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There is freedom waiting for you,

On the breezes of the sky,

And you ask “What if I fall?”

Oh but my darling,

:KDW�LI�\RX�Ό\"�

Erin Hanson

Voor Daniël en Lotte
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Chapter 1

Chronic kidney disease
Chronic kidney disease (CKD) is characterized by a gradual and irreversible reduction 

in kidney function. The kidneys play a vital role in maintaining body homeostasis. 

7KHLU�OLIH�VXVWDLQLQJ�DFWLYLWLHV�LQFOXGH�΋OWHULQJ�RI�ZDVWH�SURGXFWV�DQG�WKHLU�H[FUHWLRQ�

via the urine, reabsorption of nutrients, regulation of electrolytes and acid-base 

KRPHRVWDVLV��WKH�FRQWURO�RI�ΌXLG�EDODQFH�DQG�EORRG�SUHVVXUH��DQG�UHJXODWLRQ�RI�ERQH�

PHWDEROLVP�DQG�UHG�EORRG�FHOO�SURGXFWLRQ��7KH�JORPHUXODU�΋OWUDWLRQ�UDWH��*)5��LV�XVHG�

DV�DQ�LQGH[�RI�NLGQH\�IXQFWLRQ�DQG�UHΌHFWV�WKH�WRWDO�DPRXQW�RI�ΌXLGV�΋OWHUHG�WKURXJK�

the glomeruli per minute with normal values ranging from 90 to 120 mL/min/1.73 m2.1 

In clinical practice, the GFR is most commonly estimated with serum creatinine levels 

using the CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) or the MDRD 

�0RGL΋FDWLRQ�RI�'LHW�LQ�5HQDO�'LVHDVH��HTXDWLRQ�2

$FFRUGLQJ�WR�LQWHUQDWLRQDO�JXLGHOLQHV��&.'�LV�GH΋QHG�DV�D�GHFUHDVHG�NLGQH\�IXQFWLRQ�

(GFR <60 mL/min/1.73 m2) or the presence of markers of kidney damage (i.e. 

albuminuria or urinary sediment abnormalities) which have to be present for more 

than three months.3,4�&.'�LV�FDWHJRUL]HG�LQWR�΋YH�VWDJHV�EDVHG�RQ�WKUHVKROGV�RI�*)5�

and three stages based on thresholds of albuminuria, as an indication of the severity 

RI�NLGQH\�GDPDJH��)LJXUH�������7KH�VWDJLQJ�RI�&.'�KHOSV�WR�PRUH�DFFXUDWHO\�GH΋QH�WKH�

risks of a CKD patient (regarding the risk of progression of kidney failure, morbidity, 

and mortality) and facilitates choices in clinical management strategies.

There are multiple causes of CKD, of which atherosclerosis, diabetes, and hypertension 

are most common.5,6 Other risk factors for CKD development are old age, increased 

ERG\�PDVV� LQGH[�� VPRNLQJ� DQG� ORZ� VRFLRHFRQRPLF� VWDWXV�7,8 CKD itself is an 

independent risk factor for cardiovascular disease and accelerated atherosclerosis, 

cognitive dysfunction, hospitalization, and mortality.5 Other complications of CKD 

WKDW�FRQWULEXWH�WR�WKH�KLJK�PRUELGLW\��PRUWDOLW\��DQG�SRRU�TXDOLW\�RI�OLIH�RI�SDWLHQWV�

include hypertension, anemia, mineral bone disorder and an increased risk of cancer.9

A person is considered to have end-stage kidney disease (ESKD) when the GFR is 

below 15 mL/min/1.73 m2�IRU�PRUH�WKDQ�WKUHH�PRQWKV��*)5�6WDJH�*����,Q�WKLV�΋QDO�

stage of CKD, the remaining kidney function is no longer capable of sustaining life for 

DQ�H[WHQGHG�SHULRG�RI�WLPH�LQ�PRVW�SDWLHQWV��7KHUHIRUH��PDQ\�SDWLHQWV�ZLWK�(6.'�DUH�

considered candidates for kidney replacement therapy (KRT), in the form of dialysis 

(hemodialysis or peritoneal dialysis) or kidney transplantation. An alternative for 

KRT is comprehensive conservative management which is a palliative approach to 
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the management of ESKD patients characterized by non-dialytic treatment with 

DFWLYH�VXSSRUWLYH�FDUH�DQG�PD[LPDO�FRQVHUYDWLYH�WUHDWPHQW�6,10 Although KRT can 

be a life-saving option for ESKD patients, it is still associated with an increased risk 

RI�PRUELGLW\��VXFK�DV�FDUGLRYDVFXODU�HYHQWV���DQG�D�VLJQL΋FDQW�UHGXFWLRQ�RI�TXDOLW\�

RI�OLIH��,Q�DGGLWLRQ��WKHVH�SDWLHQWV�RIWHQ�KDYH�D�GUDVWLFDOO\�GHFUHDVHG�OLIH�H[SHFWDQF\�

FRPSDUHG�ZLWK�LQGLYLGXDOV�RI�VLPLODU�DJH�DQG�VH[�ZLWKRXW�(6.'�6,11

Figure 1.1:�&ODVVL΋FDWLRQ�DQG�DFFRUGLQJ�SURJQRVLV�RI�&.'�E\�*)5�DQG�DOEXPLQXULD�FDWHJRULHV�

$EEUHYLDWLRQV��&.'��FKURQLF�NLGQH\�GLVHDVH��*)5��JORPHUXODU�΋OWUDWLRQ�UDWH
Colors represent the risk for progression, morbidity, and mortality. Green: low risk (if no other markers of 
kidney disease, no CKD); yellow: moderately increased risk; orange: high risk; red: very high risk.
Figure adapted from Kidney Disease: Improving Global Outcome (KDIGO) CKD work group (2012).3

(DUO\�GHWHFWLRQ�RI�&.'�E\�SULPDU\�FDUH�SK\VLFLDQV�LV�FUXFLDO�WR�DOORZ�WLPHO\�HΊRUWV�

and interventions to slow down the progression of kidney failure, to prevent or treat 

complications, and to arrange an optimal timing for the start of KRT.5,7 Guidelines 

recommend the referral of CKD patients to a nephrologist when the estimated GFR 

falls below 30 mL/min/1.73 m2.3 Even then, for these patients the risk of early mortality 

LV�΋YH�WR�WHQ�WLPHV�KLJKHU�WKDQ�WKH�ULVN�RI�SURJUHVVLQJ�WR�(6.'�6,11,12 This increased 

PRUWDOLW\�ULVN�ULVHV�H[SRQHQWLDOO\�ZLWK�DJH�DQG�ZLWK�WKH�OHYHO�RI�NLGQH\�IDLOXUH�DQG�LV�

mainly attributable to death from cardiovascular disease.13,14
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The global burden of CKD is substantial. A recent study estimated that in 2017 

around 834.5 million individuals had CKD making it one of the most common chronic 

diseases in the world. Of these, 3.9 million individuals (0.47%) were treated with 

KRT worldwide.15 Notwithstanding the improvements in the management of CKD 

patients and the implementation of international guidelines over the past decades, 

CKD remains one of the leading causes of mortality and morbidity worldwide.6 CKD 

DFFRXQWV�IRU�DSSUR[LPDWHO\������RI�GHDWKV�ZRUOGZLGH�DQG�UDQNHG���th in the list of 

causes of death by the World Health Organization in 2016.16

Using health claims data for kidney research

Health claims databases contain routinely collected data for reimbursement 

purposes.17 Every healthcare provision leaves a trail of digital information describing 

D�SDWLHQWȆV�FDUH�SDWKZD\�WKURXJK�WKH�KHDOWKFDUH�V\VWHP��IURP�WKH�΋UVW�HQFRXQWHU�

with the general practitioner until the last treatment in the hospital, at least as long 

as the provided care is part of a reimbursement scheme.18 Such databases include 

LQIRUPDWLRQ� OLNH� VRFLRGHPRJUDSKLF� GDWD� �H�J�� DJH�� VH[�� SRVWDO� FRGH���PHGLFDWLRQ�

prescription records, primary care data and hospital data, and other delivered 

KHDOWKFDUH��7KH�΋UVW�XVH�RI�KHDOWK�FODLPV�GDWD�IRU�FOLQLFDO�UHVHDUFK�GDWHV�EDFN�WR�WKH�

HDUO\�Ȇ��V�ZKHQ�UHVHDUFKHUV�VWDUWHG�WR�H[SORUH�WKH�XVH�RI�WKH�8QLWHG�6WDWHV�0HGLFDUH�

data.19 Since then, health claims data became increasingly popular to use for research 

SXUSRVHV�DV�D�UHVXOW�RI�WKHLU�XQLTXH�IHDWXUHV��7KH\�DUH�QRZ�EHLQJ�XVHG�WR�DQVZHU�D�

ZLGH�YDULHW\�RI�KHDOWKFDUH�UHODWHG�UHVHDUFK�TXHVWLRQV�LQ�GLΊHUHQW�PHGLFDO�GLVFLSOLQHV�

The large size, comprehensiveness and longitudinal nature of many health claims 

GDWDEDVHV�SURYLGH�XQLTXH�RSSRUWXQLWLHV�IRU�YDULRXV�VWXG\�GHVLJQV��VXFK�DV�FRKRUW�

studies, cross-sectional studies, or case-control studies.20,21 Besides, data collection 

is less costly and time-consuming as compared with traditional data sources, 

making it relatively easy to study large samples along with rare conditions.22 Often, 

health claims databases have nationwide coverage, including individuals of all ages 

and socioeconomic backgrounds, and are thereby representative of large patient 

populations comprising the elderly, children, the very poor and the institutionalized.23 

In addition, since health claims data is routinely collected for reimbursement 

purposes, they hold detailed information on healthcare costs. Furthermore, health 

FODLPV�GDWD�KDV�WKH�SRWHQWLDO�RI�VWXG\LQJ�UHJLRQDO�GLΊHUHQFHV�DQG�WUHQGV�LQ�GLVHDVH�

prevalence, outcomes and healthcare costs over longer periods of time.24 All these 

XQLTXH�FKDUDFWHULVWLFV�DQG�WKH�QRQ�H[SHULPHQWDO�QDWXUH�RI�KHDOWK�FODLPV�GDWD��EHLQJ�
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D�UHΌHFWLRQ�RI�UHDO�OLIH�KHDOWKFDUH�SURYLVLRQV��PDNH�WKHP�DQ�LPSRUWDQW�DQG�UHOHYDQW�

data source for both researchers and health policymakers.17,25

Despite the huge potential of this readily available information, some limitations 

should also be noted. Most health claims databases are a result of reimbursement 

DQG�ELOOLQJ�SURFHVVHV�DQG��WKHUHIRUH��WKHLU�GDWD�LV�QRW�VSHFL΋FDOO\�FROOHFWHG�WR�VHUYH�

clinical research purposes.18,26 The majority of claims databases will not contain clinical 

DQG�ODERUDWRU\�GDWD��OLNH�IRU�H[DPSOH�LQIRUPDWLRQ�RQ�NLGQH\�IXQFWLRQ�DQG�GLDJQRVLV��,Q�

the Netherlands, using only the data available in the Dutch health claims database, the 

LGHQWL΋FDWLRQ�RI�NLGQH\�GLVHDVH�SDWLHQWV�FDQ�RQO\�EH�EDVHG�RQ�GLDJQRVLV�FRGHV��ZKLFK�

may result in an underestimation of the actual number of patients having CKD.20,27,28

Dutch health insurance claims database

Vektis manages and collects the health claims data of all health insurers in the 

Netherlands.29 It aims to ease the administrative processes in healthcare by making 

WKHVH� VPDUWHU� DQG�PRUH�H΍FLHQW�� DV�ZHOO� DV� WR�SURYLGH�GDWD�GULYHQ� LQVLJKW� LQWR�

healthcare consumption in the Netherlands and to facilitate research with data 

from the Vektis database. The Vektis database is a nationwide population database 

covering 99% of all insured individuals in the Netherlands, thereby comprising 

DSSUR[LPDWHO\����PLOOLRQ�'XWFK�UHVLGHQWV��7KH�GDWDEDVH�FRQWDLQV�DOO�KHDOWK�FODLPV�IRU�

medical procedures covered by the Dutch Health Insurance Act from 2012 onwards.30 

Before registration in the database, all claims are subject to technical and content 

checks, as well as checks for plausibility on record or period level. For each health 

claim registered in the database, detailed information is available on the type of claim, 

the date of registration and timeline of the claim, a code identifying the healthcare 

provider registering the claim as well as information on the reimbursed costs of 

the claim available as a sum of intermediate products per calendar year. Claims can 

EH�WUDFHG�EDFN�WR�LQGLYLGXDOV�YLD�HQFU\SWHG�SHUVRQDO�LGHQWL΋HUV�DQG�OLQNHG�WR�EDVLF�

GHPRJUDSKLF�GDWD��VXFK�DV�VH[��\HDU�RI�ELUWK��DUHD�RI�UHVLGHQFH��DQG�D�SUR[\� IRU�

GDWH�RI�GHDWK��1H[W��DQ�LQGLYLGXDOȆV�VRFLRHFRQRPLF�VWDWXV��6(6���DV�HVWDEOLVKHG�E\�

the Netherlands Institute for Social Research based on a person’s postal code, is 

available.31 The SES score is derived from the mean income in the residential area, 

the percentage of people with low education and low income as well as the fraction 

of unemployed people in the area.

The Vektis database contains among other things, claims data for pharmaceutical 

care, which includes information on the dispensed medications, the Anatomical 
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7KHUDSHXWLF�&KHPLFDO��$7&��FRGH��DQG�LQIRUPDWLRQ�RQ�WKH�DQQXDO�VXSSOLHG�TXDQWLW\�

RI�PHGLFDWLRQ��7KH�'H΋QHG�'DLO\�'RVH��'''��LV�D�GHVLJQHG�WHFKQLFDO�XQLW�UHΌHFWLQJ�WKH�

presumed average maintenance dose per day for a medication used for its primary 

indication.32�7KH�DQQXDO�TXDQWLW\�SURYLGHG�LV�D�SURGXFW�RI�WKH�'''�WLPHV�WKH�QXPEHU�

of days a drug was prescribed. Besides pharmacy dispensing data, the Vektis database 

FRQWDLQV�LQIRUPDWLRQ�DERXW�PHGLFDO�H[SHQVHV�33 This enables detailed evaluation of 

UHDO�OLIH�KHDOWKFDUH�FRVWV�DQG�WKH�DVVHVVPHQW�RI�WKH�΋QDQFLDO�LPSDFW�RI�GLVHDVHV�RQ�

society, including those of CKD.

To this end, the Vektis database provides opportunities for kidney research. For 

H[DPSOH��LW�HQDEOHV�FRPSUHKHQVLYH�VWXGLHV�RQ�KHDOWKFDUH�H[SHQGLWXUH�DQG�PHGLFDWLRQ�

use in CKD patients who are cared for in the hospital. Moreover, the size and coverage 

of the database make it possible to compare results with a matched sample from the 

general population. Until now, the use of health claims data for kidney research in the 

1HWKHUODQGV�LV�VWLOO�LQ�LWV�LQIDQF\��%R[�����GHVFULEHV�WKH�'XWFK�KHDOWKFDUH�V\VWHP�DV�

well as the Dutch health insurance system which forms the background of all studies 

included in this thesis.

Box 1.1: The Dutch healthcare and health insurance system

The Dutch healthcare system is one of the best-valued systems in the world, resulting 

in a high standard of care with a low number of avoidable hospitalizations, a relatively 

ORZ�DYRLGDEOH�PRUWDOLW\��DQG�DQ�LQFUHDVLQJ�OLIH�H[SHFWDQF\�34 However, the Dutch health 

V\VWHP�LV�DOVR�RQH�RI�WKH�PRVW�H[SHQVLYH�LQ�(XURSH�34 One of the main characteristics 

of the Dutch healthcare system is the gatekeeping principle, which means that hospital 

FDUH�DQG�VSHFLDOLVW�FDUH��H[FHSW�IRU�HPHUJHQF\�FDUH��UHTXLUH�D�UHIHUUDO�IURP�D�JHQHUDO�

practitioner (GP) or another primary care provider. As a result, only 7% of the contacts 

with a GP end up in a referral to secondary care. 

The payment and provision of Dutch healthcare through healthcare insurance are 

embedded in a social security system.35 Since basic healthcare insurance is obligatory 

LQ�WKH�1HWKHUODQGV��DSSUR[LPDWHO\�������RI�WKH�URXJKO\����PLOOLRQ�'XWFK�FLWL]HQV�KDYH�

healthcare insurance.36,37�7KH�EHQH΋W�SDFNDJH�RI�WKH�EDVLF�KHDOWK�LQVXUDQFH�GH΋QHG�

under the Health Insurance Act comprises medical care (including care provided by 

GPs, hospitals and medical specialists), home nursing care, pharmaceutical care, 

medical aids and devices, medication, maternity care, transportation of sick people 

E\�DPEXODQFH�RU�WD[L��DQG�PHQWDO�FDUH��&DUH�QRW�FRYHUHG�E\�WKH�EDVLF�LQVXUDQFH�FDQ�

be insured via voluntary health insurance.34
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GPs are paid through a fee-for-service and pay-for-performance system. Hospitals are 

paid by a physician-claims system named diagnosis treatment combinations (DBCs), 

a system adapted from the diagnosis-related group (DRG) system. This system was 

introduced in 2005 and reformed in 2012, drastically reducing the number of available 

DBCs from 30 000 to 4000 to simplify the system and make it less susceptible to errors 

and fraud. Within the new system the DBCs are named DOTs (DBCs On the way to 

Transparency), however, in this thesis we will call them DBCs for reasons of clarity. 

$�'%&�FRUUHVSRQGV�WR�D�VSHFL΋F�PHGLFDO�FRQGLWLRQ�LQ�D�VSHFL΋F�PHGLFDO�GLVFLSOLQH��,W�

contains information on a complete care episode, from establishing the diagnosis 

in an outpatient situation to the last check after treatment or after discharge from 

the hospital. Multiple DBCs can be active at the same time when a patient is being 

WUHDWHG�IRU�YDULRXV��FKURQLF��FRQGLWLRQV��(YHU\�'%&�KDV�D�΋[HG�SULFH�ZKLFK�FDQ�EH�

assigned to the costs of all intermediate products, i.e. medical activities, which covers 

DOO�GLUHFW��FRVWV�RI�PHGLFDO�VSHFLDOLVWV��QXUVHV��XVH�RI�PHGLFDO�HTXLSPHQW�DQG�GLDJQRVWLF�

procedures) and indirect (e.g. education or research) costs of a care episode.38 Hospital 

care of which the costs are disproportionately high (such as intensive care or very 

H[SHQVLYH�PHGLFDWLRQ��LV�JHQHUDOO\�QRW�LQFOXGHG�LQ�D�'%&��EXW�LV�SD\HG�IRU�WKURXJK�

additional reimbursements or supplements.34

Aims and objectives of this thesis
7KH�΋UVW�DLP�RI�WKLV�WKHVLV�LV�WR�H[DPLQH�WKH�YDOXH�DQG�OLPLWDWLRQV�RI�KHDOWK�FODLPV�

data for kidney research. To achieve this aim we have formulated the following two 

research objectives:

��� WR�H[SORUH� WKH�RSSRUWXQLWLHV�DQG�FKDOOHQJHV�RI�KHDOWK�FODLPV�GDWDEDVHV�DQG�

provide an overview of health claims databases in the world that have been 

used for research on kidney disease patients.

��� WR�YDOLGDWH�'XWFK�KHDOWK�FODLPV�GDWD�IRU�WKH�LGHQWL΋FDWLRQ�RI�SDWLHQWV�ZLWK�&.'�

Stage G4-G5 not treated with KRT.

7KH�VHFRQG�DLP�RI�WKLV�WKHVLV�LV�WR�VWXG\�KHDOWKFDUH�H[SHQGLWXUH�DQG�XVH�RI�KHDOWKFDUH�

resources (including medication use) of CKD patients (e.g. CKD Stage G4-G5 not treated 

with KRT and CKD Stage G5 treated with dialysis or kidney transplantation) using 

Dutch health claims data. To achieve our second aim we formulated the following 

two research objectives:
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3. to estimate healthcare costs of patients with CKD Stage G4-G5 not treated with 

KRT and CKD Stage G5 treated with dialysis therapy or kidney transplantation 

using health claims data.

��� WR�H[DPLQH�WKH�PHGLFDWLRQ�XVH�RI�SDWLHQWV�ZLWK�&.'�6WDJH�*��*��QRW�WUHDWHG�

with KRT and CKD Stage G5 treated with dialysis or kidney transplantation using 

health claims data.

Furthermore, this thesis elaborated on the development of the Dutch Kidney Atlas. 

This is a website that describes the burden of CKD in the Netherlands, in terms of the 

QXPEHU�RI�SDWLHQWV��KHDOWKFDUH�H[SHQGLWXUHV��WUHDWPHQW��EHVLGHV�.57���PHGLFDWLRQ��

outcomes, and other conditions of CKD patients and the geographical variation per 

region in the Netherlands.

Outline of this thesis
Part 1 of this thesis provides insight into the value and use of health claims data 

for kidney research. Chapter 2 reviews health claims databases used for kidney 

research around the world. It describes characteristics of the databases regarding 

coverage, content, and accessibility as well as their main publications. Furthermore, 

we introduce the Dutch Kidney Atlas based on data from the Dutch health claims 

database. Finally, the major strengths and limitations of health claims databases and 

the validity of health claims data to identify kidney disease patients are discussed.

Part 2 focuses on the validity of Dutch health claims data. Chapter 3 describes a 

validation study testing the validity of health claims data in identifying CKD Stages 

*��*��SDWLHQWV��,W�FRPSDUHV�WKH�LGHQWL΋FDWLRQ�RI�&.'�6WDJHV�*��*��SDWLHQWV�XVLQJ�

KHDOWK�FODLPV�GDWD�IURP�D�UHJLRQDO�KRVSLWDO�LQ�=ZROOH�ZLWK�SDWLHQWV�LGHQWL΋HG�EDVHG�

on eGFR data from a laboratory database, serving as a reference.

3DUW���H[DPLQHV�KHDOWKFDUH�FRVW�DQG�XWLOL]DWLRQ�LQ�DGYDQFHG�&.'�SDWLHQWV��ZLWK�DQG�

without KRT) using Dutch health claims data. Chapter 4 describes the healthcare costs 

RI�SDWLHQWV�RQ�GLΊHUHQW�NLGQH\�UHSODFHPHQW�WKHUDS\�PRGDOLWLHV��Chapter 5 studies 

DJH�UHODWHG�GLΊHUHQFHV�LQ�KHDOWKFDUH�FRVWV�DQG�XWLOL]DWLRQ�RI�SDWLHQWV�ZLWK�&.'�DQG�

compared these results with a matched control group from the general population.

3DUW���H[DPLQHV�PHGLFDWLRQ�XVH�LQ�DGYDQFHG�&.'�SDWLHQWV��ZLWK�DQG�ZLWKRXW�.57��XVLQJ�

Dutch health claims data. Chapter 6 investigates the prevalence of polypharmacy 

and describes the most commonly prescribed medications in CKD patients with 

and without KRT compared with a matched sample from the general population. 
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1

Chapter 7 describes antidepressant prescription in the Dutch CKD population and 

their matched controls.

Chapter 8�SURYLGHV�D�JHQHUDO�GLVFXVVLRQ�RI�WKH�΋QGLQJV�SUHVHQWHG�LQ�WKLV�WKHVLV�DQG�

elaborates on the possibilities of Dutch health claims data for kidney research.





Part 1
Value and use of health claims 

data for kidney research
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Abstract
+HDOWK�FODLPV�GDWDEDVHV�RΊHU�RSSRUWXQLWLHV�IRU�VWXGLHV�RQ�ODUJH�SRSXODWLRQV�RI�SD-

WLHQWV�ZLWK�NLGQH\�GLVHDVH�DQG�KHDOWK�RXWFRPHV�LQ�D�QRQ�H[SHULPHQWDO�VHWWLQJ��$PRQJ�

RWKHUV��WKHLU�XQLTXH�IHDWXUHV�HQDEOH�VWXGLHV�RQ�KHDOWKFDUH�FRVWV�RU�ORQJLWXGLQDO��HS-

idemiological data with nationwide coverage. However, health claims databases also 

have several limitations. Because clinical data and information on kidney function 

DUH�RIWHQ�ODFNLQJ��WKH�LGHQWL΋FDWLRQ�RI�SDWLHQWV�ZLWK�NLGQH\�GLVHDVH�GHSHQGV�RQ�WKH�

actual presence of diagnosis codes only. Investigating the validity of these data is, 

therefore, crucial to assess whether outcomes derived from health claims data are 

truly meaningful. Also, one should take into account the coverage and content of a 

health claims database, especially when making international comparisons. In this 

article, an overview is provided of international health claims databases and their 

main publications in the area of nephrology. The structure and contents of the Dutch 

health claims database will be described, as well as an initiative to use the outcomes 

for research and the development of the Dutch Kidney Atlas. Finally, we will discuss 

WR�ZKDW�H[WHQW�RQH�PLJKW�EH�DEOH�WR�LGHQWLI\�SDWLHQWV�ZLWK�NLGQH\�GLVHDVH�XVLQJ�KHDOWK�

claims databases, as well as their strengths and limitations.
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Introduction
There are many registries and studies collecting information on patients with chronic 

kidney disease (CKD) and patients on kidney replacement therapy (KRT). In recent 

decades, these have been supplemented by administrative healthcare data, including 

health insurance claims data, thereby providing new research opportunities.

Health claims data are routinely collected for payment purposes, and for this 

purpose they usually are comprehensive and complete. These generally contain 

sociodemographic data and longitudinal data on medical diagnoses and procedures, 

pharmacological treatment, and costs. Most of these databases have nationwide 

FRYHUDJH�� LQFOXGH�DOO�DJH�FDWHJRULHV�DQG�RΊHU�GDWD�WKDW�UHΌHFW�GD\�WR�GD\�FOLQLFDO�

practice. However, when using administrative data for healthcare research, it is 

LPSRUWDQW� WR� UHFRJQL]H� WKHLU� XQLTXH� RSSRUWXQLWLHV� DV� ZHOO� DV� WKHLU� OLPLWDWLRQV��

Furthermore, for international comparisons, one should take into consideration 

WKH�GLΊHUHQFHV�LQ�GDWDEDVH�FKDUDFWHULVWLFV�ZKHQ�DQDO\]LQJ�DQG�LQWHUSUHWLQJ�WKHVH�

data.25 Nowadays, several health claims databases of national and regional healthcare 

systems are available and are being used for kidney research.

In this article, we provide a worldwide overview of health claims databases and summarize 

WKHLU�PDLQ�SXEOLFDWLRQV�LQ�WKH�DUHD�RI�QHSKURORJ\��1H[W��ZH�ZLOO�LQWURGXFH�WKH�'XWFK�

health claims database and a new initiative to use it for research and the development 

RI�D�'XWFK�.LGQH\�$WODV��)LQDOO\��ZH�ZLOO�GLVFXVV�WR�ZKDW�H[WHQW�WKH\�DOORZ�LGHQWL΋FDWLRQ�RI�

patients with kidney disease as well as the strengths and limitations of such databases.

Worldwide health insurance claims databases in kidney 
research
We selected papers in which health claims data, whether or not combined with other 

administrative databases, were used for research on patients with kidney disease. A 

systematic literature search was not possible because the use of health claims data 

is often not clearly mentioned in the articles. We performed an Internet and PubMed 

VHDUFK�LQ�$XJXVW������XVLQJ�GLΊHUHQW�VHDUFK�WHUPV��H�J��KHDOWK�FODLPV�GDWD��KHDOWK�

insurance claims data, healthcare claims data, administrative data in combination with 

terms to search for research on patients with kidney disease such as CKD, dialysis, 

or kidney transplantation). We selected suitable papers based on the abstract and 

methods section. In addition, we checked the references of selected papers and 

checked other published papers by the main authors.
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:H�LGHQWL΋HG����KHDOWK�FODLPV�GDWDEDVHV� LQ����FRXQWULHV��&DQDGD��&KLQD��WKH�8.��

France, India, Japan, South Korea, Taiwan, the Netherlands, and the USA) that were 

used for research on patients with kidney disease and resulted in at least one 

SXEOLFDWLRQ� LQ�(QJOLVK� LQ�D� VFLHQWL΋F� MRXUQDO� �7DEOH�������2WKHU� FRXQWULHV�� VXFK�DV�

Austria and Germany, have a health claims database that is used for clinical research. 

+RZHYHU��ZH�ZHUH�XQDEOH�WR�΋QG�SDSHUV�SXEOLVKHG�LQ�VFLHQWL΋F�MRXUQDOV�VSHFL΋FDOO\�

focusing on kidney disease patients from these countries.17 In some countries in 

Southeast Asia, health claims databases have been recently established and so far 

their use for research purposes has been rare.39 The use of health claims databases 

IRU�NLGQH\�UHVHDUFK�ZRUOGZLGH�PD\�WKHUHIRUH�EH�H[SDQGHG�

7KH�RUJDQL]DWLRQ�RI�KHDOWKFDUH�V\VWHPV��KHDOWKFDUH�΋QDQFLQJ��DQG�VRFLR�HFRQRPLF�

VHWWLQJV�GLΊHU� LPSRUWDQWO\�EHWZHHQ�FRXQWULHV�24�7KLV�UHVXOWV� LQ�GLΊHUHQFHV� LQ�WKH�

coverage, the size and the content of the health claims databases. A recent study 

SUHVHQWHG�D�FRPSUHKHQVLYH�RYHUYLHZ�RI�H[LVWLQJ�V\VWHPV�DQG�΋QDQFLQJ�IRU�NLGQH\�

FDUH� DQG� GHPRQVWUDWHG� VLJQL΋FDQW� KHWHURJHQHLW\�40 In countries where health 

insurance is obligatory or universally accessible (such as Canada, France, Japan, 

South Korea, the Netherlands, and Taiwan), health claims databases have (almost) 

complete coverage of all country or province inhabitants (Table 2.1). The coverage 

of the Chinese claims databases, in contrast, is much less complete. Although they 

comprise a large number of individuals, the content of these is limited to the ones 

with access to healthcare insurance. The USA does not have universal healthcare 

coverage and the Medicare program only provides health insurance for American 

FLWL]HQV�ȱ���\HDUV�RI�DJH�DV�ZHOO�DV�IRU�SHRSOH�RI�DOO�DJHV�ZLWK�VHYHUH�GLVHDVHV�VXFK�DV�

those with end-stage kidney disease. Therefore, the Medicare claims database covers 

a selection of the US population. Furthermore, the Rajiv Aarogyasri Community Health 

Insurance Scheme is an Indian state government program providing free hospital 

care to poor individuals. Noteworthy is the Hospital Episode Statistics (HES) database, 

which provides admission data for National Health Service (NHS) hospitals in the UK.

:LWKLQ� KHDOWK� FODLPV� GDWD�� NLGQH\� GLVHDVH� SDWLHQWV� DUH� JHQHUDOO\� LGHQWL΋HG�ZLWK�

,QWHUQDWLRQDO�&ODVVL΋FDWLRQ�RI�'LVHDVH�FRGHV�LQ�FRPELQDWLRQ�ZLWK�PHGLFDO�SURFHGXUH�

FRGHV��,Q�-DSDQ��SDWLHQWV�DUH�LGHQWL΋HG�ZLWK�'LDJQRVLV�3URFHGXUH�&RGHV��'3&���ZKHUHDV�

LQ�WKH�1HWKHUODQGV�SDWLHQWV�DUH�LGHQWL΋HG�XVLQJ�GLDJQRVLV�WUHDWPHQW�FRPELQDWLRQV�

(DBC), a system similar to the DPC system.
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When evaluating studies using health claims data, it is essential to consider the 

coverage (such as age distribution, health system characteristics, insurance coverage, 

DQG� SHUFHQWDJH� RI� WKH� SRSXODWLRQ� ZLWK� KHDOWKFDUH� LQVXUDQFH�� DQG� WKH� VSHFL΋F�

procedure of patient selection to correctly interpret its results. This is of special 

importance when making international comparisons.

Table 2.1: Overview of health claims databases in the world used for kidney research.

Country or 
province

Number of 
inhabitants 
in 2018

Health claims 
database

Coverage Linkage to other 
(administrative) databases

Canada - 
Alberta 

4.3 million Alberta Provincial 
Physician Claims 
database 

>99% of 
inhabitants 

Part of the Alberta Kidney 
Disease Network database; 
linkage to the Northern 
and Southern Alberta 
Renal Programs and clinical 
laboratory data 

Canada - 
Manitoba 

1.4 million Manitoba Health 
Physician Claims 
database 

>99% of 
inhabitants 

Linkage to Manitoba Renal 
Program Dialysis Registry 

Canada - 
Ontario 

14.3 million Ontario Health 
Insurance Plan 
database (OHIP) 

>99% of 
inhabitants 

Linkage to Ontario’s central 
organ and tissue donation 
agency, Canadian Institute 
for Health Information 
Discharge Abstract 
Database (CIHI-DAD), 
National Ambulatory Care 
Reporting System (data on 
emergency room visits), 
Ontario Registered Persons 
Database Information 
(demographics and vital 
VWDWXV���2QWDULR�'UXJ�%HQH΋W�
Plan (outpatient prescription 
drug usage for individuals 
ȱ��Ʉ\HDUV��

Canada - 
Quebec 

8.4 million Régie de 
l’assurance maladie 
du Québec (RAMQ) 

>99% of 
inhabitants 

Linkage to Canadian Organ 
Replacement Register 
(CORR) 

China 1.4 billion China Health 
Insurance Research 
Association 
database (CHIRA) 

977 million insured 
people in 2015 

 

Commercial Health 
Insurance database 
(CHI) 

60 million 
customers in 2015 
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Table 2.1 (continued)

Country or 
province

Number of 
inhabitants 
in 2018

Health claims 
database

Coverage Linkage to other 
(administrative) 
databases

UK 55.3 million Hospital Episode 
Statistics (HES) 

All admissions to 
NHS hospitals in 
the UK 

/LQNDJH�WR�WKH�2΍FH�IRU�
National Statistics (ONS) for 
mortality data 

France 66.9 million Système national 
d’information 
interrégimes de 
l’Assurance Maladie 
(Sniiram) 

96% of inhabitants Linkage to French Renal 
Epidemiology and 
Information Network (REIN) 
registry, French national 
hospital computerized 
medical information system 
(PMSI) 

India - Andhra 
Pradesh 

1.3 billion Rajiv Aarogyasri 
Community Health 
Insurance Scheme 

81% of inhabitants  

Japan 127.2 million National Database 
of Health Insurance 
&ODLPV�DQG�6SHFL΋F�
Health Checkups of 
Japan (NDB) 

90% of inhabitants  

South Korea 51.1 million Health Insurance 
and Review 
Assessment Service 
(HIRA) 

98% of inhabitants Linkage to a national 
health screening program 
(including 10 million 
Koreans) providing 
information on serum 
creatinine and urine albumin 
measurements 

Taiwan 23.8 million National Health 
Insurance 
Administration 
Research Database 
(NHIRD) 

>99% of 
inhabitants 

Linkage to e.g. death 
registry, cancer registry, 
reportable infectious 
disease registry 

The Netherlands 17.1 million Vektis database 98% of inhabitants  

USA 327.2 million Medicare Services Individuals aged  
ȱ���\HDUV�DQG�
end-stage kidney 
disease patients

Linkage to the United 
States Renal Data System 
�865'6���6FLHQWL΋F�UHJLVWU\�
of transplant recipients 
(SRTS), National Health 
DQG�1XWULWLRQ�([DPLQDWLRQ�
Survey data (NHANES) 

Accessibility of health claims databases

Several barriers to the secondary use of administrative data in general have been 

LGHQWL΋HG��7KH�LPSDFW�RI�WKHVH�EDUULHUV�GLΊHUV�FRQVLGHUDEO\�EHWZHHQ�FRXQWULHV�DQG�

LQΌXHQFHV�WKH�DYDLODELOLW\�DQG�XWLOLW\�RI�KHDOWK�FODLPV�GDWD�IRU�UHVHDUFK�SHU�FRXQWU\�41 
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,Q�JHQHUDO��WKH�FRPSOH[LW\�DQG�WKH�HQRUPRXV�DPRXQW�RI�XQSURFHVVHG�UDZ�GDWD�PDNH�

LW�GL΍FXOW�DQG�ODERULRXV�WR�ZRUN�ZLWK�KHDOWK�FODLPV�GDWDEDVHV��7KH�SUH�SURFHVVLQJ�

RI�GDWD�LV�WLPH�FRQVXPLQJ�DQG�UHTXLUHV�H[SHULHQFH�ZLWK�ZRUNLQJ�ZLWK�ELJ�GDWD��,Q�

DGGLWLRQ��H[WHQVLYH�DSSOLFDWLRQ�SURFHVVHV��DV�ZHOO�DV�GDWD�SURFHVVLQJ�IHHV��DUH�XVXDOO\�

needed to access the data.

'DWD�DFFHVVLELOLW\�GLΊHUV�DFURVV�FRXQWULHV��)RU�H[DPSOH��WKH�1DWLRQDO�+HDOWK�,QVXUDQFH�

Research Database (NHIRD) of Taiwan is known for its high accessibility. The database 

is publicly available and any researcher may apply for data that are provided for a small 

processing fee.42 In other countries (e.g. South Korea, Japan, France, the Netherlands, 

&DQDGD��WKH�8.��DQG�WKH�86$���UHVHDUFKHUV�KDYH�WR�JR�WKURXJK�PRUH�H[WHQVLYH�GDWD�

UHTXHVW�SURFHGXUHV�43–49�3K\VLFDO�DFFHVV�WR�H[WUDFWV�RI�GH�LGHQWL΋HG�GDWD�LV�VRPHWLPHV�

only possible in a designated secure environment (the Netherlands) or researchers 

DUH�UHTXLUHG�WR�KDYH�D�VHFXUHG�SK\VLFDO�HQYLURQPHQW�DW�WKHLU�LQVWLWXWLRQ�� -DSDQ��44,49 

In France, data are supplied on a secure, electronic medium while in Canada access 

is provided via a secure, online research environment.45,50 Information about the 

accessibility of the databases of China and India was not available on public websites 

or in publications.43

7KH�SURFHVVLQJ�IHHV�DUH�GHWHUPLQHG�E\�IHHV�IRU�GDWD�H[WUDFWLRQ��WKH�FRPSOH[LW\�RI�WKH�

GDWD�UHTXHVW��DQG�SRVVLEOH�H[WUD�GHOLYHUHG�VHUYLFHV�VXFK�DV�SURIHVVLRQDO�DVVLVWDQFH�

LQ�ZRUNLQJ�ZLWK�WKH�FRPSOH[�GDWDEDVHV��7KH�OHYHO�RI�WKH�IHHV�LV�WKHUHIRUH�GL΍FXOW�WR�

GHWHUPLQH��EXW�WKH\�DUH�RIWHQ�GHVFULEHG�DV�FRVWO\��7KH�H[WUD�΋QDQFLQJ�QHHGHG�IRU�WKH�

XVH�RI�KHDOWK�FODLPV�GDWDEDVHV�DV�ZHOO�DV�WKH�H[SHUWLVH�QHHGHG�IRU�D�VWXG\�RQ�KHDOWK�

claims data (e.g. data analyst specialized in big data, nephrologist, epidemiologist, 

DQG�3K'�VWXGHQW��PD\�EH�FKDOOHQJLQJ��HVSHFLDOO\�IRU�JUDQW�DSSOLFDWLRQV�WKDW�XVH�D�΋[HG�

amount and usually mainly reimburse the salary costs of the researcher.

Studies using health claims data

Health claims data are being used to answer a wide variety of healthcare-related 

TXHVWLRQV�LQ�GLΊHUHQW�΋HOGV�RI�UHVHDUFK��6HYHUDO�FRXQWULHV�KDYH�WKH�DELOLW\�WR�OLQN�WKHLU�

health claims database to other administrative databases such as national dialysis and 

transplantation registries, national vital statistics, or clinical laboratory data (Table 

������7KLV�OLQNDJH�FDSDFLW\�JUHDWO\�H[SDQGV�LWV�UHVHDUFK�SRVVLELOLWLHV�26

In general, studies using health claims data mainly focus on the epidemiology of 

a disease, including patients’ morbidity and survival, evaluating healthcare costs 
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and the delivery of healthcare services, describing prescription patterns and the 

HΊHFWLYHQHVV�RI�SKDUPDFRORJLFDO�WKHUDSLHV��DQG�H[SORULQJ�FOLQLFDO�RXWFRPHV�48 Table 

2.2 provides a selection of papers on patients with kidney disease based on health 

claims data (or a combination of health claims data and other linked administrative 

GDWD��SXEOLVKHG�LQ�VFLHQWL΋F�MRXUQDOV��:H�GLYLGHG�WKHVH�DUWLFOHV�LQWR�WKUHH�PDLQ�΋HOGV�

of research, i.e. validation studies (see Table 2.3), cost studies, and descriptive and 

RXWFRPH�VWXGLHV��WR�SURYLGH�LQVLJKWV�LQWR�WKH�YDULHW\�RI�VWXG\�TXHVWLRQV�

0RVW� SDSHUV� UHSRUWHG�RQ�SDWLHQWV� UHFHLYLQJ�GLDO\VLV� WUHDWPHQW� DQG� VLJQL΋FDQWO\�

less on patients with kidney transplantation or CKD patients not treated with KRT. 

,QWHUHVWLQJO\��KHDOWK�FODLPV�GDWD�FDQ�DOVR�SURYLGH�RSSRUWXQLWLHV�WR�UHSRUW�RQ�VSHFL΋F�

kidney diseases such as polycystic kidney disease.51 Several papers focused on the 

validity of health claims data to identify patients with chronic kidney disease20,52–55, 

dialysis56–58, and kidney transplantation.59 The results of these validity studies are 

presented in Table 2.3 and will be discussed later.

