artery disease; CKD, chronic kidney disease; n/a, not available; sD, standard deviation.

Table 2 Demographic and clinical characteristics of aDPKD study population by CKD disease stage

Setting of care CKD 
Stage 1 
(n=316)

CKD 
Stage 2 
(n=404)

CKD 
Stage 3 
(n=860)

CKD 
Stage 4 
(n=611)

CKD 
Stage 5 
(n=842)

Dialysis 
(n=586)

Post- 
transplant 
(n=615)

P-value

Hospitalizations
n (%) 51 (16.1) 49 (12.1) 150 (17.4) 141 (23.1) 360 (42.8) 274 (46.8) 252 (41.0) ,0.0001
Mean (sD) 0.22 (0.56) 0.18 (0.59) 0.19 (0.57) 0.24 (0.66) 0.31 (0.72) 0.59 (0.84) 0.70 (0.97) ,0.0001
Total length of stay, 
mean (sD) (days)a

5.69 (7.17) 7.22 (11.39) 7.66 (12.09) 6.17 (10.55) 7.55 (8.95) 8.71 (11.43) 8.56 (13.67) 0.3253

Hospital outpatient visits
n (%) 218 (69.0) 284 (70.3) 668 (77.7) 504 (82.5) 779 (92.5) 556 (94.9) 575 (93.5) ,0.0001
Mean (sD) 3.05 (5.23) 2.60 (4.07) 3.50 (4.73) 5.39 (6.89) 11.87 (16.59) 13.82 (19.51) 10.10 (12.22) ,0.0001
Outpatient physician office visits
n (%) 308 (97.5) 391 (96.8) 835 (97.1) 601 (98.4) 793 (94.2) 540 (92.2) 574 (93.3) ,0.0001
Mean (sD) 7.03 (6.19) 6.68 (6.04) 7.48 (6.84) 8.87 (6.71) 9.16 (8.44) 8.45 (10.18) 8.97 (8.32) ,0.0001
Outpatient prescription claims
n (%) 281 (88.9) 379 (93.8) 824 (95.8) 581 (95.1) 803 (95.4) 553 (94.4) 579 (94.1) 0.0003
Mean (sD) 12.22 (12.08) 14.68 (13.98) 18.03 (14.82) 19.50 (14.35) 23.31 (16.29) 23.09 (16.48) 27.76 (18.60) ,0.0001
ESRD facility
Visited an EsRD  
facility, n (%)

15 (4.7) 2 (0.5) 15 (1.7) 39 (6.4) 292 (34.7) 321 (54.8) 26 (4.2) ,0.0001

Mean (sD) EsRD  
visits (n)

1.21 (8.32) 0.19 (3.43) 0.46 (6.44) 1.48 (8.38) 10.38 (26.07) 21.22 (38.97) 1.14 (9.18) ,0.0001

Note: aMean number of hospitalizations and mean lengths of hospitalization stay were calculated only among patients with at least one visit. 
Abbreviations: aDPKD, autosomal dominant polycystic kidney disease; CKD, chronic kidney disease; EsRD, end-stage renal disease; sD, standard deviation.
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Hospital outpatient Other

Figure 1 all-cause medical, outpatient pharmacy, and total costs for patients with aDPKD compared with non-aDPKD matched-controla patients during the 6-month 
observation period (presented by CKD disease stage, in 2010 Us dollars). aaDPKD patients were grouped by CKD stage and matched by age and sex to a control population 
without aDPKD. less than 1.0% of all non-aDPKD matched control patients had a diagnosis for CKD, procedure for dialysis, or an indicator for post-transplant. Plot 
illustrates the contrast in costs between aDPKD patients and matched controls. additionally, increasing costs are observed with worsening CKD stage. 
Abbreviations: ADPKD, autosomal dominant polycystic kidney disease; CKD, chronic kidney disease; ESRD, end-stage renal disease; eGFR, estimated glomerular filtration rate.
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Direct medical costs
Six-month all-cause direct medical costs varied widely 

by disease stage and were far greater among CKD stage 5 

and dialysis patients than in any other subgroup (Figure 1). 

