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Objective: The aim of this study was to assess healthcare resource consumption and its associ-

ated costs among patients with polycystic kidney disease (PKD) in a real-world setting.

Methods: An observational retrospective cohort analysis was conducted using data from the 

administrative databases of four Italian local health units. Data for patients who were diagnosed 

with PKD during the inclusion period (January 1, 2010 to December 31, 2012) were extracted. 

The date on which a patient’s first PKD hospitalization occurred during the inclusion period was 

defined as the index date (ID), and the ID was defined as the date of the first dialysis treatment 

recorded during the inclusion period for patients undergoing dialysis. Data regarding the clinical 

characteristics of patients included in the study during the 12 months prior to the ID (pre-ID; 

characterization period) were collected. All patients were then followed up for the 12 months 

following the ID (post-ID; follow-up period). Healthcare consumption and its associated costs 

were analyzed during the follow-up period. All costs are reported in euros (€).

Results: A total of 1,123 patients with PKD were included in this study, 61.9% of whom were 

male; the mean age of the patients was 57.7±24.5 years. At diagnosis, 11.2% and 1.1% of patients 

were affected by the dominant and recessive forms of PKD, respectively. Approximately 8% 

of the included patients were undergoing dialysis at ID (baseline). The incidence of dialysis 

was fourfold greater among patients with autosomal-dominant PKD (ADPKD) than among the 

total cohort (33.3% compared with an overall 8.3%). During the follow-up period, the average 

annual rates of healthcare resource consumption were greater among dialyzed than non-dialyzed 

patients. The average healthcare expenditures were €45,059.62 and €3,913.89 (p<0.001) per 

year for dialyzed and non-dialyzed PDK patients, respectively.  Our findings suggest that in the 

real-world Italian context, consumption of healthcare among patients with PKD has increased 

at dialysis initiation due to the cost of outpatient specialist healthcare services as well as other 

costs. Research on the prevention of PKD-related complications and disease progression may 

help to facilitate a decrease in the costs associated with this condition.

Keywords: polycystic kidney disease; autosomal-dominant polycystic kidney disease; autoso-

mal-recessive polycystic kidney disease; real-world setting

Introduction
Polycystic kidney disease (PKD) is an inherited disorder characterized by the appear-

ance of cysts in both kidneys, leading to progressive renal failure. There are two main 

types of PKD that are caused by different genetic mutations: the autosomal-dominant 

form (ADPKD, autosomal-dominant PKD) is observed most frequently and often 

identified in late onset cases, and the recessive form (ARPKD, autosomal-recessive 
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PKD) is observed less frequently but is often lethal when 

identified during the first month of life.

ADPKD is best known as “adult’s polycystic disease” 

because its symptoms and signs are identified only during 

adulthood. This form is more common than the form iden-

tified during childhood and affects ~12.5 million people 

worldwide. The distribution of ADPKD does not differ by sex 

or race.1,2 The prevalence of ADPKD is often overestimated, 

but recent epidemiological reports suggest that this condition 

has an incidence lower than 4:10,000.3,4

Among individuals with this condition, the growth and 

expansion of cysts in both kidneys lead to renal failure, 

and approximately half of affected patients require kidney 

dialysis or a kidney transplant by the age of 54 years.5–8 

ADPKD is the fourth leading cause of kidney failure, and 

patients affected by this condition account for ~10% of renal 

replacement cases.9

As a result of medical advances, ADPKD is often diag-

nosed more frequently, and the implementation of strategies 

for the early diagnosis and treatment of renal and extra-renal 

complications has improved both quality of life and life 

expectancy among ADPKD patients.1,10,11

The natural history of this disease has been found to be 

associated with significant and substantial economic burden 

on the health system. Estimates suggest that the annual direct 

healthcare costs associated with ADPKD amount to €2 bil-

lion in Europe alone.1

The aim of this study was to assess healthcare resource 

consumption and analyze its associated costs among patients 

with PKD in a real-world setting.

Methods
Data sources
This analysis was performed using data from the administra-

tive databases (DBs) of four Italian local health units (LHUs) 

located in Campania, Lombardia, Lazio, and Sicilia, with 

a total patient population of ~3.6 million health-assisted 

individuals.