As health claims databases include reimbursement data, it is possible to study 

healthcare costs. Several studies provided cost estimations for dialysis and kidney 

WUDQVSODQWDWLRQ�LQ�GLΊHUHQW�FRXQWULHV�60–68 Estimations of healthcare costs of CKD 

patients not treated with KRT were less common and only provided in two studies.69,70 

Since health claims usually contain longitudinal data with nationwide coverage, 

VWXGLHV�IUHTXHQWO\�UHSRUW�HSLGHPLRORJLFDO�GDWD�VXFK�DV�LQFLGHQFH�DQG�SUHYDOHQFH�RI�

kidney diseases, the occurrence of kidney disease-related risk factors/comorbidities, 

mortality rates and their trends over time. A wide range of outcomes has been 

GHVFULEHG�XVLQJ�KHDOWK�FODLPV�GDWD��)UHTXHQWO\�VWXGLHG�RXWFRPHV�LQFOXGH�WKRVH�WKDW�

are cardiovascular-related, such as cardiovascular disease in transplant patients, 

VWURNH�� DWULDO� ΋EULOODWLRQ�� DQG�PDMRU� FDUGLRYDVFXODU� HYHQWV�� 7KH� FRPSUHKHQVLYH�

GUXJ� GHOLYHU\� GDWD� RI� SKDUPDFLHV� SURYLGH� XQLTXH� RSSRUWXQLWLHV� IRU� SKDUPDFR�

HSLGHPLRORJLFDO�UHVHDUFK�WR�VWXG\�WKH�XVH�DQG�HΊHFWV�RI�PHGLFDWLRQ�LQ�&.'�SDWLHQWV��

7KLV� UHVXOWV�� IRU� H[DPSOH�� LQ� VWXGLHV� UHSRUWLQJ� WKH�XVH�RI�ZDUIDULQ�� DQJLRWHQVLQ�

FRQYHUWLQJ�HQ]\PH�LQKLELWRUV�DQJLRWHQVLQ�UHFHSWRU�EORFNHUV�RU�ž�EORFNHUV�LQ�GLDO\VLV�

patients or metformin use in CKD patients. With pharmacological data, it is important 

to realize that non-reimbursable drugs or over-the-counter drugs remain undetected 

in health claims data. Other less common outcomes reported include depressive 

disorder in kidney transplantation, fracture risk and associated mortality in kidney 

transplantation, the peptic ulcer rebleeding risk in dialysis patients, or the risk of 

end-stage kidney disease after hypertensive disorders in pregnancy (see Table 2.2).
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Health claims databases used for kidney research around the world
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Health claims databases used for kidney research around the world

2

7KH� QXPEHU� RI� SXEOLVKHG� SDSHUV� RQ� NLGQH\� GLVHDVH� SDWLHQWV� GLΊHUV� ZLGHO\� E\�

database, with Taiwan being the leading country in utilizing claims data for clinical 

research. Data from Taiwan’s NHIRD is available for any researcher in Taiwan for 

a small processing fee, which has been shown to increase the publication rate 

GUDPDWLFDOO\��7KLV�HPSKDVL]HV�WKH�LPSRUWDQFH�RI�NHHSLQJ�WKH�΋QDQFLDO�DQG�WHFKQLFDO�

barriers for the reuse of health claims data for research purposes as low as possible.71

The Dutch Kidney Atlas
Recently, Dutch health claims data have been processed to study patients with kidney 

GLVHDVH�LQ�WKH�'XWFK�.LGQH\�$WODV�SURMHFW��%R[�����SURYLGHV�D�GHWDLOHG�GHVFULSWLRQ�RI�

the Dutch health claims database (called Vektis) and the related healthcare system. 

The Dutch Kidney Atlas project provides information on the number of CKD patients 

^&.'�6WDJH�*�ȁ*��>HVWLPDWHG�JORPHUXODU�΋OWUDWLRQ�UDWH��H*)5�����ɄP/�PLQ�����ɄP2]} 

not treated with KRT, those on dialysis and kidney transplant patients, their healthcare 

costs, prescribed medication, outcomes (such as the number of hospital visits, 

intensive care unit admittance, and mortality) and comorbid disorders like diabetes 

mellitus, hypertension, and cardiovascular diseases. Data are published on a website 

�ZZZ�QLHUDWODV�QO��DQG�DUH�UHSRUWHG�E\�DJH�JURXS�DQG�VH[�DQG�DUH�FRPSDUHG�ZLWK�

a reference group from the general population. Figure 2.1 shows several graphs 

presented in the Dutch Kidney Atlas. Data are presented on a national level as well 

as on a regional level to demonstrate potential geographic variation. Furthermore, the 

website includes data since 2012 and will be updated on an annual basis. The website 

was designed for public use by healthcare professionals, policymakers, researchers, 

and insurance companies, as well as patients with CKD.

7KH�'XWFK�.LGQH\�$WODV�SURMHFW�DOVR�LQYROYHV�VFLHQWL΋F�UHVHDUFK�RQ�SDWLHQWV�ZLWK�&.'�

using the Dutch health claims database. So far, two studies on the healthcare costs 

of patients with CKD with and without KRT have been published.67,69
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Box 2.1. Dutch health claims database

In the Netherlands, healthcare provision and payment for healthcare and healthcare-

related services through insurance is embedded within a social security system.35 

Because basic health insurance is obligatory for all Dutch residents, an estimated 

99.8% 36�RI�WKH�'XWFK�SRSXODWLRQ�RI�DSSUR[LPDWHO\����PLOOLRQ�SHRSOH�KDV�KHDOWKFDUH�

insurance.37 The Dutch healthcare system has a gatekeeping principle which means 

that patients can easily contact a primary care provider (e.g. general practitioner, 

GHQWLVW��PLGZLIH��DQG�SK\VLRWKHUDSLVW���EXW�KRVSLWDO�FDUH�DQG�VSHFLDOLVW�FDUH�UHTXLUH�D�

UHIHUUDO�IURP�D�SULPDU\�FDUH�SURYLGHU��ZLWK�HPHUJHQF\�FDUH�DV�DQ�H[FHSWLRQ�

Basic health insurance covers the main aspects of healthcare, including primary care, 

hospital care, medication, mental healthcare, maternity care and home nursing care. 

Care not covered by the basic insurance can be insured through voluntary health 

insurance. Health insurance companies pay the hospital based on DBCs (Diagnose 

behandel combinatie); a system similar to the concept of diagnosis-related groups 

(DRGs). A DBC contains information characterizing the delivered hospital care for 

D�VSHFL΋F�PHGLFDO�FRQGLWLRQ�RU�FRPSODLQW�E\�W\SH�RI�VSHFLDOLVP��7KH�'%&�FRPSULVHV�

all medical activities needed from establishing the diagnosis to the last check after 

treatment, and thereby describing a complete care episode. Every type of DBC has a 

΋[HG�SULFH��ZKLFK�LV�WKH�VXP�RI�FRVWV�RI�DOO�LQWHUPHGLDWH�SURGXFWV��L�H���WKH�DFWLYLWLHV��

thereby covering all direct and indirect costs of a care episode.38

The health claims data of all Dutch health insurance companies are collected in 

the Vektis database which covers (almost) all inhabitants of the Netherlands. For 

each health claim in the Vektis database, data is available on patient characteristics 

�\HDU�RI�ELUWK��VH[��DUHD�RI� UHVLGHQFH��VRFLR�HFRQRPLF�VWDWXV��GDWH�RI�GHDWK���DQG�

the costs involved.26 Vektis complies with the Dutch law and the European General 

Data Protection Regulation (GDPR). To ensure privacy whilst performing the present 

UHVHDUFK��9HNWLV�SVHXGRQ\PLVHG�WKH�SHUVRQVȆ�QDWLRQDO� LGHQWL΋FDWLRQ�QXPEHU��DQG�

data access is only allowed in a physically secured environment designated by Vektis; 

only aggregated data are allowed to leave this secured environment. All contributing 

insurance companies provided permission for the use of this national data.
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C

A

D

B

Figure 2.1: ([DPSOHV�RI�WKH�'XWFK�.LGQH\�$WODV�

A. Geographical variation of the number of patients with chronic kidney disease Stage G4-G5 (diagnosis 
code eGFR < 30 mL/min/1.73 m2) not treated with kidney replacement therapy, per province of the 
Netherlands, 2017, numbers per million insured population.
B. Total healthcare costs (€) of patients with chronic kidney disease Stage G4-G5 (diagnosis code eGFR 
< 30 mL/min/1.73 m2) not treated with kidney replacement therapy, compared with a matched control 
JURXS��������SUHVHQWHG�IRU�WKH�WRWDO�JURXS�DQG�GLΊHUHQW�DJH�JURXSV�
C. Statin use in prevalent dialysis patients, 2017, percentage of the total population, presented for the 
WRWDO�JURXS�DQG�GLΊHUHQW�DJH�JURXSV�
D. Percentage of kidney transplant patients visiting the emergency department per year, 2017, presented 
for the total group and subgroups based on age and gender.

,GHQWL΋FDWLRQ�RI�SHUVRQV�ZLWK�NLGQH\�GLVHDVH
Administrative databases are the result of administrative processes, such as 

reimbursement in the case of health claims databases, and are therefore not designed 

for clinical research purposes.26 Because clinical data and information on kidney 

IXQFWLRQ�DUH�ODFNLQJ�LQ�KHDOWK�FODLPV�GDWDEDVHV��WKH�LGHQWL΋FDWLRQ�RI�SDWLHQWV�ZLWK�

kidney disease depends on diagnosis codes only, which in turn depends on the proper 

registration of the codes by the involved healthcare professional or organization. 

,QYHVWLJDWLQJ�WKH�DFFXUDF\�RI�WKLV�LGHQWL΋FDWLRQ�LV��WKHUHIRUH��FUXFLDO�WR�DVVHVV�ZKHWKHU�

data derived from health claims data are truly representative and this information 

on the validity of the diagnosis codes should be provided in research articles using 
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health claims data.20,27 Some studies assessed the validity of health claims data to 

identify patients with CKD, dialysis, or kidney transplantation (Table 2.3). Apart from 

one study using Dutch health claims data, all studies were performed in Canada or 

WKH�86$��2I�DOO�DYDLODEOH�VWXGLHV��΋YH�VWXGLHG�WKH�YDOLGLW\�RI�KHDOWK�FODLPV�GDWD�LQ�WKH�

LGHQWL΋FDWLRQ�RI�&.'�SDWLHQWV��WKUHH�RI�GLDO\VLV�SDWLHQWV�DQG�RQH�RI�NLGQH\�WUDQVSODQW�

SDWLHQWV��+RZHYHU��WKH�XVH�RI�GLΊHUHQW�FDVH�GH΋QLWLRQV�DQG�UHIHUHQFH�SRSXODWLRQV�

does impede the direct comparison between studies. In the following paragraphs, we 

will discuss the studies that have assessed the validity of health claims data to identify 

patients with CKD, dialysis, or kidney transplantation in more detail.

Chronic Kidney Disease

$�VWXG\�LQ�$OEHUWD��&DQDGD��WHVWHG�KHDOWK�FODLPV�GDWD�IRU�WKH�LGHQWL΋FDWLRQ�RI�&.'�

�GH΋QHG� DV� DQ� H*)5� ���ɄP/�PLQ�����ɄP2) against a gold standard derived from 

outpatient serum creatinine measurements. In this study, 19% of CKD patients were 

FRUUHFWO\�LGHQWL΋HG�DV�VXFK�ZLWK�KHDOWK�FODLPV�GDWD��VHQVLWLYLW\�RU�WUXH�SRVLWLYH�UDWH��

DQG�����RI� WKH�SDWLHQWV�ZLWK�&.'�UHODWHG�FODLPV�GDWD�GLG�KDYH�DQ�H*)5����ɄP/�

PLQ�����ɄP2 [positive predictive value (PPV) 60%].52 Similar results were found in a 

study from Ontario, Canada, using patients with a serum creatinine laboratory test 

following a prescription of medication as the gold standard (sensitivity 18%, PPV 

65%).53�,Q�ERWK�VWXGLHV��VHQVLWLYLW\�ZDV�PDUNHGO\�KLJKHU�IRU�&.'�SDWLHQWV�GH΋QHG�DV�

DQ�H*)5����ɄP/�PLQ�����ɄP2 (65% and 59%, respectively). Two US studies tested the 

validity of Medicare data. One study used patients with hospitalization for myocardial 

infarction as the gold standard (sensitivity 27%, PPV 89%),20 while the second study 

used research study measurements as a reference (sensitivity 16%, PPV 76%).54 Recently 

we tested the validity of Dutch health claims data using a laboratory database as the 

gold standard. Sensitivity was markedly higher in patients with advanced CKD (eGFR 

���ɄP/�PLQ�����ɄP2��WKDQ�LQ�SDWLHQWV�ZLWK�&.'��H*)5����ɄP/�PLQ�����ɄP2), being 51% 

and 27%, respectively.55�$OO�VWXGLHV�KDG�KLJK�VSHFL΋FLW\�IRU�&.'��7KH�QHJDWLYH�SUHGLFWLYH�

value (NPV) varied in all studies and with a wide range (36%–98%).

Health claims data have low sensitivity for the estimation of the overall CKD prevalence 

in the general population since health claims data only detect CKD patients treated 

LQ�D�KRVSLWDO�DQG�UHJLVWHUHG�IRU�WKH�VSHFL΋F�'LDJQRVH�%HKDQGHO�&RPELQDWLHV��'%&V��

and not the ones treated by a general practitioner or those who are not treated at 

DOO��+RZHYHU��WKH\�GR��WR�D�ODUJH�H[WHQW��UHΌHFW�WKH�SRSXODWLRQ�RI�&.'�ZLWK�DQ�DFWXDO�

reference to a nephrologist.
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Dialysis

All available studies indicate that identifying patients undergoing dialysis with health 

claims data is accurate. A study in Ontario, Canada, showed a reasonably good 

LGHQWL΋FDWLRQ�RI�GLDO\VLV�SDWLHQWV�ZLWK�D�VHQVLWLYLW\�RI�����DQG�D�339�RI�����ZKHQ�

compared with a gold standard of registry data.56�7KHVH�UHVXOWV�ZHUH�FRQ΋UPHG�

in patients in Manitoba, Canada (sensitivity 77%, PPV 85%), also using registry 

data as the gold standard.57�$�86�VWXG\�DFFXUDWHO\� LGHQWL΋HG�KHPRGLDO\VLV�XVLQJ�

health claims data compared with medical records data as the gold standard 

(PPV 91%) but was less precise for patients treated with peritoneal dialysis (PPV 

67%).58 In the Netherlands, the number of dialysis (hemodialysis and peritoneal 

GLDO\VLV��SDWLHQWV�LGHQWL΋HG�ZLWK�'XWFK�KHDOWK�FODLPV�GDWD�ZDV�FRPSDUHG�ZLWK�WKH�

number of patients in the Dutch registry for end-stage kidney disease (Renine: 

Registratie Nierfunctievervanging Nederland). Since the analysis was only possible 

on aggregated data, sensitivity could not be calculated, but the correspondence 

between the databases was very high (99%).67

Kidney transplantation

,GHQWL΋FDWLRQ�RI�SHUIRUPHG�NLGQH\�WUDQVSODQWDWLRQV�ZDV�VKRZQ�WR�EH�YHU\�DFFXUDWH�

using Canadian health claims data compared with data from three Canadian 

transplantation centers serving as the gold standard (sensitivity 98%, PPV 96%).59 

Also, Dutch health claims data were shown to very accurately identify the number of 

performed kidney transplantations per year when compared with the Dutch registry 

for end-stage kidney disease, with a correspondence of 99% between the databases.67

In KRT patients, who are generally all treated within the standard healthcare system, 

both the PPV and NPV are high. This makes it possible to compare outcomes between 

SDWLHQWV�ZLWK�DQG�ZLWKRXW�.57��,Q�FRQWUDVW��QRW�DOO�DΊHFWHG�&.'�SDWLHQWV��QRW�WUHDWHG�

with KRT) are known or treated within the (hospital) care system. Therefore, in 

CKD patients, the PPV is high, but the NPV generally is low. In CKD patients, it may 

WKHUHIRUH�EH�PRUH�GL΍FXOW�WR�LGHQWLI\�WKRVH�ZLWKRXW�&.'�XVLQJ�KHDOWK�FODLPV�GDWD�20 

Please note that both the PPV and NPV depend on the prevalence of the disease in 

the population.99
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Opportunities and challenges of health claims data
Health claims databases have strengths and limitations, depending on the research 

TXHVWLRQ�WKDW�LQYHVWLJDWRUV�ZRXOG�OLNH�WR�DGGUHVV�22

Opportunities

&ODLPV�GDWDEDVHV�KDYH�VHYHUDO�VSHFL΋F�DGYDQWDJHV�RYHU�RWKHU�W\SHV�RI�UHVHDUFK�GDWD��

UHJDUGLQJ�VFRSH��ΌH[LELOLW\��FRVWV��DQG�VWDWLVWLFDO�SRZHU�22

Regarding the scope of health claims databases, they are generally very 

comprehensive and complete and often cover the inhabitants of an entire country 

RU�UHJLRQ��7KHVH�GDWDEDVHV�XVXDOO\�FRQWDLQ�GDWD�RQ�GHPRJUDSKLFV��H�J��DJH��VH[��DQG�

postal code), prescribed medication, diagnosis, hospital care, and other delivered 

KHDOWKFDUH�� LQFOXGLQJ�D�FRPSOHWH�FDUH�SDWKZD\�RI�D�SDWLHQW�IURP�WKH�΋UVW�FRQWDFW�

with a nephrologist until the last treatment. Since health claims data are collected 

for payment purposes, they contain data on healthcare costs. Moreover, with health 

claims data, it is possible to study CKD patients treated with and without KRT in the 

same data set. Health claims databases often contain data over longer periods of 

WLPH�DV�ZHOO�DV�JHRJUDSKLF�GDWD��PDNLQJ�LW�SRVVLEOH�WR�VWXG\�UHJLRQDO�GLΊHUHQFHV��

Furthermore, since health claims data are collected on a routine basis, they provide 

LQIRUPDWLRQ�RQ�D�QRQ�H[SHULPHQWDO�VHWWLQJ�

7KH�ΌH[LELOLW\�RI�KHDOWK�FODLPV�GDWD�SURYLGHV�RSSRUWXQLWLHV�WR�XVH�GLΊHUHQW�VWXG\�

designs (e.g. cohort studies and case-control design). In addition, for investigators, the 

GDWD�FROOHFWLRQ�LV�UHODWLYHO\�LQH[SHQVLYH�DQG�OHVV�WLPH�FRQVXPLQJ�FRPSDUHG�ZLWK�RWKHU�

data collections such as randomized controlled trials or cohort studies. Considering 

WKLV��ZLWK�KHDOWK�FODLPV�GDWD�LW�LV�UHODWLYHO\�HDV\�WR�REWDLQ�D�VX΍FLHQW�QXPEHU�RI�FDVHV�

DQG�SURYLGH�DGHTXDWH�VWDWLVWLFDO�SRZHU�DW�UHODWLYHO\�ORZ�FRVW�22

7KHVH�XQLTXH�IHDWXUHV�RI�KHDOWK�FODLPV�GDWDEDVHV�PDNH�LW�SRVVLEOH�WR�PRQLWRU�WUHQGV�

in disease prevalence, treatment or healthcare costs over time, providing insight into 

WKH�HΊHFW�RI�FKDQJHV�LQ�SROLF\�RU�JXLGHOLQHV��7KHUHIRUH�KHDOWK�FODLPV�GDWD�FRXOG�SOD\�D�

YDOXDEOH�UROH�LQ�JXLGLQJ�KHDOWK�SROLF\�DQG�LPSURYLQJ�TXDOLW\�RI�FDUH��ZLWK�WKH�$OEHUWD�

.LGQH\�'LVHDVH�1HWZRUN�DV�DQ�H[DPSOH�RI�D�XQLTXH�FROODERUDWLRQ�EHWZHHQ�UHVHDUFKHUV�

and policymakers.24 In addition, health claims data could potentially be used as a 

TXDOLW\�LQGLFDWRU�ZLWKRXW�SURYLGLQJ�H[WUD�DGPLQLVWUDWLYH�EXUGHQ�IRU�WKH�FDUHJLYHU��DV�

outcomes can be traced back to individual healthcare providers. For instance, the 

QXPEHU�RI�FDUGLRYDVFXODU�FRPSOLFDWLRQV�LQ�&.'�SDWLHQWV��LGHQWL΋HG�XVLQJ�KHDOWK�FODLPV�
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GDWD��FDQ�EH�XVHG�WR�FRPPHQW�RQ�WKH�TXDOLW\�RI�FDUGLRYDVFXODU�FDUH�RQ�WKH�FRQGLWLRQ�

WKDW�RQH�FDQ�DGMXVW�IRU�SDWLHQW�FDVH�PL[�

Challenges

Health claims data were not designed for clinical research and therefore the 

researcher cannot control the design, collection, and processing of data.26 Studies 

have shown that administrative databases, including health claims databases, have 

OLPLWDWLRQV�LQ�VFRSH��DYDLODELOLW\�RI�UHOHYDQW�GDWD���GDWD�TXDOLW\��DQG�WKH�DELOLW\�WR�DGMXVW�

IRU�SDWLHQW�FDVH�PL[�100 Since the majority of health claims databases lack both clinical 

DQG�ODERUDWRU\�GDWD��WKH�LGHQWL΋FDWLRQ�RI�SDWLHQWV�LV�EDVHG�RQ�VSHFL΋F�GLDJQRVLV�RU�

SURFHGXUH�FRGHV��$V�D�UHVXOW��WKH�LGHQWL΋FDWLRQ�RI�SDWLHQW�JURXSV�ZLWK�KHDOWK�FODLPV�

data may result in undercoding or overcoding of diagnoses or outcomes.20,28 In a 

database designed for reimbursement purposes, this undercoding or overcoding 

can be related to coding optimization (i.e. a diagnosis or procedure with higher 

reimbursement fees is more likely to be coded than the one with lower reimbursement 

fees). In addition, as previously discussed in the CKD validation studies, usually health 

claims data are only able to identify CKD patients who are treated by nephrologists 

while patients who do not come to the attention of health services remain undetected 

with health claims data. This may be an important limitation in countries that do not 

have universal healthcare coverage.

Furthermore, the lack of clinical information like severity and progression of the 

disease, clinical parameters (e.g. smoking and bodyweight) or risk factors might lead, 

IRU�VRPH�UHVHDUFK�TXHVWLRQV��WR�DQ�LQFRPSOHWH�DGMXVWPHQW�IRU�SRWHQWLDO�FRQIRXQGHUV�22 

1H[W��LQ�FRXQWULHV�ZLWKRXW�XQLYHUVDO�KHDOWKFDUH�FRYHUDJH��VXFK�DV�WKH�86$��HOGHUO\�

individuals or those with lower socioeconomic status, may be overrepresented in 

the population.22

There are several ways to deal with these challenges of health claims data. First, part of 

the lacking information with regard to the prevalence of chronic diseases or morbidity 

LQ�&.'�SDWLHQWV�PD\�EH�GHULYHG�IURP�VSHFL΋F�PHGLFDWLRQ�XVH��6WXGLHV�VKRZ�WKDW�

GDWD�RQ�SUHVFULEHG�PHGLFDWLRQ�FDQ�EH�XVHG�DV�D�SUR[\�IRU�WKH�SUHYDOHQFH�RI�VHYHUDO�

chronic diseases.101�$�SUR[\�FDQ�EH�YHU\�YDOLG��IRU�H[DPSOH��LQ�WKH�FDVH�RI�LGHQWLI\LQJ�

patients with diabetes mellitus using anti-diabetic drugs and insulin analogs, but 

less valid if drugs have overlapping indications (e.g. inhalation therapy prescribed 

for patients with asthma and those with chronic obstructive pulmonary disease).
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Second, record linkage of other unrelated administrative databases to health claims 

databases is a promising tool to add value to the data and it improves and broadens 

their usage for health research.26�5HFRUG�OLQNDJH��E\�PHDQV�RI�D�XQLTXH�DQG�GLUHFW�

LGHQWL΋HU��L�H��VRFLDO�VHFXULW\�QXPEHU�RU�1+6�QXPEHU���LV�LQFUHDVLQJO\�XVHG�ZRUOGZLGH�

to combine administrative datasets (e.g. the Alberta kidney disease database).24 In 

FDVH�WKLV�XQLTXH�LGHQWL΋HU�LV�ODFNLQJ��LQGLUHFW�OLQNDJH�WRROV�FRXOG�EH�D�YDOLG�RSWLRQ��

although it may introduce less precise record matching.102 In many countries, 

maintainers of administrative health databases, such as governmental agencies and 

health insurance companies, are often reluctant to share administrative databases. 

The general data protection rules, among others, underlie the restrictive sharing 

and linking of health data. Therefore the World Health Organization advocates the 

development of a metadata standard to improve data-sharing policies, thereby 

increasing the research potential of routinely collected health datasets.103 We stress 

WKH�LPSRUWDQFH�RI�LPSURYLQJ�WKH�XWLOLW\�RI�FODLPV�GDWD�ZKLOH�SURWHFWLQJ�FRQ΋GHQWLDOLW\�

1HYHUWKHOHVV��ZKHQ� FRPSDULQJ� WKH� UHVXOWV� RI� GLΊHUHQW� KHDOWK� FODLPV� GDWDEDVHV�

RQH�PXVW�EHDU�LQ�PLQG�WKH�GLΊHUHQFHV�LQ�FKDUDFWHULVWLFV�RI�WKH�VWXG\�SRSXODWLRQV��

WKH�UHJLRQDO�GLΊHUHQFHV�LQ�LQVXUDQFH�FRYHUDJH��DQG�WKH�UHJLVWUDWLRQ�RI�GLDJQRVLV�RU�

KHDOWKFDUH�XVH��7KLV�PLJKW�OLPLW�WKH�H[WUDSRODWLRQ�RI�WKH�UHVXOWV�WR�RWKHU�FRXQWULHV��

Apart from important privacy issues this also limits the possibilities of merging 

international databases. In addition, coding and coverage of diagnoses, procedures, 

or treatments may change over time. One should be aware of these possible changes 

within a healthcare system when comparing health claims data over a longer period 

of time.

Conclusion
+HDOWK�FODLPV�GDWDEDVHV�RΊHU�LPSRUWDQW�RSSRUWXQLWLHV�IRU�VWXGLHV�RQ�ODUJH�SRSXODWLRQV�

RI�SDWLHQWV�ZLWK��NLGQH\��GLVHDVH�DQG�KHDOWK�RXWFRPHV�LQ�D�QRQ�H[SHULPHQWDO�VHWWLQJ��

However, one should take into account the limitations of health claims data and 

consider the characteristics of a health claims database, especially when making 

international comparisons. Since research with health claims data uses codes to 

LGHQWLI\�NLGQH\�GLVHDVH�SDWLHQWV�DQG�WR�GH΋QH�RWKHU�NH\�VWXG\�YDULDEOHV��LQIRUPDWLRQ�

on the validity of these codes in measuring the association of the code with the 

real variable is indispensable. Available studies indicate that identifying patients 

undergoing dialysis and the number of performed kidney transplantations using 

health claims data is accurate, whereas health claims data have low sensitivity for 

the estimation of the overall CKD prevalence in the general population.
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So far, health claims data in 10 countries have been used for studies on kidney 

GLVHDVH� SDWLHQWV�� 7KH� XQLTXH� IHDWXUHV� RI� KHDOWK� FODLPV� GDWD� SURYLGH� VSHFL΋F�

research opportunities, such as studying healthcare costs or studying longitudinal, 

epidemiological data with nationwide coverage. For the optimal utility of health claims 

GDWD�� LW� LV� LPSRUWDQW�WR�NHHS�΋QDQFLDO�DQG�WHFKQLFDO�EDUULHUV�ORZ��ZKLOH�SURWHFWLQJ�

FRQ΋GHQWLDOLW\�� ,Q�DGGLWLRQ��KHDOWK�FODLPV�GDWD�FDQ�EH�XVHG�WR�FUHDWH�D�QDWLRQZLGH�

atlas (e.g. the Dutch Kidney Atlas) providing national and regional information on, for 

instance, the numbers, healthcare costs, prescribed medications, treatments, and 

outcomes of kidney patients.
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Abstract
Background +HDOWK�FODLPV�GDWD�PD\�EH�DQ�H΍FLHQW�DQG�HDVLO\�DFFHVVLEOH�VRXUFH�WR�

study chronic kidney disease (CKD) prevalence in a nationwide population. Our aim 

ZDV�WR�VWXG\�'XWFK�FODLPV�GDWD�IRU�WKHLU�DELOLW\�WR�LGHQWLI\�&.'�SDWLHQWV�LQ�GLΊHUHQW�

subgroups.

Methods From a laboratory database we selected 24 895 adults with at least one 

creatinine measurement in 2014 ordered at an outpatient clinic. Of these, 15 805 had 

ȱ��FUHDWLQLQH�PHDVXUHPHQWV�DW�OHDVW�WKUHH�PRQWKV�DSDUW�DQG�FRXOG�EH�DVVHVVHG�IRU�

the chronicity criterion. We estimated the validity of a claim-based diagnosis of CKD 

DQG�DGYDQFHG�&.'��7KH�HVWLPDWHG�JORPHUXODU�΋OWUDWLRQ�UDWH��H*)5��EDVHG�GH΋QLWLRQV�

for CKD (eGFR <60 mL/min/1.73 m2) and advanced CKD (eGFR <30 mL/min/1.73 m2) 

satisfying and not satisfying the chronicity criterion served as the reference group. 

$QDO\VHV�ZHUH�VWUDWL΋HG�E\�DJH�DQG�VH[�

Results In general, sensitivity of claims data was highest in the population with the 

chronicity criterion as reference group. Sensitivity was higher in advanced CKD pa-

tients than in CKD patients [51% (95% CI 47%-56%) versus 27% (95% CI 25%-28%)]. 

Furthermore, sensitivity was higher in young versus elderly patients. In patients with 

advanced CKD, sensitivity was 72% (95% CI 62%-83%) for patients aged 20-59 years 

DQG����������&,����������LQ�SDWLHQWV�ȱ���\HDUV��7KH�VSHFL΋FLW\�RI�&.'�DQG�DGYDQFHG�

CKD was 99% or higher. Positive predictive values ranged from 72% to 99% and neg-

ative predictive values ranged from 40% to 100%.

Conclusion When using health claims data for the estimation of CKD prevalence, it 

is important to take into account the characteristics of the population at hand. The 

younger the subjects and the more advanced the stage of CKD the higher the sen-

sitivity of such data. Understanding which patients are selected using health claims 

data is crucial for a correct interpretation of study results.
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Introduction
In recent decades, health insurance claims data have become available as a source of 

ELJ�GDWD��+HDOWK�FODLPV�GDWDEDVHV�RIWHQ�FRQWDLQ�DOUHDG\�ZHOO�GH΋QHG�GDWD�VHWV�DQG�

hold information on patient demographics and healthcare resource use in a non-

H[SHULPHQWDO�VHWWLQJ�RYHU�ODUJH�SRSXODWLRQV��,W�KDV�EHHQ�VXJJHVWHG�WKDW�KHDOWK�FODLPV�

databases may have considerable advantages in calculating disease prevalence over 

large populations and observing trends over longer periods of time.22,48

7\SLFDOO\��KHDOWK�FODLPV�GDWD�ODFN�ERWK�FOLQLFDO�DQG�ODERUDWRU\�GDWD�DQG�WKH�LGHQWL΋FDWLRQ�

RI�SDWLHQWV�ZLWK�VSHFL΋F�GLVHDVHV�LV�VROHO\�EDVHG�RQ�VSHFL΋F�GLDJQRVLV�FRGHV��7KLV�

HQWDLOV�DQ�LQKHUHQW�GDQJHU�RI�LQDFFXUDWH�LGHQWL΋FDWLRQ�DQG�SRVVLEOH�XQGHUFRGLQJ�RU�

overcoding of diagnoses.21 Validity studies are necessary to investigate whether health 

FODLPV�GDWD�FDQ�SURYLGH�UHOLDEOH�HVWLPDWHV�RI�WKH�IUHTXHQF\�RI�WKHVH�GLVHDVHV�

Only a few studies have assessed the accuracy of health claims data in identifying 

patients with chronic kidney disease (CKD) not treated with kidney replacement 

therapy.20,28,52–54,104�7KHVH�VWXGLHV�SURYLGHG�OLPLWHG�LQIRUPDWLRQ�RQ�WKH�YDOLGLW\�LQ�VSHFL΋F�

patient subgroups. Understanding the relationship between patient characteristics 

and the ability to identify them with health claims data may assist in assessing the 

value of health claims in estimating CKD prevalence in those subgroups.

Therefore, our study aims to determine the validity of Dutch health claims data in 

LGHQWLI\LQJ�&.'�SDWLHQWV�LQ�YDULRXV�SDWLHQW�VXEJURXSV��GH΋QHG�E\�DJH�DQG�VH[��DQG�

IRU�GLΊHUHQW�GH΋QLWLRQV�RI�&.'��XVLQJ�D�KRVSLWDO�EDVHG�GDWDEDVH�LQ�WKH�1HWKHUODQGV�

Methods

Study population

Serum creatinine measurements from a regional medical laboratory serving general 

practitioners (GPs) and a hospital in the city of Zwolle, the Netherlands, served as 

a reference. There were no other large medical laboratories in this region. From 

WKLV� ODERUDWRU\�GDWDEDVH��ZH�VHOHFWHG�DGXOWV� �ȱ���\HDUV��ZLWK�DW� OHDVW�RQH�VHUXP�

creatinine measurement between 1 January and 31 December 2014. Information 

LQ�WKH�ODERUDWRU\�GDWDEDVH�LQFOXGHG�WKH�SDWLHQWȆV�GDWH�RI�ELUWK�DQG�VH[��WKH�YDOXH�

and the measurement date of serum creatinine, the type of physician ordering the 

measurement (GP or medical specialist), and the care setting (primary care; secondary 

care divided in outpatients versus inpatients). Data on these individuals were linked 
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to the health claims database of the Zwolle hospital which includes claims data of all 

GHOLYHUHG�KRVSLWDO�FDUH�IRU�D�VSHFL΋F�PHGLFDO�FRQGLWLRQ�RU�FRPSODLQW��7KLV�PHGLFDO�FDUH�

can be delivered during a hospital admittance or during (a) visit(s) at the outpatient 

FOLQLF��3DWLHQWV�WUHDWHG�ZLWK�GLDO\VLV�RU�NLGQH\�WUDQVSODQWDWLRQ�ZHUH�LGHQWL΋HG�XVLQJ�

KHDOWK�FODLPV�GDWD�DQG�H[FOXGHG�IURP�RXU�VWXG\�67

For our main analyses, we selected an outpatient population in which the last serum 

creatinine measurement was ordered in the outpatient clinic. We consider this the 

EHVW�SUR[\�IRU�WKH�JHQHUDO�SRSXODWLRQ��DV�GXULQJ�KRVSLWDOL]DWLRQ�NLGQH\�IXQFWLRQ�FDQ�

temporarily deteriorate without the patient having CKD and because CKD patients 

solely known to a GP cannot be detected with hospital claims. Secondary analyses 

were performed for a GP and inpatient population, in which the last serum creatinine 

measurement was ordered by a GP or in an inpatient setting.

,GHQWL΋FDWLRQ�RI�&.'�SDWLHQWV

In the Netherlands, hospital care is reimbursed via physician claims named diagnosis 

treatment combinations (DBC), a system similar to Diagnosis Procedure Codes. Every 

KRVSLWDO�'%&�FRGH�FRUUHVSRQGV�WR�D�VSHFL΋F�PHGLFDO�FRQGLWLRQ�LQ�D�VSHFL΋F�PHGLFDO�

discipline.38 This DBC comprises all delivered hospital care for this condition, for 

H[DPSOH��FDUH�GHOLYHUHG�GXULQJ�D�KRVSLWDO�DGPLWWDQFH�RU�DW�DQ�RXWSDWLHQW�FOLQLF�DV�ZHOO�DV�

ODERUDWRU\�RU�UDGLRORJ\�SURFHGXUHV��7DEOH�����SURYLGHV�DQ�RYHUYLHZ�RI�WKH�LGHQWL΋FDWLRQ�

methods of CKD patients using the health claims and laboratory databases.

Hospital health claims database. Patients with a DBC code 0313.11.324 ‘chronic 

UHQDO� LQVX΍FLHQF\� H*)5� ������P/�PLQ������P2’ and/or a DBC code 0313.11.325 

ȅFKURQLF�UHQDO�LQVX΍FLHQF\�H*)5�����P/�PLQ������P2Ȇ�ZHUH�GH΋QHG�DV�SDWLHQWV�ZLWK�

a claim-based diagnosis of CKD or advanced CKD, respectively.

Laboratory database. Kidney function was estimated by calculating the estimated 

JORPHUXODU�΋OWUDWLRQ�UDWH��H*)5��IRU�HDFK�FUHDWLQLQH�PHDVXUHPHQW�LQ������XVLQJ�WKH�

Chronic Kidney Disease Epidemiology Collaboration formula. Ethnicity status was not 

LQFOXGHG�LQ�WKH�H*)5�HTXDWLRQ�EHFDXVH�WKLV�ZDV�QRW�DYDLODEOH��)RU�WKH�GLDJQRVLV�RI�&.'�

�6WDJHV�*�ȁ*���DQG�DGYDQFHG�&.'��6WDJH�*�ȁ*����ZH�XVHG�IRXU�GLΊHUHQW�GH΋QLWLRQV�

EDVHG�RQ�D�VLQJOH�FUHDWLQLQH�PHDVXUHPHQW�RU�ȱ��PHDVXUHPHQWV�DW�OHDVW�WKUHHɄPRQWKV�

apart, thereby satisfying the chronicity criterion according to international guidelines 

(Table 3.1).105�,Q�FDVHV�ZKHUH�GLΊHUHQW�FUHDWLQLQH�PHDVXUHPHQWV�RI�D�SDWLHQW�UHVXOWHG�

LQ�GLΊHUHQW�&.'�FODVVL΋FDWLRQ��L�H��QR�&.'��&.'�RU�DGYDQFHG�&.'���ZH�FODVVL΋HG�WKLV�
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person in the category with the highest eGFR to ensure that a temporary decrease in 

eGFR did not result in a premature diagnosis of chronic (advanced) CKD.

Table 3.1: ,GHQWL΋FDWLRQ�RI�&.'�SDWLHQWV�XVLQJ�D�KHDOWK�FODLPV�GDWDEDVH�DQG�D�ODERUDWRU\�GDWDEDVH�

Health claims database Laboratory database

Study 
population

Claim-based diagnosis Reference 
group

H*)5�EDVHG�GH΋QLWLRQ�a

CKD DBC code 0313.11.324: eGFR 
30–60ɄmL/min/1.73Ʉm2

or 
DBC code 0313.11.325: eGFR 
<30ɄmL/min/1.73Ʉm2

CKDsingle One eGFR calculation of 
<60ɄmL/min/1.73Ʉm2 (not 
satisfying chronicity criterion)

CKDchron ȱ��H*)5�FDOFXODWLRQV�RI�
<60ɄmL/min/1.73Ʉm2 at least 
3 months apart (satisfying 
chronicity criterion)

Advanced CKD DBC code 0313.11.325: eGFR 
<30ɄmL/min/1.73Ʉm2

Advanced 
CKDsingle

One eGFR calculation of 
<30ɄmL/min/1.73Ʉm2 (not 
satisfying chronicity criterion)

Advanced 
CKDchron

ȱ��H*)5�FDOFXODWLRQV�RI�
<30ɄmL/min/1.73Ʉm2 at least 
3 months apart (satisfying 
chronicity criterion)

Abbreviations: CKD, chronic kidney disease; DBC, ‘diagnosis treatment combination’, in Dutch: ‘diagnose 
EHKDQGHOLQJ�FRPELQDWLH��H*)5��HVWLPDWHG�JORPHUXODU�΋OWUDWLRQ�UDWH�
a. For calculation of the eGFR the Chronic Kidney Disease Epidemiology Collaboration formula was used.

Statistical analysis

We estimated the validity of the claim-based diagnoses of CKD and advanced CKD 

XVLQJ�WKH�IRXU�H*)5�EDVHG�&.'�GH΋QLWLRQV�DSSOLHG�WR�WKH�ODERUDWRU\�GDWDEDVH�DV�WKH�

UHIHUHQFH�JURXS��VHH�7DEOH�������6WUDWL΋HG�DQDO\VHV�ZHUH�SHUIRUPHG�E\�VH[�DQG�DJH�

JURXSV��L�H��������\HDUV��������\HDUV��ȱ���\HDUV���6LQFH�WKH�VHQVLWLYLW\�RI�FODLPV�GDWD�

was relatively low in patients >75 years of age we performed a subgroup analysis with 

patients under the age of 75 years. For our main analysis, we used eGFR calculations 

derived from creatinine measurements in an outpatient setting. Secondary analyses 

were performed for eGFR calculations conducted in GP and inpatient settings. We 

estimated the validity of health claims data by calculating the sensitivity (true-

SRVLWLYH� UDWH�� WKH�SURSRUWLRQ�RI� DFWXDO�&.'�SDWLHQWV� FRUUHFWO\� LGHQWL΋HG�DV� VXFK�

ZLWK�KHDOWK�FODLPV�GDWD���WKH�VSHFL΋FLW\��WUXH�QHJDWLYH�UDWH��WKH�SURSRUWLRQ�RI�DFWXDO�

QHJDWLYHV�XVLQJ� WKH�FODLP�EDVHG�GH΋QLWLRQ�FRUUHFWO\� LGHQWL΋HG�DV�KDYLQJ�QR�&.'�

XVLQJ�WKH�H*)5�EDVHG�GH΋QLWLRQ���WKH�SRVLWLYH�SUHGLFWLYH�YDOXH��339���WKH�SUREDELOLW\�
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that CKD is actually present among those with a claim-based diagnosis of CKD), 

and the negative predictive value (NPV - the probability that CKD is actually absent 

among those without a claim-based diagnosis of CKD) by using the eGFR-based CKD 

study populations as the reference group (see RQOLQH�VXSSOHPHQWDU\�΋OH). The CKD 

SUHYDOHQFH�ZDV�FDOFXODWHG�XVLQJ�WKH�QXPEHU�RI�&.'�SDWLHQWV� LGHQWL΋HG�XVLQJ�WKH�

H*)5�EDVHG�GH΋QLWLRQ�RI�&.'�GLYLGHG�E\�WKH�WRWDO�JHQHUDO�SRSXODWLRQ�RI�=ZROOH��,Q�

D�VHSDUDWH�DQDO\VLV��&.'�SUHYDOHQFH�HVWLPDWHV�ZHUH�DGMXVWHG�IRU�DJH�DQG�VH[�XVLQJ�

the Dutch general population of 2014 as a reference. Adjusted CKD prevalence was 

derived by applying the weights of the reference population to the observed variable 

VSHFL΋F�SUHYDOHQFH��H�J��&.'�SUHYDOHQFH�SHU�DJH�JURXS�� LQ�WKH�=ZROOH�SRSXODWLRQ��

This weighted average provides a single summary of CKD prevalence that would be 

H[SHFWHG�LI�WKH�UHJLRQ�RI�=ZROOH�KDG�WKH�DJH�DQG�VH[�GLVWULEXWLRQ�RI�WKH�UHIHUHQFH�

population. SPSS 24.0 and SAS 9.4 were used for all calculations.

Results

Baseline characteristics

:H�LGHQWL΋HG��������LQGLYLGXDOV�ZLWK�DW� OHDVW�RQH�VHUXP�FUHDWLQLQH�PHDVXUHPHQW�

in 2014 (Table 3.2). Their mean age was 60.5 (SD 16.9) years, 46% were male and 

the prevalence of CKD (eGFR <60 mL/min/1.73 m2), based on a single creatinine 

measurement (CKDsingle), was 19.1%, with 2.1% having an eGFR <30 mL/min/1.73 m2. A 

VXEVHW�RI��������LQGLYLGXDOV�KDG�ȱ��FUHDWLQLQH�PHDVXUHPHQWV�LQ������DW�OHDVW�WKUHH�

months apart and could be assessed for satisfying the chronicity criterion. In this 

group, with a mean age of 63.8 (SD 15.6) years and 47% males, 20.8% of individuals 

had an eGFR <60 mL/min/1.73 m2 and 2.2% had an eGFR <30 mL/min/1.73 m2.