Cost drivers were hospitalizations (the most common 

diagnosis codes used were related to hypertension, cyst 

complications, anemia, and dialysis-related complications) 

and hospital outpatient visits, which together accounted 

for more than half the total costs in each group. Other 

key cost drivers differed by CKD stage: prescription drug 

costs for patients with CKD stages 1–4 (over 10% of total 

costs) and post-transplant patients (over 20%) and ESRD 

facility visits for CKD stage 5 patients (23%) and dialysis 

patients (32%).

All-cause direct 6-month medical costs, by patient 

subgroup, are shown in Figure 2. High-risk for renal 

disease progression and early-onset hypertensive patients 

incurred higher costs than the overall sample for each 

CKD stage except CKD stage 2. Costs were higher among 

those at risk for progression in CKD stage 1 and 5 and 

the dialysis groups and among those with hypertension in 

CKD stage 2.

Disease progression probabilities
Six-month disease progression probabilities are shown in 

Figure 3. Among CKD stage 1 patients, 7% advanced to 

CKD stage 2, 4% to CKD stage 3, and ,6% to other CKD 

stages. Among CKD stage 2 patients, .9% advanced to 

CKD stage 3, and .2% transitioned to the post-transplant 

state. Among CKD stage 3 patients, 14% advanced to 

CKD stage 4, .4% to CKD stage 5, and .3% to the post-

transplant state. Among CKD stage 4 patients, 23% pro-

gressed to CKD stage 5, 9% transitioned into dialysis, and 

7% moved into the post-transplant state. Among CKD stage 5 

patients, 55% did not progress, 31% transitioned into dialysis, 

and 14% moved into the post-transplant state.

MRU and medical costs in matched 
controls versus aDPKD patients
Proportionately, across CKD stages, 4–6 times as many 

ADPKD patients with CKD stages 1–2 were hospitalized 

compared with their age-matched and sex-matched con-

trols (Table 3). Mean costs for hospitalizations were sub-

stantially higher in ADPKD patients than in their matched 

controls, ranging from two to eight times higher for CKD 
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stages 1 and 2 compared with matched controls. Mean hospi-

tal  outpatient visit costs for CKD stages 1–2 ADPKD patients 

were approximately 3–4 times that of their controls, and 

differences between groups increased with the more severe 

disease stages. Compared with their matched controls, mean 

total costs for CKD stages 1 and 2 were three to four times 

greater and for CKD stages 3, 4, and 5, and were 4–19 times 

greater for dialysis patients.

Discussion
The results of this study show that higher rates of MRU and 

costs (in all stages of kidney disease) were associated with 

ADPKD patients, and transitions between CKD disease 

stages increased with each progressive disease stage. While 

the disease burden of CKD is well characterized, the disease 

burden of ADPKD is less well understood. This analysis of 

commercial claims data provides real-world estimates of 

MRU and costs associated with ADPKD from a private US 

payer perspective. Specifically, this study evaluated costs 

from a payer perspective, assessing reimbursements rather 

than charges, compared cost and utilization relative to an age-

matched and sex-matched healthy control cohort, evaluated 

economic outcomes in key patient subgroups, and studied 

transitions among CKD disease states.

This study showed the relative burden of ADPKD patients 

compared with age-matched and sex-matched healthy 

 controls without ADPKD and that significant disease burden 

due to ADPKD is not only associated with patients in later 

stages of kidney disease, but also with patients early in the 

course of their disease when kidney function is still charac-

terized as normal.

As CKD progresses, the proportion of patients at high 

risk for early progression of ADPKD increases. As expected, 

ADPKD patients with later CKD stages had higher MRU and 

more inpatient hospitalizations, hospital outpatient visits, physi-

cian office visits, prescription drug claims, and visits to ESRD 

facilities than did patients with the earlier stages of CKD.

Costs increased substantially as patients progressed from 

CKD stage 4 to 5 and then to ESRD, with costs among dialy-

sis patients greatly exceeding that of post-transplant patients. 