The structure of these DBs, which are routinely updated 

for administrative and reimbursement purposes, has been 

described in detail elsewhere.12 The following DBs were 

used in this study: the beneficiaries DB, which contains 

patient demographic data; the medication prescription DB, 

which comprises information, including the Anatomical-

Therapeutic-Chemical code, number of packages ordered, 

number of units per package, dosages, unit cost per pack-

age, and prescription date for each drug purchased for the 

patient; the hospital discharge DB, which contains data 

regarding all hospitalizations and includes the discharge 

diagnosis codes (classified according to the International 

Classification of Diseases, Ninth Revision, Clinical Modi-

fication [ICD-9-CM]) and diagnosis-related group (DRG) 

reimbursement rate; and the ambulatory care specialist 

DB, which includes records for all outpatient specialist 

services provided to the patient. The DBs were linked 

via anonymized patient codes. Informed consent is not 

required for using encrypted retrospective information, 

according to Italian regulations. In accordance with the 

AIFA Determination,13 Guidelines for classification and 

conduction of observational studies on drugs, this study 

was notified to the local ethics committee in each participat-

ing LHU according to the Italian law regarding the conduct 

of observational analysis, and the LHU ethics committees 

approved the study.

Cohort definition
This observational retrospective study included all patients 

aged ≥18 years and identified as having at least one hospi-

talization with a primary or secondary diagnosis of PKD 

(ICD-9-CM code: 753.1) between the January 1, 2010, 

and December 31, 2012 (inclusion period). The date of 

the first PKD-associated hospitalization occurring during 

the inclusion period was defined as the index date (ID) for 

non-dialyzed patients; for patients on dialysis, the ID was 

defined as the date of the first recorded dialysis treatment 

during the inclusion period. The clinical characteristics of 

included patients during the 12-month period prior to the ID 

were collected (characterization period). All patients were 

then followed up for 12 months following the ID (follow-up 

period). “Dialyzed patients” were defined as those who had at 

least one record indicating the receipt of outpatient specialist 

services related to dialysis (procedure codes 38.95, 39.95, 

54.93, 54.98, and 97.29.1) during or after the ID. During the 

inclusion period, patients were also classified according to the 

diagnosis received upon discharge from PKD hospitalization 

as suffering from ADPKD, ARPKD, or an unspecified PKD 

genotype using the following ICD-9-CM codes: 753.13, 

753.14, and 753.12, respectively. Patients who did not have 

any of the ICD-9-CM codes listed above were categorized 

as “other”.

Healthcare consumption was defined by the sum of 

the costs associated with the prescribed treatments, outpa-

tient specialist services, and hospital admission identified 

during the follow-up period. Patients transferred to other 

LHUs during the follow-up period were excluded from 

this analysis.
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Cost analysis
The mean annual healthcare costs per patient were evaluated 

based on total resource consumption (in term of drugs, hos-

pitalizations, and outpatient specialist services) during the 

follow-up period. A cost analysis was performed according 

to the Italian National Health System (NHS) guidelines. All 

costs are reported in euros (€). Drug costs were evaluated 

at Italian NHS purchase prices. Hospitalization costs were 

determined using the DRG tariffs, which represent the NHS 

reimbursement levels received by healthcare providers. The 

costs of instrumental and laboratory tests were determined 

according to the tariffs applied by the evaluated regions.

Statistical analysis
Continuous variables are reported as means and standard 

deviations (mean ± SD), whereas categorical variables are 

expressed as numbers and percentages. Differences were 

considered statistically significant at a p value of ≤0.05.

In cases in which data were not available due to privacy 

concerns, where results referred to less than four patients14 

(potentially identifiable data), results are presented as NI 

(not issuable). All analyses were performed using STATA 

software version 12.1 (Stata Corp. LP, College Station, TX).

Results
The records for a total of 1,123 patients PKD were included 

in the study; 695 of the enrolled patients (~62% of a total 

sample) were males. At baseline, patients on dialysis 

accounted for ~8% of the total population. Table 1 summa-

rizes the baseline demographic and clinical characteristics 

of the study population stratified according to dialysis status.

At baseline, 11.2% (n=126) and 1.1% (n=13) of patients 

were affected by the dominant and recessive forms of PKD, 

respectively (Table 1). Of the included patients, 16.6% 

(n=186) had an unspecified genotype, and the remaining 

patients were identified as having uncharacterized PKD 

(n=798, 71.1% of the total sample).

The four subpopulations of PKD patients differed slightly 

in terms of their baseline demographic and clinical charac-

teristics. The gender distribution within each subpopulation 

of PKD patients was relatively equal. The mean (± SD) age 

of the 1,123 patients included in the analysis at the ID was 

57.7±24.5 years. The mean (± SD) age of the patients with 

the recessive form of PKD was 41.6±35.5 years. Patients 

in this cohort were younger than those in the other PKD 

subpopulations. Patients suffering from ADPKD were, on 

average, younger than those in the non-ADPKD group; the 

mean age of patients in the ADPKD group was 48.3 years, 

whereas the mean age of patients in the sample overall was 

57.7 years, and the mean age of patients in the group of 

patients for whom a PKD diagnosis was unspecified was 

slightly higher (61.0 years).