,Q���Ʉ����RXWSDWLHQW� LQGLYLGXDOV�������� >����FRQ΋GHQFH� LQWHUYDO� �&,������ȁ�����@�

KDG� DQ� H*)5� ���ɄP/�PLQ�����ɄP2�DQG� ����� ����� &,� ���ȁ������ DQ� H*)5� ���ɄP/�

PLQ�����ɄP2��7DEOH�������2I� WKLV�RXWSDWLHQW�SRSXODWLRQ�� ��Ʉ���� LQGLYLGXDOV�KDG�ȱ��

FUHDWLQLQH�PHDVXUHPHQWV�DW�OHDVW�WKUHHɄPRQWKV�DSDUW��8VLQJ�WKH�FKURQLFLW\�FULWHULRQ�

�����������&,�����ȁ�������KDG�DQ�H*)5����ɄP/�PLQ�����ɄP2 and 3.4% (95% CI 3.1–3.7%) 

DQ�H*)5����ɄP/�PLQ�����ɄP2��7KH�&.'�SUHYDOHQFH�DGMXVWHG�IRU�DJH�DQG�VH[�ZDV�ORZHU�

compared with the unadjusted CKD prevalence in the outpatient study group (Table 

3.2). In the same group of outpatient individuals, the unadjusted prevalence of CKD 

based on health claims was 4.1% (95% CI 3.9–4.4%) and 6.1% (95% CI 5.7–6.5%) in the 

population where the chronicity criteria could be taken into account. After adjustment 

IRU�DJH�DQG�VH[�WKH�SUHYDOHQFH�ZDV�ORZHU�ZLWK��UHVSHFWLYHO\������������&,����ȁ������

https://academic.oup.com/ckj/article/14/6/1586/5964149#supplementary-data
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and 4.0% (95% CI 3.7–4.3%). The prevalence of advanced CKD (based on health claims 

data) was 1.5% (95% CI 1.3–1.6%) and 2.2% (95% CI 2.0–2.4%) in the population eligible 

to check for the chronicity criteria. After adjustment, the prevalence was lower with, 

respectively, 1.0% (95% CI 0.9–1.2%) and 1.5% (95% CI 1.3–1.7%).

Table 3.2: Baseline characteristics.

Characteristics

Overall populationa Outpatient populationb

Patients with 
ȱ��VHUXP�
creatinine 
measurement

Patients 
allowing to test 
for chronicityc

Patients with 
ȱ��VHUXP�
creatinine 
measurement

Patients 
allowing to test 
for chronicityc

Total

n ��Ʉ��� ��Ʉ��� ��Ʉ��� ��Ʉ���

Age (years), mean (SD) 60.5 (16.9) 63.8 (15.6) 58.1 (16.6) 60.5 (15.8)

Gender

Male, n (%) ��Ʉ���������� ��Ʉ���������� ��Ʉ���������� 7795 (49.3)

Age groups (years), n (%)

Ⱦ��ȁ�� ��Ʉ���������� ��Ʉ���������� ��Ʉ���������� 6762 (42.8)

Ⱦ��ȁ�� ��Ʉ���������� ��Ʉ���������� 8622 (34.6) 5853 (37.0)

Ⱦȱ�� ��Ʉ���������� 9940 (27.2) 4217 (16.9) 3190 (20.2)

CKD

Ⱦn ��Ʉ��� 7587 4924 3405

Ⱦ8QDGMXVWHG�SUHYDOHQFH������&,�d19.1 (18.8–19.4) 20.8 (20.4–21.2) 19.8 (19.3–20.3) 21.5 (20.9–22.1)

Ⱦ$GMXVWHG�SUHYDOHQFH������&,�e 10.6 (10.4–10.8) 10.3 (10.0–10.6) 13.1 (12.7–13.5) 13.0 (12.5–13.5)

Advanced CKD

Ⱦn 1443 820 719 536

Ⱦ8QDGMXVWHG�SUHYDOHQFH������&,� 2.1 (1.9–2.2) 2.2 (2.0–2.4) 2.9 (2.7–3.1) 3.4 (3.1–3.7)

Ⱦ$GMXVWHG�SUHYDOHQFH������&,� 1.2 (1.1–1.3) 1.2 (1.1–1.3) 2.0 (1.8–2.2) 2.2 (2.0–2.4)

a. The overall population patient population includes all patients with a serum creatinine measurement in the 
laboratory database regardless of the type of physician ordering the measurement and the clinical setting.
b. The outpatient population includes all patients with their last serum creatinine measurement ordered 
in the outpatient clinic.
F�� 7KH� SDWLHQW� SRSXODWLRQ� DOORZLQJ� WR� WHVW� IRU� FKURQLFLW\� DUH� DOO� SDWLHQWV� ZLWK� ȱ�� VHUXP� FUHDWLQLQH�
PHDVXUHPHQWV�DW�OHDVW�WKUHHɄPRQWKV�DSDUW�
G��7KH�SUHYDOHQFH�LV�EDVHG�RQ�WKH�QXPEHU�RI�&.'�SDWLHQWV�LGHQWL΋HG�XVLQJ�WKH�H*)5�EDVHG�GH΋QLWLRQ�RI�&.'�
H��$GMXVWHG�IRU�WKH�DJH�DQG�VH[�GLVWULEXWLRQ�LQ�WKH�WRWDO�'XWFK�SRSXODWLRQ�
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Sensitivity

Total. Figure 3.1 presents the sensitivity of the claim-based diagnoses of CKD and 

advanced CKD. Sensitivity of the claim-based diagnosis of CKD was 20% when using 

CKDsingle�DV�UHIHUHQFH�JURXS��7KLV�PHDQV�WKDW�����RI�WKH�SDWLHQWV�ZLWK�DQ�H*)5����ɄP/�

PLQ�����ɄP2 could be traced to have a CKD-related health claim (Figure 3.1). Sensitivity 

of CKD was 27% when the chronicity criterion was taken into account (CKDchron). In 

patients with advanced CKD, sensitivity was 42% when using advanced CKDsingle as 

reference group, and 51% when using advanced CKDchron as reference group.

In general, the sensitivity of health claims data was higher in patients with advanced 

CKD as opposed to those with CKD. In addition, the sensitivity of health claims data 

was always higher when using eGFR based diagnoses satisfying the chronicity criterion 

as the reference group.

By age group and sex.�6HQVLWLYLW\�ZDV�KLJKHVW�IRU�SDWLHQWV�DJHG���ȁ��Ʉ\HDUV�DQG�

ORZHVW� LQ�WKRVH�ȱ��Ʉ\HDUV�RI�DJH��IRU�DOO�H*)5�EDVHG�&.'�GH΋QLWLRQV�DV�UHIHUHQFH�

group. In young patients with advanced CKD, sensitivity was 72% when using advanced 

CKDchron as reference group (Figure 3.1). Overall, the sensitivity was higher in men than 

in women (Figure 3.1). In contrast, in patients with advanced CKD below the age of 

��Ʉ\HDUV��VHQVLWLYLW\�ZDV�KLJKHU�LQ�ZRPHQ�WKDQ�LQ�PHQ��2I�QRWH��\RXQJ�IHPDOH�SDWLHQWV�

���ȁ��Ʉ\HDUV��ZLWK�DGYDQFHG�&.'�ZHUH�PRVW�DFFXUDWHO\�LGHQWL΋HG�ZLWK�D�VHQVLWLYLW\�RI�

76% using CKDchron as reference group.

$JH����Ʉ\HDUV��Since the sensitivity of claims data was relatively low in patients 

ȱ��Ʉ\HDUV�RI� DJH��ZH�SHUIRUPHG�D� VXEJURXS�DQDO\VLV�ZLWK�SDWLHQWV����Ʉ\HDUV��$V�

D� UHVXOW�� WKH� VHQVLWLYLW\� LQFUHDVHG�� IRU� H[DPSOH�� LQ� DGYDQFHG�&.'� WKH� VHQVLWLYLW\�

increased from 51% (Figure 3.1) to 62% when using advanced CKDchron as reference 

group (Figure 3.2).

6SHFL΋FLW\��339��139

2YHUDOO�DQG�LQ�DOO�VXEJURXSV�EDVHG�RQ�DJH�DQG�VH[��WKH�VSHFL΋FLW\�RI�&.'�DQG�DGYDQFHG�

CKD was 99% or higher (see RQOLQH�VXSSOHPHQWDU\�΋OH). PPVs ranged from 72% to 99% 

and NPVs ranged from 40% to 100%.

$JH����Ʉ\HDUV��6SHFL΋FLW\��339��DQG�139�RI�WKH�VXEJURXS�RI�SDWLHQWV�XQGHU����\HDUV�RI�

DJH�ZHUH�FRPSDUDEOH�DQG�DUH�SUHVHQWHG�LQ�WKH�DSSHQGL[��VHH�RQOLQH�VXSSOHPHQWDU\�΋OH).

https://academic.oup.com/ckj/article/14/6/1586/5964149#supplementary-data
https://academic.oup.com/ckj/article/14/6/1586/5964149#supplementary-data
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Figure 3.1: Sensitivity of claim-based diagnosis of CKD and advanced CKD using four eGFR-based CKD 
GH΋QLWLRQV�DV�WKH�UHIHUHQFH�JURXS��E\�DJH�JURXS�DQG�VH[�

Abbreviations: F, female; M, male.
a. C, claim-based CKD diagnosis; E, eGFR-based CKD diagnosis. b. CKDsingle, one eGFR calculation 
���ɄP/�PLQ�����ɄP2��F��&.'FKURQ��ȱ��H*)5�FDOFXODWLRQV����ɄP/�PLQ�����ɄP2 at least three months apart. 
G��$GYDQFHG�&.'VLQJOH�� RQH�H*)5� FDOFXODWLRQ����ɄP/�PLQ�����ɄP2�� H��$GYDQFHG�&.'FKURQ�� ȱ��H*)5�
FDOFXODWLRQV����ɄP/�PLQ�����ɄP2 at least three months apart.
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Figure 3.2: Sensitivity of claim-based diagnosis of CKD and advanced CKD using four eGFR-based CKD 
GH΋QLWLRQV�DV�WKH�UHIHUHQFH�JURXS��LQ�SDWLHQWV����Ʉ\HDUV�

Abbreviations: F, female; M, male.
a. C, claim-based CKD diagnosis, E, eGFR-based CKD diagnosis. b. CKDsingle, one eGFR calculation <60ɄmL/
min/1.73Ʉm2. c. CKDchron��ȱ��H*)5�FDOFXODWLRQV����ɄmL/min/1.73Ʉm2 at least three months apart. d.  Advanced 
CKDsingle, one eGFR calculation <30ɄmL/min/1.73Ʉm2. e. Advanced CKDchron��ȱ��H*)5�FDOFXODWLRQV����ɄmL/
min/1.73Ʉm2 at least three months apart.

Nephrological care

The majority of CKD patients without a concordant CKD health claim received 

DGHTXDWH�QHSKURORJLFDO�FDUH��������GH΋QHG�DV�KDYLQJ�KHDOWK�FODLPV�UHODWHG�WR�&.'��

nephrology, or diabetes care). In CKD patients under the age of 75 years, this was 

even more than 90% (see RQOLQH�VXSSOHPHQWDU\�΋OH).

GP and inpatient population

The baseline characteristics of the GP and inpatient study populations are described 

LQ�WKH�DSSHQGL[��VHH�RQOLQH�VXSSOHPHQWDU\�΋OH). Here we also present the results of 

the overall, GP and inpatient study populations.

Discussion
This study describes the validity of Dutch health claims data for the estimation of 

CKD prevalence, overall and in patient subgroups, in a hospital-based study. Since 

this study primarily assesses the value of health claims when estimating CKD 

SUHYDOHQFH�LQ�GLΊHUHQW�SDWLHQW�VXEJURXSV��ZH�PDLQO\�IRFXV�RQ�WKH�VHQVLWLYLW\��7KH�

https://academic.oup.com/ckj/article/14/6/1586/5964149#supplementary-data
https://academic.oup.com/ckj/article/14/6/1586/5964149#supplementary-data
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ȅRYHUDOOȆ�VHQVLWLYLW\�RI�KHDOWK�FODLPV�GDWD�IRU�WKH�LGHQWL΋FDWLRQ�RI�&.'�SDWLHQWV�XVLQJ�WKH�

chronicity criterion as the reference group was 27%. The sensitivity of health claims 

data increased to 51% for patients with advanced CKD. Sensitivity of the claim-based 

GLDJQRVHV�RI�&.'�ZDV�VXEVWDQWLDOO\�KLJKHU�LQ�\RXQJ�SDWLHQWV��DJH���ȁ��Ʉ\HDUV��DQG�

LQ�PHQ��$�PD[LPXP�RI�����ZDV�UHDFKHG�LQ�\RXQJ�ZRPHQ�ZLWK�DGYDQFHG�&.'��7KH�

VSHFL΋FLW\�RI�&.'�DQG�DGYDQFHG�&.'�ZDV�FRQVLVWHQWO\�KLJK��ZKHUHDV�WKH�339�DQG�139�

varied between the patient subgroups.

Sensitivity of health claims data in the estimation of CKD prevalence

2XU�VWXG\�LV�WKH�΋UVW�GHVFULELQJ�WKH�YDOLGLW\�RI�FODLPV�GDWD�LQ�D�(XURSHDQ�KHDOWKFDUH�

V\VWHP�IRU�WKH�LGHQWL΋FDWLRQ�RI�&.'�SDWLHQWV��6R�IDU��IRXU�VWXGLHV�LQ�&DQDGD�DQG�WKH�

USA have assessed the validity of health claims data in identifying patients with CKD 

by comparing estimates of claim-based CKD prevalence with an eGFR-based CKD 

prevalence as reference group.20,52–54 All studies were able to validate a claim-based 

diagnosis of CKD while two were additionally able to validate a claim-based diagnosis 

of advanced CKD.52,53�2QO\�LQ�RQH�VWXG\��WKH�H*)5�EDVHG�&.'�GH΋QLWLRQ�ZDV�EDVHG�RQ�

ȱ��H*)5�FDOFXODWLRQV��PDNLQJ�LW�SRVVLEOH�WR�WDNH�WKH�FKURQLFLW\�FULWHULRQ�LQWR�DFFRXQW�52

In line with our results, these studies concluded that health claims data have low 

VHQVLWLYLW\� DQG� KLJK� VSHFL΋FLW\� IRU� WKH� LGHQWL΋FDWLRQ� RI� &.'� SDWLHQWV�20,52–54 The 

VHQVLWLYLW\�IRU�WKH�LGHQWL΋FDWLRQ�RI�&.'�SDWLHQWV�UDQJHG�IURP������WR�������LQ�SDWLHQWV�

with CKD and from 56.0% to 58.8% in patients with advanced CKD. The accuracy of 

health claims data in identifying CKD Stages G3-G5 is slightly higher in our study 

using the chronicity criterion (sensitivity 27%), while slightly lower for advanced CKD 

using the chronicity criterion (in our case 51%). This comparison between studies is 

KDPSHUHG�EHFDXVH�RI�GLΊHUHQFHV�LQ�WKH�GH΋QLWLRQ�RI�WKH�UHIHUHQFH�JURXS�

Up to now, studies have provided limited information on the validity of health claims 

GDWD�LQ�VSHFL΋F�VXEJURXSV��2QO\�RQH�RI�WKH�IRXU�SUHYLRXV�VWXGLHV�LQFOXGHG�SDWLHQWV�

<65 years of age.52 That study showed a higher sensitivity in patients with advanced 

CKD under the age of 65 years compared with patients >65 years (sensitivity 85.8% 

versus 68.1%). Our data show a similar trend, with a sensitivity considerably higher 

LQ�SDWLHQWV�����\HDUV�FRPSDUHG�ZLWK�SDWLHQWV�ȱ���\HDUV�

It is not surprising that health claims data in the Netherlands have low accuracy for 

the estimation of the CKD prevalence in the general population and in particular 

for elderly patients. In the Netherlands, only hospital claims include information on 

GLDJQRVLV�ZKLOH�SULPDU\�FDUH�FODLPV�GR�QRW��$V�D�FRQVHTXHQFH��RQH�FDQ�RQO\�GHWHFW�
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CKD patients referred to a nephrologist, and not CKD patients treated by the GP. 

Patients with advanced CKD have an indication for referral, while the majority of CKD 

patients in earlier stages are cared for in primary care, especially at older age.105,106 This 

also holds true for many end-stage kidney disease (ESKD) patients on comprehensive 

conservative management. The results of our study indeed indicate that in daily 

practice elderly patients with impaired kidney function are more often treated by a 

*3�RU�GR�QRW�UHFHLYH�VSHFL΋F�QHSKURORJ\�UHODWHG�FDUH�DW�DOO�107 Of note, with this health 

FODLPV�GDWDEDVH�ZH�FDQ�GHPRQVWUDWH�WKDW�DGHTXDWH�QHSKURORJLFDO�FDUH�LV�UHJLVWHUHG�

for 91% of advanced CKD patients aged <75 years.

Our study shows that considerably fewer elderly women with advanced CKD could 

EH� LGHQWL΋HG�ZLWK�KHDOWK�FODLPV�GDWD� WKDQ�VLPLODUO\�DJHG�PHQ�� ,W� LV�NQRZQ�WKDW�VH[�

GLΊHUHQFHV�H[LVW�LQ�WKH�HSLGHPLRORJ\�DQG�RXWFRPHV�RI�&.'��6WXGLHV�VKRZ�WKDW�PRUH�

women than men have CKD (not on KRT) while men show a faster decline in kidney 

function and more often progress to ESKD.108 Although current guidelines do not involve 

VH[�VSHFL΋F�UHFRPPHQGDWLRQV�LQ�WKH�WUHDWPHQW�RI�&.'��WKLV�VWXG\�VXJJHVWV�WKDW�DW�OHDVW�

in our study sample elderly women with advanced CKD were less likely to be treated 

by a nephrologist than men. Possibly because elderly women are more likely to choose 

comprehensive conservative management, which can also be done by a GP, than men.109,110

2YHUDOO�� VHQVLWLYLW\�GLΊHUV�FRQVLGHUDEO\�DFURVV�SDWLHQW� VXEJURXSV�GH΋QHG�E\� WKH�

VHYHULW\�RI�NLGQH\�GLVHDVH��DJH��DQG�VH[��7KLV�FRXOG�VXJJHVW�WKDW�FOLQLFLDQV��DPRQJ�

other things, take into account an individual’s lifetime risk of developing ESKD while 

considering the need for nephrological care.111 This risk estimation is among other 

WKLQJV�EDVHG�RQ�D�SHUVRQȆV�DJH��VH[��DQG�WKH�VHYHULW\�RI�NLGQH\�IDLOXUH��$V�D�UHVXOW��

particularly young patients, men, and advanced CKD (Stage G4-G5) patients satisfying 

WKH�FKURQLFLW\�FULWHULRQ�DUH�NQRZQ�ZLWKLQ�WKH�FRQ΋QHV�RI�QHSKURORJLFDO�FDUH�DQG�FDQ�

WKXV�EH�LGHQWL΋HG�XVLQJ�KHDOWK�FODLPV�GDWD�

Estimating CKD prevalence with populations surveys versus health claims data

Numerous studies have evaluated the prevalence of CKD using population surveys112,113, 

showing that CKD prevalence varies widely with estimations of CKD Stages G3-G5 

prevalence in Europe varying between 1.0% and 5.9%,113 and in the Netherlands ranging 

from 1.3% to 4.8%.114,115 However, an accurate comparison of CKD prevalence across 

VWXGLHV�UHPDLQV�FKDOOHQJLQJ�VLQFH�GLΊHUHQW�VWXGLHV�XVHG�GLΊHUHQW�&.'�GH΋QLWLRQV�DQG�

GLΊHUHQW�PHWKRGV�IRU�WKH�DVVHVVPHQW�RI�NLGQH\�IXQFWLRQ�116,117 Moreover, these studies 
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are always based on samples from the general population. Therefore, when estimating 

CKD prevalence in population surveys, sampling bias cannot be avoided.

The unadjusted (eGFR-based) CKD prevalence (eGFR <60 mL/min/1.73 m2) in previous 

studies using health claims data ranged from 19% in a sample of the general 

population52 to 67% using patients hospitalized for myocardial infarction.20 Since 

VWXGLHV�XVH�GLΊHUHQW�PHWKRGV�DV�WKH�UHIHUHQFH�JURXS��FRPSDULVRQ�EHWZHHQ�VWXGLHV�

LV�GL΍FXOW��7KH�HVWLPDWHG�XQDGMXVWHG�SUHYDOHQFH�RI�&.'�6WDJHV�*��*��RI�����LQ�RXU�

VWXG\��XVLQJ�D�UHJLRQDO�ODERUDWRU\�IRU�WKH�&.'�GLDJQRVLV��DSSUR[LPDWHV�WKH�SUHYDOHQFH�

of other studies using a sample of the general population as a reference.

Our results suggest that health claims data have low sensitivity for the estimation of 

overall CKD in the general population, especially in the case of elderly CKD patients 

and patients with less advanced CKD. However, our results also indicate that health 

FODLPV�GDWD�PD\�KDYH�YDOXH� LQ�HVWLPDWLQJ�&.'�SUHYDOHQFH� LQ�VSHFL΋F�VXEJURXSV��

particularly in young patients and those with advanced CKD. In addition, the sensitivity 

of young patients (20-59 years) with advanced CKD is similar to those described in 

YDOLGLW\�VWXGLHV�WHVWLQJ�FODLPV�GDWD�IRU�WKH�LGHQWL΋FDWLRQ�RI�GLDO\VLV�SDWLHQWV�56–58 a 

population for which is generally assumed that health claims data provide reliable 

estimates of the actual population receiving dialysis treatment.

Strengths and limitations

The strength of our study is the availability of a large laboratory database including 

all adults with a serum creatinine measurement, allowing its use as the reference 

JURXS��7KLV�HQDEOHG�XV� WR�GH΋QH�&.'� LQ� WZR�ZD\V��EDVHG�RQ�D�VLQJOH�DQG�RQ�ȱ��

creatinine measurements in accordance with the chronicity criterion. We consider 

ȱ��PHDVXUHPHQWV�DV�RSWLPDO�VLQFH�LW� LV� LQ�DFFRUGDQFH�ZLWK�WKH�FOLQLFDO�JXLGHOLQHV��

,Q�DGGLWLRQ��ZH�ZHUH�DEOH�WR�GLΊHUHQWLDWH�EHWZHHQ�SDWLHQWV�ZLWK�DQ�H*)5�����P/�

min/1.73 m2 and an eGFR <30 mL/min/1.73 m2��DQG�E\�DJH�DQG�VH[�

Several limitations of our study also need consideration. First, primary care claims, 

in contrast to hospital claims, do not include diagnosis information. Therefore, CKD 

patients treated by a GP cannot be detected. Moreover, in the Netherlands, a referral 

IURP�WKH�*3�LV�DOZD\V�UHTXLUHG�WR�FRQVXOW�D�PHGLFDO�VSHFLDOLVW�DQG�WKHUHIRUH�'XWFK�

health claims data represent those patients with an indication for referral. Although 

WKH�RXWSDWLHQW�SRSXODWLRQ�ZDV�FRQVLGHUHG�WKH�EHVW�SUR[\�IRU�WKH�JHQHUDO�SRSXODWLRQ��

the CKD prevalence of individuals treated by the GP and with undetected CKD remains 

XQNQRZQ��,Q�WKLV�VWXG\��ZH�IRFXV�RQ�&.'�6WDJHV�*��*��VLQFH�WKHUH�LV�QR�VSHFL΋F�KHDOWK�



64

Chapter 3

claim for earlier CKD stages and these patients are often undetected or are cared for 

in primary care.

Secondly, the unadjusted CKD prevalence in our database estimated with eGFR was 

21.5% for CKD Stages G3–G5 and 3.4% for CKD Stage G4–G5 and decreased to 13.0% 

DQG�������UHVSHFWLYHO\��DIWHU�DGMXVWPHQW�IRU�DJH�DQG�VH[��7KLV�PHDQV�WKDW�LQ�RXU�VWXG\�

SRSXODWLRQ�HOGHUO\�LQGLYLGXDOV�ZHUH�RYHU�UHSUHVHQWHG��7KLV�FDQ�EH�H[SHFWHG�VLQFH�ZH�

select persons with a performed laboratory test, who are likely to be older than persons 

from the general population. The unadjusted CKD prevalence estimated by claims data 

was 6.1% for CKD Stages G3–G5 and 2.2% for CKD Stage G4–G5 and decreased to 4.0% 

DQG������DIWHU�DGMXVWPHQW�IRU�DJH�DQG�VH[��/LNHO\�WKH�&.'�SUHYDOHQFH�HVWLPDWHG�ZLWK�

claims data is underestimated as this study shows that the overall sensitivity is low. 

Finally, the results of this hospital-based study may not be generalizable to a national 

OHYHO�GXH�WR�GLΊHUHQFHV�LQ�FRGLQJ�EHWZHHQ�UHJLRQV�RU�KRVSLWDOV�LQ�WKH�1HWKHUODQGV��

In addition, generalizability of the results to other countries could be hampered by 

GLΊHUHQFHV�LQ�FRGLQJ�IRU�FODLPV�LQ�GLΊHUHQW�KHDOWKFDUH�V\VWHPV�

Conclusion
This study shows that the sensitivity of the claim-based diagnoses of CKD and 

advanced CKD varies largely across patient subgroups. Although overall sensitivity 

was low, in general, sensitivity was much higher in young patients compared with 

elderly patients and higher in men than in women. Moreover, health claims data 

ZHUH�PRUH�DFFXUDWH�LQ�WKH�LGHQWL΋FDWLRQ�RI�SDWLHQWV�ZLWK�DGYDQFHG�&.'�WKDQ�RI�WKRVH�

with CKD.

When using health claims data for the estimation of CKD prevalence, it is important to 

take into account the characteristics of the population at hand. According to this study, 

the younger the subjects and the more advanced the stage of CKD the higher the 

sensitivity of such data. Understanding which patients are selected using health claims 

data and which patients are not is crucial for a correct interpretation of study results.

%HDULQJ�WKLV�LQ�PLQG�DQG�FRQVLGHULQJ�WKHLU�VSHFL΋F�DGYDQWDJHV�KHDOWK�FODLPV�GDWD�FDQ�

have added value for the monitoring of trends in disease prevalence and healthcare 

costs over time. The linkage of health claims databases to other administrative 

GDWDEDVHV�RU�FOLQLFDO�GDWD�FDQ�UHVXOW�LQ�D�PRUH�DFFXUDWH�LGHQWL΋FDWLRQ�RI�&.'�SDWLHQWV�

and could thereby improve the usage and value of health claims data for health 

research even more.26
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Abstract
Background The aim of this study is to present average annual healthcare costs for 

Dutch kidney replacement therapy (KRT) patients for seven treatment modalities.

Methods Health insurance claims data from 2012–2014 were used. All patients with a 

2014 claim for dialysis or kidney transplantation were selected. The KRT related and 

.57�XQUHODWHG�DYHUDJH�DQQXDO�KHDOWKFDUH�FRVWV�ZHUH�DQDO\]HG�IRU�΋YH�GLDO\VLV�PRGDOL-

ties [in-center hemodialysis (CHD), home hemodialysis (HHD), continuous ambulatory 

peritoneal dialysis (CAPD), automated peritoneal dialysis (APD), and multiple dialysis 

PRGDOLWLHV�LQ�D�\HDU��0L[�JURXS�@�DQG�WZR�WUDQVSODQW�PRGDOLWLHV��NLGQH\�IURP�OLYLQJ�

and deceased donor, respectively).

Results The total average annual healthcare costs in 2014 ranged from €77 566 (SD 

ț��������IRU�&$3'�SDWLHQWV�WR�ț���������6'�ț��������IRU�SDWLHQWV�LQ�WKH�0L[�JURXS��)RU�

all dialysis modalities, the vast majority (72%–84%) of costs was KRT related. Patients 

RQ�KHPRGLDO\VLV�ȱ�[�ZHHN�KDG�VLJQL΋FDQWO\�KLJKHU�DYHUDJH�DQQXDO�FRVWV�FRPSDUHG�

ZLWK�WKRVH�GLDO\]LQJ��[�ZHHN��šț���������&RVWV�IRU�NLGQH\�WUDQVSODQW�UHFLSLHQWV�ZHUH�

ț��������6'�ț��������LQ�WKH�\HDU�RI�WUDQVSODQWDWLRQ�DQG�UDSLGO\�GHFOLQHG�LQ�WKH�΋UVW�

and second year after successful transplantation (resp. €29 612 (SD €34 099) and €15 

018 (SD €16 186)). Transplantation with a deceased donor kidney resulted in higher 

costs (€99 450, SD €36 036)) in the year of transplantation compared with a living 

donor kidney transplantation (€73 376, SD €38 666).

Conclusions CAPD patients have the lowest costs compared with other dialysis mo-

dalities. Costs in the year of transplantation are 25% lower for patients with kidneys 

from living versus deceased donors. After successful transplantation, annual costs 

GHFOLQH�VXEVWDQWLDOO\�WR�D�OHYHO�WKDW�LV�DSSUR[LPDWHO\����ȁ����RI�DQQXDO�GLDO\VLV�FRVWV�
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Introduction
End-stage kidney disease (ESKD) is ranked among the top 20 leading causes of 

GHFUHDVH�LQ�TXDOLW\�RI�OLIH�DQG�ORVV�RI�OLIH�\HDUV�DQG�KDV�RQH�RI�WKH�KLJKHVW�GLVHDVH�

burdens worldwide.118,119 In the Netherlands on January 1st 2015, 16 277 people 

were dependent on kidney replacement therapy (KRT) with an annual incidence of 

DSSUR[LPDWHO\������SDWLHQWV�120 Although in the Netherlands the incidence rate of KRT 

has stabilized, the number of prevalent patients continues to rise due to a relatively 

high number of kidney transplantations.121 This implies that the economic burden 

of KRT treatment increases as well. Healthcare systems face a major challenge as 

a considerable amount of the often limited healthcare budget is spent on KRT.122 

According to the National Institute of Public Health and the Environment (RIVM), the 

total healthcare cost for chronic kidney failure was 800 million Euros in 2011.119 As 

the vast majority of these costs is related to KRT, this implies that 1% of the national 

healthcare budget of the Netherlands was spent on 0,1% of the population.123

.57�KDV�DOZD\V�VHUYHG�DV�D�FODVVLFDO�H[DPSOH�RI�OLIHVDYLQJ�WUHDWPHQW�ZLWK�YHU\�KLJK�SHU�

person costs and this essentially has not changed over the past decennia. However, 

comprehensive cost estimates of KRT in the Netherlands are based on a study from 

the 1990s.123 More recent studies only incorporated one or a few KRT modalities.124,125 

Also, recent developments, such as living-donor-related kidney transplantation and 

KLJK�IUHTXHQF\�GLDO\VLV��QHFHVVLWDWH�D�FRPSUHKHQVLYH�FRVWLQJ�VWXG\�WKDW�LQFOXGHV�VXFK�

new therapeutic possibilities.

Several European studies have recently used health insurance claims to investigate 

QDWLRQDO�KHDOWKFDUH�H[SHQGLWXUHV�UHODWHG�WR�.57�63,126–128 Dutch health insurance claims 

FRQWDLQ�GHWDLOV�RQ�H[SHQGLWXUHV�DQG�WUHDWPHQW�RI�GLΊHUHQW�.57�PRGDOLWLHV�DQG�HQDEOH�

WR�SHUIRUP�D�FRPSUHKHQVLYH�VWXG\�RQ�KHDOWKFDUH�H[SHQGLWXUH�RI�SDWLHQWV�RQ�GLΊHUHQW�

KRT modalities with nationwide coverage.

This study aims to provide detailed estimates of the average annual costs per patient 

for seven KRT modalities. Besides distinguishing between dialysis therapies, we also 

include transplantation costs by source of kidney donor, living or deceased, and 

KHPRGLDO\VLV��+'��FRVWV�E\�IUHTXHQF\�RI�GLDO\VLV�
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Methods

Data source

In the Netherlands healthcare insurance is obligatory; almost all citizens have 

healthcare insurance.129 Vektis collects and manages claims data of all Dutch health 

insurance companies. These claims are related to all healthcare procedures covered 

by the Health Insurance Act, including the costs of compulsory co-payments.30 The 

Vektis database covers 99% of insured people living in the Netherlands and contains 

GHPRJUDSKLF�LQIRUPDWLRQ��LQFOXGLQJ�VH[��\HDU�RI�ELUWK��DQG�GDWH�RI�GHDWK��7R�HQVXUH�

SULYDF\�� 9HNWLV� SVHXGRQ\PL]HG� WKH� SHUVRQVȆ� QDWLRQDO� LGHQWL΋FDWLRQ� QXPEHU� DQG�

allowed data access only in a secured environment. All authors only had access to 

GH�LGHQWL΋HG�GDWD��)RU�WKH�XVH�RI�WKLV�QDWLRQDO�GDWD��WKH�SHUPLVVLRQ�RI�DOO�FRQWULEXWLQJ�

insurance companies was provided (see RQOLQH�VXSSOHPHQWDU\�΋OH).

Study population

)URP�DOO�DGXOWV��ȱ���\HDUV��LQ�WKH�9HNWLV�FODLPV�GDWDEDVH�ZKR�KDG�DW�OHDVW�RQH�KHDOWK�

insurance claim related to KRT we included those patients on chronic KRT and 

H[FOXGHG�WKRVH�ZLWK� LQFLGHQWDO�XVH� �H�J��DFXWH�GLDO\VLV��RU�XQMXVWL΋HG� �HUURQHRXV��

claims. Dialysis patients were selected using health claims in the year 2014 and kidney 

WUDQVSODQW�SDWLHQWV�ZHUH�LGHQWL΋HG�XVLQJ�FODLPV�LQ�WKH�SHULRG���-DQXDU\������WR����

'HFHPEHU�������:H�GLΊHUHQWLDWHG�VHYHQ�.57�PRGDOLWLHV������LQ�FHQWHU�KHPRGLDO\VLV�

(CHD), (2) home hemodialysis (HHD), (3) continuous ambulatory peritoneal dialysis 

(CAPD), (4) automated peritoneal dialysis (APD), (5) multiple dialysis modalities within 

D�\HDU��0L[��� ���� OLYLQJ�NLGQH\�GRQRU�WUDQVSODQW�UHFLSLHQWV�DQG�����GHFHDVHG�NLGQH\�

donor transplant recipients (Figure 4.1A and 4.1B, see also RQOLQH�VXSSOHPHQWDU\�΋OH). 

$IWHU�FODVVL΋FDWLRQ��ZH�YDOLGDWHG�WKH�QXPEHU�RI�SDWLHQWV�SHU�PRGDOLW\�LQ�DQ�H[WHUQDO�

database, the Dutch Renal Registry (Renine), which serves as gold standard because 

of its complete coverage of chronic KRT. Correspondence between the two databases 

was high (93.8–99.1%, see RQOLQH�VXSSOHPHQWDU\�΋OH).

Cost variables

We estimated healthcare costs by using registered health claims (reimbursement 

GDWD���&RVWV�ZHUH�GLVWLQJXLVKHG�DFFRUGLQJ�WR�GLΊHUHQW�KHDOWKFDUH�FRPSRQHQWV��)LUVW��

costs directly related to KRT, based on diagnosis-related group codes (DRGs), were 

LGHQWL΋HG�DQG�LQFOXGHG�DOO�FRVWV�RI�WKH�GLDO\VLV�SURFHGXUH��LQFOXGLQJ�DFFHVV�VXUJHU\�DQG�

KRVSLWDOL]DWLRQ�IRU�DFFHVV�VXUJHU\���WKH�NLGQH\�WUDQVSODQW��LQFOXGLQJ�GRQRU�H[SHQVHV��

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0220800#pone.0220800.s001
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0220800#pone.0220800.s002
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0220800#pone.0220800.s003
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DV�ZHOO�DV� WKH�SUH��DQG�SRVW�WUDQVSODQW�FDUH��0RUH�VSHFL΋FDOO\��.57�UHODWHG�FRVWV�

LQFOXGH�DOO�PHGLFDWLRQV�XVHG�GXULQJ�GLDO\VLV��H�J��(32��SKRVSKDWH�ELQGHUV���VWDΊ�FRVWV��

including physician fees, laboratory assessments, and other diagnostics as included 

LQ�.57�FOLQLFDO�JXLGHOLQHV��H�J��FKHVW�;�UD\���$OVR��HTXLSPHQW�DQG�GHYLFHV�QHHGHG��H�J��

dialysis machines for home dialysis, are included here. Finally, overhead costs, e.g. for 

ZDWHU�DQG�HQHUJ\�DUH�LQFOXGHG��6HFRQG��QRQ�.57�FRVWV�ZHUH�GH΋QHG�DV�DOO�UHPDLQLQJ�

in- and outpatient DRG costs not directly related to KRT, such as primary care, mental 

healthcare, medication, medical devices, transportation, healthcare costs incurred 

abroad, and other healthcare costs. These non-KRT costs may incur dialysis-related 

costs as well, e.g. transportation costs to and from the dialysis center, but these costs 

cannot be attributed with 100% certainty to KRT.

&RVW� GDWD� DUH�SURYLGHG� DV� DQQXDO� FRVWV�� DYHUDJHG�RYHU� DOO� SDWLHQWV� LQ� D� VSHFL΋F�

modality group. To provide meaningful cost estimates for patients that are not a 

full year on KRT, e.g. incident and deceased patients, we calculated average 4-week 

healthcare costs for these patient subgroups.

Figure 4.1:�&ODVVL΋FDWLRQ�RI�.57�PRGDOLWLHV�

$��&ODVVL΋FDWLRQ�RI�GLDO\VLV�SDWLHQWV��&+'� �&HQWHU�+HPRGLDO\VLV��++'� �+RPH�+HPRGLDO\VLV��
$3'� �$XWRPDWHG�3HULWRQHDO�'LDO\VLV��&$3'� �&RQWLQXRXV�$PEXODWRU\�3HULWRQHDO�'LDO\VLV��0L[�
*URXS� �GLDO\VLV�PRGDOLW\�FKDQJHG�LQ�������)<'� �IXOO�\HDU�RQ�GLDO\VLV�
%��&ODVVL΋FDWLRQ�RI�WUDQVSODQWDWLRQ�SDWLHQWV��:H�LQFOXGHG�RQO\�WKH�΋UVW�UHFHLYHG�NLGQH\�WUDQVSODQWDWLRQ�
in the study period of 2012–2014.

�([FOXGHG�SDWLHQWV�DUH�QRW�UHSUHVHQWHG�LQ�WKH�΋JXUH�
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Statistical analysis

Descriptive statistics (age, gender, and co-morbidity) are presented per treatment 

modality. The presence of comorbidities was based on medication (see online 

VXSSOHPHQWDU\�΋OH). Healthcare costs are presented as mean with standard deviation. 

The average annual costs of hemodialysis patients were calculated depending 

RQ�ZHHNO\�GLDO\VLV� IUHTXHQF\��7R� WHVW� IRU� VWDWLVWLFDO� VLJQL΋FDQFH�RI�GLΊHUHQFHV� LQ�

KHDOWKFDUH�H[SHQGLWXUH�EHWZHHQ�JURXSV��ORZHU�DQG�KLJKHU�IUHTXHQF\�RI�KHPRGLDO\VLV��

GRQRU�VRXUFH���ZH�DSSOLHG�WKH�QRQ�SDUDPHWULF�:LOFR[RQ�0DQQ�:KLWQH\�WHVW��DV�FRVW�

data were non-normally distributed. Finally, healthcare costs were calculated per 

WUHDWPHQW�VWDWH��7R�DFFRPPRGDWH�IRU�GLΊHUHQFHV�LQ�WRWDO�WUHDWPHQW�WLPH�EHWZHHQ�

incident, full-year on dialysis (FYD), and deceased patients, we calculated the cost 

of 4 weeks of treatment (4-week costs) per treatment state, as the sum of yearly 

costs divided by total treatment time (TTT) in days * 28 days. All costs are reported 

LQ�HXURV����HXUR� ���������86�GROODUȁH[FKDQJH�UDWH�RI����-XO\�������DQG�FRQYHUWHG�WR�

WKH�\HDU������DFFRUGLQJ�WR�WKH�'XWFK�&RQVXPHU�3ULFH�,QGH[�������WR�������������������

to 2014: 1.010).130 All analyses were conducted using SAS, version 9.4 (SAS Institute 

Inc., Cary, NC).

Results

Patient characteristics by KRT modality

Overall, 7827 persons could reliably be attributed to one of seven KRT modalities in 

2014 (Table 4.1). Of these, 6876 were dialysis patients and 951 patients received a 

kidney transplant. On average, HHD patients and transplant recipients were younger 

and had fewer comorbidities than patients on other modalities, whereas more males 

than females received KRT.

Annual healthcare costs per dialysis modality

Table 4.2 shows the average annual healthcare costs in 2014 of FYD patients by 

PRGDOLW\��.57�FRVWV�UDQJHG�IURP�ț�������IRU�&$3'�SDWLHQWV�WR�ț�������IRU�0L[�JURXS�

patients. The vast majority of costs were related to the dialysis itself, with relatively 

VPDOO�DPRXQWV�IRU�SUH�WUDQVSODQW�SURFHGXUHV�DQG�GLDO\VLV�DFFHVV��EXW�QRW�LQ�WKH�0L[�

JURXS��7KLV�JURXS�H[SHULHQFHV�E\�GH΋QLWLRQ�D�FKDQJH�EHWZHHQ�PRGDOLWLHV�QHFHVVLWDWLQJ�

costs for access procedures. Three non-KRT healthcare components stand out with 

relatively high amounts, i.e. hospital costs, medication, and transportation costs. 

+RVSLWDO�FRVWV�XQUHODWHG�WR�.57�IRU�SDWLHQWV�LQ�WKH�0L[�JURXS��ț��������ZHUH�PXFK�

KLJKHU�WKDQ�LQ�RWKHU�JURXSV��7KH�WKLUG�PRVW�H[SHQVLYH�FRVW� LWHP�ZDV�PHGLFDWLRQ�

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0220800#pone.0220800.s004
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0220800#pone.0220800.s004
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(outside the hospital) with the lowest costs for CAPD (€3939) and, again, the highest 

FRVWV�IRU�WKH�0L[�JURXS��ț�������7UDQVSRUWDWLRQ�FRVWV��WD[L�FRVWV��ZHUH�KLJKHVW� LQ�

CHD patients (€5455), while home dialysis patients (HHD and (C)APD) had almost 

WHQ�IROG�ORZHU�H[SHQGLWXUH��REYLRXVO\�UHODWHG�WR�WKH�OHVV�IUHTXHQW�KRVSLWDO�YLVLWV�RI�

these groups. KRT related costs of HHD were in the same order of magnitude as costs 

of CHD, this is related to the possibility to use individual nursing assistance at home 

for HHD patients.