Hospitalizations and hospital outpatient visits were key cost 

drivers (.50% of total costs) in all groups. ESRD facility costs 

were substantial among dialysis patients and those with CKD 

stage 5, while prescription drugs were relatively more impor-

tant cost drivers among post-transplant and CKD stage 1–4 

patients. ESRD facility costs in earlier CKD stages represent 

the potential consequences of acute kidney injury events, such 

as pyelonephritis and nephrolithiasis, which are related to the 
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presence of ADPKD. These cost increases and cost drivers are 

consistent with the data reported by Lentine et al.10

Although our study sample represents those patients who 

actively sought health care, our analysis shows that a size-

able proportion of ADPKD patients seek care early, when 

signs and symptoms may not have been present. Considering 

that the database does not include many Medicare patients 

and that most of the ADPKD patients sampled in this study 

were found to be at high risk for progression to ESRD, these 

patients may have a more aggressive form of ADPKD than the 

general ADPKD population. However, given the hereditary 

nature of ADPKD and the informed nature of this patient 

group, at-risk individuals may have been actively seeking 

preventative health care before signs and symptoms devel-

oped and uncovered early-onset hypertension, albuminuria, 

or other risk factors for progression to ESRD. There were 

more women in the early CKD stages than in the later disease 

stages. This group could represent a subgroup of ADPKD 

patients who seek or require medical care at earlier CKD 

stages, ie, women with ADPKD who become pregnant and 

receive health care and are at increased risk for the devel-

opment of hypertension during pregnancy.11 Even among 

ADPKD patients with an earlier CKD stage, hospitalizations 

and hospitalization costs were greater than in their healthy 

age-matched and sex-matched controls. Similar results were 

found for hospital outpatient costs.

As hospitalizations and hospital outpatient visits were the 

largest contributors to total costs among early-stage CKD 

patients (.50% of costs for stage 1–2), total costs for these 

patients were much greater than for their matched controls. 

Additionally, a high proportion of ADPKD patients had 

a benign or malignant neoplasm, with more than twice as 

many early-stage ADPKD patients affected compared with 

matched controls. Of these early-stage patients, 69% had 

benign neoplasms; among those with malignant neoplasms, 

most common was skin cancer, which increased in frequency 

with worsening kidney function and again in post-transplant 

patients. ADPKD patients also had higher rates of diabetes, 

coronary artery disease, heart failure, and hypertension 

than their matched controls. While it is not surprising that 

ADPKD patients with decreasing kidney function tended to 

be associated with increased MRU and costs compared with 

their matched controls, it is worthwhile to note that ADPKD 

patients in the early stages of their disease are associated with 

substantial increases in MRU and costs.

In this study, the rate of disease progression increased with 

each successive CKD stage. ADPKD patients with early-stage 

CKD were less likely to progress to advanced disease, while 

those with later-stage CKD were more likely to progress to 

more advanced disease. These observations are consistent 

with the CRISP (Consortium for Radiologic Imaging Studies 

of Polycystic Kidney Disease) cohort, wherein once GFR 

began to decline, progression became unavoidable.12 Given 

that MRU and costs only increase as patients progress into 

worsening kidney function, it is in the best interests of patients, 

providers, and payers that continued research focuses on early 

treatment to delay progression of ADPKD.

limitations
The current study had several limitations. Index events were 

determined using the first observed inpatient or outpatient 

claim with an indicator of CKD stage or status or a labora-

tory result for a creatinine test within 6 months of a medical 

claim for ADPKD. This possibly caused inflated estimates of 

MRU and cost, particularly in early-stage CKD, as we might 

expect increased diagnostics and repeated physician visits 

in the period immediately following the index event. Our 

study population had elevated MRU and costs in the month 

of the index event, but consistent per-month MRU and costs 

were observed for up to 3 years thereafter. Therefore, while 

we may have slightly inflated estimates of initial resource 

use and costs, we believe the effect was minimal.