While patients suffering from ADPKD were, on aver-

age, younger than patients in the non-ADPKD group, the 

Table 1 Baseline demographic and clinical characteristics of the study population stratified according to PKD subtype and dialysis 
status at the index date

Non-dialyzed (n, %) Dialyzed (n, %) Total (n, %)

All patients with PKD diagnosis 1,030 (91.7) 93 (8.3) 1,123 (100)
Age (mean ± SD) 57.5±25.2 60.1±14.8 57.7±24.5
Male 631 (61.3) 31 (62.9) 695 (61.9)
Autosomal dominant 84 (66.7) 42 (33.3) 126 (100.0)
Age (mean ± SD) 43.1±24.7 58.8±13.6 48.3±22.8
Male 52 (61.9) 24 (57.1) 76 (60.3)
Autosomal recessive 12 (92.3) NI 13 (100.0)
Age (mean ± SD) 37.8±35.9 – 41.6±35.5
Male 7 (58.3) NI 8 (61.5)
Genotype unspecified 159 (85.5) 27 (14.5) 186 (100.0)
Age (mean ± SD) 61.4±24.9 58.9±13.3 61.0±23.5
Male 94 (59.1) 20 (74.1) 114 (61.3)
Other 775 (97.1) 23 (2.9) 798 (100.0)
Age (mean ± SD) 58.6±24.5 62.9±19.0 58.7±24.4
Male 478 (61.7) 19 (83.0) 497 (62.3)

Notes: All included patients were classified as “dialyzed patients” based on the presence of at least one recording of outpatient specialist services related to dialysis (codes 
38.95, 39.95, 54.93, 54.98, and 97.29.1) during or after the index date. Patients were also classified according to the discharge diagnosis, after hospitalization for PKD, as 
suffering from ADPKD, ARPKD, or unspecified genotype if they had the ICD-9-CM codes: 753.13, 753.14, and 753.12, respectively. Patients who did not have any of the 
ICD-9-CM codes listed above are defined as “other.”
Abbreviations: ADPKD, autosomal-dominant polycystic kidney disease; ARPKD, autosomal-recessive polycystic kidney disease; ICD-9-CM, International Classification of 
Diseases, Ninth Revision, Clinical Modification; PKD, polycystic kidney disease; SD, standard deviation; NI, not issuable.
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incidence of dialysis at the ID was four times greater among 

ADPKD patients than that identified within the sample 

overall (33.3% compared with an overall 8.3%). During the 

1-year follow-up period, ~1.3% of patients underwent kidney 

transplantation.

The following analysis of healthcare consumption and its 

associated costs related focused only on the cohort of patients 

with confirmed genotypes, as the small sample of ARPKD 

patients included in this study may limit the generalizability 

of the derived results.

Healthcare consumption (in terms of average annual 

number of pharmaceutical prescriptions, ambulatory care ser-

vices, and hospital admission) during the follow-up period is 

described according to dialysis and ADPKD status in Table 2. 

During the study period, healthcare resource consumption 

was higher in the ADPKD dialyzed-patient group than in 

non-dialyzed patient group. The rates of healthcare resource 

consumption were 27.7 and 14.5 for drug prescriptions and 

0.8 and 1.2 for hospital admission among individuals in the 

dialyzed and non-dialyzed ADPKD groups, respectively, and 

the average rate of ambulatory care services utilization was 

five times higher among dialyzed ADPKD patients than their 

non-dialyzed counterparts (28.2 compared to 5.1).

The annual healthcare costs associated with the manage-

ment of PKD following the ID are reported in Figure 1. The 

average cost of healthcare during the 1-year follow-up period 

was higher among dialyzed than non-dialyzed PKD patients 

(p<0.001). Specifically, the mean annual cost per patient in 

the dialyzed group was €45,059.62 (of which €34,840.62, 

€6,298.85, and €3,920.15 were attributable to ambulatory 

care, hospitalization, and pharmaceutical consumption, 

respectively); however, among non-dialyzed PKD patients, 

the average annual cost of care was €3,913.89 (of which 

€985.83, €2,445.46, and €482.6 were attributable to drug 

treatments, hospitalization, and ambulatory care services, 

respectively).