Table 4.1: Patient characteristics per KRT modality (>75% TTTa) in the year 2014.

Dialysis patients Kidney transplant 
recipients

On Hemodialysis 
(HD)

On Peritoneal 
dialysis (PD)

Mix between 
dialysis 
treatments a

Performed Transplantsc

 CHD b HHD b APD b CAPD b Mix Group  b Deceased 
donor

Living 
donor

N (%) 5594 (81%)d 187 (3%) 431 (6%) 411 (6%) 253 (4%) 441 (46%) e 510 (54%)

Age (mean, SD) 69.6 (13.9) 58.3 (13.5) 65.7 (14.3) 69.0 (13.1) 63.3 (14.9) 57.0 (12.6) 50.7 (13.7)

Gender (% 
men)

59% 65% 62% 61% 66% 63% 60%

Nr. of 
comorbidities 
(mean, SD)

1.0 (0.9) 0.7 (0.8) 1.1 (0.9) 1.2 (0.9) 1.0 (0.9) 1.0 (0.8) 0.7 (0.8)

D��777� �7RWDO�7UHDWPHQW�7LPH�LQ�WKH�\HDU������DSSOLHV�WR�GLDO\VLV�SDWLHQWV�RQO\��.57�PRGDOLW\�JURXSV�DUH�
H[FOXVLYH��LPSO\LQJ�WKDW�SDWLHQWV�DUH�RQO\�SDUW�RI�RQH�ȅVWDEOHȆ�.57�PRGDOLW\��
E��&+'� �&HQWHU�+HPRGLDO\VLV��++'� �+RPH�+HPRGLDO\VLV��$3'� �$XWRPDWHG�3HULWRQHDO�'LDO\VLV��&$3'� �
&RQWLQXRXV�$PEXODWRU\�3HULWRQHDO�'LDO\VLV��0L[�*URXS� �GLDO\VLV�PRGDOLW\�FKDQJHG�LQ�������
F��:H�LQFOXGHG�RQO\�SDWLHQWV�ZLWK�D�΋UVW�NLGQH\�WUDQVSODQWDWLRQ�LQ������LQ�WKH�VWXG\�SHULRG�RI�����ȁ������
G��5HDGLQJ�H[DPSOH������RI�WKH�GLDO\VLV�SDWLHQWV�ZHUH�FDWHJRUL]HG�DV�&+'�SDWLHQWV��
H��5HDGLQJ�H[DPSOH������RI�NLGQH\�WUDQVSODQW�UHFLSLHQWV�UHFHLYHG�D�GHFHDVHG�GRQRU�NLGQH\�

Annual healthcare costs by dialysis frequency

$�UHOLDEOH�GLDO\VLV�IUHTXHQF\�SDWWHUQ�FRXOG�EH�HVWDEOLVKHG�IRU������RXW�RI������)<'�

KHPRGLDO\VLV�SDWLHQWV��)LJXUH�������2QO\����RI�WKHVH�SDWLHQWV�GLDO\]HG�ȱ��WLPHV�ZHHN��

Of these, the vast majority dialyzed 4 or 5 times/week while 19 patients (7%) received 

ȱ��VHVVLRQV�ZHHN�
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7DEOH�����VKRZV�WKDW�IUHTXHQW�XVHUV�KDG�KLJKHU�DYHUDJH�FRVWV�UHODWHG�WR�.57��ț��������

LQ�FRPSDULVRQ�ZLWK�OHVV�IUHTXHQW�XVHUV��ț���������+RVSLWDO�FRVWV�XQUHODWHG�WR�.57�GLG�

QRW�GLΊHU�EHWZHHQ�WKHVH�JURXSV��3ULPDU\�FDUH��PHGLFDO�GHYLFHV��KHDOWKFDUH�DEURDG�

DQG�WUDQVSRUWDWLRQ�FRVWV�GLG�KRZHYHU�GLΊHU�EHWZHHQ�WKH�WZR�JURXSV��DOWKRXJK�ZLWK�

VPDOO�GLΊHUHQFHV�LQ�HXURV���2YHUDOO��FRVW�GLΊHUHQFHV�EHWZHHQ�WKH�KLJK��DQG�QRUPDO�

intensity hemodialysis patients amounted to €19 122, in favor of those who dialyze 

Ȱ��WLPHV�ZHHN�

Table 4.3: 7RWDO�DYHUDJH�DQQXDO�FRVWV��ț��GHSHQGLQJ�RQ�WKH�IUHTXHQF\�RI�KHPRGLDO\VLV��IRU�)<'�SDWLHQWV�
(Full Year on Dialysis) only.

Ȱ���WLPHV�SHU�ZHHN�
(n = 3142)

ȱ��WLPHV�SHU�ZHHN�
(n = 270)

Mean (Std Dev) % users Mean (Std Dev) % users

n 3142  270

Total KRT costs* € 69 744 (5067) 100% € 88 200 (10 985) 100%

Hospital costs not related to KRT € 8301 (13425) 92% € 8818 (13 968) 95%

Primary care* € 396 (607) 98% € 335 (564) 99%

Mental healthcare € 244 (2736) 5% € 47 (469) 4%

Medicationa € 4292 (3410) 98% € 4349 (3483) 99%

Medical devices* € 907 (1734) 70% € 1714 (2274) 77%

Healthcare abroad* € 169 (831) 9% € 213 (727) 13%

Transportion* € 5219 (5276) 96% € 5186 (7516) 77%

Other € 848 (4074) 20% € 379 (2803) 17%

Total average annual costs* € 90 119 (19 981) € 109 241 (23 295)


6LJQL΋FDQFH�DW�3������WZR�VLGHG�
a. Medication is all medication disctributed by the pharmacy outside the hospital. Other types of costs, 
i.e. dialysis modality and hospitalization may also include medication costs. In the Netherlands, inpatient 
PHGLFDWLRQ�LV�SDUW�RI�WKH�'5*�DQG�FDQ�WKHUHIRUH�QRW�EH�GHWHFWHG�DV�D�VHSDUDWH�H[SHQGLWXUH�LQ�FODLPV�GDWD�

4-week healthcare costs per treatment state and dialysis modality

Figure 4.2 shows the 2014 average 4-week healthcare costs of three dialysis subgroups 

(indicated as “treatment states”): (1) FYD patients, (2) incident patients, and (3) 

deceased patients. Hence, independent of the TTT or period alive, Figure 4.2 enables 

D�FRPSDULVRQ�RI�WKH�΋YH�GLDO\VLV�PRGDOLWLHV�SHU�WUHDWPHQW�VWDWH�ZKLOH�LQFOXGLQJ�DOO�

healthcare spending over the year 2014. Incident and deceased HHD patient numbers 

ZHUH�WRR�ORZ�LQ�QXPEHU�WR�DOORZ�PHDQLQJIXO�DQDO\VLV��)LJXUH�����FRQ΋UPV�WKDW�PRVW�

FRVWV�RI�)<'�DUH�UHODWHG�WR�.57��7KH�KLJKHVW���ZHHN�H[SHQGLWXUHV��ț��������ZHUH�PDGH�
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for patients starting CHD. For all dialysis modalities, incident and deceased patients 

had high non-KRT related costs, while FYD patients had low non-KRT related costs. 

The highest 4-week costs are associated with patients starting CHD and the lowest 

4-week costs were registered for stable CAPD patients.

Figure 4.2: 4-week average mean healthcare costs related to treatment states, per modality.

)<'� �IXOO�\HDU�RQ�GLDO\VLV��,QFLGHQW� �LQFLGHQW�SDWLHQWV�VWDUWLQJ�WUHDWPHQW�LQ�������'HFHDVHG� �SDWLHQWV�ZKR�
GLHG�LQ�������&+'� �&HQWHU�+HPRGLDO\VLV��++'� �+RPH�+HPRGLDO\VLV��$3'� �$XWRPDWHG�3HULWRQHDO�'LDO\VLV��
&$3'� �&RQWLQXRXV�$PEXODWRU\�3HULWRQHDO�'LDO\VLV��0L[�*URXS� �GLDO\VLV�PRGDOLW\�FKDQJHG�LQ������

Annual healthcare costs of kidney transplantation

Table 4.4 shows that the average annual healthcare costs in the year of transplantation 

are high (€85 127) and comparable to the annual healthcare costs of dialysis patients 

(€77 566 - €105 833, see Table 4.2). The annual healthcare costs decline with time after 

VXUJHU\��ZLWK�WRWDO�DQQXDO�KHDOWKFDUH�FRVWV�RI�ț�������LQ�WKH�΋UVW�DQG�ț�������LQ�WKH�

second year after successful transplantation.

At the beginning of the second year after transplantation, 911 out of 968 patients 

WUDQVSODQWHG�LQ������ZHUH�DOLYH��KRZHYHU������RI�WKHVH�SDWLHQWV�KDG�H[SHULHQFHG�JUDIW�

failure, as appeared from claims indicating another kidney transplantation or a return 

WR�GLDO\VLV��2I�WKH�SDWLHQWV�ZLWK�IXQFWLRQLQJ�JUDIW��7DEOH������ODVW�FROXPQ��Q� �������WKH�

DYHUDJH�DQQXDO�KHDOWKFDUH�H[SHQGLWXUH�ZDV�ț�����ORZHU�WKDQ�WKH�DYHUDJH�VHFRQG�\HDU�

costs of all patients alive, irrespective of graft functioning.

Annual healthcare costs of patients according to donor source

Over a three-year period (2012–2014) 1554 patients received a kidney transplant from 

a living kidney donor and 1275 patients obtained a kidney from a deceased person 

(Table 4.5). KRT related costs were most prominent in both groups, varying from 72% 

of all healthcare costs (living donor) to 75% of costs (deceased donor). Absolute KRT 
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related costs were almost €22 000 higher in deceased donor kidney recipients. This 

was mostly due to higher dialysis and transplant surgery-related costs in recipients of 

a deceased donor kidney. On average, a transplant from a deceased donor resulted 

LQ�KLJKHU�FRVWV� LQ�DOO�KHDOWKFDUH�FRPSRQHQWV��H[FHSW�GRQRU�H[SHQVHV��FRPSDUHG�

with receiving a transplant from a living donor. As a result, the total costs related 

to a deceased donor kidney transplant were substantially higher (€99 450 per year) 

compared with those of a transplant with a living donor kidney (€73 376).

Table 4.5: Total average annual costs of transplantation (year 0) by source of kidney donor (€).

Deceased donor Living donor Cost

Mean (Std Dev) % users Mean (Std Dev) % users GLΊHUHQFH

 n 1275 1554

Preparatory research € 578 (2254) 29.3% € 3083 (10 343) 58.0% € 2505 *

Transplant operation € 27 034 (12 083) 100.0% € 19 232 (9162) 100.0% -€ 7802 *

Guidance € 256 (847) 10.9% € 652 (1329) 22.4% € 396 *

After care € 7485 (11 034) 73.3% € 6244 (8287) 75.4% -€ 1241

'RQRU�H[SHQVHV € 28 (254) 1.7% € 4725 (6663) 39.9% € 4697 *

Dialysis procedure (incl. 
access) € 39 223 (24 281) 94.0% € 18 828 (23 674) 56.8% -€ 20 394 *

Total KRT costs € 74 604 (28 121) 100.0% € 52 764 (29 889) 100.0% -€ 21 839 *

Hospital (no KRT) € 10 571 (18 771) 97.6% € 8712 (16 672) 95.9% -€ 1859 *

Primary care € 249 (352) 99.5% € 243 (307) 99.2% -€ 6

Mental healthcare € 210 (2122) 6.8% € 96 (972) 5.2% -€ 114

Medicationa € 9442 (6143) 99.8% € 9051 (6703) 99.8% -€ 391 *

Medical devices € 743 (1376) 69.6% € 625 (1409) 55.5% -€ 118 *

Healthcare abroad € 317 (1578) 10.6% € 131 (868) 9.3% -€ 186

Transportation € 3001 (3934) 76.4% € 1611 (2966) 63.9% -€ 1390 *

Other € 313 (2092) 14.4% € 144 (1533) 11.6% -€ 169 *

Total average annual costs € 99 450 (36 036) 100.0% € 73 376 (38 666) 100.0% -€ 26 074 *


6LJQL΋FDQFH�DW�3������WZR�VLGHG�
a. Medication is all medication disctributed by the pharmacy outside the hospital. Other types of costs, 
i.e. dialysis modality and hospitalization may also include medication costs. In the Netherlands, inpatient 
PHGLFDWLRQ�LV�SDUW�RI�WKH�'5*�DQG�FDQ�WKHUHIRUH�QRW�EH�GHWHFWHG�DV�D�VHSDUDWH�H[SHQGLWXUH�LQ�FODLPV�GDWD�
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Discussion
2XU� VWXG\� XVLQJ� KHDOWK� LQVXUDQFH� FODLPV� VKRZHG� KLJK� H[SHQVHV� IRU� DOO� GLDO\VLV�

PRGDOLWLHV��ZLWK�DQQXDO�H[SHQGLWXUH�UDQJLQJ�EHWZHHQ�ț�������IRU�&$3'�WR�ț�������IRU�

&+'�DQG�ț��������IRU�SDWLHQWV�RI�WKH�0L[�JURXS��7KH�YDVW�PDMRULW\�RI�WRWDO�KHDOWKFDUH�

H[SHQVHV�ZDV�UHODWHG� WR�.57��3DWLHQWV�ZKR�GLDO\]HG�PRUH� IUHTXHQWO\�KDG�KLJKHU�

RYHUDOO�H[SHQGLWXUH�EHFDXVH�KLJKHU�.57�UHODWHG�FRVWV�ZHUH�QRW�FRPSHQVDWHG�E\�ORZHU�

QRQ�.57�UHODWHG�FRVWV��,Q�WKH�\HDU�RI�NLGQH\�WUDQVSODQWDWLRQ��SDWLHQWV�KDG�H[SHQVHV�

VLPLODU�WR�WKRVH�RQ�GLDO\VLV��EXW�H[SHQVHV�GHFOLQHG�VWHDGLO\�LQ�WKH�\HDUV�SRVW�WUDQVSODQW�

to €15 018 in the second year for those with a surviving graft after transplantation. 

2XU�VWXG\�IRXQG�VXEVWDQWLDO�KLJKHU�H[SHQGLWXUH�IRU�WKRVH�ZKR�UHFHLYHG�D�NLGQH\�IURP�

a deceased donor compared with a living donor.

7KH�IDFW�WKDW�GLDO\VLV�WUHDWPHQW�LV�H[SHQVLYH�FRQ΋UPV�΋QGLQJV�RI�ERWK�ROGHU123 and 

more recent63,124–128�VWXGLHV��2XU�VWXG\�DOVR�FRQ΋UPV�WKDW�H[SHQVHV�IRU�&$3'�DUH�WKH�

lowest among the dialysis modalities.131,132�2XU�VWXG\�GRHV�QRW�FRQ΋UP�REVHUYDWLRQV�

from small cohort studies showing that hemodialysis patients who dialyze more 

IUHTXHQWO\�KDYH�ORZHU�RYHUDOO�FRVWV�133–135 The higher KRT related costs of patients who 

GLDO\]H�ȱ��WLPHV�ZHHN�DSSHDUHG�QRW�WR�EH�FRPSHQVDWHG�E\�ORZHU�H[SHQVHV�IRU�RWKHU�

KHDOWKFDUH�XVH��+HUH��ZH�FDQQRW�H[FOXGH�WKH�SRVVLELOLW\�WKDW�VHOHFWLRQ�ELDV�SOD\V�D�UROH��

ZLWK�SDWLHQWV�LQ�PRUH�VHYHUH�FRQGLWLRQ�TXDOLI\LQJ�IRU�PRUH�LQWHQVLYH�GLDO\VLV��OHDYLQJ�

open the option that their costs would have been higher should they have received 

regular dialysis three times per week. As our study only concerns costs, and not health 

RXWFRPHV��PRUH�LQWHQVLYH�GLDO\VLV�LV�UHΌHFWHG�LQ�EHWWHU�SDWLHQW�RXWFRPHV��VXFK�DV�

mortality and physical health136��D�VHSDUDWH�FRVW�HΊHFWLYHQHVV�DQDO\VLV�FRPSDULQJ�

PRUH�DQG�OHVV� LQWHQVLYH�GLDO\VLV�WUHDWPHQW�ZRXOG�EH�QHHGHG�WR�΋QG�RXW�ZKHWKHU�

DGGLWLRQDO�FRVWV�DUH�EDODQFHG�E\�EHWWHU�RXWFRPHV��6XFK�D�FRVW�HΊHFWLYHQHVV�DQDO\VLV�

should be undertaken from a societal perspective, to include types of costs that we 

currently could not address, such as out-of-pocket costs of patients and productivity 

costs related to the patients’ ability to maintain employment.

([SHQVHV�IRU�SDWLHQWV�RI�WKH�0L[HG�JURXS�ZHUH�UHPDUNDEO\�KLJKHU�LQ�PDQ\�FDWHJRULHV�

of healthcare use, such as access procedures and medication. In particular, non-KRT 

UHODWHG�KRVSLWDO�FDUH�H[SHQGLWXUH�LQ�WKLV�JURXS�ZDV�KLJKHU�WKDQ�LQ�SDWLHQWV�VWDEOH�

on one dialysis modality. This suggests that the switch between dialysis modalities 

may not only be rooted in therapy failure itself, but also in the occurrence of other 

diseases that prevent continuation of the initial modality and that are associated 

with higher non-KRT costs in itself. Indeed, a study from the US137 showed infections 
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DQG�FDUGLRYDVFXODU�GLVHDVHV��PDLQO\�ΌXLG�RYHUORDG��WR�EH�WKH�PRVW�LPSRUWDQW�FDXVHV�

of a switch from peritoneal dialysis to hemodialysis. Also, patient characteristics 

such as higher BMI and having diabetes were found to be associated with a switch 

between dialysis modalities. We only had access to a few background characteristics 

RI�SDWLHQWV��VXFK�DV�DJH��VH[��DQG�WKH�QXPEHU�RI�FRPRUELGLWLHV��3DWLHQWV�VZLWFKLQJ�

EHWZHHQ�PRGDOLWLHV�ZHUH�VRPHZKDW�\RXQJHU�WKDQ�PRVW�RWKHU�GLDO\VLV�JURXSV��H[FHSW�

++'��EXW�KDG�D�VLPLODU�QXPEHU�RI�FRPRUELGLWLHV��3DWLHQW�JURXSV�PD\�KDYH�DOVR�GLΊHUHG�

with regard to other, non-measured, predictors of switching between modalities.

Our study shows a clear cost advantage of transplantation using living donor kidneys 

FRPSDUHG�ZLWK�GHFHDVHG�GRQRU�NLGQH\V��GHVSLWH�DGGLWLRQDO�KHDOWK�H[SHQVHV�IRU�WKH�

GRQRU��7KHUH�ZDV�D�ODUJH�GLΊHUHQFH�LQ�GLDO\VLV�FRVWV��L�H��WKH�GLDO\VLV�FRVWV�ZHUH�KLJKHU�

for the group who received a kidney from a deceased donor. This is likely related to 

a substantial proportion of living donor kidney procedures being pre-emptive in the 

Netherlands. Indeed, 33% of patients receiving a graft from a living donor did not 

receive dialysis at all during the year of transplantation. Other factors possibly related 

WR�ORZHU�H[SHQVHV�IRU�WKRVH�ZKR�UHFHLYH�D�OLYLQJ�GRQRU�NLGQH\�DUH�EHWWHU�VXUYLYDO138,139 

DQG�IHZHU�SRVW�RSHUDWLYH�FRPSOLFDWLRQV��7KH�ODWWHU�ZDV�FRQ΋UPHG�LQ�D�UHFHQW�-DSDQHVH�

study also using health claims data. This study showed longer hospitalization and 

more urinary tract infections, sepsis, and pneumonia in recipients of post-mortal 

donor kidneys.66�2QH�IXUWKHU�H[SODQDWLRQ�IRU�KLJKHU�RYHUDOO�FRVWV�LQ�SDWLHQWV�UHFHLYLQJ�

D�GHFHDVHG�NLGQH\�RUJDQ�LV�WKH�PRUH�IUHTXHQW�RFFXUUHQFH�RI�GHOD\HG�JUDIW�IXQFWLRQ��

associated with the need for short-term post-transplant dialysis.140

$QQXDO�FRVWV�GHFOLQH�IDVW� LQ�WKH�΋UVW�DQG�VHFRQG�\HDUV�DIWHU�WUDQVSODQWDWLRQ��ZLWK�

PHGLFDWLRQ�FRVWV�EHLQJ�WKH�KLJKHVW�����ȁ����RI�WRWDO�FRVW��FRPSRQHQW�RI�H[SHQVHV��

7KHVH� ΋JXUHV� LQFOXGH� WKRVH� IRU� QRQ�VXFFHVVIXO� WUDQVSODQWDWLRQ� �n� ������� KHQFH�

for patients with graft failure who had to return to dialysis and patients who died. 

Combined with the cost advantages of pre-emptive transplantation as discussed 

above and the ongoing shortage of deceased donor organs, this stresses the 

LPSRUWDQFH�RI�GLVFXVVLQJ�DQG�H[SORULQJ�WKH�SRVVLELOLW\�RI�D�OLYLQJ�GRQRU�WUDQVSODQWDWLRQ�

in pre-dialysis patients. Recently, the Dutch Parliament accepted a change from 

RSWLQJ�LQ�IRU�WUDQVSODQWDWLRQ�DIWHU�GHDWK�WR�DQ�RSW�RXW�V\VWHP��ZKLFK�LV�H[SHFWHG�

to increase the number of deceased donor transplantations in the future. Given the 

VPDOO�FRVW�GLΊHUHQFHV�EHWZHHQ�SUH�HPSWLYH�WUDQVSODQWDWLRQ�DQG�GHFHDVHG�GRQRU�

WUDQVSODQWDWLRQ��UHODWLYH�WR�WKH�ODUJH�FRVW�GLΊHUHQFHV�EHWZHHQ�DQ\�WUDQVSODQWDWLRQ�DQG�

GLDO\VLV��HYHU\�WUDQVSODQWDWLRQ�LV�H[SHFWHG�WR�FRQWULEXWH�WR�D�GHFUHDVH�LQ�FRVWV�RI�.57�
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Following from the source of the data, being insurance claims, we have to face several 

limitations of our data. First, we have no guarantees that all transplantation-related 

costs of living donors were registered on the ID of the recipient, with the possible 

FRQVHTXHQFH�RI�XQGHUHVWLPDWLQJ�WKH�FRVWV�RI�OLYLQJ�GRQRUV��6HFRQG��WKH�GRQRU�FRVWV�

of deceased donors are not at all part of the claims data, as these are reimbursed 

outside the basic health insurance. Moreover, societal costs (e.g. incapability to 

work) and out-of-pocket costs were not part of this study, whereas the limited time 

frame of two post-transplant years prevents us from predicting cost levels of former 

transplantation patients in later years. However, as annual costs decline fast after 

transplantation and are lowest in those without graft failure, there is no reason to 

H[SHFW�WKDW�WKH�FRVW�GLΊHUHQFH�EHWZHHQ�GLDO\VLV�DQG�KDYLQJ�D�IXQFWLRQLQJ�WUDQVSODQW�

kidney will fade out in later years.

2QH�JHQHUDO�OLPLWDWLRQ�WR�VWXG\LQJ�FRVWV�LQ�WHUPV�RI�H[SHQGLWXUH�LV�WKDW�H[SHQGLWXUH�LV�

RQO\�WR�EH�VHHQ�DV�DQ�DGPLQLVWUDWLYH�SUR[\�IRU�UHDO�FRVWV��LPSO\LQJ�WKDW�LW�LV�XQNQRZQ�

ZKHWKHU�WKHVH�FRVWV�UHΌHFW�ȉWUXHȊ�UHVRXUFH�XVH��ERWK�VWDΊ�DQG�PDWHULDO�UHVRXUFHV��

needed to provide healthcare to these patients. Another important limitation is 

WKDW�ZH�KDYH�QRW�UHODWHG�REVHUYHG�GLΊHUHQFHV�LQ�H[SHQGLWXUH�EHWZHHQ�PRGDOLWLHV�

WR�GLΊHUHQFHV�LQ�SDWLHQW�FKDUDFWHULVWLFV��DV�ZH�RQO\�KDG�OLPLWHG�LQIRUPDWLRQ�RQ�WKH�

background characteristics of patients. A previous study on dialysis patients shows 

WKDW�DJH�LV�DVVRFLDWHG�ZLWK�H[SHQGLWXUHV�ZKHUH�HOGHUO\�GLDO\VLV�SDWLHQWV�RIWHQ�KDYH�

lower healthcare costs than younger dialysis patients.141 This knowledge is important 

when interpreting the results of our study, where patients in the CHD and CAPD 

groups were somewhat older than in other dialysis groups. At least, the number 

of comorbid diseases was similar across groups. Other important characteristics, 

VXFK�DV�IUDLOW\��ZHUH�QRW�NQRZQ�WR�XV��6XPPLQJ�XS�� LW� LV� OLNHO\�WKDW�GLΊHUHQFHV� LQ�

H[SHQGLWXUHV�EHWZHHQ�PRGDOLWLHV�DUH�UHODWHG�WR��QRQ��REVHUYHG�GLΊHUHQFHV�LQ�SDWLHQW�

characteristics and not due to modality characteristics per se. We feel however that 

LQ�WKLV�VSHFL΋F�VWXG\�LW�LV�QRW�WKH�VWDWLVWLFDO�VLJQL΋FDQFH�RI�FRVW�GLΊHUHQFHV�EHWZHHQ�

JURXSV�WKDW�LV�RI�SULPDU\�LQWHUHVW��EXW�PRUH�WKH�DFWXDO�GLΊHUHQFHV�LQ�H[SHQVHV��DV�

these are meaningful for health insurers and health policymakers.

Strengths of our study include the national coverage (>99% of the population) of 

our data, the inclusion of all KRT modalities, the inclusion of all healthcare use 

covered by the Health Insurance Act and not only the part that is related to KRT, 

the good validation of the data with another national database of KRT patients, and 

data coverage over a three-year period. We used a rigorous approach of classifying 
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SDWLHQWV�LQWR�RQH�RI�΋YH�GLDO\VLV�JURXSV�DQG�WZR�GLΊHUHQW�WUDQVSODQWDWLRQ�JURXSV�DQG�

H[FOXGHG�DOO�SDWLHQWV�ZLWK�HUURQHRXV�RU�WHPSRUDU\�.57�FODLPV��DV�ZHOO�DV�SDWLHQWV�

for whom we had diverging information, e.g. with regard to the weekly number of 

GLDO\VLV�SURFHGXUHV��)RU�WKH�LQFOXGHG�SDWLHQWV�ZH�KDYH�KLJK�OHYHOV�RI�FRQ΋GHQFH�WKDW�

H[SHQGLWXUH�΋JXUHV�FDQ�EH�DWWULEXWHG�FRUUHFWO\�WR�WKH�GLDO\VLV�PRGDOLW\��)XUWKHUPRUH��

DV�D�FRQVHTXHQFH�RI�RXU�DVVLJQPHQW�RI�SDWLHQWV�WR�GLΊHUHQW�WUHDWPHQW�JURXSV��ZH�

ZHUH�DEOH�WR�VKRZ�D�FOHDU�SLFWXUH�RI�FRVW�GLΊHUHQFHV�EHWZHHQ�VWDEOH�SDWLHQWV�XVLQJ�

GLΊHUHQW�GLDO\VLV�PRGDOLWLHV��%HFDXVH�ZH�SUHVHQW�FRVW�GDWD�DOVR�IRU�SHULRGV�RI���ZHHNV��

we could show that incident and deceased patients have much higher non-KRT related 

costs than patients who are stable on one dialysis modality.

Our data stress the fact that CAPD has a clear cost advantage compared with other 

home-based therapy and CHD. Starting as many patients as possible on CAPD could 

UHGXFH�WKH�KLJK�EXGJHW�LPSDFW�RI�.57�WR�D�FHUWDLQ�H[WHQW��$SSUR[LPDWHO\������SDWLHQWV�

start dialysis treatment annually in the Netherlands, of whom 20% start PD (CAPD 

and APD aggregated).120 It is clear that not all patients are suitable candidates to start 

ZLWK�3'��DQG�WKDW�D�PLVPDWFK�EHWZHHQ�WKH�UHTXLUHPHQWV�RI�WKH�GLDO\VLV�PRGDOLW\�DQG�

WKH�SDWLHQWȆV�FDSDFLW\�PD\�KDYH�GHWULPHQWDO�HΊHFWV��ERWK�RQ�FRVWV�DQG�RXWFRPHV��

However, historically, much higher numbers have started with peritoneal dialysis 

LQ�WKH�1HWKHUODQGV��DQG�HYHQ�WRGD\��FHQWHU�GLΊHUHQFHV�LQ�SDWLHQWV�VWDUWLQJ�ZLWK�3'�

range from 1% to 46%. This leaves us to conclude that advantages of several million 

euros annually could be reached if a start on PD would be considered more often. 

Obviously, careful pre-dialysis education followed by shared decision-making should 

HQVXUH�WKDW�RQO\�SDWLHQWV�ZKR�DUH�΋W�IRU�3'�DUH�VHOHFWHG�WR�VWDUW�ZLWK�WKLV�PRGDOLW\��

Furthermore, recent research suggested that the utmost should be done to prevent 

the progression of kidney diseases to kidney failure, and that prevention holds the 

promise of spending fewer healthcare resources on KRT.69,141,142

:H�FRQFOXGH�WKDW�DQQXDO�KHDOWKFDUH�H[SHQGLWXUHV�RI�.57�SDWLHQWV�DUH�KLJK�ZKLOH�

VKRZLQJ�UHOHYDQW�GLΊHUHQFHV�EHWZHHQ�GLDO\VLV�PRGDOLWLHV�DW�WKH�VDPH�WLPH��)UHTXHQW�

KHPRGLDO\VLV�SDWLHQWV�KDYH�KLJKHU�.57�UHODWHG�H[SHQGLWXUH�FRPSDUHG�ZLWK�SDWLHQWV�

ZLWK�UHJXODU�GLDO\VLV�IUHTXHQF\�ZLWK�VLPLODU�QRQ�.57�FRVWV��'LDO\VLV�SDWLHQWV�RI�WKH�

0L[�JURXS�KDYH�WKH�KLJKHVW�DQQXDO�H[SHQGLWXUH��LQ�SDUWLFXODU�LQ�WKH�.57�XQUHODWHG�

costs. Annual healthcare costs in the year of transplantation are high but decline fast 

in the years after transplantation. Living donor kidney transplantation incurs lower 

costs compared with transplantation with a deceased donor kidney. Therefore, our 

results indicate that the current practice in the Netherlands, where (pre-emptive) 



85

Healthcare costs of patients on KRT

4

living donor procedures are actively encouraged by nephrologists, is associated with 

cost advantages in both the short and longer term. At the same time, the budget 

LPSDFW�RI�.57�FRXOG�EH�GLPLQLVKHG�WR�D�FHUWDLQ�H[WHQW�ZKHQ�PRUH�SDWLHQWV�ZRXOG�

start treatment with home-based therapies, especially CAPD.
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Abstract
Background 7KH�΋QDQFLDO�EXUGHQ�RI�FKURQLF�NLGQH\�GLVHDVH��&.'��LV�LQFUHDVLQJ�GXH�

to the aging population and increased prevalence of comorbid diseases. Our aim was 

WR�HYDOXDWH�DJH�UHODWHG�GLΊHUHQFHV�LQ�KHDOWKFDUH�XVH�DQG�FRVWV�LQ�6WDJH�*��*��&.'�

without kidney replacement therapy (KRT), dialysis, and kidney transplant patients 

and compare them with the general population.

Methods 8VLQJ�'XWFK�KHDOWKFDUH�FODLPV��ZH�LGHQWL΋HG�&.'�SDWLHQWV�DQG�GLYLGHG�WKHP�

into three groups: CKD Stage G4-G5 without KRT, dialysis, and kidney transplantation. 

We matched them with two controls per patient. Total healthcare costs and hospital 

costs unrelated to CKD treatment are presented in four age categories (19–44, 45–64, 

��ȁ����DQG�ȱ��Ʉ\HDUV��

Results 2YHUDOO��KHDOWKFDUH�FRVWV�RI�&.'�SDWLHQWV�ȱ��Ʉ\HDUV�RI�DJH�ZHUH�ORZHU�WKDQ�

FRVWV�RI�SDWLHQWV���ȁ��Ʉ\HDUV�RI�DJH��,Q�GLDO\VLV�SDWLHQWV��FRVWV�ZHUH�KLJKHVW�LQ�SDWLHQWV�

��ȁ��Ʉ\HDUV�RI�DJH��6LQFH�FRVWV�RI�FRQWUROV�LQFUHDVHG�JUDGXDOO\�ZLWK�DJH��WKH�FRVW�UDWLR�

RI�SDWLHQWV�YHUVXV�FRQWUROV�ZDV�KLJKHVW�LQ�\RXQJ�SDWLHQWV����ȁ��Ʉ\HDUV���&.'�SDWLHQWV�

were in greater need of additional specialist care than the general population, which 

was already evident in young patients.

Conclusion Already at a young age and in the earlier stages of CKD, patients are in 

QHHG�RI�DGGLWLRQDO�FDUH�ZLWK�FRUUHVSRQGLQJ�KHDOWKFDUH�FRVWV�IDU�H[FHHGLQJ�WKRVH�RI�

the general population. In contrast to the general population, the oldest patients 

�ȱ��Ʉ\HDUV��RI�DOO�&.'�SDWLHQW�JURXSV�KDYH�ORZHU�FRVWV�WKDQ�SDWLHQWV���ȁ��Ʉ\HDUV�RI�

DJH��ZKLFK�LV�ODUJHO\�H[SODLQHG�E\�ORZHU�KRVSLWDO�DQG�PHGLFDWLRQ�FRVWV�
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Introduction
Patients with chronic kidney disease (CKD), including those needing kidney replacement 

WKHUDS\��.57���FRQWULEXWH�VLJQL΋FDQWO\�WR�KHDOWKFDUH�H[SHQGLWXUHV�70,122,123,142,143 The 

prevalence of CKD is increasing as a result of both population aging and the increasing 

SUHYDOHQFH�RI�GLVHDVHV�OLNH�K\SHUWHQVLRQ�DQG�GLDEHWHV�PHOOLWXV��7KHUHIRUH�WKH�΋QDQFLDO�

burden for society is also likely to increase substantially.131,144,145

,PSRUWDQW�IDFWRUV�DΊHFWLQJ�WKH�KLJK�KHDOWKFDUH�FRVWV�RI�SDWLHQWV�ZLWK�&.'�LQFOXGH�

VSHFL΋F�NLGQH\�WUHDWPHQW�FRVWV�DQG�WKH�IDFW�WKDW�D�VLJQL΋FDQW�QXPEHU�RI�SDWLHQWV�

need additional care for their CKD-related comorbid conditions.146 Nevertheless, it 

is largely unknown how many patients need additional care and for which diagnosis 

this additional care is needed. Since studies have shown that the prevalence of 

comorbidities in young patients is lower than in the elderly and that the burden of 

comorbidities in CKD patients increases with age, attention has mainly been drawn 

to the clinical management of elderly CKD patients. However, the impact of age on 

healthcare use and costs of CKD-related comorbidities has rarely been studied.90,147

%HWWHU�NQRZOHGJH�RI�WKH�DJH�UHODWHG�GLΊHUHQFHV�LQ�KHDOWKFDUH�XVH�DQG�FRVWV�OHDGV�WR�D�

EHWWHU�XQGHUVWDQGLQJ�RI�WKH�LPSDFW�RI�FRPRUELGLWLHV�RQ�&.'�SDWLHQWV�LQ�GLΊHUHQW�DJH�

FDWHJRULHV�DQG�ZLOO�SRWHQWLDOO\�OHDG�WR�LPSURYHG��DJH�VSHFL΋F��FOLQLFDO�PDQDJHPHQW�RI�

CKD patients. Furthermore, a comparison with care delivered to individuals of similar 

DJH�LQ�WKH�JHQHUDO�SRSXODWLRQ�LV�QHHGHG�WR�JDLQ�LQVLJKWV�LQWR�WKH�H[WUD�FDUH�SURYLGHG�WR�

CKD patients and the additional costs. Therefore the aim of this study was to assess 

WKH�DJH�UHODWHG�GLΊHUHQFHV�LQ�KHDOWKFDUH�XVH�DQG�FRVWV�RI�SDWLHQWV�ZLWK�DGYDQFHG�

CKD (Stage G4-G5) without KRT, on dialysis and kidney transplant patients, and to 

compare the results with the general population.

Methods

Data

To identify kidney patients and to study healthcare costs, we used Dutch healthcare 

claims from 2016. These claims are related to all healthcare procedures covered by 

the Health Insurance Act, including the costs of compulsory co-payments.30 The Vektis 

database contains healthcare claims and demographic data from all health insurance 

companies in the Netherlands. The database covers 99% of all insured residents, and 

since healthcare insurance is obligatory in the Netherlands, almost all Dutch residents 

are insured (99%).
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'HPRJUDSKLF�GDWD�LQFOXGH�WKH�\HDU�RI�ELUWK��VH[��SRVWDO�FRGH��DQG�GDWH�RI�GHDWK��LI�

applicable. A person’s socio-economic status (SES) was determined by the Netherlands 

Institute for Social Research and was based on a person’s postal code.31 The SES score 

LV�D�UHΌHFWLRQ�RI�WKH�PHDQ�LQFRPH��HGXFDWLRQ��DQG�SRVLWLRQ� LQ�WKH� ODERXU�PDUNHW�

of people living in a postal code area. The mean SES score has been set at 0 and 

UDQJHV�IURP�Ȫ�����WR������� ORZHU�VFRUHV�LQGLFDWLQJ�D� ORZHU�6(6�DQG�KLJKHU�VFRUHV�

indicating a higher SES. To ensure privacy, Vektis pseudonymized the persons’ national 

LGHQWL΋FDWLRQ�QXPEHU�DQG�DOORZHG�GDWD�DFFHVV�RQO\�LQ�D�VHFXUHG�HQYLURQPHQW�

Study population

:H�VHOHFWHG�DGXOW�SDWLHQWV��L�H��ȱ��Ʉ\HDUV�RI�DJH��ZLWK�DGYDQFHG�&.'�>6WDJH�*��ZLWK�

DQ�HVWLPDWHG�JORPHUXODU�΋OWUDWLRQ�UDWH��H*)5��RI���ȁ��ɄP/�PLQ�����ɄP2 and Stage 

*��ZLWK�DQ�H*)5�Ȱ��ɄP/�PLQ�����ɄP2] with or without KRT using healthcare claims in 

the year 2016 and who were alive and insured during the whole year. Patients with 

LQFRPSOHWH�GDWD�RQ�\HDU�RI�ELUWK�RU�VH[�ZHUH�H[FOXGHG�IURP�WKH�DQDO\VLV��3DWLHQWV�

ZHUH�GLYLGHG�LQWR�IRXU�DJH�FDWHJRULHV��\RXQJ����ȁ��Ʉ\HDUV���PLGGOH�DJHG����ȁ��Ʉ\HDUV���

HOGHUO\����ȁ��Ʉ\HDUV���DQG�ȱ��Ʉ\HDUV�RI�DJH�

CKD patients were divided into three groups: CKD Stage G4-G5 patients without KRT, 

CKD patients with dialysis treatment, and CKD patients with a kidney transplantation. 

A detailed list of all diagnosis-related groups (DRGs) used for allocation to groups is 

provided in an RQOLQH�VXSSOHPHQWDU\�΋OH.

CKD Stage G4-G5 We selected patients with CKD Stage G4-G5 not treated with KRT. 

In the Netherlands, DRGs are based on healthcare claims of specialist care delivered 

LQ�WKH�KRVSLWDO��3ULPDU\�FDUH�KDV�QR�FRPSDUDEOH�GLVHDVH�VSHFL΋F�KHDOWKFDUH�FODLPV��

Hence we were unable to identify patients with CKD Stage G4-G5 treated solely in 

primary care. Patients with health claims for dialysis or kidney transplantation and 

WKRVH�ZKR�GLHG�LQ�WKH�VDPH�\HDU�ZHUH�H[FOXGHG�IURP�WKLV�JURXS�

Dialysis We selected CKD patients who were on dialysis treatment in 2016 for the 

entire year regardless of their dialysis modality. Patients who started dialysis, received 

D�NLGQH\�WUDQVSODQW�RU�GLHG�LQ������ZHUH�H[FOXGHG��$QDO\VHV�ZHUH�SHUIRUPHG�IRU�WKH�

whole dialysis group and separately for hemodialysis and peritoneal dialysis.

Kidney transplantation We selected CKD patients with a health claim for a new 

kidney transplantation or for follow-up care after a kidney transplantation during 

������:H�H[FOXGHG�WUDQVSODQW�SDWLHQWV�ZKR�VWDUWHG�GLDO\VLV�RU�GLHG�LQ������

https://oup.silverchair-cdn.com/oup/backfile/Content_public/Journal/ndt/35/12/10.1093_ndt_gfz146/1/gfz146_supplementary_data.zip?Expires=1640220382&Signature=2ZAY32T47c7qozaVMF3mfvi1CbPOCtq85ZGWRZSwIi1eC45DAMtZ5jlPeR3oVxyeBJ3WH3HIben~iUhfwawTlqxos~Tr4fBaT2pFd8ldZxvkADsV5TAlVTM0HmkA9-n6udKNLC9sG6zar~s-Bq1e2rVEoeBgSjavrszK53gMDr9a~SCWK7jNq9~NHeeQn8JIBlCEoQBDAnpievrWSFqhn-8YSSaeYVTVOATobPs0PSXK4OPyezNLeV5BdVLk2~sw3bFNk4rBAtrGcDWFcELcJKAomJP3dGIwhX-fNbX~JwcKY1FmGZJvYzJenelQFOPFepKf5zE1KPEalgO2Fxd0xQ__&Key-Pair-Id=APKAIE5G5CRDK6RD3PGA
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Controls For every patient in each patient group, we randomly selected two controls, 

PDWFKHG�IRU�DJH��VH[��DQG�6(6�VFRUH��IRXU�JURXSV�EDVHG�RQ�TXDUWLOHV���&RQWUROV�ZHUH�

randomly selected out of the entire Vektis database, provided they had no healthcare 

FODLP�IRU�&.'��,Q�ERWK�FDVHV�DQG�FRQWUROV��SDWLHQWV�RI�ȱ��Ʉ\HDUV�RI�DJH�ZHUH�FOXVWHUHG�

Cost variables

The Vektis data contain DRG claims related to the use of healthcare resources. As 

DRG claims are based on negotiated administrative prices for high-level groups of 

GLDJQRVHV��WKH�H[SHQVHV�DUH�DQ�DSSUR[LPDWLRQ�RI�WKH�UHDO�FRVWV��)RU�HDVH�RI�UHIHUHQFH��

ZH�ZLOO�UHIHU�WR�WKHVH�H[SHQVHV�DV�ȅFRVWVȆ��&RVWV�ZHUH�H[SUHVVHG�SHU�FDOHQGDU�\HDU��7KH�

total annual costs consisted of all costs reimbursed through health insurance in a year.