Dialysis patients were found to have 21.2 ESRD facility 

charges in a 6-month time period, consistent with expected 

weekly billing practices but likely not reflective of actual 

facility visit numbers.

As expected, more ADPKD patients had diabetes, heart 

failure, coronary artery disease, and/or neoplasms than did 

matched controls. The proportions of matched controls with 

these diseases were similar to their reported prevalence in the 

general population,13–15 suggesting that the control population 

was reflective of a general population.

The typical limitations of research using a medical and 

pharmacy claims database apply to this study. Only patients 

who actively sought health care or had access to or concerns 

about a medical diagnosis and who had full commercial insur-

ance were represented in the MarketScan data. As such, our 

sample accurately represents the payer perspective, but may not 

be generalizable to the broader ADPKD population, particularly 

patients with earlier stages of ADPKD. Given that those who do 

not present to a medical provider are not captured in this study, 

background percentages may be underreported. However, the 

increased resource use and background proportions among 

early-stage ADPKD patients when compared with controls 

remained relevant and important. In addition, the validity of this 

analysis is dependent on the accuracy of coding in the claims; 
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coding errors or concerns about pre-existing conditions may 

mean that our sample missed some ADPKD patients actively 

seeking care and may have misclassified patients into incor-

rect CKD stages. Given concerns about preexisting conditions, 

ADPKD is not always coded or explicitly diagnosed, although 

it should be noted that the analysis by Lentine et al10 found no 

clear differences in demographic characteristics, estimated 

GFR, or charges between patients with a diagnosis of ADPKD 

(ie, ICD-9-CM 753.13) and patients with a diagnosis of poly-

cystic kidney disease (ie, ICD-9-CM 753.12, ADPKD not 

specified by diagnosis code).

This study relied mostly upon CKD disease stages defined 

by ICD-9-CM diagnosis codes to distinguish disease severity 

among ADPKD patients because standard ADPKD-specific 

classification criteria have not yet been established. In reality, 

the stage and severity of ADPKD are informally determined 

not only by associated kidney function, but also by age, cyst 

burden, and symptoms. When available, estimated GFR values 

were used to determine kidney function, but data for laboratory 

results were not available for most study patients. Using stages 

of measured or estimated GFR to determine disease severity or 

stage in ADPKD is not necessarily the best measure because 

kidney function may appear normal for years while compensa-

tory renal mechanisms mask the decline in functioning kidney 

tissue. However, this underscores the relevance and importance 

of our finding that ADPKD patients who appear to still have 

normal kidney function are associated with increased MRU 

and costs. Recognition of early markers of disease progres-

sion may be valuable to identify high-risk ADPKD patients 

for treatment with more intensive interventions.

While private payer reimbursements are valid measures 

more of cost than of provider charges, they tend to be higher 

than Medicare reimbursement and are not perfect proxies for 

payer costs. Further, because we reported costs by different 

settings of care and we noted the proportion of total costs for 

each setting, we chose to report means rather than medians 

when comparing costs between patients with ADPKD and 

their matched controls. It is important to understand that 

cost data are almost always skewed to non-normal distribu-

tions, and that the mean will be sensitive to any outliers. 

However, while median costs were lower than mean costs 

for both ADPKD patients and matched controls, the relative 

difference in median costs was actually greater, and statisti-

cal comparisons using the Kruskal–Wallis test showed all 

comparisons to be statistically significant. The full societal 

burden associated with ADPKD is likely understated and 

should be explored further, because indirect costs, such as 

productivity effects, lost wages, and caregiver support were 

not measured in our study. Finally, the retrospective nature 

of claims analysis does not allow outcomes to be interpreted 

in terms of causal relationships.

Conclusion
These results indicate that early-stage ADPKD patients 

with normal kidney function are associated with a sizable 

economic burden to the health care system relative to the 

general population. Nevertheless, ADPKD is far costlier at 

later stages, which is a concern given that disease progression 

rates increase as CKD worsens. Therefore, potential cost 

offsets could be achieved by early intervention to delay 

progression of ADPKD disease.
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