The mean annual healthcare costs per patients based 

on resource consumption from ID and by PKD subtype 

are shown in Figure 2. During the follow-up period, the 

mean annual costs of healthcare were €45,390 and €4,287 

(p<0.001) among ADPKD patients undergoing dialysis and 

per patient not undergoing dialysis, respectively.

Discussion
PKD is one of the most common genetic disorders worldwide 

and represents the most frequently observed genetic cause 

of end-stage renal disease in adults.15,7

Few data regarding healthcare resource consumption in 

patients with PKD are currently available.16–19 Nevertheless, 

studies have shown that patients with ADPKD incur health-

care costs throughout their lifespan due to outpatient care and 

hospitalizations.20 The currently available evidence suggests 

that medical costs double with progression of chronic kid-

ney disease (CKD) to a higher stage.21,22 Indeed, healthcare 

resource utilization and costs associated with PKD increase 

steeply when a patient reaches advanced stages of the disease 

and when the patient requires dialysis or transplantation.21,23

In accordance with the results of previous studies,16–18 this 

retrospective analysis, conducted in a “real-world” setting, 

shows that the percentage of patients with ADPKD who 

Table 2 Healthcare consumption (in terms of the average annual number of pharmaceutical prescriptions, ambulatory care services, 
and hospital admissions) during the follow-up period stratified according to PKD subtype

Autosomal dominant Autosomal recessive Genotype unspecified Other

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Pharmaceutical prescriptions
Non-dialyzed 14.5 16.0 10.1 10.1 16.6 14.8 15.1 14.0
Dialyzed 27.7 15.3 NI – 31.6 20.4 29.0 16.8
Total 18.8 16.9 13.1 13.0 18.8 16.6 15.5 14.3
Ambulatory care services 
Non-dialyzed 5.1 11.1 2.0 3.7 6.6 8.7 5.1 6.7
Dialyzed 28.2 13.2 NI – 29.8 13.9 26.7 14.2
Total 12.7 16.1 4.7 8.7 10.0 12.6 5.7 7.9
Hospital admissions
Non-dialyzed 0.8 1.3 1.4 1.8 0.9 1.5 0.8 1.3
Dialyzed 1.2 1.7 NI – 1.6 1.2 1.6 1.5
Total 0.9 1.4 1.2 1.7 1.0 1.5 0.9 1.3

Notes: All included patients were classified as “dialyzed patients” based on the presence of at least one recording of outpatient specialist services related to dialysis (codes 
38.95, 39.95, 54.93, 54.98, and 97.29.1) during or after the index date. Patients were also classified according to the discharge diagnosis, after hospitalization for PKD, as 
suffering from ADPKD, ARPKD, or unspecified genotype if they had the ICD-9-CM codes: 753.13, 753.14, and 753.12, respectively. Patients who did not have any of the 
ICD-9-CM codes listed above are defined as “other”.
Abbreviations: ADPKD, autosomal-dominant polycystic kidney disease; ARPKD, autosomal-recessive polycystic kidney disease; ICD-9-CM, International Classification of 
Diseases, Ninth Revision, Clinical Modification; PKD, polycystic kidney disease; SD, standard deviations; NI, not issuable.
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Drugs
Hospitalizations

Outpatient specialist services

Non-dialyzed

€0

Non-dialyzed

Dialyzed

€5,000

€3,913.89

€45,059.62

p<0.001

€10,000 €15,000 €20,000 €25,000 €30,000 €35,000 €40,000 €45,000 €50,000

985.83
2,445.46
482.60

Dialyzed
3,920.15
6,298.85
34,840.62

Figure 1 Mean annual cost per PKD patient during the follow-up period. Costs are reported in euros (€).
Notes: All included patients were classified as “dialyzed patients” based on the presence of at least one record of outpatient specialist services related to dialysis (codes 
38.95, 39.95, 54.93, 54.98, and 97.29.1) during or after the index date. Patients were also classified according to the discharge diagnosis, after hospitalization for PKD, as 
suffering from ADPKD, ARPKD, or unspecified genotype if they had the ICD-9-CM codes: 753.13, 753.14, and 753.12, respectively. Patients who did not have any of the 
ICD-9-CM codes listed above are defined as “other.”
Abbreviation: ADPKD, autosomal-dominant polycystic kidney disease; ARPKD, autosomal-recessive polycystic kidney disease; ICD-9-CM, International Classification of 
Diseases, Ninth Revision, Clinical Modification; PKD, polycystic kidney disease.