Total healthcare costs encompassed costs of primary care, specialist care delivered in 

the hospital (inpatient and outpatient), mental health care, prescription medication 

�H[FOXGLQJ�PHGLFDWLRQ�DGPLQLVWHUHG�LQ�D�KRVSLWDO�DQG�GXULQJ�GLDO\VLV�WUHDWPHQW��DV�

these are covered by the respective hospital DRGs), transportation and other costs. It 

should be noted that, in the Netherlands, some prescribed drugs need (co-)payment 

by the patient. A patient’s costs for drugs not covered by the healthcare system 

(including over-the-counter drugs) are not included in the health claims database 

and are therefore not covered in our study. Hospital costs are based on DRG claims: 

the reimbursement of a DRG is a negotiated price covering all costs related to the 

GLDJQRVLV�DQG�WUHDWPHQW��LQFOXGLQJ��IRU�H[DPSOH��DOO�ODERUDWRU\�DVVHVVPHQWV�DQG�RWKHU�

diagnostics (e.g. chest X-ray, echocardiographs, or electrocardiograms).

Hospital costs related to CKD included the costs of all DRG claims for nephrological 

inpatient and outpatient care, costs of dialysis (including access surgery and 

maintenance), and the costs of kidney transplant care (including the costs for 

transplant surgery). Moreover, these DRGs encompassed costs for hospital admission 

related to CKD, medication administered in the hospital and during dialysis treatment, 

VWDΊ�FRVWV��VXFK�DV�SK\VLFLDQ�IHHV���DQG�GLDJQRVWLF�SURFHGXUHV�UHODWHG�WR�&.'�

Hospital costs unrelated to CKD were all other inpatient and outpatient DRG costs. 

Since DRGs are categorized by medical specialty, we were able to categorize hospital 

costs into the costs related to consultation of internists, cardiologists, dermatologists, 

and surgeons, as these four medical specialties are of special importance to CKD 

patients. In the Netherlands, specialist consultation is carried out in a hospital 

(inpatient and outpatient care) and therefore all specialist care costs were included 

in this study. Costs were estimated by calculating the average costs of all DRG claims 
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DVVLJQHG�WR�WKH�VSHFL΋HG�PHGLFDO�VSHFLDOWLHV��:LWKLQ�WKH�JURXSV�RI�VSHFLDOLVW�FDUH��ZH�

DQDO\]HG�WKH�PRVW�IUHTXHQWO\�FODLPHG�'5*�FRGHV�SHU�\HDU�

Statistical analysis

:H�XVHG�GHVFULSWLYH�VWDWLVWLFV�WR�H[DPLQH�WKH�FKDUDFWHULVWLFV�RI�WKH�SDWLHQW�JURXSV�DQG�

their matched controls in four age categories. The average annual costs are presented 

as mean per person with 25th and 75th percentiles. We used percentiles instead of 

standard deviations, as these better represent the distribution of the data. Cost ratios 

were calculated by dividing the mean healthcare costs of patients by the mean costs 

of matched controls. Moreover, we calculated the percentage of users per group 

WKDW�LQFXUUHG�FRVWV�IRU�FDUH�LQ�WKDW�VSHFL΋F�FRVW�FDWHJRU\��6WDWLVWLFDO�DQDO\VHV�ZHUH�

performed using SAS, version 9.4 (SAS Institute, Cary, NC, USA).

Results

Baseline characteristics

:H�LGHQWL΋HG��������SDWLHQWV�ZLWK�&.'�6WDJH�*��*��QRW�RQ�.57�������GLDO\VLV�SDWLHQWV��

and 9260 patients with a functioning kidney transplant (Table 5.1). Eight percent of 

WKHVH�WUDQVSODQW�SDWLHQWV�ZHUH�LQ�WKH�΋UVW�\HDU�RI�WUDQVSODQWDWLRQ�� OHDYLQJ�����RI�

patients who were in later years after a successful transplantation. Of CKD Stage 

G4-G5 patients not on KRT, 2% were categorized as young, 14% as middle-aged, 26% 

DV�HOGHUO\��DQG�����DV�ȱ��Ʉ\HDUV��,Q�GLDO\VLV�SDWLHQWV��WKHVH�ZHUH���������������DQG�

41% and in transplant patients 21%, 48%, 25%, and 6%, respectively. In all age groups, 

more than half of the patients were men. The median SES scores were similar. The 

PDWFKLQJ�ZDV�VXFFHVVIXO�ZLWK�UHVSHFW�WR�DJH�DQG�VH[��7DEOH������

Total healthcare costs

Average annual costs and cost ratios Figure 5.1 shows average annual costs for all 

three patient groups per age category and the cost ratios between patients and their 

controls. Total healthcare costs of dialysis patients were higher than those of CKD 

6WDJH�*��*��RU�WUDQVSODQW�SDWLHQWV��)LJXUH�������2YHUDOO��WKH�FRVWV�RI�SDWLHQWV�ȱ��Ʉ\HDUV�

RI�DJH�ZHUH�ORZHU�WKDQ�WKH�FRVWV�RI�SDWLHQWV���ȁ��Ʉ\HDUV�RI�DJH��WKH�DJH�FDWHJRU\�ZLWK�

the highest costs. In dialysis patients, costs were highest in middle-aged patients. 

Costs for patients on peritoneal dialysis were lower than for hemodialysis patients 

in all age groups (see RQOLQH�VXSSOHPHQWDU\�΋OH).

https://academic.oup.com/ndt/article/35/12/2138/5584281#supplementary-data
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Young CKD Stage G4-G5 patients had 7.6 times higher costs than controls, whereas 

FRVWV�ZHUH�����WLPHV�KLJKHU�LQ�SDWLHQWV�ȱ��Ʉ\HDUV�RI�DJH��)LJXUH�������<RXQJ�GLDO\VLV�

patients had 69.1 times higher costs than controls and this cost ratio decreased to 

15.9 in the oldest patients. Costs of young transplant patients were 12.4 times higher 

WKDQ�FRQWUROV��GHFUHDVLQJ�WR�����LQ�SDWLHQWV�ȱ��Ʉ\HDUV�RI�DJH�

Costs per segment of healthcare�7RWDO�KHDOWKFDUH�FRVWV�FDQ�EH�GLΊHUHQWLDWHG�LQWR�

VL[�PDLQ�VHJPHQWV�RI�KHDOWKFDUH�>L�H��SULPDU\�FDUH��VSHFLDOLVW�FDUH�GHOLYHUHG�LQ�WKH�

hospital (inpatient and outpatient), mental health care, prescription medication, 

transportation, and other costs] (see RQOLQH�VXSSOHPHQWDU\�΋OH). Young CKD patients 

had 9.9 times higher medication costs than controls, which decreased to 2.7 in 

SDWLHQWV�ȱ��Ʉ\HDUV�RI�DJH��0HGLFDWLRQ�FRVWV�RI�\RXQJ�GLDO\VLV�SDWLHQWV�ZHUH������WLPHV�

KLJKHU�WKDQ�WKRVH�RI�FRQWUROV�DQG�GHFUHDVHG�WR����LQ�SDWLHQWV�ȱ��Ʉ\HDUV�RI�DJH��,Q�

transplantation patients, medications costs were 43.0 times higher in young patients 

and 6.6 times higher in the oldest patients compared with controls.

Hospital costs related to the treatment of CKD

Average annual costs $SSUR[LPDWHO\�����RI�WRWDO�KHDOWKFDUH�FRVWV�RI�GLDO\VLV�SDWLHQWV�

were related to kidney treatment, and this was ~10% for CKD Stage G4-G5 and roughly 

20% for transplantation (see RQOLQH�VXSSOHPHQWDU\�΋OH). Costs for CKD Stage G4-G5 

SDWLHQWV�UDQJHG�IURP�ț�����LQ�SDWLHQWV�ȱ��Ʉ\HDUV�RI�DJH�WR�ț�����LQ�PLGGOH�DJHG�

patients. In both dialysis and transplant patients, costs were highest in young patients 

�ț�������DQG�ț������UHVSHFWLYHO\��DQG�ORZHVW�LQ�SDWLHQWV�ȱ��Ʉ\HDUV�RI�DJH��ț�������

and €3 838, respectively).

Hospital costs unrelated to the treatment of CKD

Average annual costs and cost ratios Hospital costs unrelated to kidney treatment 

in dialysis patients were higher than those in controls, in particular in middle-aged 

dialysis patients (€10 989 versus €1272) (Figure 5.2). At 13.0, the cost ratio was highest 

LQ�\RXQJ�GLDO\VLV�SDWLHQWV��GHFOLQLQJ�WR����� LQ�SDWLHQWV�ȱ��Ʉ\HDUV�RI�DJH��&RVWV� IRU�

peritoneal dialysis patients were lower than costs for hemodialysis patients in all 

age groups (see RQOLQH�VXSSOHPHQWDU\�΋OH). The decrease in cost ratios with age was 

similar for both dialysis modalities. Also in CKD Stage G4-G5 and transplant patients, 

these costs were markedly higher than those in controls, and the cost ratios, again, 

showed that this is especially true at a younger age. In CKD Stage G4-G5 patients, 

cost ratios decreased with age from 8.1 to 2.1, comparable to transplant patients, in 

whom cost ratios declined from 7.1 to 2.5.

https://academic.oup.com/ndt/article/35/12/2138/5584281#supplementary-data
https://academic.oup.com/ndt/article/35/12/2138/5584281#supplementary-data
https://academic.oup.com/ndt/article/35/12/2138/5584281#supplementary-data
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Table 5.1: Baseline characteristics of CKD Stage G4-G5 not on KRT, dialysis, and kidney transplant patients 
and matched controls by age category.

Age group

CKD Stage G4-G5 Dialysis Kidney transplantation

Patients Controls Patients Controls Patients Controls

Age 20–44 years

Ⱦn (%) 388 (2) 776 (2) 315 (7) 630 (7) 1908 (21) 3816 (21)

Ⱦ$JH��\HDUV���PHGLDQ�
Ⱦ���WKȁ��WK�SHUFHQWLOH�

38 
(32–42)

38 
(32–42)

37 
(31–41)

37 
(31–41)

37 
(30–41)

37 
(30–41)

Ⱦ6H[��PDOH���� 54 54 59 59 60 60

Ⱦ6(6�VFRUH��PHGLDQ�
Ⱦ���WKȁ��WK�SHUFHQWLOH�

Ȫ����
�Ȫ���ȁ����

Ȫ����
�Ȫ���ȁ����

Ȫ����
�Ȫ���ȁ����

Ȫ����
�Ȫ���ȁ����

Ȫ����
�Ȫ���ȁ����

Ȫ����
�Ȫ���ȁ����

Age 45–64 years

Ⱦn (%) 2502 (14) 5004 (14) 1163 (26) 2326 (26) 4489 (48) 8978 (48)

Ⱦ$JH��\HDUV���PHGLDQ�
Ⱦ���WKȁ��WK�SHUFHQWLOH�

59 
(54–62)

59 
(54–62)

57 
(52–61)

57 
(52–61)

55 
(51–60)

55 
(51–60)

Ⱦ6H[��PDOH���� 52 52 59 59 60 60

Ⱦ6(6�VFRUH��PHGLDQ�
Ⱦ(25th–75th percentile)

Ȫ����
�Ȫ���ȁ����

Ȫ����
�Ȫ���ȁ����

Ȫ����
�Ȫ���ȁ����

Ȫ����
�Ȫ���ȁ����

Ȫ����
�Ȫ���ȁ����

Ȫ����
�Ȫ���ȁ����

Age 65–74 years

Ⱦn (%) 4705 (26) 9410 (26) 1166 (26) 2332 (26) 2267 (24) 4534 (24)

Ⱦ$JH��\HDUV���PHGLDQ�
Ⱦ���WKȁ��WK�SHUFHQWLOH�

70 
(68–72)

70 
(68–72)

70 
(68–72)

70 
(68–72)

69 
(67–71)

69 
(67–71)

Ⱦ6H[��PDOH���� 58 58 58 58 60 60

Ⱦ6(6�VFRUH��PHGLDQ�
Ⱦ���WKȁ��WK�SHUFHQWLOH�

Ȫ����
�Ȫ���ȁ����

Ȫ����
�Ȫ���ȁ����

Ȫ����
�Ȫ���ȁ����

Ȫ����
�Ȫ���ȁ����

Ȫ����
�Ȫ���ȁ����

Ȫ����
�Ȫ���ȁ����

$JH�ȱ���\HDUV

Ⱦn (%) 10 745 (59) 21 490 (59) 1830 (41) 3660 (41) 598 (6) 1196 (6)

Ⱦ$JH��\HDUV���PHGLDQ�
Ⱦ���WKȁ��WK�SHUFHQWLOH�

82 
(78–86)

82 
(78–86)

81
(78–84)

81 
(78–84)

77 
(76–79)

77 
(76–79)

Ⱦ6H[��PDOH���� 53 53 58 58 60 60

Ⱦ6(6�VFRUH��PHGLDQ�
Ⱦ���WKȁ��WK�SHUFHQWLOH�

Ȫ����
�Ȫ���ȁ����

Ȫ����
�Ȫ���ȁ����

Ȫ����
�Ȫ���ȁ����

Ȫ����
�Ȫ���ȁ����

Ȫ����
�Ȫ���ȁ����

Ȫ����
�Ȫ���ȁ����
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Figure 5.1: Total annual healthcare costs of CKD Stage G4-G5 not on KRT, dialysis, and kidney transplant 
patients versus matched controls.


'HQRWHV�WKH�SHUFHQWDJH�RI�XVHUV�SHU�JURXS�WKDW�LQFXUUHG�FRVWV�IRU�FDUH�LQ�WKDW�VSHFL΋F�FRVW�FDWHJRU\�

Percentage healthcare users In CKD Stage G4-G5 patients, as well as in transplant 

recipients, hospital costs unrelated to the treatment of CKD were already substantial 

at a young age (€4020 and €4181, respectively) (Figure 5.2). More than 70% of these 

young patients used this care compared with only 30% of young controls. In CKD Stage 

*��*��SDWLHQWV�ȱ��Ʉ\HDUV�RI�DJH������XVHG�KRVSLWDO�FDUH�XQUHODWHG�WR�WKH�WUHDWPHQW�

RI�&.'��DQG�����RI�WUDQVSODQW�SDWLHQWV�ȱ��Ʉ\HDUV�RI�DJH�XVHG�KRVSLWDO�FDUH�XQUHODWHG�

to treatment compared with ~70% of controls. Remarkably, 88% of young dialysis 

patients needed additional hospital care versus 31% of controls. This increased to 

93% in the oldest dialysis patients compared with 73% of controls.
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Figure 5.2: Hospital costs unrelated to the treatment of CKD Stage G4-G5 not on KRT, dialysis, and kidney 
transplant patients versus hospital costs of matched controls.


'HQRWHV�WKH�SHUFHQWDJH�RI�XVHUV�SHU�JURXS�WKDW�LQFXUUHG�FRVWV�IRU�FDUH�LQ�WKDW�VSHFL΋F�FRVW�FDWHJRU\�

Annual healthcare costs and healthcare utilization per medical specialty

Figures 5.3a and 5.3b and the RQOLQH�VXSSOHPHQWDU\�΋OH, show that CKD Stage G4-G5, 

dialysis, and kidney transplant patients had 1.5–93.4 times higher costs related to care 

of internal medicine, cardiologists, dermatologists, and surgeons. In all categories, 

cost ratios were high in young patients and decreased with age.

Internal medicine Almost 40% of all CKD Stage G4-G5 patients needed internal 

medicine care (Figure 5.3a). In young dialysis patients, 43% received internal medicine 

https://academic.oup.com/ndt/article/35/12/2138/5584281#supplementary-data
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FDUH�� LQFUHDVLQJ�WR�a����LQ�HOGHUO\�SDWLHQWV�� ,Q�GLDO\VLV�SDWLHQWV�ȱ��Ʉ\HDUV�RI�DJH��

this was 44%. This proportion was 27% in young transplant patients and increased 

with age. Regardless of age, most resources were spent on care related to diabetes 

mellitus and infectious diseases (i.e. sepsis/bacteremia and pneumonia) (see online 

VXSSOHPHQWDU\�΋OH). In controls, diabetes mellitus–related care was also the major 

part of internal medicine care. In addition, the majority of claims in the elderly controls 

were related to oncology care (breast cancer).

Cardiology A total of 43% of young dialysis patients needed cardiology care compared 

with 2% of controls (Figure 5.3b). This increased to 54% and 58% in middle-aged and 

elderly patients, respectively, compared with 8% and 16% in controls, respectively. With 

15% and 11% use of cardiology care in young CKD Stage G4-G5 and transplantation 

patients, respectively, this was substantially higher than controls (2%). Almost half of 

DOO�&.'�6WDJH�*��*��SDWLHQWV�ȱ��Ʉ\HDUV�RI�DJH�YLVLWHG�D�FDUGLRORJLVW�DW�OHDVW�RQFH�D�\HDU�

Cardiology claims in patients were mostly related to ischemia-related disorders (i.e. 

angina pectoris, acute coronary syndrome, or follow-up after coronary angioplasty 

or coronary artery bypass graft), whereas in controls the majority of cardiology care 

was assigned to ischemia-related disorders and cardiac arrhythmia disorders (see 

RQOLQH�VXSSOHPHQWDU\�΋OH).

Dermatology $OPRVW� RQH�TXDUWHU� RI� \RXQJ� DQG� PRUH� WKDQ� KDOI� RI� WUDQVSODQW�

UHFLSLHQWV�ȱ��Ʉ\HDUV�RI�DJH�XVHG�GHUPDWRORJ\�UHVRXUFHV��FRPSDUHG�ZLWK����DQG�����RI�

controls, respectively (see RQOLQH�VXSSOHPHQWDU\�΋OH). In CKD Stage G4-G5 and dialysis 

patients, this ranged from 7% to 25%. In all patients, the treatment of malignant and 

premalignant skin lesions was the most common reason for dermatological care; 

����RI�HOGHUO\�WUDQVSODQW�SDWLHQWV�DQG�����RI�WUDQVSODQW�SDWLHQWV�ȱ��Ʉ\HDUV�RI�DJH�

needed dermatological care for these reasons, compared with only 6% and 10% of 

controls, respectively.

Surgery Twenty-nine percent of young dialysis patients and 40% of elderly patients 

needed surgical care versus 5% and 12% of controls, respectively (see online 

VXSSOHPHQWDU\�΋OH). In the oldest dialysis patients, this was 35%. For both CKD Stage 

*��*��DQG�WUDQVSODQW�SDWLHQWV��VXUJHU\�FRVWV�ZHUH�ORZHU�IRU�SDWLHQWV�ȱ��Ʉ\HDUV�RI�DJH�

WKDQ�IRU�SDWLHQWV���ȁ��Ʉ\HDUV�RI�DJH�

https://academic.oup.com/ndt/article/35/12/2138/5584281#supplementary-data
https://academic.oup.com/ndt/article/35/12/2138/5584281#supplementary-data
https://academic.oup.com/ndt/article/35/12/2138/5584281#supplementary-data
https://academic.oup.com/ndt/article/35/12/2138/5584281#supplementary-data
https://academic.oup.com/ndt/article/35/12/2138/5584281#supplementary-data
https://academic.oup.com/ndt/article/35/12/2138/5584281#supplementary-data
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Figure 5.3. Annual health care costs of CKD Stage G4-G5 not on KRT, dialysis, and kidney transplant pa-
tients per medical specialty versus matched controls; (a) Internal medicine (b) Cardiology.


'HQRWHV�WKH�SHUFHQWDJH�RI�XVHUV�SHU�JURXS�WKDW�LQFXUUHG�FRVWV�IRU�FDUH�LQ�WKDW�VSHFL΋F�FRVW�FDWHJRU\�
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In general, surgical care was mainly related to vascular disorders like peripheral 

arterial occlusive disease, ischaemic ulcers, and diabetic foot ulcers (see online 

VXSSOHPHQWDU\�΋OH���$SSUR[LPDWHO\����RI�HOGHUO\�GLDO\VLV�SDWLHQWV�QHHGHG�VXUJLFDO�

care for peripheral arterial occlusive disease, more than elderly CKD Stage G4-G5 

patients (5%) or elderly transplant patients (3%). Surgical care in controls was related 

to a wider variety of conditions, such as malignancies (breast cancer), abdominal 

aortic aneurysm, or inguinal or femoral hernia.

Discussion
,Q�WKLV�VWXG\��ZH�GHVFULEH�IRU�WKH�΋UVW�WLPH�WKH�DJH�UHODWHG�GLΊHUHQFHV�LQ�KHDOWKFDUH�

costs and healthcare use in CKD Stage G4-G5 not on KRT, dialysis, and kidney 

transplant patients compared with matched controls from the general Dutch 

population.

$V�LV�DOUHDG\�NQRZQ��.57�LV�H[SHQVLYH��LQ�RXU�VWXG\��DQQXDO�WUHDWPHQW�UHODWHG�FRVWV�

IRU�&.'�SDWLHQWV�UDQJHG�IURP�ț�����LQ�&.'�6WDJH�*��*��SDWLHQWV�ȱ��Ʉ\HDUV�RI�DJH�WR�

€70 682 in young dialysis patients. However, the additional hospital costs unrelated 

to CKD treatment ranged from €4020 (young CKD Stage G4-G5 patients) to €10 989 

(middle-aged dialysis patients), whereas these hospital costs in the control population 

ranged from €497 to €3065.

5HJDUGLQJ�DJH�GLΊHUHQFHV��LQ�FRQWUROV��KHDOWKFDUH�FRVWV�LQFUHDVHG�JUDGXDOO\�ZLWK�DJH��

7KLV�FRQWUDVWV�ZLWK�RXU�WKUHH�SDWLHQW�JURXSV��ZKHUH�FRVWV�ZHUH�RIWHQ�HTXLYDOHQW�LQ�

GLΊHUHQW�DJH�FDWHJRULHV��RU�\RXQJ�DQG�PLGGOH�DJHG�SDWLHQWV�ZHUH�PRUH�FRVWO\�WKDQ�

HOGHUO\�SDWLHQWV��2I�QRWH��FRVWV�IRU�&.'�6WDJH�*��*��DQG�GLDO\VLV�SDWLHQWV�ȱ��Ʉ\HDUV�

RI�DJH�ZHUH�ORZHU�WKDQ�IRU�SDWLHQWV���ȁ��Ʉ\HDUV�RI�DJH��:H�IXUWKHU�GHPRQVWUDWHG�WKDW�

young patients, in particular, incur considerably higher costs than controls, which is 

UHΌHFWHG�E\�WKH�GHFUHDVLQJ�FRVW�UDWLRV�ZLWK�DJH��)XUWKHUPRUH��ZH�VKRZHG�WKDW�NLGQH\�

patients were in greater need of additional specialist care because of kidney disease-

related comorbidities. Although it is known that the burden of comorbidities is higher 

in elderly CKD patients, this study shows that costs related to comorbid illness in 

young patients are similar to that of elderly patients.

$JH�UHODWHG�GLΊHUHQFH�RI�KHDOWKFDUH�FRVWV�LQ�&.'�SDWLHQWV

:H�GHPRQVWUDWHG�WKDW�KHDOWKFDUH�FRVWV�IRU�NLGQH\�SDWLHQWV�GLG�QRW�GLΊHU�DV�PXFK�ZLWK�

age as in the general population. Several studies have shown rising healthcare costs 

with age in the general population,148–150 whereas studies in CKD and KRT patients have 

https://academic.oup.com/ndt/article/35/12/2138/5584281#supplementary-data
https://academic.oup.com/ndt/article/35/12/2138/5584281#supplementary-data
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VKRZQ�QR�FRQVLVWHQW�HΊHFW�RI�DJH�RQ�KHDOWKFDUH�FRVWV�63,126,127�$Q�LQWHUHVWLQJ�΋QGLQJ�LQ�

our study is that the annual healthcare costs of CKD Stage G4-G5 and dialysis patients 

ȱ��Ʉ\HDUV�RI�DJH�ZHUH�ORZHU�WKDQ�IRU�SDWLHQWV���ȁ��Ʉ\HDUV�RI�DJH��7KLV�LV�PDLQO\�GULYHQ�E\�

D�GHFUHDVH�LQ�KRVSLWDO�DQG�PHGLFDWLRQ�FRVWV�ZLWK�DJH��$Q�H[SODQDWLRQ�IRU�WKLV�REVHUYDWLRQ�

can possibly be found in the fact that a nephrologist determines for every patient the 

QHHG� IRU�D�VSHFL΋F� WUHDWPHQW�RU�GLDJQRVWLF�SURFHGXUH��7KLV� WKRXJKWIXO�ZHLJKLQJ�RI�

KDUPV�DQG�EHQH΋WV�PD\�UHVXOW�LQ�GLΊHUHQW�RXWFRPHV�LQ�WKH�JHULDWULF�SDWLHQW��OHDGLQJ�WR�

PRUH�FRQVHUYDWLYH�WUHDWPHQW�RSWLRQV�DQG�WKXV�D�ORZHULQJ�RI�WRWDO�KHDOWKFDUH�H[SHQVHV�

Our study shows that a comparison of costs within the general population is essential 

WR�IXOO\�XQGHUVWDQG�WKH�DGGLWLRQDO�FRVWV�RI�NLGQH\�SDWLHQWV�LQ�GLΊHUHQW�DJH�FDWHJRULHV��

Only two studies have presented costs of CKD and KRT patients compared with 

those of matched controls in the general population, and none of these took age 

into account. One study from the USA focusing on patients with CKD Stages G2–G4 

found that the total healthcare costs of patients were twice as high compared with 

those of matched controls.46 This study was based on aggregated cost data from 

2001. Another paper compared costs of CKD Stage G4-G5 not on KRT, dialysis, and 

kidney transplant patients with matched controls using a population-based cohort 

in Sweden.151 The study populations in that study are comparable to ours and the 

described mean annual costs of CKD, dialysis, and transplant patients are in line 

ZLWK�RXU�UHVXOWV��$OWKRXJK�DQ�DQDO\VLV�RI�GLΊHUHQW�DJH�FDWHJRULHV�LV�PLVVLQJ��WKH�FRVW�

ratios of the Swedish study are similar to those in middle-aged patients in our study. 

([WUHPHO\�KLJK�FRVW�UDWLRV�LQ�\RXQJ�SDWLHQWV�ZHUH�QRW�GHVFULEHG�

Costs and utilization of additional hospital care

In this study, we discriminated between treatment-related and non-treatment-

related hospital costs. Non-treatment-related hospital costs are a good measure of 

SDWLHQWVȆ�FRPRUELGLWLHV�VLQFH�WKH\�UHΌHFW�WKH�DGGLWLRQDO�KRVSLWDO�FDUH�QHHGHG�DSDUW�

from treatment of the kidney disease.127,152�,W�LV�ZHOO�NQRZQ�WKDW�SDWLHQWV�LQ�GLΊHUHQW�

VWDJHV�RI�&.'�VXΊHU�IURP�FRPRUELGLWLHV�ZLWK�D�VLJQL΋FDQW�΋QDQFLDO�LPSDFW�146,153 In our 

study, ~80% of total hospital costs in CKD Stage G4-G5 patients were unrelated to 

VSHFL΋F�NLGQH\�WUHDWPHQW��,Q�WUDQVSODQW�SDWLHQWV��WKLV�YDULHG�EHWZHHQ�����DQG�����

across age categories, whereas in dialysis patients only 10%–14% of hospital costs 

ZHUH�XQUHODWHG�WR�WUHDWPHQW��7KLV�HΊHFW�LV�IDU�PRUH�SURQRXQFHG�LQ�\RXQJ�WKDQ�LQ�

elderly kidney patients (all modalities). These results show that the majority of kidney 

patients need substantially more additional hospital care apart from their kidney 

WUHDWPHQW��UHΌHFWLQJ�D�KLJK�SUHYDOHQFH�RI�FRPRUELGLWLHV�DOUHDG\�DW�D�\RXQJ�DJH�
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Specialized care for CKD-related comorbidities

Not only the costs of additional specialist care in kidney patients are higher than 

WKRVH�LQ�FRQWUROV��EXW�DOVR�WKH�GLDJQRVHV�XQGHUO\LQJ�WKHVH�FRVWV�DUH�GLΊHUHQW��:H�

VKRZHG�WKDW�D�VLJQL΋FDQW�QXPEHU�RI�NLGQH\�SDWLHQWV�QHHG�FDUGLRORJ\�FDUH�DQG�WKLV�

proportion increases with age. We also showed that cardiology resources of kidney 

patients are mainly directed to ischemia-related diseases, whereas controls from 

WKH�JHQHUDO�SRSXODWLRQ�DUH�PRUH�RIWHQ�DΊHFWHG�E\�FDUGLDF�DUUK\WKPLDV��5HJDUGLQJ�

surgery, resources for patients turned out to be predominantly used in care related 

to vascular disorders, whereas healthcare use in controls is more often related to 

PDOLJQDQW�GLVHDVHV��7KHVH�UHVXOWV�FRQ΋UP�WKDW�NLGQH\�SDWLHQWV�DUH�IUHTXHQWO\�DΊHFWHG�

by cardiovascular complications, which are associated with higher costs.152

Previous research revealed that CKD patients with diabetes have higher costs.63,127 

This is in line with our study, which also shows that kidney patients have relatively 

high costs for internal medicine care, and most resources were spent on diabetes-

UHODWHG�FDUH��,Q�DGGLWLRQ��LQIHFWLRXV�GLVHDVH�UHODWHG�FDUH�ZDV�VKRZQ�WR�EH�IUHTXHQW�LQ�

kidney patients. In dermatology care, we observed that with age, transplant patients 

LQFUHDVLQJO\�VXΊHU�IURP�PDOLJQDQW�DQG�SUHPDOLJQDQW�VNLQ�OHVLRQV��7KLV�LV�FRQVLVWHQW�

with literature showing that not only elderly patients but also long-term survivors 

after kidney transplantation have a higher incidence of skin malignancies associated 

with the use of immunosuppressive drugs.154

Strengths and limitations

The main strength of our study is the use of a healthcare claims database with 

nationwide coverage. This enabled us to identify all CKD Stage G4-G5 not on KRT, 

dialysis, and kidney transplant patients in the Netherlands treated in the hospital with 

DQ�LQVXUDQFH�KHDOWK�FODLP��7KH�GDWDEDVH�DOVR�SURYLGHG�D�XQLTXH�RSSRUWXQLW\�WR�VHOHFW�

matched controls from the general population. The comprehensiveness of the cost data 

allowed for an analysis of healthcare costs beyond the direct kidney treatment costs.

A general limitation of studying costs with the use of healthcare claims data is that 

KHDOWKFDUH�H[SHQGLWXUHV�PD\�QRW�UHΌHFW�WKH�DFWXDO�FRVWV��VLQFH�H[SHQGLWXUHV�DUH�

actually negotiated prices between health insurance companies and caregivers. 

$QRWKHU�OLPLWDWLRQ�LV�WKH�DFFXUDF\�RI�WKH�LGHQWL΋FDWLRQ�RI�SDWLHQWV�ZLWK�WKH�XVH�RI�

KHDOWKFDUH�FODLPV�GDWD��$OWKRXJK�LGHQWL΋FDWLRQ�RI�SDWLHQWV�RQ�.57�ZDV�VKRZQ�WR�EH�

very accurate,67�WKH�LGHQWL΋FDWLRQ�RI�SDWLHQWV�ZLWK�DGYDQFHG�&.'�XVLQJ�FODLPV�GDWD�

LV�VXEMHFW�WR�XQGHULGHQWL΋FDWLRQ��DV�ZH�FRXOG�RQO\�VHOHFW�SDWLHQWV�DFWLYHO\�WUHDWHG�
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IRU�&.'�LQ�D�KRVSLWDO��LQFOXGLQJ�RXWSDWLHQW�FOLQLFV���$V�D�FRQVHTXHQFH��&.'�SDWLHQWV�

VROHO\�WUHDWHG�LQ�SULPDU\�FDUH�FRXOG�QRW�EH�LGHQWL΋HG�ZLWK�FODLPV�GDWD��1H[W��WKH�6(6�

score used for the matching of patients with controls is based on a persons’ postal 

FRGH�DQG�PD\�QRW�UHΌHFW�WKH�WUXH�6(6�RI�WKH�LQGLYLGXDO��1H[W��E\�H[FOXGLQJ�SDWLHQWV�

who died during the study year and patients starting dialysis treatment, we did not 

report end-of-life costs and costs related to the start of dialysis treatment. Finally, by 

including newly transplanted patients during the study year, as healthcare costs are 

given per calendar year in this database, this results in an inaccurate estimation of 

true transplantation procedure costs. However, the costs before transplantation still 

UHΌHFW�WKH�FRVWV�RI�D�&.'�SDWLHQW�SUHSDULQJ�IRU�WUDQVSODQWDWLRQ�WKHUDS\�

Conclusion
In conclusion, this study found that CKD Stage G4-G5 not on KRT, dialysis, and kidney 

transplant patients have notably higher healthcare costs than the general population. 

:H�VKRZ�IRU�WKH�΋UVW�WLPH�WKDW��DOUHDG\�DW�D�\RXQJ�DJH��DGGLWLRQDO�KHDOWKFDUH�FRVWV�

RI�&.'�SDWLHQWV�DUH�VLJQL΋FDQWO\�KLJKHU�WKDQ�WKH�KHDOWKFDUH�FRVWV�RI�SHRSOH�RI�WKH�

same age in the general population. Additionally, we demonstrate that non-treatment-

related hospital costs of CKD Stage G4-G5 patients not on KRT are similar to those 

of transplant patients in all age groups, although markedly lower than in dialysis 

patients. This indicates that at a young age and in earlier stages of CKD, patients are 

LQ�QHHG�RI�DGGLWLRQDO�FDUH�IDU�H[FHHGLQJ�WKH�QHHGV�RI�SHRSOH�LQ�WKH�JHQHUDO�SRSXODWLRQ��

While total healthcare costs for the general population continue to increase with age, 

ZH�REVHUYH�D�GHFUHDVH�LQ�FRVWV�LQ�DOO�SDWLHQW�JURXSV�ȱ��Ʉ\HDUV�RI�DJH��ZKLFK�LV�ODUJHO\�

H[SODLQHG�E\�D�GHFUHDVH�LQ�KRVSLWDO�DQG�PHGLFDWLRQ�FRVWV�

7KLV� VWXG\� SURYLGHV� LQVLJKW� LQWR� WKH� VSHFL΋F� GLDJQRVHV� IRU� ZKLFK� SDWLHQWV� QHHG�

DGGLWLRQDO�KRVSLWDO�FDUH��7KLV�NQRZOHGJH�RI� WKH�VSHFL΋F�XVH�RI�KRVSLWDO� UHVRXUFHV�

UHYHDOV�WKDW�WKH�FRQVHTXHQFHV�RI�WKH�FRPRUELGLW\�EXUGHQ�LQ�NLGQH\�SDWLHQWV�DUH�DOUHDG\�

SUHVHQW�DW�D�\RXQJ�DJH��ZKLFK�VXSSRUWV�WKH�LPSRUWDQFH�RI�DJH�VSHFL΋F�PDQDJHPHQW�

of CKD patients aimed at prevention and early treatment of comorbid diseases.
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Abstract
Background 7KLV�VWXG\�DLPV�WR�H[DPLQH�SRO\SKDUPDF\�SUHYDOHQFH�LQ�SDWLHQWV�ZLWK�

CKD Stage G4-G5, and patients with kidney replacement therapy (KRT), in comparison 

ZLWK�PDWFKHG�FRQWUROV�IURP�WKH�JHQHUDO�SRSXODWLRQ��)XUWKHUPRUH��ZH�H[DPLQH�ULVN�

factors for polypharmacy and describe the most commonly dispensed medications.

Methods Dutch health claims data was used to identify three patient groups, i.e. CKD 

Stage G4-G5, dialysis, and kidney transplant patients. Each patient was matched to 

WZR�FRQWUROV�EDVHG�RQ�PDWFKHG�IRU�DJH��VH[��DQG�6(6�VFRUH��:H�GLΊHUHQWLDWHG�EHWZHHQ�

ȅDOO�PHGLFDWLRQ�XVHȆ�DQG�ȅFKURQLF�PHGLFDWLRQ�XVHȆ��3RO\SKDUPDF\�ZDV�GH΋QHG�DW�WKUHH�

OHYHOV��XVH�RI�ȱ��PHGLFDWLRQV��SRO\SKDUPDF\��33���ȱ���PHGLFDWLRQV��H[FHVVLYH�SRO\-

SKDUPDF\��(33���DQG�ȱ���PHGLFDWLRQV��K\SHUSRO\SKDUPDF\��+33��

Results The PP prevalence for all medication use was 87%, 93%, and 95% in CKD Stage 

G4-G5, dialysis, and kidney transplant patients, respectively. For chronic medication 

use, this was 66%, 70%, and 75%, respectively. PP and comorbidity prevalence were 

higher in patients than in controls. EPP was 42 times more common in young CKD 

Stage G4-G5 patients (aged 20-44 years) than in controls, while this ratio was 3.8 in 

SDWLHQWV�ȱ���\HDUV��2OGHU�DJH��������\HDUV�DQG�ȱ���\HDUV��ZDV�D�ULVN�IDFWRU�IRU�SRO\-

pharmacy in CKD Stage G4-G5 and kidney transplant patients. Dialysis patients aged 

ȱ���\HDUV�KDG�D�ORZHU�ULVN�RI�SRO\SKDUPDF\�FRPSDUHG�ZLWK�WKHLU�\RXQJHU�FRXQWHU-

parts. Additional risk factors in all patients were low socioeconomic status, diabetes 

mellitus, vascular disease, hospitalization, and an emergency room visit. The most 

commonly dispensed medications were proton pump inhibitors (PPIs) and statins.

Conclusion CKD Stage G4-G5 patients and patients with KRT have a high medication 

burden, far beyond that of individuals from the general population, as a result of their 

kidney disease and large burden of comorbidities. A critical approach to medication 

SUHVFULSWLRQ�LQ�JHQHUDO��DQG�RI�VSHFL΋F�PHGLFDWLRQV�OLNH�33,V�DQG�VWDWLQV��LQ�WKH�GLDO\VLV�

SRSXODWLRQ���FRXOG�EH�D�΋UVW�VWHS�WRZDUGV�D�PRUH�DSSURSULDWH�PHGLFDWLRQ�XVH�
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Introduction
3RO\SKDUPDF\��GH΋QHG�DV�WKH�FRQFRPLWDQW�XVH�RI�PHGLFDWLRQV�E\�RQH�LQGLYLGXDO��

LV�D�IUHTXHQW�SKHQRPHQRQ�LQ�FOLQLFDO�SUDFWLFH�155,156 Older age and multimorbidity 

are associated with the growing polypharmacy prevalence.156–158 Chronic kidney 

disease (CKD) patients have often a large burden of comorbidities and commonly 

UHTXLUH�D�PXOWLWXGH�RI�PHGLFDWLRQV�LQ�UHODWLRQ�WR�WKHLU�NLGQH\�GLVHDVH��WR�SUHYHQW�

further progression of CKD, to treat its complications, and to treat comorbidities.159 

This makes polypharmacy a part of their life.153,160,161 Polypharmacy puts patients at 

risk of medication-related problems, such as drug-drug interactions, suboptimal 

therapeutic response, a higher risk of adverse drug events, and decreased medication 

adherence.159,162� $GGLWLRQDOO\�� SRO\SKDUPDF\� LV� DVVRFLDWHG�ZLWK� SRRUHU� TXDOLW\� RI�

life, increased healthcare utilization with higher healthcare costs, and a higher risk 

of morbidity and mortality.156,163,164 Whether the poor outcomes associated with 

SRO\SKDUPDF\�DUH�PHUHO\�D�UHΌHFWLRQ�RI�D�SHUVRQȆV�SRRU�KHDOWK�UHPDLQV�XQFOHDU��

1HYHUWKHOHVV��΋QGLQJV� IURP�SUHYLRXVO\�SXEOLVKHG�SDSHUV�VXJJHVW�DQ�DVVRFLDWLRQ�

between polypharmacy and mortality, also after adjustment for measured 

confounders such as comorbidities.165

The prevalence of polypharmacy varies across countries and stages of 

CKD.153,160,161,163,166–170 Current studies mostly report on elderly patients, and only a few 

studies have used nationwide data and most studies lack comparison with the general 

population.160,161,168�7KLV�VWXG\�DLPV�WR�H[DPLQH�SRO\SKDUPDF\�LQ�SDWLHQWV�ZLWK�&.'�

Stage G4-G5 and patients with kidney replacement therapy (KRT), in comparison to 

PDWFKHG�JHQHUDO�SRSXODWLRQ�FRQWUROV�RI�VLPLODU�DJH��VH[��DQG�VRFLRHFRQRPLF�VWDWXV�

(SES), while making use of a national health insurance database encompassing the 

complete known Dutch kidney disease population. Furthermore, we aim to determine 

risk factors for polypharmacy and commonly dispensed medications.

Methods

Vektis insurance claims database

We used the Vektis database which includes virtually all Dutch citizens.29 Vektis 

contains reimbursement data on all medical procedures covered by the Health 

,QVXUDQFH�$FW�DQG�GHPRJUDSKLF�GDWD��VXFK�DV�VH[��\HDU�RI�ELUWK��DUHD�RI�UHVLGHQFH��

SES (see RQOLQH�VXSSOHPHQWDU\�΋OH), and date of death.30

https://academic.oup.com/ckj/advance-article/doi/10.1093/ckj/sfab120/6316262?searchresult=1#316149203
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All hospital procedures in the Netherlands are reimbursed via physician claims 

named Diagnosis-Treatment Combinations (DBC).38 Vektis also includes pharmacy 

GLVSHQVLQJ�GDWD�RQ�$QDWRPLFDO�7KHUDSHXWLF�&KHPLFDO�FRGH�OHYHO��WKH�GH΋QHG�GDLO\�

GRVH��'''���DQG�WKH�TXDQWLW\�RI�VXSSOLHG�PHGLFDWLRQ�SHU�\HDU��$�'''�LV�D�WHFKQLFDO�XQLW�

WKDW�UHΌHFWV�WKH�DVVXPHG�DYHUDJH�PDLQWHQDQFH�GRVH�SHU�GD\�IRU�D�PHGLFDWLRQ�XVHG�

for its main indication.32 7KH�DQQXDO�TXDQWLW\�VXSSOLHG�RI�D�VSHFL΋F�PHGLFDWLRQ�LV�D�

product of the DDD and the number of days a medication was dispensed. Information 

on over-the-counter medications and medications administered during hospital 

admission or dialysis treatment are missing since the costs for the latter are covered 

E\�WKH�KRVSLWDO�'%&��6LQFH�KHDOWK�FODLPV�GDWDEDVHV�ODFN�FOLQLFDO�GDWD��ZH�XVHG�SUR[LHV�

(e.g. Pharmaceutical Cost Groups), to assess the prevalence and number of chronic 

conditions (see RQOLQH�VXSSOHPHQWDU\�΋OH).171,172 Hospitalization, intensive care unit 

�,&8��DGPLVVLRQ��DQG�HPHUJHQF\�URRP��(5��YLVLWV�ZHUH�LGHQWL΋HG�E\�VSHFL΋F�KHDOWKFDUH�

operation codes, an element of the DBC code (see RQOLQH�VXSSOHPHQWDU\�΋OH).

Study population

:H�VHOHFWHG�DGXOWV� �L�H��ȱ���\HDUV��ZLWK�&.'�6WDJH�*��*��RU�ZLWK�.57�XVLQJ������

healthcare claims data. Patients were divided into three patient groups; CKD Stage 

*��*��>HVWLPDWHG�JORPHUXODU�΋OWUDWLRQ�UDWH� �H*)5������P/�PLQ������P2)] without 

.57��GLDO\VLV�SDWLHQWV��DQG�NLGQH\�WUDQVSODQW�SDWLHQWV��3DWLHQWV�ZHUH�H[FOXGHG�LI�WKH\�

switched between groups in 2017 (i.e. from CKD Stage G4-G5 to KRT and vice versa or 

between KRT modalities), if they died in 2017, or if matching was impossible (Figure 6.1).

CKD Stage G4-G5 without KRT We selected patients with a CKD Stage G4-G5 health 

FODLP�RQ���-DQXDU\�������6LQFH�SULPDU\�FDUH�GRHV�QRW�KDYH�GLVHDVH�VSHFL΋F�FODLPV�

comparable to DBCs, we could not identify patients solely treated in primary care.

Dialysis Patients with a health claim for dialysis on 1 January 2017 were selected 

regardless of dialysis modality.

Kidney transplantation Patients with a health claim for kidney transplantation on 

1 January 2017 were selected.

Control groups�7ZR�FRQWUROV�SHU�SDWLHQW��PDWFKHG�IRU�DJH��VH[��DQG�6(6��SHU�TXDUWLOH��

were selected, provided they had no CKD-related healthcare claim.

https://academic.oup.com/ckj/advance-article/doi/10.1093/ckj/sfab120/6316262?searchresult=1#316149203
https://academic.oup.com/ckj/advance-article/doi/10.1093/ckj/sfab120/6316262?searchresult=1#316149203
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Polypharmacy

0HGLFDWLRQV�ZLWK�D� FXPXODWLYH�DQQXDO�'''�ȱ��� �H[FHSW� IRU�DQWLELRWLF� WUHDWPHQW��

DQG�PHGLFDWLRQV�ZLWK�D�FXPXODWLYH�DQQXDO�'''�ȱ����ZHUH�VHOHFWHG��7KH�΋UVW�JURXS�

�'''�ȱ�����IXUWKHU�LQGLFDWHG�DV�ȅDOO�PHGLFDWLRQ�XVHȆ��WR�SUHYHQW�LQFOXVLRQ�RI�PHGLFDWLRQ�

GLVSHQVHG�IRU�D�YHU\�VKRUW�SHULRG��7KH�VHFRQG�FXW�RΊ��'''�ȱ�����ZDV�WR�VHOHFW�ȅFKURQLF�

medication use’.

:H� GH΋QHG� SRO\SKDUPDF\� DW� WKUHH� OHYHOV�� FRQFXUUHQW� XVH� RI� ȱ�� PHGLFDWLRQV�

�SRO\SKDUPDF\�� 33��� ȱ��� PHGLFDWLRQV� �H[FHVVLYH� SRO\SKDUPDF\�� (33��� DQG� ȱ���

medications (hyperpolypharmacy, HPP). For combination medications, the individual 

VXEVWDQFHV�FRXOG�QRW�EH�H[WUDFWHG�DQG�WKHUHIRUH�ZHUH�FRXQWHG�DV�RQH�

Figure 6.1: Flow chart study participants.

Statistical analysis

To describe baseline characteristics, we used means and standard deviation for 

FRQWLQXRXV�YDULDEOHV�DQG�IUHTXHQF\�GLVWULEXWLRQV�ZLWK�SHUFHQWDJHV�IRU�FDWHJRULFDO�

variables. To compare baseline characteristics between patients and controls we 

XVHG�WKH�FKL�VTXDUHG�WHVW� IRU�FDWHJRULFDO�YDULDEOHV�DQG�WKH�0DQQ�:KLWQH\�U-test 

for not normally distributed continuous variables. We calculated the PP, EPP, and 

+33�SUHYDOHQFH� LQ� DOO� SDWLHQW� �VXE�JURXSV� DQG� FRQWUROV�� DQG�H[SUHVVHG� WKHP�DV�
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percentages. These analyses were repeated in a sensitivity analysis, also including 

all patients who died in 2017. Ratios were calculated by dividing the polypharmacy 

prevalence of patients by the respective prevalence in controls. Univariate and 

multivariate logistic regression was used to analyze the association between the 

LQGHSHQGHQW�YDULDEOHV�>H�J��DJH��VH[��GLDEHWHV�PHOOLWXV��'0�@�DQG�WKH�RXWFRPH��L�H��

(33�EDVHG�RQ�FKURQLF�PHGLFDWLRQ�XVH���7KH�(33�SUHYDOHQFH�ZDV�ORZ��L�H��Ȱ�����DQG�

therefore the rare disease assumption for logistic regression was met.173 For the 

LGHQWL΋FDWLRQ�RI�FRQIRXQGHUV�ZH�WRRN�WKH�FULWHULD�IRU�FRQIRXQGLQJ�LQWR�DFFRXQW�174 

$VVRFLDWLRQV�ZHUH�H[SUHVVHG�DV�RGGV�UDWLRV��25V��ZLWK�����FRQ΋GHQFH�LQWHUYDOV��&,V���

:H�FRQVLGHUHG�D�3�YDOXH�������DV�VWDWLVWLFDOO\�VLJQL΋FDQW��$QDO\VHV�ZHUH�SHUIRUPHG�

in SAS, version 9.4 (SAS Institute, Cary, NC, USA).

Results

Baseline characteristics

We included 27 573 individuals: 14 905 CKD Stage G4-G5 without KRT, 3872 

dialysis, and 8796 transplant patients, with mean ages of 75.6, 70.8, and 56.5 years, 

respectively (Table 6.1). Chronic comorbidity conditions were 2.9 times more prevalent 

in CKD Stage G4-G5 patients than in controls (1.92 versus 0.68); 3.0 times higher in 

dialysis patients (1.86 versus 0.61), and 4.4 times higher in transplant patients (1.46 

versus 0.33). In all patient groups, the prevalence of DM, macrovascular disease, and 

K\SHUWHQVLRQ�ZHUH�VLJQL΋FDQWO\�KLJKHU�WKDQ�LQ�FRQWUROV�

Number of dispensed medications

All medication use The median number of dispensed medications was 10 for CKD 

Stage G4-G5 patients, 12 for dialysis patients, and 11 for transplant patients compared 

with 1, 1, and 0 in controls, respectively (Figure 6.2).

Chronic medication use 7KH�PHGLDQ�QXPEHU�RI�GLVSHQVHG�PHGLFDWLRQV�ZDV�VL[�LQ�

all patient groups, compared with zero in controls (Figure 6.3).

Polypharmacy

Figure 6.4 presents the prevalence and ratio of polypharmacy in patients versus 

controls for ‘all medication use’ (left panel) and ‘chronic medication use’ (right panel). 

The results of the sensitivity analyses were consistent with the results of the main 

analyses (see RQOLQH�VXSSOHPHQWDU\�΋OH).

https://academic.oup.com/ckj/advance-article/doi/10.1093/ckj/sfab120/6316262?searchresult=1#316149266


113

Polypharmacy in patients with CKD

6

Overall

All medication use The PP, EPP, and HPP prevalence was 87.4%, 56.6%, and 22.8%, 

respectively, in patients with CKD Stage G4-G5; 93.4%, 69.3%, and 31.5%, respectively, 

in dialysis patients; and 94.8%, 60.0%, and 21.5%, respectively, in transplant patients 

(Figure 6.4). For all comparisons, the PP, EPP, and HPP prevalence were much higher 

in patients than in controls, with ratios ranging from 2.6 (PP in CKD patients versus 

controls) to 23.9 (EPP in transplant patients versus controls).

Chronic medication use Overall, polypharmacy based on chronic medication use 

was less common than polypharmacy based on all medication use (Figure 6.4). The 

PP, EPP, and HPP prevalence was 66.1%, 13.3%, and 0.9%, respectively, in CKD Stage 

G4-G5 patients; 70.0%, 15.1%, and 1.2%, respectively, in dialysis patients; and 75.0%, 

14.9%, and 1.0%, respectively, in transplant patients. Ratios ranged from 3.7 (PP in 

CKD patients) to 25.8 (EPP in transplant patients).

Patient subgroups

Tables 6.2 and 6.3 show the prevalence and ratio of polypharmacy in patients versus 

FRQWUROV�IRU�GLΊHUHQW�VXEJURXSV��IRU�ȅDOOȆ�DQG�ȅFKURQLF�PHGLFDWLRQ�XVHȆ��6LQFH�WKH�33�

prevalence for ‘all medication use‘ was very high and HPP prevalence for ‘chronic 

medication use’ was very low, these results are not shown.

All medication use In CKD Stage G4-G5 and in transplant patients, the EPP and HPP 

SUHYDOHQFHV�ZHUH�KLJKHVW�LQ�SDWLHQWV�ȱ���\HDUV�RI�DJH��&.'�*��*���������DQG��������

transplantation: 77.4% and 34.2%). EPP was 42.0 times more common in young CKD 

patients (aged 20-44 years) than in controls, and this ratio declined with age to 3.8 

LQ�SDWLHQWV�ȱ���\HDUV��7DEOH�������3RO\SKDUPDF\�ZDV�PRUH�FRPPRQ�LQ�ERWK�SDWLHQWV�

and controls with chronic conditions, such as diabetes or macrovascular disease, with 

EP prevalence ranging from 78.1% to 89.8% in patient groups and 24.6% to 47.5% in 

controls. The highest polypharmacy prevalence (EPP 90.8%) was found in transplant 

patients with coronary artery disease.
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Chronic medication use PP was most common in CKD patients (69.4%) and dialysis 

SDWLHQWV���������DJHG�������\HDUV�DQG�LQ�WUDQVSODQW�SDWLHQWV���������ȱ���\HDUV�RI�

age. Ratios between patient and control groups decreased with increasing age. The 

prevalence of polypharmacy was high in patients with chronic conditions in all patient 

groups (Table 6.3).

Risk factors for polypharmacy

Table 6.4 presents the unadjusted and adjusted association between patient 

GHPRJUDSKLFV� DQG�GLVHDVH�UHODWHG� YDULDEOHV� DQG� (33� �ȱ���PHGLFDWLRQV�� ȅFKURQLF�

medication use’). Below we discuss the fully adjusted models if adjustment for 

potential confounders was possible.

Figure 6.2: Total number of dispensed medication per percentage of CKD Stage G4-G5 not on KRT patients, 
dialysis, and kidney transplant patients versus matched controls; all medication use.
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Figure 6.3: Total number of dispensed medication per percentage of CKD Stage G4-G5 not on KRT patients, 
dialysis, and kidney transplant patients versus matched controls; chronic medication use.

CKD Stage G4-G5 without KRT Patients aged 65-74 years (OR 1.57, 95% CI 1.33-1.85) 

DQG�ȱ���\HDUV��25�����������&,������������KDG�D�KLJKHU�(33�ULVN�FRPSDUHG�ZLWK�SDWLHQWV�

DJHG�������\HDUV��,Q�DGGLWLRQ��DQ�6(6�VFRUH�LQ�WKH�ORZHVW�WZR�TXDUWLOHV�FRPSDUHG�ZLWK�

DQ�6(6�VFRUH�LQ�WKH�KLJKHVW�TXDUWLOH��25�����������&,�����������YHUVXV�25�����������

CI 1.07-1.43), diabetes (OR 4.98, 95% CI 4.51-5.54) or vascular disease (OR 2.01, 95% 

CI 2.12-2.62), as well as hospitalization (OR 1.35, 95% CI 1.17-1.55) and an ER visit (OR 

����������&,������������ZHUH�VLJQL΋FDQWO\�DVVRFLDWHG�ZLWK�33�

Dialysis�3DWLHQWV�ȱ���\HDUV�RI�DJH�KDG�D�ORZHU risk of EPP (OR 0.74, 95% CI 0.59-0.91) 

compared with patients aged 20-64 years. The most pronounced risk factors for EPP 

in dialysis patients were diabetes (OR 3.69, 95% CI 3.08-4.43) and vascular disease 

(OR 2.08, 95% CI 1.72-2.51).



118

Chapter 6

Figure 6.4: Percentage and ratio of polypharmacy of CKD Stage G4-G5 without KRT, dialysis, and kidney 
transplant patients versus matched controls for (left) all medication use and (right) chronic medication use.

Kidney transplantation�3DWLHQWV�DJHG�������\HDUV��25�����������&,������������DQG�ȱ���

years (OR 5.88, 95% CI 4.60-7.51) had a higher EPP risk compared with patients aged 

20-64 years. In addition, being male (OR 1.19, 95% CI 1.05-1.34), having an SES score in 

WKH�ORZHVW�WZR�TXDUWLOHV�FRPSDUHG�ZLWK�DQ�6(6�VFRUH�LQ�WKH�KLJKHVW�TXDUWLOH��25�������

95% CI 1.13-1.59 versus OR 1.29, 95% CI 1.09-1.54), diabetes (OR 5.59, 95% CI 4.91-6.36) 

or vascular disease (OR 2.51, 95% CI 2.14-2.96), hospitalization (OR 1.29, 95% CI 1.09-

�������DQG�DQ�(5�YLVLW��25�����������&,������������ZHUH�VLJQL΋FDQWO\�DVVRFLDWHG�ZLWK�(33�

Dispensed medication classes

Table 6.5 shows the most commonly dispensed chronic medication. Proton pump 

inhibitors (PPIs) were among the most commonly dispensed medications in patients, 

ZLWK�ȱ����RI�SDWLHQWV�XVLQJ�D�33,� YHUVXV��������RI� FRQWUROV��$OVR�� VWDWLQV�ZHUH�

commonly dispensed (53%, 51%, and 40% in CKD Stage G4-G5, transplant, and 

dialysis patients, respectively). Dispensed medication classes for all medication use 

are shown in RQOLQH�VXSSOHPHQWDU\�΋OH. Of note, 3%-12% of CKD patients with DM 

do not use antidiabetic medication, whereas 17-19% of controls with DM are diet-

controlled (see RQOLQH�VXSSOHPHQWDU\�΋OH). Furthermore, 63%-75% of CKD patients 

with DM chronically use antidiabetic medication compared with 61%-65% in controls 

(Table 6.5).

https://academic.oup.com/ckj/advance-article/doi/10.1093/ckj/sfab120/6316262?searchresult=1#316149266
https://academic.oup.com/ckj/advance-article/doi/10.1093/ckj/sfab120/6316262?searchresult=1#316149266
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Table 6.4 (continued)
D��WKH�RYHUDOO�SRO\SKDUPDF\�UDWHV��IRU�SRO\SKDUPDF\�GH΋QHG�DV�ȱ���PHGLFDWLRQV�IRU�FKURQLF�PHGLFDWLRQ�
use) are considered rare enough to reasonably allow for the rare disease assumption for logistic regression.
E��IRU�WKLV�YDULDEOH�QR�FRQIRXQGHUV�FRXOG�EH�LGHQWL΋HG�FRQVLGHULQJ�WKH�FULWHULD�IRU�FRQIRXQGLQJ�
F��PRGHO�DGMXVWHG�IRU�DJH��VH[��6(6��DQG�GLDEHWHV�PHOOLWXV
G��PRGHO�DGMXVWHG�IRU�DJH��VH[��6(6��GLDEHWHV�PHOOLWXV��YDVFXODU�GLVHDVH��DQG�(5�YLVLWV
H��PRGHO�DGMXVWHG�IRU�DJH��VH[��6(6��GLDEHWHV�PHOOLWXV��YDVFXODU�GLVHDVH��KRVSLWDOL]DWLRQ��DQG�(5�YLVLWV
I��PRGHO�DGMXVWHG�IRU�DJH��VH[��6(6��GLDEHWHV�PHOOLWXV��YDVFXODU�GLVHDVH

Table 6.5: Percentage of most commonly dispensed medication classes of CKD Stage G4-G5 without 
KRT patients, dialysis patients, and kidney transplant patients and matched controls; medication classes 
GH΋QHG�IRU�FKURQLF�PHGLFDWLRQ�XVH�

Chronic medication use

CKD Stage G4-G5 Dialysis Kidney transplantation

Patients (%)
(n = 14 905)

Matched 
controls (%)
(n = 29 810)

Patients (%)
(n = 3872)

Matched 
controls (%)
(n = 7744)

Patients (%)
(n = 8796)

Matched 
controls (%) 
(n = 17 592)

Medication classes

Cardiovascular drugs

 ACE inhibitors 23.6 11.1 11.4 10.4 24.6 5.3

 ARB 27.9 9.8 13.2 7.9 17.6 4.8

 Beta blockers 29.1 9.1 25.1 7.9 29.6 3.7

 Ca channel blockers 39.8 9.3 29.7 8.5 43.4 4.2

 Diuretics 43.1 10.1 44.3 8.6 19.1 3.8

Statins 52.8 19.3 39.5 18.3 50.8 10.2

Proton pump 
inhibitors

51.9 19.4 65.5 16.8 54.0 8.2

Vitamin D analogues 50.6 12.5 43.4 9.9 48.5 4.7

Antithrombotic agents 45.2 19.2 50.3 17.2 29.6 7.6

 Platelet aggregation  
 inhibitors

38.8 15.3 44.6 13.9 23.9 6.2

 Vitamin K antagonist 5.6 2.1 6.3 1.8 4.3 0.67

 Heparin 0.27 0.14 0.44 0.10 0.47 0.06

 DOAC/NOAC 1.1 1.9 0.03 1.6 1.4 0.76

Antidiabetics 25.8 6.6 19.6 6.4 21.3 3.5

 Insulin 15.8 2.1 14.8 2.1 11.2 1.0

 Metformin 2.2 4.7 0.03 4.8 9.2 2.6

 Sulfonureumderivate 10.3 2.9 4.5 2.5 7.1 1.5

$EEUHYLDWLRQV��&.'��FKURQLF�NLGQH\�GLVHDVH��.57��NLGQH\�UHSODFHPHQW�WKHUDS\��'''��GDLO\�GH΋QHG�GRVH��
ACE, angiotensin converting-enzyme; ARB, angiotensin II receptor blocker; DOAC/NOAC, direct oral 
anticoagulant/ novel oral anticoagulant
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Discussion
This study using Dutch health claims data demonstrates that polypharmacy is highly 

prevalent in CKD Stage G4-G5 patients and patients with KRT compared with the general 

population. Since multimorbidity is one of the driving factors of polypharmacy, we 

must note that chronic comorbid conditions were three to four times more prevalent 

in patients than in controls. In our study, PP prevalence based on ‘all medication use’ 

ranged from 87% in CKD Stage G4-G5 to 94%-95% in dialysis and transplant patients. 

The prevalence was lower for chronic medication use. Older age was an important risk 

factor for PP in CKD Stage G4-G5 and transplant patients, whereas dialysis patients aged 

ȱ���\HDUV�KDG�D�ORZHU�ULVN�RI�SRO\SKDUPDF\�FRPSDUHG�ZLWK�\RXQJHU�FRXQWHUSDUWV��)RU�

all patients, additional risk factors were lower SES, DM, vascular disease, hospitalization, 

and an ER visit during the year. The polypharmacy prevalence ratio between patients 

and controls declined with age. The most commonly dispensed medications were PPIs 

and statins, with more than half of patients using these medications.

Strengths and limitations

The main strength of this paper is the use of a health claims database with almost 

complete national coverage of Stage G4-G5 CKD patients, by which we could study CKD 

Stage G4-G5 and KRT patients in the same cohort and compare them with the general 

population. Pharmacy dispensing data was complete and contained all dispensed 

medication by the pharmacy. This is in contrast to other studies which used data from 

SDWLHQW�TXHVWLRQQDLUHV�ZKLFK�KHDYLO\�UHOLHV�RQ�SDWLHQW�PHPRU\��$QRWKHU�VWUHQJWK�RI�

pharmacy dispensing data is that they only include prescribed medication that was 

actually dispensed and do not cover prescribed medications that were never collected 

at the pharmacy. Although information on medication adherence is often missing in 

studies describing medication use, the regular dispensing of medication in a health claims 

database is an indirect yet strong indication that the medication was routinely taken.

:H�PXVW�FRQVLGHU�VHYHUDO� OLPLWDWLRQV��)LUVW��DOWKRXJK�WKH�LGHQWL΋FDWLRQ�RI�GLDO\VLV�

and transplant patients is accurate using health claims data,67 we were unable to 

identify patients with CKD treated in primary care, being mostly elderly patients.55 

Furthermore, data on medication adherence is missing. In addition, we were unable 

to identify medication given during dialysis sessions. Therefore, the polypharmacy 

levels of dialysis patients reported in this study are likely an underestimation of their 

actual medication burden. Finally, the estimation of chronic conditions in our study 

ZDV�EDVHG�RQ�SUR[LHV�WKDW�DUH�YXOQHUDEOH�WR�LQDFFXUDF\�
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Prevalence of polypharmacy

The comparison of the prevalence of polypharmacy with other studies is challenging 

GXH�WR�WKH�VXEVWDQWLDO�GLΊHUHQFHV�LQ�SDWLHQW�VHOHFWLRQ��GH΋QLWLRQ�RI�SRO\SKDUPDF\��

and data collection. Almost all previously performed studies collected cross-sectional 

PHGLFDWLRQ�GDWD�YLD�SDWLHQW�UHSRUWV�RU�PHGLFDO�FKDUWV��2XU�VWXG\�LV�XQLTXH�LQ�WKH�

approach to use pharmacy dispensing data, which enabled us to monitor all dispensed 

PHGLFDWLRQ��7KH�DYDLODELOLW\�RI�WKH�DQQXDO�TXDQWLW\�RI�VXSSOLHG�PHGLFDWLRQV�PDNHV�LW�

SRVVLEOH�WR�GLΊHUHQWLDWH�EHWZHHQ�DOO�DQG�FKURQLF�PHGLFDWLRQ�XVH�

The considerably higher PP prevalence based on all medication use compared with 

chronic medication use suggests that patients often receive short-term medication or 

H[SHULHQFH�PHGLFDWLRQ�FKDQJHV��$OWKRXJK�33�SUHYDOHQFH�EDVHG�RQ�FKURQLF�PHGLFDWLRQ�

XVH�EHWWHU�UHΌHFWV�WKH�VWUXFWXUDO�PHGLFDWLRQ�EXUGHQ��WKLV�W\SH�RI�PHGLFDWLRQ�XVH�LV�

QRW�UHSRUWHG�LQ�RWKHU�VWXGLHV��7KHUHIRUH��ZH�FDQ�RQO\�GLVFXVV�RXU�΋QGLQJV�RQ�WKH�33�

prevalence from the perspective of other studies on all medication use.

CKD Stage G4-G5 without KRT Current literature describes polypharmacy prevalence 

LQ�GLΊHUHQW�VWDJHV�RI�&.'��XVLQJ�GLΊHUHQW�GH΋QLWLRQV�RI�SRO\SKDUPDF\��DQG�PDLQO\�LQ�

elderly patients. Two studies describe polypharmacy prevalence in CKD Stage G4-G5 

patients. Of these, Schmidt et al. reported a PP prevalence of 92% (eGFR <30 mL/

min/1.73 m2).160�+D\ZDUG�HW�DO��GHVFULEH�SUHYDOHQFHV�RI������ȱ��PHGLFDWLRQV��DQG�����

�ȱ���PHGLFDWLRQV��LQ�D�JURXS�RI�HOGHUO\��!���\HDUV��SDWLHQWV��H*)5�����P/�PLQ������P2) 

RI�GLΊHUHQW�(XURSHDQ�FRXQWULHV�168 Within the subset of Dutch patients in this study, 

D�SUHYDOHQFH�RI������ȱ��PHGLFDWLRQV��DQG������ȱ���PHGLFDWLRQV��ZDV�GHVFULEHG��$OO�

UHVXOWV�DUH�FRPSDUDEOH�WR�RXU�΋QGLQJV��/RZHU�33�SUHYDOHQFH�ZDV�IRXQG�LQ�SDWLHQWV�

with CKD Stages G1-G3.153,160,161

Dialysis It is well-known that dialysis patients have a high medication burden.166,175,176 

$�SRROHG�DQDO\VHV�UHSRUW�WKDW�GLDO\VLV�SDWLHQWV�XVH����GLΊHUHQW�PHGLFDWLRQV�163,176 We 

report a median of 12 medications. A study from Saudi Arabia with 95 hemodialysis 

patients reports a 98% PP prevalence (>5 medications)169, which is comparable to our 

PP prevalence. A Canadian study reports that 93.1% of elderly hemodialysis patients 

�DJH�ȱ���\HDUV��XVHG�΋YH�RU�PRUH�PHGLFDWLRQV�163 No previous studies reported on 

(3�DQG�+3�SUHYDOHQFH�DQG�ZH�DUH�WKH�΋UVW�VWXG\�LQ�D�PXFK�ODUJHU�FRKRUW�RI�GLDO\VLV�

patients of all ages.

Kidney transplantation A high pill buren is also described in transplant patients, 

ranging from 7-32 pills per day, depending on the time period after transplantation.177–179 
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$Q� $UJHQWLQHDQ� VWXG\� GHVFULEHG� D�PHDQ� RI� ���� GLΊHUHQW�PHGLFDWLRQV��ZKLOH�ZH�

GHVFULEH�D�PHGLDQ�RI����GLΊHUHQW�PHGLFDWLRQV�180 Only one Polish study reported 

polypharmacy prevalence in a much smaller group of 136 transplant patients, being 

���������PHGLFDWLRQV��DQG������ȱ���PHGLFDWLRQV��170 We demonstrated a considerably 

higher PP and EP prevalence in our larger cohort of transplant patients.

Comparison with the general population 7R�RXU�NQRZOHGJH��WKLV�LV�WKH�΋UVW�VWXG\�

comparing the polypharmacy prevalence of CKD Stage G4-G5 patients and KRT 

patients with a matched control group from the general population. We demonstrate 

that polypharmacy prevalence is already substantially higher in young patients 

FRPSDUHG�ZLWK�FRQWUROV��SUREDEO\�UHΌHFWLQJ�WKH�KLJK�QXPEHU�RI�FRPRUELGLWLHV� LQ�

CKD patients, already at a young age. The ratio of polypharmacy between patients 

and controls decreases with increasing age, because medication use increases more 

with age in the general population than it does in patients.181

Risk factors for polypharmacy

:H�FRQ΋UP�D�SRVLWLYH�DVVRFLDWLRQ�EHWZHHQ�SRO\SKDUPDF\�DQG�ROGHU�DJH� LQ�&.'�

Stage G4-G5 and transplant patients.153,160,170,182 The inverse association between 

SRO\SKDUPDF\�DQG�DJH�ȱ���\HDUV�LQ�GLDO\VLV�SDWLHQWV�PD\�VXJJHVW�VRPH�UHOXFWDQFH�WR�

SUHVFULEH�PHGLFDWLRQ�LQ�WKH�HOGHUO\�GLDO\VLV�SDWLHQW�ZLWK�OLPLWHG�OLIH�H[SHFWDQF\�EHLQJ�

DW�KLJK�ULVN�IRU�PHGLFDWLRQ�UHODWHG�SUREOHPV��:H�FRQ΋UP�WKDW�WKH�SUHVHQFH�RI�FKURQLF�

conditions like DM and cardiovascular disease are risk factors for polypharmacy in 

all patients.160,163,169,183

1H[W��ZH�GHVFULEHG�D�SRVLWLYH�DVVRFLDWLRQ�EHWZHHQ�ORZ�6(6�DQG�SRO\SKDUPDF\��IRU�&.'�

Stage G4-G5 and transplant patients, in line with other studies.153,160�$�SRVVLEOH�H[SODQDWLRQ�

is that individuals with a low SES often have low health literacy and are more vulnerable 

WR�FRPRUELG� LOOQHVV��/DVWO\��ZH�DUH� WKH�΋UVW� WR�GHPRQVWUDWH�D�SRVLWLYH�DVVRFLDWLRQ�

between polypharmacy and hospitalization or an ER visit. We hypothesize that patients 

with an indication for an ER visit or hospital admission likely have severe comorbid 

conditions or complications of their CKD, for which they need additional medication 

prescription. Moreover, polypharmacy itself may be associated with hospitalization 

in the elderly population184,185�� DOWKRXJK� WKLV� ZDV� QRW� FRQ΋UPHG� HOVHZKHUH�186

Medication dispensing

7KH�LQFUHDVHG�FDUGLRYDVFXODU�ULVN�RI�&.'�SDWLHQWV�LV�UHΌHFWHG�E\�WKH�KLJK�QXPEHU�

of medications to prevent or treat cardiovascular conditions. Recent guidelines 
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recommend statin prescription to CKD Stage G4-G5 patients.187 Although (almost) 

DOO� &.'�6WDJH�*��*��SDWLHQWV�ZRXOG�EH� H[SHFWHG� WR� IXO΋OO� WKH� FULWHULD� IRU� VWDWLQ�

prescription, only half of the patients in our study used statins. Conversely, several 

VWXGLHV�TXHVWLRQ�WKH�EHQH΋W�RI�VWDWLQ�WKHUDS\�IRU�GLDO\VLV�SDWLHQWV�188–190 Guidelines 

suggest that statins should not be routinely initiated, though continued when 

patients already use statins when initiating dialysis treatment.191 We suggest a critical 

evaluation of statin treatment in dialysis patients to reduce some of the medication 

burden. This also may be the case for PPIs.192 More than 50% of CKD Stage G4-G5 

and transplant patients, and even >65% of dialysis patients used a PPI in our study. 

Previous studies reported PPI use of 30%, 50%, and 52% in hemodialysis patients and 

33%, 49%, and 62% in CKD Stage G4-G5 patients.163,168,183 The literature reports that the 

indication for PPI use in dialysis patients was unknown in more than 25% of the time.193 

6LQFH�WKH�ORQJ�WHUP�XVH�RI�33,V�FDQ�KDYH�QHJDWLYH�FRQVHTXHQFHV��GHSUHVFULELQJ�RI�

PPIs should be considered.194

Conclusion
Our study demonstrates that patients with CKD Stage G4-G5 and patients on KRT 

have a very high medication burden, far beyond that of individuals from the general 

population. Important polypharmacy risk factors are age, SES, DM, vascular disease, 

hospitalization, and an ER visit.

0HGLFDWLRQ�WUHDWPHQW�RI�&.'�SDWLHQWV�LV�D�FKDOOHQJLQJ�EDODQFH�EHWZHHQ�WKH�EHQH΋WV�

of pharmacotherapy for the treatment of kidney disease and comorbidities and the 

disadvantages of potentially inappropriate prescribing or adverse drug interaction.195 

Although physicians often check whether the prescribed medication in their patient 

is appropriate it is not easy to minimize the medication burden. As directed by the 

Hippocratic Oath, physicians strive for an optimal treatment of their patients, while 

avoiding those twin traps of overtreatment and therapeutic nihilism. Undertreatment 

has been repeatedly associated with unfavorable outcomes in dialysis patients.196 

Despite the fact that therapeutic nihilism should be avoided at all times, we propose 

WKDW�D�FULWLFDO�DSSURDFK�WR�WKH�SUHVFULSWLRQ�RI�VSHFL΋F�PHGLFDWLRQV�OLNH�33,V�� LQ�DOO�

&.'�SDWLHQWV��DQG�VWDWLQV�� LQ�WKH�GLDO\VLV�SRSXODWLRQ��FRXOG�EH�D�΋UVW�VWHS�WRZDUGV�

a more appropriate medication use. Finding a proper balance between potentially 

EHQH΋FLDO�PHGLFDWLRQ��DQG�QHHGOHVV�XVH�RI�PHGLFDWLRQV�ZLWK�DGYHUVH�HΊHFWV�ZLOO�

remain a challenge.
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Abstract
Background Chronic kidney disease (CKD) is associated with a higher prevalence of 

depression, neuropathic pain, and insomnia. These conditions are often treated phar-

maceutically. In this study, we aimed to determine the prevalence of chronic antide-

pressant use among CKD patients with and without kidney replacement therapy (KRT).

Method By using the Dutch health claims database, we were able to determine the 

prevalence, type, and dosage of chronic antidepressant prescription in patients with 

CKD Stage G4-G5 without KRT (n� ����������SDWLHQWV�RQ�GLDO\VLV��n� ��������DQG�SDWLHQWV�

living on a functioning graft (n� �������DQG�FRPSDUHG�WKHVH�ZLWK�DJH��VH[��DQG�VRFLR-

economic status (SES)-matched controls from the general population.

Results Our data show that the prevalence of chronic antidepressant prescription is 

5.6%, 5.3%, and 4.2% in CKD Stage G4-G5, dialysis, and kidney transplant patients, 

UHVSHFWLYHO\��ZKLFK�LV�VLJQL΋FDQWO\�KLJKHU�WKDQ�LQ�PDWFKHG�FRQWUROV��$OWKRXJK�RXU�GDWD�

revealed higher prescription in female patients and the age category 45-64 years, 

our data did not show any association between antidepressant prescription and SES. 

Selective serotonin reuptake inhibitors were the most prescribed drugs in all patient 

groups and controls. Tricyclic antidepressants were more often used in patients com-

pared with controls.

Conclusion This nationwide analysis revealed that chronic antidepressant prescrip-

tion in the Netherlands is higher in CKD patients with and without KRT than in con-

trols, higher in middle-aged patients and women, unrelated to socioeconomic status, 

and lower than chronic use reported in other countries.
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Introduction
Chronic kidney disease (CKD) is associated with substantial comorbidity. In addition 

to well-known cardiovascular pathology, CKD is associated with a number of 

neuropsychiatric conditions such as neuropathic pain, sleep disorders, depressive 

PRRG�GLVRUGHU��DQG�DQ[LHW\�197–199 Various non-pharmaceutical therapies are available 

IRU�WKHVH�FRQGLWLRQV��VXFK�DV�OLIHVW\OH�PRGL΋FDWLRQ�RU�FRJQLWLYH�EHKDYLRXUDO�WKHUDS\��

,I� WKHVH� SURYH� LQHΊHFWLYH� RU� ZKHQ� WKH� GLVHDVH� EXUGHQ� LV� KLJK�� SKDUPDFHXWLFDO�

intervention by prescribing antidepressant medication can be considered. The results 

of several studies suggest that in CKD, the use of antidepressants is associated with 

higher mortality 200,201 although this is not persistently demonstrated.202

Current literature suggests that antidepressant use in CKD with and without kidney 

replacement therapy (KRT) varies between 5.2% and 29.1%.201–204 In CKD patients 

without KRT, antidepressant use appears to be substantially higher than in age and 

VH[�PDWFKHG�FRQWUROV�ZLWKRXW�&.'�204 However, so far in studies on antidepressant use 

in dialysis-dependent and kidney transplant patients a control group has been lacking. 

Moreover, previous studies were restricted to samples and did not use comprehensive, 

nationwide data.205,206�2XU� VWXG\�DLPV� WR�H[DPLQH�FKURQLF�DQWLGHSUHVVDQW�XVH� LQ�

patients with CKD Stage G4-G5 without KRT, patients on dialysis treatment, and 

patients with a functioning kidney transplant in comparison to matched controls 

from the general population. To this end, we analyzed data derived from a national 

health insurance database that covers the entire Dutch CKD population.

Methods

Vektis database

For this study, we used Dutch health claims data from the Vektis database. Since 

KHDOWK� LQVXUDQFH� LV�PDQGDWRU\� LQ� WKH�1HWKHUODQGV� DSSUR[LPDWHO\� ����RI�'XWFK�

residents are insured, of whom 99% are included in the database. This database 

contains all reimbursement data for healthcare products covered by the Dutch Health 

Insurance Act, as well as demographic data such as an individual’s year of birth, 

VH[��SRVWDO�FRGH��VRFLRHFRQRPLF�VWDWXV��6(6���DQG�GDWH�RI�GHDWK��LI�DSSOLFDEOH��30 The 

6(6�RI�HDFK�LQGLYLGXDO�LV�EDVHG�RQ�D�SHUVRQȆV�SRVWDO�FRGH�DQG�LV�D�UHΌHFWLRQ�RI�WKH�

average income, educational level, and position on the labour market in that area of 

residence.207 The mean SES score in the Netherlands has been set at 0 and ranges 
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from -6.75 to +3.06, where a lower score indicates a lower SES and higher scores 

indicate a higher SES.207

In the Netherlands, all hospital procedures are reimbursed via physician claims 

named Diagnosis Treatment Combinations (DBC).38 Every DBC corresponds to a 

given medical diagnosis in a given medical discipline. Furthermore, Vektis contains 

pharmacy dispensing data with information regarding the WHO’s Anatomical 

7KHUDSHXWLF�&KHPLFDO��$7&��FODVVL΋FDWLRQ�V\VWHP��WKH�GDLO\�GH΋QHG�GRVH��'''���DQG�

WKH�DQQXDO�TXDQWLW\�RI�D�VXSSOLHG�PHGLFDWLRQ�32�7KH�'''�UHΌHFWV�WKH�DVVXPHG�DYHUDJH�

maintenance dose per day for a medication used for its main indication. The annual 

TXDQWLW\�RI�D�VSHFL΋F�PHGLFDWLRQ�LV�D�SURGXFW�RI�WKH�'''�DQG�WKH�QXPEHU�RI�GD\V�D�

PHGLFDWLRQ�ZDV�GLVSHQVHG��)RU�H[DPSOH��DQ�DQQXDO�'''�RI�����PD\�LQGLFDWH�WKH�XVH�RI�

medication in its routine dose during 180 days or half of the routine dose during 360 

days. Vektis has no information on medication administered in intramural settings, 

such as during a hospital admission, during dialysis treatment, or a nursing home 

stay. Furthermore, Vektis does not include data on over-the-counter drugs.

6LQFH� WKH�9HNWLV�GDWDEDVH� ODFNV�GHWDLOHG�FOLQLFDO� LQIRUPDWLRQ��ZH�XVHG�SUR[LHV� WR�

assess the prevalence of chronic conditions in our study population. The variables 

diabetes mellitus, macrovascular disease (coronary artery disease, peripheral artery 

disease, and CVA/TIA), and malignancies were based on combinations of DBC codes, 

primary care codes, and medication use.208 The variables COPD and Parkinson’s 

GLVHDVH�ZHUH�EDVHG�RQ�PHGLFDWLRQ�SUR΋OHV��L�H��3KDUPDFHXWLFDO�&RVW�*URXSV��ZKLFK�

have been shown to provide reliable estimates of chronic disease burden.101,171,209,210 

The variables hospitalization and intensive care unit (ICU) admission were based on 

operational codes, an element of the DBC code. See RQOLQH�VXSSOHPHQWDU\�΋OH for 

WKH�YDULDEOH�GH΋QLWLRQV�

Study population

:H�LGHQWL΋HG�DGXOWV��L�H��ȱ���\HDUV�RI�DJH��ZLWK�&.'�6WDJH�*��*���HVWLPDWHG�JORPHUXODU�

΋OWUDWLRQ�UDWH��H*)5������P/�PLQ������P2) without KRT, patients on dialysis treatment 

(regardless of dialysis modality), and patients with a functioning kidney transplant. 

3DWLHQWV�ZHUH�LGHQWL΋HG�DQG�DOORFDWHG�WR�WKH�SDWLHQW�JURXSV�E\�D�'%&�IRU�&.'�6WDJH�

G4-G5, dialysis, or kidney transplantation on 1 January 2017. Patients with CKD Stage 

G4-G5 without KRT who started KRT in 2017 and patients switching KRT modality in 

������IURP�GLDO\VLV�WR�NLGQH\�WUDQVSODQWDWLRQ�RU�YLFH�YHUVD��ZHUH�H[FOXGHG�IURP�WKH�

https://academic.oup.com/ckj/advance-article/doi/10.1093/ckj/sfab242/6449011?searchresult=1#supplementary-data
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study (n  ��������)XUWKHUPRUH��LQGLYLGXDOV�ZHUH�H[FOXGHG�LQ�FDVH�RI�LQFRPSOHWH�GDWD��

if they died during the study year or if we were unable to match them to controls.

A control group was created for each patient group separately by randomly selecting 

two controls per patient out of all individuals in the Vektis database provided that 

they had no CKD-related healthcare claim in 2017. Controls were matched for age, 

VH[��DQG�6(6�VFRUH�

Antidepressant prescription

$QWLGHSUHVVDQW�SUHVFULSWLRQ�ZDV�GH΋QHG�E\�GUXJV�OLVWHG�LQ�:+2ȆV�$7&�FODVVL΋FDWLRQ�

system, code N06A Antidepressants (see RQOLQH�VXSSOHPHQWDU\�΋OH for drugs listed 

to code N06A).211 We selected antidepressants with a cumulative annual DDD of 

ȱ����WR�GH΋QH�FKURQLF�DQWLGHSUHVVDQW�XVH�DV�RXU�PDLQ�RXWFRPH��,Q�DGGLWLRQ��WRWDO�

DQWLGHSUHVVDQW�SUHVFULSWLRQ�ZDV�GH΋QHG�DV�D�'''!��

Statistical analyses

Baseline characteristics were described using medians and percentiles for continuous 

YDULDEOHV� WKDW� ZHUH� QRW� QRUPDOO\� GLVWULEXWHG� DQG� IUHTXHQF\� GLVWULEXWLRQV� ZLWK�

percentages for categorical variables. For the variable age, which was not normally 

distributed, we also presented the mean and standard deviation (SD). We calculated 

DQWLGHSUHVVDQW�SUHVFULSWLRQ�LQ�DOO�SDWLHQWV��VXE�JURXSV�DQG�FRQWUROV�DQG�H[SUHVVHG�

it as a percentage. Baseline characteristics and antidepressant prescription in 

subgroups were compared using a Student’s t-test for normally distributed continuous 

variables, the Mann-Whitney U-test for not normally distributed continuous variables, 

DQG�WKH�FKL�VTXDUHG�WHVW�IRU�FDWHJRULFDO�YDULDEOHV��:H�FRQVLGHUHG�D�3�YDOXH�RI�������

DV�VWDWLVWLFDOO\�VLJQL΋FDQW��$QDO\VHV�ZHUH�SHUIRUPHG�LQ�6$6��YHUVLRQ������6$6�,QVWLWXWH�

Inc., Cary, NC, USA).

Results

Patient characteristics

In total, 14 905 CKD G4-G5, 3872 dialysis, and 8796 transplant patients were included. 