Drugs Hospitalizations Outpatient specialist services

Other–dialyzed

ARPKD–dialyzed

Other–non-dialyzed

ARPKD–non-dialyzed

ADPKD–non-dialyzed

ADPKD–dialyzed

Genotype unspecified–non-dialyzed

Genotype unspecified–dialyzed

€0 €10,000 €20,000 €30,000 €40,000 €50,000 €60,000

€4,287.3

€45,393.31

€50,244.9

€38,708.44

€1,986.5

€4,212.63

€3,840.51

NI

p<0.001

p<0.001

p<0.000

Figure 2 Mean annual cost per patient during the follow-up period stratified according to PKD subtypes (ADPKD, ARPKD, unspecified genotype, or other). Costs are 
reported in euros (€).
Notes: All included patients were classified as “dialyzed patients” based on the presence of at least one record of outpatient specialist services related to dialysis (codes 
38.95, 39.95, 54.93, 54.98, and 97.29.1) during or after the index date. Patients were also classified according to the discharge diagnosis, after hospitalization for PKD, as 
suffering from ADPKD, ARPKD, or unspecified genotype if they had the ICD-9-CM codes: 753.13, 753.14, and 753.12, respectively. Patients who did not have any of the 
ICD-9-CM codes listed above are defined as “other.”
Abbreviations: ADPKD, autosomal-dominant polycystic kidney disease; ARPKD, autosomal-recessive polycystic kidney disease; ICD-9-CM, International Classification of 
Diseases, Ninth Revision, Clinical Modification; NI, not issuable.
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required dialysis was about four times greater when compared 

with the proportion of the overall population requiring dialy-

sis treatment. In addition, the annual healthcare resources 

consumption identified among ADPKD patients on dialysis 

was higher than that observed among non-dialysis patients.

A recent US study reported that ~20% of patients with 

early-stage CKD require at least one hospitalization every 

6 months after ADPKD diagnosis, and that this percentage 

increases to 51% and 74% in post-transplant and dialysis 

patients, respectively.18

The recent “Position paper for the prevention of CKD,” 

which was approved during the State-Regional Conference 

on August 8, 2014, suggested that delaying progression to 

renal failure by least 5 years for 10% of subjects with stage 

III to stage IV CKD and delaying the onset of dialysis for 

at least 5 years would result in savings of up to €2.5 billion 

annually.24 As estimated by this document, the annual direct 

cost of treating a hemodialysis patient is approximately 

€43,800.00. The most recent data provided by the European 

Society of Nephrology Registry, Dialysis and Transplantation 

(ERA-EDTA) suggest that the cost associated with dialysis 

and transplantation among European ADPKD patients is esti-

mated at ~ €1.5 billion (of which the estimated annual cost per 

each hemodialysis patient amounts to €55,500).9 However, 

these estimates do not provide a comprehensive picture of 

the economic burden associated with the disease, as they do 

not account for the expenses incurred by patients who did 

not undergo any dialysis treatments or transplantation, those 

associated with the treatment of complications (e.g., infec-

tions), or the indirect costs resulting from lost productivity.

In accordance with previous studies, our cost analysis 

suggested that the mean annual healthcare expenditure 

was higher in the group of patients who underwent dialysis 

(~€45,060) than in those who did not undergo dialysis 

(~€3,914). In consideration of the significant difference 

observed in the costs of outpatient specialist healthcare ser-

vices between dialyzed and non-dialyzed patients, these data 

suggest that dialysis may be the main driver of costs for the 

NHS. This finding is particularly interesting, given that the 

subpopulation of patients with ADPKD had an incidence of 

dialysis that was four times higher than that observed in the 

entire study population.

Our study has many limitations that should be considered 

during the interpretation of our results. These limitations 

include the following. First, given the observational nature 

of this study and its basis on data collected through DBs, we 

cannot exclude the possibility that some data may have been 

missed due to inaccurate or lost medical records. Second, 

because we used administrative DBs, we lacked information 

on some relevant clinical information that may serve as a 

specific indicator of disease severity; and third, we analyzed a 

relatively limited sample size of patients. In fact, we focused 

the majority of our analysis only on one cohort of patients 

with genetically confirmed ADPKD, as the small sample 

of ARPKD patients may have limited the generalizability 

of these data. Thus, large studies are needed to confirm our 

results in different patient populations.

Conclusion
Although further studies including larger patient samples 

are needed to confirm these results, the cost of adult PKD 

has a substantial impact on the healthcare system through-

out the entire disease course. Our findings suggest that the 

consumption of healthcare among Italian patients with PKD 

increased at dialysis initiation due to the cost of outpatient 

specialist healthcare services as well as other costs. Research 

on the prevention of PKD-related complications and disease 

progression may contribute to controlling the costs associated 

with this condition.
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