Baseline characteristics are shown in Table 7.1. Mean age varied between 56.5 years in 

transplant patients to 75.6 years in CKD Stage G4-G5 patients, whereas the percentage 

of males varied between 52.8% in the CKD Stage G4-G5 patients to 59.8% in transplant 

patients. Median SES ranged from -0.1 (kidney transplantation) to -0.4 (dialysis). The 

SHUFHQWDJH�RI�SDWLHQWV� VXΊHULQJ� IURP�GLDEHWHV�PHOOLWXV��PDFURYDVFXODU�GLVHDVH��

https://academic.oup.com/ckj/advance-article/doi/10.1093/ckj/sfab242/6449011?searchresult=1#supplementary-data
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DQG�&23'�ZDV�VLJQL΋FDQWO\�KLJKHU�LQ�SDWLHQWV�FRPSDUHG�ZLWK�FRQWUROV��3����������

Furthermore, the percentage of patients with malignancy, hospitalization, or ICU 

admission was higher in all patients compared with controls (P <0.001).

Chronic antidepressant prescription

Figure 7.1 shows the percentage of chronic antidepressant prescription in patients and 

controls. Overall, antidepressant prescription was higher in patients than in controls; 

i.e. CKD Stage G4-G5 patients (5.6% versus 2.8%, P <0.001), dialysis patients (5.3% 

versus 3.0%, P <0.001), and transplant patients (4.1% versus 2.7%, P <0.001). In both 

patients and controls, the antidepressant prescription was highest between 45 and 64 

\HDUV�RI�DJH�DQG�ORZHVW�LQ�SDWLHQWV�DQG�FRQWUROV�DJHG�������\HDUV��ZLWK�WKH�H[FHSWLRQ�

RI�&.'�6WDJH�*��*��SDWLHQWV��ZKHUH�SUHVFULSWLRQ�ZDV�ORZHVW�LQ�SDWLHQWV�DJHG�ȱ���

years. In both patients and controls, women were prescribed antidepressants more 

RIWHQ�WKDQ�PHQ��)LJXUH�������)UHTXHQFLHV�UDQJHG�IURP������WR������LQ�IHPDOH�SDWLHQWV�

and from 3.3% to 4.1% in males while in controls this was 3.7% to 4.3% in women and 

�����WR������LQ�PHQ��)LJXUH�������9DULDWLRQ�LQ�SUHVFULSWLRQV�EHWZHHQ�WKH�GLΊHUHQW�6(6�

groups was small.

In an RQOLQH�VXSSOHPHQWDU\�΋OH we present the percentage of total antidepressant 

prescription (DDD>0) in patients and controls. Similar patterns were observed as in 

FKURQLF�DQWLGHSUHVVDQW�SUHVFULSWLRQ��DOEHLW�DW�KLJKHU�SUHVFULSWLRQ�IUHTXHQFLHV��7RWDO�

antidepressant prescriptions were higher in patients than in controls (CKD G4-G5: 

10.6% versus 5.6%, P <0.001, dialysis: 12.1% versus 5.4%, P <0.001, transplantation 

7.8% versus 4.4%, P <0.001).

Type of antidepressants

Among patients who were prescribed antidepressant medication, selective serotonin 

reuptake inhibitors (SSRIs) were the most prevalent type of antidepressant medication, 

ranging from 55.1% in CKD Stage G4-G5 to 65.1% in transplant patients (Table 7.2). 

SSRI prescription was consistently lower in patients compared with controls, although 

WKLV�GLΊHUHQFH�ZDV�RQO\�VWDWLVWLFDOO\�VLJQL΋FDQW�LQ�WKH�&.'�JURXS��������YHUVXV��������

3� ���������7KH�IUHTXHQF\�RI�WULF\FOLF�DQWLGHSUHVVDQW��7&$��SUHVFULSWLRQ�ZDV��������

23.0%, and 18.7% in CKD Stage G4-G5, dialysis, and transplant patients, respectively, 

DQG�ZDV�VLJQL΋FDQWO\�KLJKHU�LQ�DOO�SDWLHQW�JURXSV�FRPSDUHG�ZLWK�FRQWUROV��&LWDORSUDP�

DQG�SDUR[HWLQH�ZHUH�WKH�PRVW�RIWHQ�SUHVFULEHG�665,V��7DEOH�������5HJDUGLQJ�7&$V��

DPLWULSW\OLQH�ZDV�VLJQL΋FDQWO\�PRUH�RIWHQ�SUHVFULEHG� LQ�DOO� WKUHH�SDWLHQW�JURXSV�

https://academic.oup.com/ckj/advance-article/doi/10.1093/ckj/sfab242/6449011?searchresult=1#supplementary-data
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compared with their control groups (P <0.01). In transplant patients, also nortriptyline 

ZDV�PRUH� RIWHQ� SUHVFULEHG� WKDQ� LQ� FRQWUROV� �3� ���������0LUWD]DSLQH� �WHWUDF\FOLF�

DQWLGHSUHVVDQW��DQG�YHQODID[LQH��VHOHFWLYH�QRUDGUHQDOLQ�UHXSWDNH�LQKLELWRU��ZHUH�WKH�

most commonly prescribed ‘other’ types of antidepressants.

Figure 7.1: 3HUFHQWDJH�RI�FKURQLF�DQWLGHSUHVVDQW�SUHVFULSWLRQ��'''ȱ�����LQ�&.'�6WDJH�*��*��ZLWKRXW�
kidney replacement therapy, dialysis, and kidney transplant patients versus matched controls, and by 
DJH��VH[��DQG�VRFLRHFRQRPLF�VWDWXV�

$EEUHYLDWLRQV��&.'��FKURQLF�NLGQH\�GLVHDVH��6(6��VRFLRHFRQRPLF�VWDWXV��4��TXDUWLOH��'''��GH΋QHG�GDLO\�GRVH
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Table 7.2: 3UHVFULSWLRQ�UDWHV�RI�WKH�GLΊHUHQW�FODVVHV�RI�DQWLGHSUHVVDQWV�DQG�LQGLYLGXDO�DQWLGHSUHVVDQWV�
in CKD Stage G4-G5, dialysis, and kidney transplantation patients and matched controls using 
antidepressantsa.

CKD Stage G4-G5 Dialysis Kidney transplantation

Patients Controls P-value Patients Controls P-value Patients Controls P-value

SSRI (%) 55.1 62.0 0.004 61.3 67.1 0.206 65.1 69.7 0.156

Citalopram 19.6 21.5 0.334 26.0 19.0 0.083 21.7 21.0 0.792

3DUR[HWLQH 19.0 22.8 0.056 20.6 28.1 0.068 20.6 25.1 0.125

Sertraline 6.5 5.9 0.640 4.4 8.7 0.076 10.7 8.9 0.383

Escitalopram 4.1 5.8 0.103 4.9 4.8 0.946 5.8 6.6 0.605

Other* 6.6 7.5 n.d. 5.9 7.4 n.d. 7.4 9.8 n.d.

TCA (%) 23.4 19.5 0.048 23.0 14.7 0.026 18.7 11.0 0.002

Amitriptyline 13.1 8.3 0.002 17.7 7.8 0.002 11.3 4.8 <0.001

Nortriptyline 7.3 7.4 0.980 4.9 4.3 0.776 4.7 2.1 0.034

Other# 3.5 3.9 n.d. 2.0 3.0 n.d. 3.3 4.2 n.d.

Other (%) 30.4 28.9 0.489 27.9 26.4 0.720 26.4 28.4 0.509

Mirtazapine 16.8 15.8 0.568 20.6 14.3 0.083 12.6 10.8 0.405

9HQODID[LQH 8.8 10.0 0.399 7.8 8.7 0.758 8.2 13.1 0.026

Other+ 6.1 5.3 n.d. 3.9 5.6 n.d. 5.6 6.4 n.d.

a. The table shows the percentages of (type of) antidepressants prescribed in individuals on antidepressant 
prescription. The prescription rates of SSRI, TCA, and other add up to more than 100% which indicates that 
VRPH�LQGLYLGXDOV�ZHUH�SUHVFULEHG�PRUH�WKDQ�RQH�DQWLGHSUHVVDQW�IURP�GLΊHUHQW�FODVVHV�
Abbreviations: CKD, chronic kidney disease; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic 
antidepressant

ΌXYR[DPLQH�DQG�ΌXR[HWLQH
#FORPLSUDPLQH��LPLSUDPLPH��GR[HSLQH��PDSURWLOLQH��GRVXOHSLQH
+EXSURSLRQ��GXOR[HWLQH��WUD]RGRQH��DJRPHODWLQH��YRUWLR[HWLQH��PLDQVHULQH

Discussion
:H� FRQGXFWHG� WKH� ΋UVW� QDWLRQZLGH� VWXG\� DVVHVVLQJ� FKURQLF� DQWLGHSUHVVDQW�

prescription in patients with CKD Stage G4-G5 with and without KRT compared 

ZLWK�DJH��VH[��DQG�6(6�PDWFKHG�FRQWUROV��,Q�WKLV�VWXG\��WKH�SHUFHQWDJH�RI�SUHVFULEHG�

antidepressants was higher in CKD patients than in the matched general population 

without CKD. Around 6% of CKD Stage G4-G5 patients, 5% of dialysis patients, and 

4% of transplant patients were chronically prescribed antidepressants compared 

with around 3% in the control groups. The antidepressant prescription was highest in 

patients aged 45-64 years. Both in patients and controls, women were more likely to 
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be prescribed antidepressant medication. Furthermore, antidepressant prescribing 

in CKD patients was comparable across SES categories which suggests that there is 

no association between educational level and chronic antidepressant prescribing. 

SSRI was the antidepressant of choice in patients being prescribed antidepressants; 

with 55% of CKD, 61% of dialysis, and 65% of kidney transplant patients using a drug 

IURP�WKLV�FODVV�RI�DQWLGHSUHVVDQWV��,QWHUHVWLQJO\��7&$V�ZHUH�SUHVFULEHG�VLJQL΋FDQWO\�

more often in patients compared with controls.

Strengths and limitations

In this study, we used a comprehensive data source of routinely collected health claims 

GDWD�FRPSULVLQJ�DSSUR[LPDWHO\�����RI�DOO�'XWFK�LQKDELWDQWV��7KLV�HQDEOHG�XV�WR�VWXG\�

CKD Stage G4-G5 patients with and without KRT in the same study cohort and to select 

a matched control group from the general population. Pharmacy dispensing data, 

which was used to determine antidepressant prescription in this study, is generally 

considered the most accurate way to determine medication use in large populations 

as opposed to medication reviews from patient interviews or medical charts which are 

vulnerable to recall bias or incomplete registration.212 Furthermore, our data allowed 

for the selection of chronically prescribed antidepressant medication representing 

D�JURXS�RI�SDWLHQWV�ZLWK�FOLQLFDOO\�VLJQL΋FDQW�GHSUHVVLYH�V\PSWRPV�SUHVHQW� IRU�D�

prolonged period of time. An additional advantage of pharmacy dispensing data 

is that they only represent prescribed medication that is truly dispensed by the 

pharmacy and accordingly collected by the patient. Although medication adherence 

UHPDLQV�GL΍FXOW�WR�TXDQWLI\��UHJXODU�PHGLFDWLRQ�GLVSHQVLQJ�E\�D�SKDUPDF\�LV�D�VWURQJ�

indicator that this medication was routinely used by the patient.

Several limitations of this study must also be acknowledged. First, the validity of study 

results must be discussed when health claims codes are being used to identify a study 

population. Previously, we showed that Dutch health claims data from the Vektis 

database provide reliable estimates of the Dutch dialysis and kidney transplantation 

population since the correspondence between the Dutch renal registry data and 

the Vektis data was very high (99%).67 The overall sensitivity to identify patients with 

CKD Stage G4-G5 (eGFR <30 mL/min/1.73 m2) using Dutch health claims data was 

low (51%), although sensitivity was higher in younger patients. The relatively low 

YDOLGLW\�FDQ�EH�H[SODLQHG�E\�WKH�IDFW�WKDW�SDWLHQWV�VROHO\�WUHDWHG�LQ�SULPDU\�FDUH�FDQQRW�

EH�LGHQWL΋HG�XVLQJ�KRVSLWDO�FODLPV�GDWD��$V�D�UHVXOW��HVSHFLDOO\�HOGHUO\�SDWLHQWV�DQG�

patients with limited comorbidities are underrepresented in the CKD Stage G4-G5 
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group.69�&RQVHTXHQWO\��WKHUH�LV�D�FKDQFH�WKDW�XQLGHQWL΋HG�&.'�SDWLHQWV�LQ�RXU�VWXG\�

are selected as controls.

Second, we were unable to determine the indication for the prescription of 

antidepressants. Besides the treatment of depressive symptoms, antidepressants 

FDQ�EH�SUHVFULEHG�IRU�RWKHU�GLDJQRVHV�VXFK�DV�QHXURSDWKLF�SDLQ�RU�DQ[LHW\��ZKLFK�

are both more common among CKD patients than in the general population.197–199

Antidepressant use

CKD Stage G4-G5 without KRT Antidepressant use in CKD patients without KRT has 

been described in previous studies originating from the USA and the UK.12,201,203,204,213 

The 2020 USRDS report describes SSRI prescription drug coverage, based on 6 

months prescriptions, in CKD Stage G4 and Stage G5 patients being 22.4% and 21.8%, 

respectively (of note: this USRDS report only described patients aged >65 years and 

coverage of other antidepressants is not reported).12 Two studies by Fischer et al. 

report antidepressant use, derived from patient interviews, in CKD patients (eGFR 

<60 mL/min/1.73 m2��XVLQJ�GDWD�IURP�WZR�GLΊHUHQW�86�FRKRUWV�DPRQJ�SDWLHQWV�ZLWK�

a mean age of around 60 years.203,213 Antidepressant use of 18.2% was reported in 

WKH�&KURQLF�5HQDO�,QVX΍FLHQF\�&RKRUW�DQG������LQ�WKH�$IULFDQ�$PHULFDQ�6WXG\�RI�

Kidney Disease and Hypertension cohort.203,213 Finally, Balogun et al. reported an 

antidepressant use of 29.1% using Medicare pharmacy dispensation data from the 

QDWLRQDO�9HWHUDQV�$ΊDLUV�+HDOWK�6\VWHP�GDWDEDVH��D�FRKRUW�RI�HOGHUO\��PHDQ�DJH����

years) CKD patients (eGFR <60 mL/min/1.73 m2).201 The study by Iwagami et al. is the 

only one comparing antidepressant use of CKD patients (eGFR <60 mL/min/1.73 m2) 

with matched controls from the general population.204 This UK study reported that 

16.3% of CKD patients with a mean age of 76 years were taking antidepressants, 

GH΋QHG�DV�D�SUHVFULSWLRQ�IRU�D�SHULRG�RI�DW�OHDVW���PRQWKV��FRPSDUHG�ZLWK�������LQ�

the controls.

The chronic antidepressant prescription in CKD Stage G4-G5 patients in the 

Netherlands, being 5.6% as reported in this study, is considerably lower than 

GHVFULEHG�LQ�OLWHUDWXUH�ZLWK�WKH�H[FHSWLRQ�RI�WKH�$IULFDQ�$PHULFDQ�6WXG\�RI�.LGQH\�

Disease and Hypertension cohort. It is unknown why this African American cohort 

reported such low rates of antidepressant use, although it has been suggested that 

depression is undertreated in African American populations. The low antidepressant 

SUHVFULSWLRQ�UDWHV�LQ�RXU�VWXG\�FDQQRW�OLNHO\�EH�H[SODLQHG�E\�WKH�DJH�RI�WKH�LQFOXGHG�

SDUWLFLSDQWV�DV�WKHVH�ZHUH�FRPSDUDEOH�DFURVV�WKH�GLΊHUHQW�VWXGLHV��)XUWKHUPRUH��
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the fact that we only included patients with an eGFR <30 mL/min/1.73 m2 is unlikely 

WR�EH�UHODWHG�WR�WKH�REVHUYHG�GLΊHUHQFHV�LQ�DQWLGHSUHVVDQW�SUHVFULSWLRQ�VLQFH�RWKHU�

studies describe no clear relationship between the level of eGFR and antidepressant 

use.203,204,213 Indeed, the percentage of prescribed antidepressants in our study might 

be lower due to the selection of chronic prescriptions. Nevertheless, antidepressant 

prescription in the Netherlands seems to be remarkably lower than reported by the 

USRDS (although only reporting SSRI prescriptions) and the UK study, both based 

on 6 months prescriptions.12,204 Furthermore, we report a 10.6% prevalence of total 

antidepressant prescription which is still remarkably lower than previously reported.

Dialysis The 2020 USRDS report describes the percentage of patients undergoing 

hemodialysis and peritoneal dialysis using SSRI in the USA, which is 21.5% and 

19.3% respectively.12 Guirguis et al. reports that 11% of hemodialysis patients use 

antidepressants, based on a small set of UK patients who were interviewed.214 Finally, 

/RSHV�HW�DO��UHSRUW�DQWLGHSUHVVDQW�XVH��GHULYHG�IURP�PHGLFDO�FKDUWV��RI�DSSUR[LPDWHO\�

13% in a cross-sectional analysis of the DOPPS II cohort including hemodialysis 

SDWLHQWV�IURP����GLΊHUHQW�FRXQWULHV�215�$JDLQ�ZH�΋QG�D�ORZHU�SUHYDOHQFH�RI�FKURQLF�

antidepressant prescriptions in dialysis patients compared with other studies. Where 

the USRDS reports chronically prescribed medication, the duration of prescriptions 

is not known for the other two studies where antidepressant use was based on 

patient interviews and chart review.12,214,215 The results of these latter studies are 

in concordance with our reported total antidepressant prescription rate of 12.1% in 

dialysis patients.214,215

Kidney transplantation Information on antidepressant use in kidney transplant 

patients is scarce. The 2020 USRDS report described an SSRI use of 19.6% in transplant 

patients.12 Lentine et al. studied antidepressant prescriptions in the year before and 

after transplantation using US pharmacy claims data. Antidepressant prescriptions 

were 12.8% in the year before transplantation, of which 51.8% of the patients 

continued use after transplantation and 13.2% started use after transplantation.200 

Among transplant patients, we found a lower prevalence of both chronic (4.1%) and 

total (7.8%) prescription of antidepressants in comparison to other studies.

Prescribing patterns

The Dutch clinical practice guideline advises SSRIs for the treatment of patients 

ZLWK�GHSUHVVLYH�GLVRUGHUV��EHFDXVH�RI�WKHLU�ORZHU�ULVN�RI�VLGH�HΊHFWV�FRPSDUHG�ZLWK�

TCAs, and prefers the prescription of SSRIs citalopram and sertraline and the TCA 
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nortriptyline in older individuals.216 In line with this guideline, the results of our study 

show that most older patients were prescribed citalopram. However, the results of 

our study do not show a preference for nortriptyline over amitriptyline in older 

individuals. This may change in the coming years as prescribers may gradually become 

DZDUH�RI�WKH�EHQH΋FLDO�HΊHFWV�RI�QRUWULSW\OLQH�217 Our data is broadly consistent with 

previously conducted studies in CKD patients describing the preference of SSRIs over 

TCAs.200,203,204,213�'DWD�RQ�WKH�VSHFL΋F�W\SH�RI�DQWLGHSUHVVDQW�LV�VFDUFH��EXW�WZR�VWXGLHV�

by Iwagami et al. and Guirguis et al. report that citalopram is the most commonly 

prescribed antidepressant in CKD and dialysis patients respectively.204,214

Prescription of antidepressants in the general population

7KH�DQWLGHSUHVVDQW�SUHVFULSWLRQ�RI�DSSUR[LPDWHO\����LQ�RXU�PDWFKHG�FRQWURO�JURXSV�

is lower compared with data from the general population in the Netherlands showing 

that around 6% of all Dutch inhabitants were prescribed antidepressants in 2019.218 

7KLV�GLΊHUHQFH�PLJKW�EH�H[SODLQHG�E\�WKH�ROGHU�DJH�RI�WKH�PDWFKHG�FRQWURO�JURXSV��

as our results suggest that antidepressant use decreases with age. Antidepressant 

use in adults seems to be higher in the US (13.2%) compared with Europe (7.2%).205 

Of note, the percentage of antidepressant use in Europe varies widely per country, 

from 15.7% in Portugal to 2.7% in Greece.205

Factors related to antidepressant prescription

Variations in antidepressant prescription between countries are the result of a 

FRPSOH[�LQWHUSOD\�RI�IDFWRUV�OLNH�WKH�SUHYDOHQFH�RI�GHSUHVVLRQ��FHUWDLQ�VWLJPDWD�DERXW�

depression, a country’s healthcare spending and coverage, and the availability of 

other treatment options for depression.205,206 The high percentage of antidepressant 

prescriptions of CKD patients in the US is in line with the known high antidepressant 

rates in the US population, which is among the highest in the world.206 On the 

other hand a recent study by Hayward et al. demonstrated that the chance of 

hyperpolypharmacy in older patients with advanced CKD was twice as high in the 

Netherlands as in the UK.168 In light of this study it is perhaps remarkable that this 

does not hold true for antidepressants – the prescription of antidepressants in CKD 

patients with and without KRT seems to be lower in the Netherlands than in the UK. 

The results of the study by Hayward et al. imply a generally reserved prescribing 

approach of UK physicians towards patients with CKD, whereas the results of our 

study suggest a restrictive prescribing approach of particularly antidepressants in 

the Netherlands.
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Conclusion
This nationwide analysis of Dutch pharmacy dispensing data shows that chronic 

DQWLGHSUHVVDQW� SUHVFULSWLRQ� ZDV� VLJQL΋FDQWO\� KLJKHU� LQ� &.'� SDWLHQWV� ZLWK� DQG�

without KRT compared with their matched controls from the general population. 

The prescription was lower in elderly patients and men, yet unrelated to SES. This 

study reveals an importantly lower prescription rate of antidepressants in Dutch 

&.'�SDWLHQWV�WKDQ�UHSRUWHG�LQ�&.'�SDWLHQW�SRSXODWLRQV�HOVHZKHUH��,W� LV�GL΍FXOW�WR�

DVVHVV�WR�ZKDW�H[WHQW�WKH�LQWHUFRXQWU\�YDULDWLRQ�LV�D�UHVXOW�RI�XQGHUSUHVFULSWLRQ�RU�

overprescription.
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This thesis aimed to assess the value and validity of health claims data for kidney 

UHVHDUFK��3DUW���DQG����DQG�H[DPLQH�KHDOWKFDUH�H[SHQGLWXUH�DQG�PHGLFDWLRQ�XVH�RI�

patients with advanced CKD (i.e. CKD Stage G4-G5 without KRT and CKD Stage G5 

with KRT, being either dialysis or kidney transplantation) (Part 3 and 4) using Dutch 

health claims data. This general discussion discusses the results and methods used 

in the studies described in this thesis and elaborates on the possibilities of Dutch 

health claims data for kidney research. Furthermore, the development of the online 

Dutch Kidney Atlas focusing on the burden of CKD patients (e.g. CKD Stage G4-G5 not 

treated with KRT, dialysis, and kidney transplantation) and its regional variation in the 

Netherlands is addressed (Part 5).
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Part 1 – Value and use of Dutch health claims data for 
kidney research

Opportunities of using the Dutch health claims database

Chapter 2 discussed the principal strengths of health claims data in general and 

described health claims databases used for kidney research around the world. This 

NQRZOHGJH�GHULYHG�IURP�H[LVWLQJ�OLWHUDWXUH��WRJHWKHU�ZLWK�WKH�H[SHULHQFH�JDLQHG�ZKLOH�

working with the Dutch health claims database (Vektis database), provided valuable 

insight into the possibilities of Dutch health claims data for kidney research.

One of the major advantages of the Vektis database is its nationwide coverage. 

Because of the mandatory nature of basic health insurance in the Netherlands, 

the database includes data on nearly all (98%) Dutch citizens resulting in an almost 

complete representation of the Dutch population, including individuals of all ages 

and socioeconomic backgrounds.29,30,129 This important feature of the Dutch database 

also applies to other countries with universal healthcare coverage in which health 

claims databases are available for kidney research, such as France, Japan, South 

Korea, and Taiwan.42–45 This is in contrast to countries without universal healthcare 

coverage, such as the USA and China, where health claims databases can be large but 

QRW�UHSUHVHQWDWLYH�RI�WKH�HQWLUH�SRSXODWLRQ��)RU�H[DPSOH��WKH�86�0HGLFDUH�SURJUDP�

only provides health insurance for American citizens aged 65 years and older as 

ZHOO�DV�IRU�SDWLHQWV�ZLWK�VHYHUH�GLVHDVHV�VXFK�DV�WKRVH�VXΊHULQJ�IURP�&.'�UHTXLULQJ�

KRT, resulting in an overrepresentation of elderly individuals in this database.48 

The Chinese Commercial Health Insurance database covers Chinese citizens with 

commercial health insurance and is thereby likely a selection of people with higher 

socioeconomic status.43 This illustrates that in countries without universal healthcare 

FRYHUDJH��RQH� VKRXOG�EH�DZDUH�RI� WKH�GLΊHUHQFHV�EHWZHHQ� WKH� LQVXUHG�DQG� WKH�

uninsured population when generalizing these results to a broader population.22,24

Since health claims data is routinely collected as a by-product of payment processes, 

GDWD�FROOHFWLRQ�XVXDOO\�QHHGV�OLPLWHG�WLPH�DQG�H[SHQVHV�WR�FRPSULVH�PDQ\�LQGLYLGXDOV��

This makes it possible to study data of large samples or rare diseases with relatively 

OLWWOH�HΊRUW�22 With Vektis data it is possible to study all Dutch CKD patients treated 

in hospitals which, unlike many other studies, enables to include CKD Stage G4-G5 

patients with and without KRT in the same cohort. In addition, it is possible to compare 

results in the CKD population with those on a sample of the general population, by 

selecting a matched control group from the Vektis database.
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$QRWKHU�PDMRU� DGYDQWDJH� RI� KHDOWK� FODLPV�GDWDEDVHV� LV� WKH� XQLTXH� VHW� RI� GDWD��

GDWD�WKDW�LV�RIWHQ�ODFNLQJ�RU�OHVV�GHWDLOHG�LQ�RWKHU�GDWDVHWV��)RU�H[DPSOH��WKH�9HNWLV�

GDWDEDVH�FRQWDLQV�XQLTXH�LQIRUPDWLRQ�RQ�WKH�XVH�RI�KHDOWKFDUH�UHVRXUFHV��KHDOWKFDUH�

costs, and pharmacy dispensing data in combination with geographical data. This 

REVHUYDWLRQDO�GDWD�UHΌHFWV�KHDOWKFDUH�LQ�UHDO�OLIH�FOLQLFDO�SUDFWLFH�DQG�UHSUHVHQWV�D�

FRPSOHWH�FDUH�SDWKZD\�RI�D�SDWLHQW�IURP�WKH�΋UVW�FRQWDFW�ZLWK�D�QHSKURORJLVW�XQWLO�

the last treatment.33

Challenges of using the Dutch health claims database

Chapter 2 discussed the challenges of using health claims data for kidney research in 

JHQHUDO��%HORZ�ZH�ZLOO�VSHFL΋FDOO\�GLVFXVV�WKH�PDLQ�OLPLWDWLRQV�RI�XVLQJ�'XWFK�KHDOWK�

FODLPV�GDWD�IRU�NLGQH\�UHVHDUFK��EDVHG�RQ�RXU�RZQ�VWXGLHV�DQG�H[SHULHQFH�

0LVVLQJ�LQIRUPDWLRQ�DQG�PLVFODVVL΋FDWLRQ

)LUVW�RI�DOO��KHDOWK�FODLPV�GDWD� LV�VWUXFWXUHG�IRU�KHDOWKFDUH�GHOLYHU\�DQG�΋QDQFLQJ�

systems meaning that the data is not collected and designed for clinical research 

purposes.18,26,100 This results in two major challenges of using health claims data for 

NLGQH\�UHVHDUFK��WKDW�LV�PLVVLQJ�LQIRUPDWLRQ�DQG�PLVFODVVL΋FDWLRQ��$V�IRU�WKH�PLVVLQJ�

information, the Vektis database lacks important information on the diagnosis of 

kidney diseases, information on disease severity and progression of kidney disease, 

variables such as smoking or body weight, and laboratory data to estimate kidney 

function.23,33�$V�D�UHVXOW��WKH�LGHQWL΋FDWLRQ�RI�NLGQH\�GLVHDVH�SDWLHQWV�IRU�RXU�UHVHDUFK�

was purely based on diagnosis and procedure codes using hospital claims data. 

Within the Vektis database, diagnosis information of patients treated by the general 

practitioner (GP) is missing since primary care claims, in contrast to hospital claims, 

GR�QRW�LQFOXGH�GLDJQRVLV�LQIRUPDWLRQ��'HSHQGLQJ�RQ�WKH�VSHFL΋F�GLDJQRVLV��WKLV�KDV�

YDU\LQJ�LPSDFW�RQ�WKH�LGHQWL΋FDWLRQ�RI�SDWLHQWV�ZLWKLQ�WKH�9HNWLV�GDWDEDVH�VLQFH�'XWFK�

GPs play a dominant role in the treatment of patients with chronic conditions. Another 

FRQVHTXHQFH�RI�XQPHDVXUHG�YDULDEOHV�LV�WKDW��IRU�RXWFRPH�UHVHDUFK��WKLV�PLJKW�OHDG�

to an incomplete adjustment for potential confounders.22,219

3UR[\�YDULDEOHV�FDQ�EH�XVHG�WR�DGGUHVV�WKH�LVVXH�RI�PLVVLQJ�FOLQLFDO�LQIRUPDWLRQ�26,219 

$�SUR[\� LV�EDVHG�RQ�PHDVXUHG�YDULDEOHV� IURP�WKH�GDWDEDVH� �VXFK�DV�PHGLFDWLRQ�

SUHVFULSWLRQ�GDWD��DQG�DLPV�WR�DSSUR[LPDWH�WKH�XQPHDVXUHG�YDULDEOH��H�J��D�VSHFL΋F�

FKURQLF�FRQGLWLRQ���:H�GHYHORSHG�SUR[LHV�IRU�VHYHUDO�FKURQLF�FRQGLWLRQV��GLDEHWHV�

mellitus, hypertension, malignancy, and macrovascular disease) based on a 

combination of pharmaceutical claims, health claims for primary care activities, and 
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hospital claims (DBCs). In addition, we made use of Pharmaceutical Cost Groups (PCGs) 

DV�D�SUR[\�IRU�VHYHUDO�RWKHU�FKURQLF�FRQGLWLRQV�>H�J��FKURQLF�REVWUXFWLYH�SXOPRQDU\�

disease (COPD), Parkinson’s disease]. PCGs have been shown to provide reliable 

HVWLPDWHV�RI�FHUWDLQ�FKURQLF�FRQGLWLRQV�WKURXJK�LGHQWL΋FDWLRQ�E\�FODLPV�IRU�VSHFL΋F�

prescribed drugs.171,172101,171,172,209,210 They were developed by ‘Zorginstituut Nederland’ 

(National Health Care Institute) and used for risk-adjustment in the Dutch healthcare 

system.171 Another possibility to overcome missing information is by linking health 

claims data to other datasets containing clinical information.26,219 Due to privacy 

issues we were unable to link the Vektis database to other databases for our research 

SURMHFWV��7KH�OLQNDJH�FDSDFLW\�RI�D�GDWDEDVH�JUHDWO\�H[SDQGV�LWV�UHVHDUFK�SRVVLELOLWLHV�

provided privacy is protected.26� ,I�D�FRPPRQ�SDWLHQW�LGHQWL΋HU�LV�DYDLODEOH�LQ�ERWK�

GDWDEDVHV��RQH�FRXOG�OLQN�WKH�9HNWLV�GDWDEDVH�WR�IRU�H[DPSOH�KRVSLWDO�GDWD��LQFOXGLQJ�

clinical and laboratory variables) or to the Dutch Renal Registry (Renine) database 

RI�GLDO\VLV�DQG�NLGQH\�WUDQVSODQW�SDWLHQWV��LQFOXGLQJ�SULPDU\�NLGQH\�GLVHDVH��TXDOLW\�

indicators, and patient-reported outcome measures).

0LVFODVVL΋FDWLRQ� RI� LQIRUPDWLRQ� FRQFHUQV� GLVFUHSDQFLHV� EHWZHHQ� WKH� GLDJQRVHV�

registered in the database and the actual disease of a patient which could be the result 

of overcoding and undercoding.20,22,28 Overcoding (accidental or intentional inclusion 

of more diagnostic codes than necessary) can be related to coding optimization; i.e. 

a diagnosis with higher reimbursement fees is more likely to be coded than the ones 

with lower fees. This automatically leads to undercoding (incomplete inclusion of 

diagnostic codes) of diagnoses with lower reimbursement fees. Another reason for 

undercoding may have occurred in our research, as Dutch health insurance limits 

WKH�QXPEHU�RI�DFWLYH�'%&V�RI�RQH�LQGLYLGXDO��)RU�H[DPSOH��D�SDWLHQW�ZLWK�GLDEHWLF�

nephropathy cannot have a claim for both diabetes mellitus and CKD at the same 

time, resulting in undercoding of at least one of these disorders.

0LVVLQJ�LQIRUPDWLRQ�DQG�PLVFODVVL΋FDWLRQ�ERWK�SRWHQWLDOO\�FRPSURPLVH�WKH�YDOLGLW\�

of study results.20,21,27,28 Therefore, validation studies are needed to investigate 

ZKHWKHU�KHDOWK�FODLPV�GDWD�FDQ�SURYLGH�UHOLDEOH�HVWLPDWHV�RI�WKH�IUHTXHQF\�RI�FHUWDLQ�

diseases.22,26 Part 2 of this discussion addresses the validity of Vektis data regarding 

WKH�LGHQWL΋FDWLRQ�RI�&.'�SDWLHQWV�

Data processing and accessibility

There are several challenges concerning data processing and data accessibility that 

could limit the use of health claims data for clinical research.41 First, the large size and 
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FRPSOH[LW\�RI�KHDOWK�FODLPV�GDWDEDVHV�PDNH�UHVHDUFK�GL΍FXOW�DQG�ODERU�LQWHQVLYH�

UHTXLULQJ�D�VLJQL΋FDQW�DPRXQW�RI�WLPH�DQG�H[SHUWLVH�19,23 Furthermore, health claims 

databases consist of an enormous amount of unprocessed raw data that needs 

SURFHVVLQJ�EHIRUH�LW�EHFRPHV�D�XVHIXO�GDWDVHW�IRU�D�VSHFL΋F�UHVHDUFK�TXHVWLRQ��7R�

conduct the analyses within this thesis, we had to make many micro-decisions while 

processing the data, e.g. how to cope with missing data, how to reclassify unsuitable 

data, how to overcome inconsistent or possibly incorrect registrations, which variables 

WR�XVH�DQG� LQ�ZKDW�ZD\��KRZ�WR�VHOHFW�D�UHVHDUFK�SRSXODWLRQ��DQG�KRZ�WR�GH΋QH�

LQFLGHQW�RU�SUHYDOHQW�FDVHV��%R[�����SUHVHQWV�DQ�H[DPSOH�WR�LOOXVWUDWH�WKH�VWHSV�RI�

processing ‘raw’ data into data that could be used for the cost analysis of chapter 2.

$FFHVVLQJ�WKH�9HNWLV�GDWDEDVH�UHTXLUHV�DSSOLFDWLRQ�SURFHGXUHV�DQG�LV�H[SHQVLYH�49 

Vektis charges a fee for the hours they spend on preparing the dataset and 

supervision, as well as a fee for the use of the workstations and use of the data. 

,Q�DGGLWLRQ��FRQGXFWLQJ�NLGQH\�UHVHDUFK�XVLQJ�KHDOWK�FODLPV�GDWD�XVXDOO\�UHTXLUHV�D�

΋QDQFLDO�EXGJHW�IRU�SHRSOH�RI�GLΊHUHQW�H[SHUWLVH��H�J��GDWD�DQDO\VW�VSHFLDOL]HG�LQ�ELJ�

GDWD��QHSKURORJLVW��HSLGHPLRORJLVW��3K'�VWXGHQW���)XQGLQJ�FDQ�WKHUHIRUH�EH�GL΍FXOW�

to obtain, especially for lump-sum grant applications (e.g. reimbursement of the 

VDODU\�FRVWV�RI�WKH�3K'�VWXGHQW�RQO\���%DUULHUV�WR�GDWD�DFFHVVLELOLW\�GLΊHU�FRQVLGHUDEO\�

EHWZHHQ�FRXQWULHV�DQG�VHHP�WR�LQΌXHQFH�WKH�XWLOLW\�RI�KHDOWK�FODLPV�GDWDEDVHV�IRU�

clinical research.41,42,71�7DLZDQ�LV�WKH�OHDGLQJ�H[DPSOH�WKDW�ORZ�FRVWV�DQG�LQVLJQL΋FDQW�

technical barriers for the reuse of health claims data dramatically increase the use 

of claims data for research purposes.42

Box 8.1.�'DWD�SURFHVVLQJ�VWHSV�SUHFHGLQJ�FRVW�DQDO\VLV�ZLWK�9HNWLV�GDWD���DQ�H[DPSOH

Chapter 4 describes, among other things, the estimation of the annual healthcare costs 

of dialysis patients. Within the Vektis database, healthcare costs are registered per 

calendar year. For a correct cost estimation, we therefore had to select patients who 

were on dialysis treatment for the full year. In order to do so, we had to take several 

VWHSV�WR�GH΋QH�RXU�UHVHDUFK�SRSXODWLRQ��)LUVW��DOO�SDWLHQWV�ZLWK�DW�OHDVW�RQH�KHDOWK�

claim related to dialysis in 2014 were selected (newly transplanted patients in 2014 

ZHUH�H[FOXGHG���+RZHYHU��SURFHGXUH�FRGHV�IRU�GLDO\VLV�WUHDWPHQW�DUH�UHJLVWHUHG�SHU���

GD\V��$V�D�FRQVHTXHQFH��IRU�D�IXOO�\HDU�RI�GLDO\VLV�RQH�ZRXOG�H[SHFW����GLDO\VLV�FODLPV�

ZLWK�D�VWDQGDUG�GXUDWLRQ�RI���GD\V��)URP�WKH�GDWDEDVH�RI������ZH�H[WUDFWHG������

individuals with a dialysis-related health claim of which 54% (4253)  had registered 

dialysis claims for less than 365 days in total. The Dutch Renal Registry (Renine) reports
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6446 prevalent dialysis patients on 1 January 2014 and 1414 incident dialysis patients 

in 2014. From this, we concluded that a part of the dialysis claims in the database 

appeared to be inconsistent, incomplete, or possibly even incorrect. To include as 

many ‘prevalent’ dialysis patients as possible (in correspondence to the Renine data) 

ZH�GH΋QHG�D�SDWLHQW�ZLWK�ȅIXOO�\HDU�GLDO\VLVȆ�WR�KDYH�DW�OHDVW�����GD\V�ZLWK�DQ�DFWLYH�

GLDO\VLV�UHODWHG�FODLP��7KLV�UHODWLYHO\�DUELWUDU\�FXWRΊ�RI�����GD\V��LQWHQGHG�WR�LPSURYH�

GDWD�TXDOLW\�DQG�XWLOLW\��PLJKW�KDYH�UHVXOWHG�LQ�D�VPDOO�ELDV�WKURXJK�XQMXVWL΋HG�LQ��RU�

H[FOXVLRQ�RI�GLDO\VLV�SDWLHQWV�LQ�WKH�΋QDO�UHVHDUFK�SRSXODWLRQ��

,Q� WKH� QH[W� VWHS�� ZH� ZDQWHG� WR� GLΊHUHQWLDWH� SDWLHQWV� LQWR� WKH� GLΊHUHQW� GLDO\VLV�

treatment modalities (i.e. in-center hemodialysis, home hemodialysis, CAPD, APD). 

$FFRUGLQJ�WR�WKH�KHDOWK�FODLPV�GDWD��D�FRQVLGHUDEOH�QXPEHU�RI�SDWLHQWV�KDG�GLΊHUHQW�

GLDO\VLV�PRGDOLWLHV� LQ� RQH� \HDU�� )RU� H[DPSOH�� D� KRPH� KHPRGLDO\VLV� SDWLHQW�PD\�

temporarily have in-center hemodialysis during a hospital admittance, and a CAPD-

patient may shift to in-centre hemodialysis because of a catheter-related problem. In 

order to allocate as many patients as possible to their ‘true’ dialysis modality, patients 

ZHUH�DWWULEXWHG�WR�D�GLDO\VLV�PRGDOLW\�LI�WKH\�ZHUH�WUHDWHG�ZLWK�RQH�PRGDOLW\�IRU�ȱ����

RI�WKHLU�WRWDO�WUHDWPHQW�WLPH��7RWDO�WUHDWPHQW�WLPH�ZDV�GH΋QHG�DV�WKH�QXPEHU�RI�GD\V�

in 2014 with a dialysis related claim. Patients with less than 75% of their total treatment 

WLPH�RQ�RQH�GLDO\VLV�PRGDOLW\�ZHUH�DOORFDWHG�WR�WKH�ȅ0L[Ȇ dialysis group (patients on 

GLΊHUHQW�GLDO\VLV�WUHDWPHQW�PRGDOLWLHV�LQ�RQH�\HDU���$JDLQ��E\�WU\LQJ�WR�LPSURYH�WKH�

utility of the data for our research, we may have introduced a bias. 

Part 2 – Validity of Dutch health claims data
Validation studies help to understand whether the studied populations derived from 

health claims databases are representative of the entire population of interest and 

which subgroups may be underrepresented or overrepresented.20,27 Information on 

WKH�YDOLGLW\�RI�GLDJQRVLV�FRGHV�RU�SUR[LHV�VKRXOG�EH�SURYLGHG�LQ�DOO�UHVHDUFK�DUWLFOHV�

using health claims data.20,27

Validity to identify dialysis and kidney transplantation patients

The accuracy of the codes used to identify dialysis and kidney transplant patients 

in the Vektis database was found to be very high. The numbers of dialysis and 

kidney transplant patients were validated using the data of the Dutch Renal Registry 

(Renine) as a reference.220 Since linkage on an individual basis between the two 

datasets was not feasible, sensitivity could not be calculated. Nonetheless, the 
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correspondence between the datasets was high (99%) for the total number of 

hemodialysis and peritoneal dialysis patients, as well as for the number of performed 

kidney transplantations per year. The correspondence was also high (94%-99%) for 

WKH�GLΊHUHQW�GLDO\VLV�PRGDOLWLHV� �L�H�� LQ�FHQWHU�KHPRGLDO\VLV��KRPH�KHPRGLDO\VLV��

CAPD, APD) and type of kidney donors (i.e. living or deceased). The high validity of 

WKH�LGHQWL΋FDWLRQ�RI�GLDO\VLV�DQG�NLGQH\�WUDQVSODQW�SDWLHQWV�LQ�WKH�9HNWLV�GDWDEDVH�

ZDV�H[SHFWHG�EHFDXVH�DOPRVW�DOO�.57�SDWLHQWV�DUH�FDUHG�IRU�LQ�WKH�KRVSLWDO�DQG�WKH�

΋QDQFLDO�LQFHQWLYH�IRU�FRUUHFW�FRGH�UHJLVWUDWLRQ�LV�KLJK�

Validity to identify CKD patients without KRT

Chapter 3 describes the results of a validation study in which we tested the validity 

of Dutch health claims data from a regional hospital in Zwolle for identifying CKD 

Stages G3-G5 patients using a laboratory database as a reference. Sensitivity for the 

LGHQWL΋FDWLRQ�RI�&.'�6WDJHV�*��*��SDWLHQWV��H*)5�����P/�PLQ������P2) without KRT 

was low (27%). The sensitivity was higher for patients with CKD Stage G4-G5 (eGFR 

<30 mL/min/1.73 m2), being 51%. Furthermore, the validity of Vektis data in identifying 

CKD patients was remarkably high in young patients compared with elderly patients, 

DQG�KLJKHU�LQ�PHQ�WKDQ�LQ�ZRPHQ��)RU�H[DPSOH��VHQVLWLYLW\�ZDV�����LQ�&.'�6WDJH�

*��*��SDWLHQWV�DJHG�������\HDUV�FRPSDUHG�ZLWK�����LQ�SDWLHQWV�DJHG�ȱ���\HDUV��7KLV�

ORZHU�YDOLGLW\�FDQ�EH�H[SODLQHG�E\�WKH�IDFW�WKDW�D�VXEVWDQWLDO�SDUW�RI�HOGHUO\�SDWLHQWV�LV�

FDUHG�IRU�E\�D�*3��DQG�WKHUHIRUH�WKH\�FDQQRW�EH�LGHQWL΋HG�XVLQJ�KRVSLWDO�FODLPV�GDWD�

This validation study demonstrated that Dutch health claims data has low sensitivity 

for the estimation of overall CKD prevalence in the general population, especially in 

the case of elderly CKD patients and patients with less advanced CKD. Nonetheless, 

KHDOWK�FODLPV�GDWD�PD\�EH�RI�YDOXH�LQ�HVWLPDWLQJ�&.'�SUHYDOHQFH�LQ�VSHFL΋F�VXEJURXSV��

particularly in young patients and those with advanced CKD, as they are more likely 

under the care of a nephrologist.

Part 3 – Healthcare costs

+HDOWKFDUH�FRVWV�RI�SDWLHQWV�RQ�GLΊHUHQW�NLGQH\�UHSODFHPHQW�PRGDOLWLHV

Chapter 4 provides estimates of the average annual healthcare costs of patients 

treated with a KRT modality in the Netherlands, replacing the previous estimates 

dating from the 1990s.123 The annual healthcare costs of prevalent dialysis patients 

ZHUH�TXDQWL΋HG�DV�ZHOO�DV�FRVWV�RI�UHFHQWO\�WUDQVSODQWHG�SDWLHQWV�DQG�WKH�HYROXWLRQ�RI�
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FRVWV�GXULQJ�WKH�΋UVW�\HDUV�SRVW�WUDQVSODQWDWLRQ��WKHUHE\�SURYLGLQJ�QHZ�DQG�YDOXDEOH�

LQIRUPDWLRQ�ZKLFK�FDQ�EH�XVHG�WR�SURMHFW�IXWXUH�KHDOWKFDUH�H[SHQGLWXUHV�

7KLV�VWXG\�GHPRQVWUDWHV�WKDW�WKH�DYHUDJH�DQQXDO�KHDOWKFDUH�H[SHQGLWXUHV�RI�SDWLHQWV�

on all dialysis modalities are high, ranging from €78 000 for CAPD patients to €106 

����IRU�SDWLHQWV�ZLWK�GLΊHUHQW�WUHDWPHQW�PRGDOLWLHV�LQ�������&$3'�SDWLHQWV�KDYH�WKH�

lowest costs compared with other dialysis modalities. A direct comparison of costs 

EHWZHHQ�PRGDOLWLHV�LV�QRW�SRVVLEOH��DV�VRPH�RI�WKH�REVHUYHG�FRVW�GLΊHUHQFHV�PD\�EH�

UHODWHG�WR�XQNQRZQ�GLΊHUHQFHV�LQ�SDWLHQW�FKDUDFWHULVWLFV��)RU�H[DPSOH��LW�LV�NQRZQ�

that older age, lower SES, and the presence of comorbidities are associated with in-

center hemodialysis treatment221–225 and higher healthcare costs.67 Nevertheless, our 

results suggest that an increase in the number of patients starting CAPD could reduce 

WKH�RYHUDOO�΋QDQFLDO�EXUGHQ�RI�(6.'�WR�VRPH�H[WHQW��$OWKRXJK� ȅ3'�΋UVW� LQLWLDWLYHVȆ�

have been advocated in the Netherlands, aiming to increase the use of PD as initial 

dialysis treatment226, the number of patients starting PD treatment in the Netherlands 

remained fairly stable over time (335 in 2005 versus 342 in 2020).220

Furthermore, this study demonstrates that the average annual healthcare costs in 

the year of transplantation are high and comparable to the costs of dialysis patients 

(€80 000). However, where dialysis costs are presumed to remain fairly stable over 

time, the annual costs of kidney transplant patients decline substantially to 14%-19% 

of annual dialysis costs within two years after successful transplantation. Besides 

WKH�FOHDU�VXUYLYDO�DQG�TXDOLW\�RI�OLIH�EHQH΋WV�IURP�NLGQH\�WUDQVSODQWDWLRQ��RXU�GDWD��

WKHUHIRUH��VKRZV�DGGLWLRQDO�EHQH΋WV�RI�NLGQH\�WUDQVSODQWDWLRQ�IURP�D�VRFLHWDO�FRVW�

point of view.

(Age-related) Healthcare utilization in CKD patients and controls

&KDSWHU���GHVFULEHV�WKH�DJH�UHODWHG�GLΊHUHQFHV�LQ�KHDOWKFDUH�XVH�DQG�FRVWV�RI�&.'�

Stage G4-G5, dialysis, and kidney transplant patients in comparison to matched 

controls from the general population. Previously we showed that the high healthcare 

costs of KRT patients are caused by two factors: the high costs related to the treatment 

of the kidney disease itself and the costs related to the additional care needed for the 

CKD-related comorbid conditions.146 In this chapter we distinguish ‘treatment-related’ 

hospital costs and ‘non-treatment-related’ hospital costs, the latter being a good 

SUR[\�RI�SDWLHQWVȆ�FRPRUELGLWLHV�DV�WKH\�UHΌHFW�WKH�KRVSLWDO�FDUH�UHTXLUHG�LQ�DGGLWLRQ�

to the treatment of their kidney disease.127,152 We compared our results with a matched 

control group from the general population and presented the results by age group.
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This study demonstrated that in CKD patients (treated with or without KRT) healthcare 

XWLOL]DWLRQ�LV�YHU\�KLJK�DQG�FRUUHVSRQGLQJ�KHDOWKFDUH�FRVWV�DUH�IDU�H[FHHGLQJ�WKRVH�

of the general population. This can already be seen at a young age and in the earlier 

stages of CKD. Interestingly, while healthcare costs of the general population rise with 

age, we observed a decrease in costs in all kidney patient groups aged 75 years or 

ROGHU��WKLV�GHFUHDVH�ZDV�ODUJHO\�H[SODLQHG�E\�WKH�ORZHU�KRVSLWDO�DQG�PHGLFDWLRQ�FRVWV��

7KLV�VWXG\�UHYHDOHG�WKDW�DPRQJ�&.'�SDWLHQWV�WKH�FRQVHTXHQFHV�RI�WKHLU�FRPRUELGLW\�

burden are already present at a young age, supporting the relevance of age-tailored 

and early management of CKD patients aimed at prevention and treatment of 

comorbid illness. Finally, the results of the studies described in chapters 4 and 5 help 

to understand the societal cost impact of CKD and KRT which is essential information 

to keep the ever-increasing healthcare costs under control.

Advantages of cost data

7KH�FRVW�GDWD�GHULYHG�IURP�KHDOWK�FODLPV�GDWDEDVHV�KDV�VSHFL΋F�VWUHQJWKV�FRPSDUHG�

ZLWK�RWKHU�FRVW�GDWD�IURP�GLΊHUHQW�GDWD�VRXUFHV��7KH�FRPELQDWLRQ�RI�LQIRUPDWLRQ�RQ�

medical resource utilization and associated reimbursement costs enable a real-world 

HYDOXDWLRQ�RI�WKH�΋QDQFLDO�EXUGHQ�RI�D�GLVHDVH�RU�SURFHGXUH�21,227–229 Furthermore, the 

longitudinal nature of health claims data together with the detailed documentation of 

FRVWV�SHU�SURFHGXUH�DQG�KHDOWKFDUH�VHUYLFHV�RΊHUV�XQLTXH�UHVHDUFK�RSSRUWXQLWLHV�227,230 

Health claims data enable two types of economic evaluation namely cost analysis, 

DV�GHVFULEHG�LQ�FKDSWHUV���DQG����DQG�FRVW�HΊHFWLYHQHVV�DQDO\VLV�227 Although cost-

HΊHFWLYHQHVV�VWXGLHV�SURYLGH�HVVHQWLDO�LQIRUPDWLRQ�WR�KHDOWK�SROLF\PDNHUV�DERXW�WKH�

WUDGH�RΊ�EHWZHHQ�FRVWV�DQG�RXWFRPHV��WKH\�IDOO�RXWVLGH�WKH�VFRSH�RI�WKH�UHVHDUFK�

presented in this thesis.

Challenges of cost data

Studying healthcare costs with health claims data also has its shortcomings. First, 

one should consider that healthcare reimbursement amounts represent only one 

FRVW� GH΋QLWLRQ�� QDPHO\�� WKH� QHJRWLDWHG� SULFHV� WKDW� KHDOWK� LQVXUDQFH� FRPSDQLHV�

pay for the services delivered by healthcare providers. This does not necessarily 

UHΌHFW�WKH�YDOXH�RI�UHVRXUFH�XVH��VXFK�DV�VWDΊ�DQG�PDWHULDO�UHVRXUFHV��QHHGHG�WR�

produce these healthcare services to patients.228,230 In line with this, health claims 

data can only estimate direct medical costs as these are associated with medical 

UHVRXUFH�XWLOL]DWLRQ�� ,QGLUHFW�PHGLFDO� FRVWV� �L�H�� WKH�H[SHQVHV� LQFXUUHG� IURP� ORVW�

work productivity as a result of the morbidity and mortality associated with the 

disease) cannot be estimated. Second, health claims data is limited to procedures and 
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H[SHQVHV�FRYHUHG�E\�WKH�KHDOWK�LQVXUHU��7KH�RXW�RI�SRFNHW�H[SHQVHV�E\�WKH�SDWLHQW�RU�

SDWLHQW�FRVW�VKDULQJ�DPRXQWV�FDQ�WKHUHIRUH�QRW�EH�LGHQWL΋HG�230 Third, a general issue 

in working with medical cost data is that it is right-skewed. This means that the bulk of 

individuals are nonusers of medical resources with zero costs, while a relatively small 

QXPEHU�RI�LQGLYLGXDOV�DUH�H[WUHPHO\�IUHTXHQW�XVHUV�229,230 Because of their non-normal 

GLVWULEXWLRQ��FRVW�GDWD�LV�GL΍FXOW�WR�DQDO\]H�ZLWK�VWDQGDUG�PHWKRGV��,Q�WKH�VWXGLHV�LQ�

this thesis the average annual cost data is presented as mean per person. Although 

WKH�PHGLDQ�LV�WKH�PRVW�YDOLG�SDUDPHWHU�IRU�VNHZHG�GDWD��LW�LV�RIWHQ�GL΍FXOW�WR�LQWHUSUHW�

for the reader. To better represent the distribution of the data we used percentiles 

LQVWHDG�RI�VWDQGDUG�GHYLDWLRQV�WR�FRPSOHPHQW�WKH�PHDQ��$�VSHFL΋F�GUDZEDFN�RI�WKH�

cost data within the Vektis database is that it is registered per calendar year. For the 

cost estimation of KRT patients, it was therefore needed to select patients who were 

RQ�GLDO\VLV�WUHDWPHQW�IRU�WKH�IXOO�\HDU��VHH�%R[������

Part 4 – Medication prescription

Polypharmacy in CKD patients

Chapter 6 describes the prevalence of polypharmacy in CKD patients in the 

Netherlands. Using pharmacy dispensing data from the Vektis database it was 

GHPRQVWUDWHG�WKDW�SRO\SKDUPDF\��XVH�RI�ȱ��PHGLFDWLRQV��LV�KLJKO\�SUHYDOHQW�LQ�&.'�

patients with and without KRT compared with matched samples from the general 

population. The prevalence of polypharmacy ranged between 87%-95% in CKD Stage 

G4-G5, dialysis, and kidney transplant patients, while in controls this ranged from 

15%-33%. The prevalence was lower for chronic medication use, ranging from 66%-

75% in patients and 7%-18% in controls. Proton pump inhibitors and statins were 

the most commonly prescribed medications in CKD patients. Analyzing medication 

use in relation to clinical variables showed that polypharmacy prevalence among 

patients with advanced CKD is associated with older age, low SES, the presence of 

chronic conditions like diabetes mellitus or vascular disease, hospitalization, and an 

emergency room visit.

3UHVFULSWLRQ�RI�PHGLFDWLRQ�WR�&.'�SDWLHQWV�UHTXLUHV�FDUHIXOO\�EDODQFLQJ�EHWZHHQ�WKH�

SRWHQWLDO�EHQH΋FLDO�HΊHFWV�RI�WKH�WUHDWPHQW�RI�WKH�GLVHDVH�DQG�LWV�FRPRUELGLWLHV�RQ�

WKH�RQH�KDQG�DQG�WKH�ULVN�RI�LQDSSURSULDWH�SUHVFULELQJ�RU�DGYHUVH�HΊHFWV�RQ�WKH�RWKHU�

hand. Physicians are constantly balancing between overtreatment and therapeutic 

nihilism since both are associated with unfavorable outcomes. Minimizing the 

medication burden is therefore challenging. The results of this study suggest that a 
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΋UVW�VWHS�WRZDUGV�D�PRUH�DSSURSULDWH�PHGLFDWLRQ�XVH�FRXOG�EH�D�FULWLFDO�DSSURDFK�WR�

WKH�SUHVFULSWLRQ�RI�VSHFL΋F�PHGLFDWLRQV�OLNH�SURWRQ�SXPS�LQKLELWRUV�LQ�DOO�&.'�SDWLHQWV�

and statins in dialysis patients.

Antidepressant prescription in CKD patients

Chapter 7 evaluates chronic antidepressant prescription in advanced CKD patients 

with and without KRT compared with matched controls. Chronic antidepressant 

SUHVFULSWLRQ�ZDV�VLJQL΋FDQWO\�KLJKHU�LQ�SDWLHQWV�WKDQ�LQ�FRQWUROV��UDQJLQJ�IURP�������

in patients compared with 3% in controls. Prescription was highest in patients aged 

45-64 years and in women, yet unrelated to SES. This study shows a considerably 

lower prescription rate of antidepressants in Dutch CKD patients than reported in 

&.'�SRSXODWLRQV�HOVHZKHUH��7KH�XQGHUO\LQJ�FDXVH�IRU�WKLV�YDULDWLRQ�LV�FRPSOH[�DQG�

FRXOG�EH� LQΌXHQFHG�E\�WKH�SUHYDOHQFH�RI�GHSUHVVLRQ��D�FRXQWU\ȆV�ZHDOWK�DQG�WKH�

ZHOOEHLQJ�RI�LWV�FLWL]HQV��EXW�DOVR�E\�FXOWXUDO�GLΊHUHQFHV�WRZDUGV�GHSUHVVLRQ��XVH�RI�

antidepressants or cognitive therapy.

Advantages of medication prescription data

Health claims data is highly suitable for drug utilization studies because of the 

availability of pharmacy dispensing data in combination with diagnostic and procedure 

LQIRUPDWLRQ�WR�GH΋QH�VWXG\�RXWFRPHV�DQG�FRYDULDWHV�212 Pharmacy dispensing data 

LV�FRPPRQO\�VHHQ�DV�WKH�JROG�VWDQGDUG�IRU�LQIRUPDWLRQ�RQ�PHGLFDWLRQ�H[SRVXUH�DV�

compared with patient interviews or records of physician prescribing from medical 

charts. Problems like poor patient recall or missed recording of prescribed medication 

in medical charts do not apply within pharmacy data, which is therefore considered 

WKH� PRVW� DFFXUDWH� ZD\� RI� GHWHUPLQLQJ� GUXJ� H[SRVXUH� LQ� ODUJH� SRSXODWLRQV�212 

Moreover, pharmacy dispensing data only include prescribed medication that was 

actually dispensed.24,231 Whereas information on medication adherence is an issue in 

most studies describing medication use, with pharmacy dispensing data the regular 

UHFXUUHQFH�RI�GLVSHQVHG�SUHVFULSWLRQV�RI�D�VSHFL΋F�PHGLFDWLRQ�LV�DQ�LQGLUHFW�\HW�VWURQJ�

indication WKDW�WKH�PHGLFDWLRQ�ZDV�URXWLQHO\�WDNHQ��1H[W��SUHVFULSWLRQ�GDWD�FDQ�EH�

XVHG�DV�D�SUR[\�IRU�GLVHDVH�22�)RU�H[DPSOH��WKH�SUHVFULSWLRQ�RI�DQWLGHSUHVVDQWV�KDV�

VKRZQ�WR�EH�D�YDOLG�PDUNHU�IRU�WKH�SUHVHQFH�RI�FOLQLFDOO\�VLJQL΋FDQW�GHSUHVVLRQ�231,232 

:LWKLQ�WKH�9HNWLV�GDWDEDVH��3&*V�ZKLFK�DUH�EDVHG�RQ�KHDOWK�FODLPV�GDWD�IRU�VSHFL΋F�

prescribed medications were used as a marker for chronic conditions.

The pharmaceutical data within the Vektis database is very complete as a result 

of the universally accessible and mandatory health insurance in the Netherlands 
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which covers most dispensed medication within the basic health insurance package, 

DOWKRXJK� FR�SD\PHQW� LV� VRPHWLPHV� UHTXLUHG�� 7KLV� LV� LQ� FRQWUDVW� WR� VRPH� RWKHU�

FRXQWULHV��ZKHUH�UHLPEXUVHPHQW�SROLFLHV�PD\�GLΊHU�IURP�VWDWH�WR�VWDWH�RU�GHSHQG�

upon a patient’s age.231

Challenges of medication prescription data

Vektis does not contain data on over-the-counter medications. Also, nursing home 

medication is missing since these medications are not dispensed to residents via 

the individual pharmacies but via the nursing home itself. In addition, medications 

administered during hospital admission or in the process of dialysis treatment cannot 

EH�LGHQWL΋HG�ZLWK�9HNWLV�GDWD�VLQFH�WKHVH�PHGLFDWLRQV�DUH�UHLPEXUVHG�YLD�WKH��΋[HG��

total price of a DBC. This might lead to an underestimation of medication use in 

dialysis patients. Another limitation is the lack of clinical data for comparative outcome 

research. Physicians describe medication in the light of the clinical characteristics of a 

patient and these characteristics are often not registered in a health claims database. 

If these characteristics are unevenly distributed between users and non-users and 

also independent risk factors of the study outcome, this can lead to confounding since 

one cannot control for these unmeasured characteristics.212

Part 5 – Dutch Kidney Atlas
Until now health claims data have been mainly used to evaluate disease incidence, 

SUHYDOHQFH��IROORZ�XS�GDWD��DQG�FRVWV�UHVXOWLQJ�LQ�VFLHQWL΋F�SDSHUV�LQ�PHGLFDO�MRXUQDOV��

7KH�ZRUN�ZLWKLQ�WKLV�WKHVLV�KDV�EHHQ�XVHG�WR�GHYHORS�WKH�΋UVW�SXEOLFO\�DFFHVVLEOH�

Dutch Kidney Atlas (www.nieratlas.nl) using data from the Vektis database. This 

novel application of health claims data provides insight into healthcare services for 

CKD patients for consecutive years and is easily accessible for a broad audience. The 

website provides information on the number of patients, healthcare costs, treatment 

(besides KRT), medication, outcomes, and other conditions of advanced CKD patients 

(Stage G4-G5 not on KRT, dialysis patients, and patients with a kidney transplant) in 

the Netherlands (see Figure 8.1 and 8.2 for an overview of the content of the Dutch 

Kidney Atlas). The data is presented on a national and a regional level [by province 

and Municipal Health Services areas (Gemeentelijke Gezondheidsdiensten, GGD)] 

and provides absolute numbers and numbers per million population with a 95% 

FRQ΋GHQFH�LQWHUYDO��VHH�)LJXUH�����IRU�H[DPSOHV�IURP�WKH�'XWFK�.LGQH\�$WODV���7KH�

Dutch Kidney Atlas presents unadjusted results as well as results standardized for the 

DJH�DQG�VH[�GLVWULEXWLRQ�RI�WKH�'XWFK�JHQHUDO�SRSXODWLRQ��)XUWKHUPRUH��GDWD�LV�DOVR�
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UHSRUWHG�E\�DJH�JURXS�DQG�VH[�DQG�D�VHOHFWLRQ�RI�UHVXOWV�DUH�FRPSDUHG�ZLWK�PDWFKHG�

controls of the general population. The website includes data since 2012 and will be 

updated on an annual basis. The website primarily aims to provide information to 

healthcare researchers and policymakers but is also accessible for CKD patients and 

the public at large.

Figure 8.1: Patient groups and subgroups included in the Dutch Kidney Atlas

The data published on the Dutch Kidney Atlas may provide a basis for future research 

regarding the prevention of kidney diseases and their complications. Furthermore, 

LWV�FRQWHQW�FDQ�EH�XVHG�DV�LQSXW�IRU�LPSURYHPHQWV�LQ��TXDOLW\�RI��KHDOWKFDUH�IRU�&.'�

patients. This ideally could result in a reduction of health problems and healthcare 

FRVWV��7KH�'XWFK�.LGQH\�$WODV�PLJKW�DOVR�VHUYH�DV�DQ�H[DPSOH�IRU�RWKHU�FRXQWULHV��

where health claims data could also be used for a similar national atlas on CKD 

patients. In this perspective, the United States Renal Data System (USRDS) yearly 

publishes the USRDS Annual Data Report containing information on CKD patients 

(with and without KRT) using US health claims data from Medicare fee-for-service 

EHQH΋FLDULHV��8QLIRUPLW\�LQ�SDWLHQW�VHOHFWLRQ�DQG�GH΋QLWLRQ�RI�SDWLHQW�VXEJURXSV�DQG�

YDULDEOHV�PD\�HQKDQFH�WKH�FRPSDUDELOLW\�EHWZHHQ�WKH�GLΊHUHQW�DWODVHV��2QO\�WKHQ��LW�LV�

SRVVLEOH�WR�FRPSDUH�KHDOWK�XWLOL]DWLRQ�DFURVV�LQWHUQDWLRQDO�SRSXODWLRQV�ZLWK�GLΊHUHQW�

GHPRJUDSKLFV�DQG�ZLWK�GLΊHUHQW�KHDOWK�V\VWHP�FKDUDFWHULVWLFV�25
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Figure 8.2: Content per theme of the Dutch Kidney Atlas
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Figure 8.3�([DPSOHV�IURP�WKH�'XWFK�.LGQH\�$WODV��GDWD�IURP�����
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Conclusion and future perspectives
To our knowledge, prior to the work outlined in this thesis, Dutch health claims data 

KDV�QHYHU�EHHQ�XVHG� WR� FRQGXFW� VFLHQWL΋F� UHVHDUFK�RQ�&.'�SDWLHQWV�� 7KH�9HNWLV�

database has the potential to become a long-lasting data source for Dutch nephrology 

research. Most notably, it provides opportunities to study distinctive data (such as 

healthcare costs and medication use) in a large set of patients (enabling the study 

RI�SDWLHQW�VXEJURXSV�EDVHG�RQ�IRU�H[DPSOH�DJH��VH[��DQG�6(6��ZLWK�WKH�SRVVLELOLW\�WR�

make comparisons with a matched subset of individuals from the general population. 

1H[W��'XWFK�KHDOWK�FODLPV�GDWD�KDV�KLJK�DFFXUDF\�LQ�WKH�LGHQWL΋FDWLRQ�RI�GLDO\VLV�DQG�

kidney transplant patients. Although Vektis data is not suitable for the estimation 

of CKD prevalence in the general population, it may have value for the estimation of 

&.'�SUHYDOHQFH�LQ�VSHFL΋F�VXEJURXSV��SDUWLFXODUO\�\RXQJ�SDWLHQWV�DQG�SDWLHQWV�ZLWK�

advanced CKD, and for the study of CKD patients under the care of a nephrologist. 

The work in this thesis has also led to the development of the publicly accessible 

Dutch Kidney Atlas: a novel way to describe and present information regarding Dutch 

CKD patients.

Valuable steps could be taken to further improve the usability of the health claims 

database which may encourage more researchers to work with Vektis data. First, 

optimal use of Vektis data for research could be enhanced by reducing barriers 

to data accessibility. Simple data application processes, low data access fees, and 

SUDFWLFDO�JXLGHOLQHV�RQ�KRZ�WR�ZRUN�ZLWK�WKH�FRPSOH[�GDWD�FRXOG�PDNH�9HNWLV�GDWD�

PRUH�DWWUDFWLYH�IRU�UHVHDUFKHUV�ZLWK�OLPLWHG�H[SHULHQFH�LQ�ELJ�GDWD�DQDO\VLV��+RZHYHU��

QRW�DOO�SURFHGXUHV�FDQ�EH�ZULWWHQ�GRZQ�LQ�SUDFWLFDO�JXLGHOLQHV��DQG�WKH�H[SHUWLVH�

RI�9HNWLV�HPSOR\HHV�ZLOO�UHPDLQ�QHFHVVDU\��1H[W��WKH�H[FKDQJH�RI�NQRZOHGJH�DQG�

H[SHUWLVH�EHWZHHQ�UHVHDUFKHUV�PD\�VWLPXODWH�WKH�IXUWKHU�XVH�RI�9HNWLV�GDWD��3ULRU�

knowledge of the properties and possibilities of the Vektis database is essential 

EHIRUH�WUDQVIRUPLQJ�D�YDOLG�UHVHDUFK�TXHVWLRQ�LQWR�DQ�DGHTXDWH�UHVHDUFK�SURSRVDO��

7R�SUHYHQW�HYHU\�UHVHDUFKHU�IURP�UHLQYHQWLQJ�WKH�ZKHHO��PDNLQJ�XVH�RI�WKH�H[SHUWLVH�

from researchers who worked with this data in the past and their knowledge on 

work processes is desirable and can help save a lot of time and money. That is why a 

sounding board was established after the completion of the Dutch Kidney Atlas. One 

of the main tasks of the sounding board is to advise both researchers and Vektis on 

new research proposals concerning kidney disease patients by assessing its content 

and feasibility, and by informing the researcher about the preconditions of working 

with the database. Finally, linkage of Vektis data to other datasets would greatly 
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improve its research potential, provided that personal information is protected. In 

this way, clinical data may be added to the Vektis dataset, which may also enhance 

WKH�LGHQWL΋FDWLRQ�RI�&.'�6WDJH�*��*��SDWLHQWV�QRW�WUHDWHG�ZLWK�.57�
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Summary
Chronic kidney disease (CKD) is considered a major public health problem due to its 

QHJDWLYH�LPSDFW�RQ�D�SDWLHQWVȆ�TXDOLW\�RI�OLIH�DQG�OLIH�H[SHFWDQF\�DQG�LWV�DVVRFLDWLRQ�

with high healthcare costs and healthcare utilization. A better understanding of CKD, 

its treatment, and outcomes is essential to improve healthcare for CKD patients. 

+HDOWK�FODLPV�GDWD�LV�D�UHODWLYHO\�QHZ�VRXUFH�RI�GDWD�WKDW�RΊHUV�QHZ�UHVHDUFK�RSSRU-

tunities for large populations of patients with kidney disease and health outcomes in 

D�QRQ�H[SHULPHQWDO�VHWWLQJ��'HVSLWH�WKH�JURZLQJ�LQWHUQDWLRQDO�SRSXODULW\�RI�KHDOWK�

claims data, so far the use of health claims data for kidney research in the Netherlands 

was still in its infancy.

7KLV�WKHVLV�H[DPLQHV�WKH�SRVVLELOLWLHV�RI�'XWFK�KHDOWK�FODLPV�GDWD��VWRUHG�LQ�WKH�9HNWLV�

database) for research in advanced CKD patients, being Stage G4-G5 CKD patients 

without kidney replacement therapy (KRT) and Stage G5 CKD patients with KRT (i.e. 

GLDO\VLV�RU�NLGQH\�WUDQVSODQWDWLRQ���7KH�΋UVW�DLP�RI�WKLV�WKHVLV�ZDV�WR�H[DPLQH�WKH�YDOXH�

and limitations of health claims data for kidney research. The second aim was to study 

KHDOWKFDUH�H[SHQGLWXUH�DQG�XVH�RI�KHDOWKFDUH�UHVRXUFHV��LQFOXGLQJ�PHGLFDWLRQ�XVH��

of CKD patients using Dutch health claims data.

This thesis consists of four parts: part 1 provides insight into the value and use of 

health claims data for kidney research, part 2 describes the validity of Dutch health 

FODLPV�GDWD�IRU�WKH�LGHQWL΋FDWLRQ�RI�&.'�SDWLHQWV��DQG�SDUWV���DQG���GHVFULEH�WKH�XVH�

of health claims data for measuring healthcare costs and medication use of CKD 

patients. The content of this thesis is summarized below.
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Part 1 – Value and use of health claims data for kidney 
research
Chapter 2 provides an overview of international health claims databases that were 

XVHG�IRU�NLGQH\�UHVHDUFK��:LWK�D�OLWHUDWXUH�VHDUFK��ZH�LGHQWL΋HG����RI�VXFK�KHDOWK�

claims databases in 10 countries. We discussed the similarities and distinctions 

EHWZHHQ�WKH�GDWDEDVHV��WKH�GLΊHUHQFHV�LQ�DFFHVVLELOLW\��WKH�PDLQ�SXEOLFDWLRQV�LQ�WKH�

area of nephrology, and highlighted the Dutch health claims database. Further, we 

discussed the strengths and limitations of health claims data. Finally, we introduced 

the online Dutch Kidney Atlas which was developed with the research presented in 

this thesis. This website is an innovative way of describing Dutch CKD patients based 

on health claims data. It describes the burden of CKD in the Netherlands, in terms of 

QXPEHUV�RI�SDWLHQWV��KHDOWKFDUH�H[SHQGLWXUHV��WUHDWPHQW��EHVLGHV�.57���PHGLFDWLRQ��

outcomes, and other conditions associated with CKD and outlines the geographical 

variation per region in the Netherlands.

Part 2 – Validity of Dutch health claims data
Validation studies help to understand whether the studied populations derived from 

health claims databases are representative of the entire population of interest and 

which subgroups may be underrepresented or overrepresented. Chapter 3 describes 

the results of a validation study in which we tested the validity of Dutch health claims 

data from a regional hospital in Zwolle in identifying CKD Stages G3-G5 patients using 

a laboratory database as a reference. We compared a claim-based diagnosis of CKD 

�6WDJHV�*��*���DQG�DGYDQFHG�&.'��6WDJH�*��*���ZLWK�RQH�EDVHG�RQ�H*)5�GH΋QLWLRQV�

of CKD (eGFR <60 mL/min/1.73 m2) and advanced CKD (eGFR <30 mL/min/1.73 m2). 

$QDO\VHV�ZHUH�VWUDWL΋HG�E\�DJH�DQG�VH[��6HQVLWLYLW\�ZDV�KLJKHU� LQ�DGYDQFHG�&.'�

patients (51%) than in CKD patients (27%). Moreover, the validity of claims data in 

identifying CKD patients was remarkably higher in young patients compared with 

elderly patients and higher in men than in women. This validation study demonstrated 

that Dutch health claims data have low sensitivity for the estimation of overall CKD 

prevalence in the general population, especially in the case of elderly CKD patients and 

patients with less advanced CKD. Nonetheless, health claims data may have value in 

HVWLPDWLQJ�&.'�SUHYDOHQFH�LQ�VSHFL΋F�VXEJURXSV��SDUWLFXODUO\�LQ�\RXQJ�SDWLHQWV�DQG�

those with advanced CKD.



182

Appendices

Part 3 – Healthcare costs
Chapters 4 and 5 describe the estimation of healthcare costs of CKD patients using 

Dutch health claims data from the Vektis database. In chapter 4 we used Vektis data 

IURP�����������WR�HVWLPDWH�WKH�KHDOWKFDUH�FRVWV�RI�SDWLHQWV�RQ�GLΊHUHQW�PRGDOLWLHV�

of KRT. Continuous ambulatory peritoneal dialysis (CAPD) patients had the lowest 

costs compared with other dialysis modalities. Total average annual healthcare costs 

LQ������UDQJHG�IURP�ț�������IRU�&$3'�SDWLHQWV�WR�ț��������IRU�SDWLHQWV�ZLWK�GLΊHUHQW�

treatment modalities in one year. Costs of kidney transplant recipients were €85 127 in 

WKH�\HDU�RI�WUDQVSODQWDWLRQ�DQG�UDSLGO\�GHFOLQHG�LQ�WKH�΋UVW��ț��������DQG�VHFRQG��ț���

������\HDU�DIWHU�VXFFHVVIXO�WUDQVSODQWDWLRQ��7KLV�LV�DSSUR[LPDWHO\���������RI�DQQXDO�

dialysis costs. Costs in the year of transplantation were 25% lower for patients with 

NLGQH\V�IURP�D�OLYLQJ�YHUVXV�D�GHFHDVHG�GRQRU��2Q�WRS�RI�WKH�FOHDU�VXUYLYDO�DQG�TXDOLW\�

RI�OLIH�EHQH΋WV�IURP�NLGQH\�WUDQVSODQWDWLRQ��RXU�GDWD�DOVR�VKRZV�FRVW�DGYDQWDJHV�RI�

kidney transplantation as compared with dialysis treatment.

Chapter 5�GHVFULEHV�WKH�DJH�UHODWHG�GLΊHUHQFHV�LQ�KHDOWKFDUH�XVH�DQG�KHDOWKFDUH�

costs of CKD Stage G4-G5, dialysis, and kidney transplant patients in comparison to 

matched controls from the general population. In patients and controls, we studied 

total healthcare costs and hospital costs unrelated to CKD treatment which were 

SUHVHQWHG�LQ�IRXU�DJH�FDWHJRULHV�����������������������DQG�ȱ���\HDUV���:H�IRXQG�WKDW�

healthcare utilization and corresponding healthcare costs of CKD patients (treated 

ZLWK�RU�ZLWKRXW�.57��ZHUH�YHU\�KLJK�DQG�IDU�H[FHHGLQJ�WKRVH�RI�WKH�JHQHUDO�SRSXODWLRQ��

Remarkably, this was already present at a young age and in the earlier stages of 

CKD indicating an early burden of comorbidities in CKD patients. Noteworthy, while 

healthcare costs of the general population rise with age, our study demonstrated a 

decrease in healthcare costs in CKD patients (with or without KRT) aged 75 years or 

ROGHU��ZKLFK�ZDV�PDLQO\�H[SODLQHG�E\�ORZHU�KRVSLWDO�DQG�PHGLFDWLRQ�FRVWV�

Part 4 – Medication prescription
This part of the thesis describes the use of pharmacy dispensing data within the 

Vektis database to describe medication use in CKD patients (i.e. CKD Stage G4-G5 not 

treated with KRT and CKD Stage G5 treated with dialysis or kidney transplantation).

Chapter 6� UHSRUWV� RQ� WKH� SUHYDOHQFH� RI� SRO\SKDUPDF\� �FRQFRPLWDQW� XVH� RI� ȱ��

medications) in CKD patients and matched controls, focuses on risk factors associated 

with polypharmacy, and describes the most commonly prescribed medications. 
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:H�GLΊHUHQWLDWHG�EHWZHHQ�DOO�PHGLFDWLRQ�SUHVFULEHG�DQG�FKURQLFDOO\�SUHVFULEHG�

medication in 2017. This study demonstrated that polypharmacy was highly prevalent 

in CKD patients (with and without KRT) compared with matched controls. The 

polypharmacy prevalence for all medication use was 87%, 93%, and 95% in CKD Stage 

G4-G5, dialysis, and kidney transplant patients, respectively, while in controls this 

ranged from 15%-33%. The prevalence was lower for chronic medication use, ranging 

from 66%-75% in patients and 7%-18% in controls. Risk factors for polypharmacy in 

patients were older age, low socioeconomic status, diabetes mellitus, vascular disease, 

hospitalization, and an emergency room visit. Proton pump inhibitors and statins 

were the most commonly prescribed medications in patients. The high medication 

burden of CKD patients (with or without KRT) was a result of their kidney disease 

and the large burden of comorbidities and minimizing the medication burden is 

therefore challenging. Nonetheless, a critical approach to medication prescription 

while balancing between overtreatment and therapeutic nihilism is essential for 

appropriate medication use.

In chapter 7 we evaluated the prescription of antidepressant medication in CKD 

patients with and without KRT as compared with a matched control group. The 

prevalence of chronic antidepressant prescription was is 5.6%, 5.3%, and 4.2% 

in CKD Stage G4-G5, dialysis, and kidney transplant patients respectively, while 

being 3% in controls. Antidepressant prescription rates were higher in women and 

middle-aged (45-64 years) patients, however, no association was found between 

antidepressant prescription and socioeconomic status. This nationwide analysis 

revealed a remarkably lower antidepressant prescription rate in Dutch CKD patients 

than reported in CKD populations from other countries. The underlying cause of this 

GLΊHUHQFH�ZDV�GL΍FXOW�WR�DVVHVV�VLQFH�SUHVFULSWLRQ�UDWHV�DUH� LQΌXHQFHG�E\�PDQ\�

factors like a country’s prevalence of depression, its health system and coverage, the 

happiness of its citizens, and the availability of other treatment options for depression. 

,W�ZDV�WKHUHIRUH�LPSRVVLEOH�WR�GHWHUPLQH�WR�ZKDW�H[WHQW�WKH�LQWHUFRXQWU\�YDULDWLRQ�

was related to underprescription in the Netherlands or overprescription elsewhere.

Conclusion
Chapter 8�GLVFXVVHV�WKH�΋QGLQJV�RI�WKLV�WKHVLV�DQG�HODERUDWHV�RQ�WKH�SRVVLELOLWLHV�RI�

Dutch health claims data for kidney research. Furthermore, the results presented in 

WKLV�WKHVLV�ZHUH�XVHG�WR�GHYHORS�WKH�΋UVW�SXEOLFO\�DFFHVVLEOH�RQOLQH�'XWFK�.LGQH\�$WODV�

(www.nieratlas.nl) using Vektis data.
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The main conclusion of this thesis is that the Vektis database has the potential to be 

an important data source for observational nephrology research in the Netherlands. 

7KH�FKDUDFWHULVWLFV�RI�WKH�9HNWLV�GDWDEDVH�SURYLGH�RSSRUWXQLWLHV�WR�VWXG\�XQLTXH�

information (such as healthcare costs, healthcare utilization, and medication use) 

on a national level with the possibility to make comparisons with a matched subset 

from the general population. Nonetheless, valuable steps regarding data accessibility, 

NQRZOHGJH�H[FKDQJH��DQG�GDWD�OLQNDJH��FRXOG�EH�WDNHQ�WR�IXUWKHU�LPSURYH�WKH�UHVHDUFK�

potential of the Vektis database. For this reason, a sounding board was established 

after the completion of this PhD trajectory and the development of the website. 

2QH�RI�WKH�PDLQ�WDVNV�RI�WKH�VRXQGLQJ�ERDUG�LV�WR�DGYLVH�ERWK�UHVHDUFKHUV�DQG�VWDΊ�

members of Vektis on new research proposals concerning kidney disease patients 

by assessing its content and feasibility, and by informing researchers about the 

possibilities and preconditions of working with the Vektis database.
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Nederlandse samenvatting
Chronische nierschade (CNS) is een belangrijk probleem voor de volksgezondheid 

doordat het de kwaliteit van leven en de levensverwachting van patiënten verlaagt 

HQ�WHYHQV�KRJH�]RUJNRVWHQ�HQ�IUHTXHQW�JHEUXLN�YDQ�JH]RQGKHLGV]RUJ�PHW�]LFK�PHH-

brengt. Onderzoek naar het voorkomen, de behandeling en uitkomsten van CNS is 

essentieel om de gezondheidszorg voor CNS-patiënten te verbeteren. Zorgdeclaratie-

data is een relatief nieuwe gegevensbron die mogelijkheden biedt voor onderzoek 

QDDU�SDWL­QWHQ�PHW�QLHU]LHNWHQ�RS�QDWLRQDDO�QLYHDX�LQ�HHQ�QLHW�H[SHULPHQWHOH�VHWWLQJ��

Ondanks de groeiende internationale populariteit van het gebruik van zorgdeclaratie-

data voor onderzoeksdoeleinden, stond het gebruik hiervan voor onderzoek bij  

patienten met nierziekten in Nederland tot nu toe nog in de kinderschoenen.

Dit proefschrift beschrijft de mogelijkheden van Nederlandse zorgdeclaratiedata (uit 

de zogenaamde Vektis database) voor onderzoek bij patiënten met gevorderde CNS, 

namelijk patiënten in stadium G4-G5 zonder nierfunctievervangende therapie en 

patiënten in stadium G5 met nierfunctievervangende therapie (dialyse of niertrans-

plantatie). De eerste doelstelling van dit proefschrift betreft het onderzoeken van de 

mogelijkheden en beperkingen van zorgdeclaratiedata voor nefrologisch onderzoek. 

De tweede doelstelling heeft betrekking op het onderzoeken van de zorguitgaven en 

het gebruik van zorgmiddelen (inclusief medicatiegebruik) van CNS-patiënten met 

behulp van Nederlandse zorgdeclaratiedata.

Dit proefschrift bestaat uit vier delen: deel 1 gaat over de toepassing en mogelijk- 

heden van zorgdeclaratiedata voor onderzoeksdoeleinden binnen de nefrologie, 

GHHO���EHVFKULMIW�GH�YDOLGLWHLW�YDQ�1HGHUODQGVH�]RUJGHFODUDWLHGDWD�YRRU�GH�LGHQWL΋-

catie van CNS-patiënten, deel 3 en 4 beschrijven zorgkosten en medicatiegebruik van  

CNS-patiënten gebruikmakend van zorgdeclaratiedata. De inhoud van dit proefschrift 

is hieronder samengevat.
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Deel 1 – Mogelijkheden en gebruik van zorgdeclaratiedata 
voor nefrologisch onderzoek
Hoofdstuk 2 geeft een overzicht van internationale zorgdeclaratie databases die 

zijn gebruikt voor onderzoek binnen de nefrologie. Met een literatuuronderzoek 

LGHQWL΋FHHUGHQ�ZH����YDQ�GH]H�]RUJGHFODUDWLH�GDWDEDVHV�LQ����YHUVFKLOOHQGH�ODQGHQ��

We hebben gekeken naar de overeenkomsten en verschillen tussen de databases 

in bijvoorbeeld de toegankelijkheid en het aantal wetenschappelijke publicaties op 

KHW�JHELHG�YDQ�GH�QHIURORJLH��ZDDUELM�ZH�VSHFL΋HNH�DDQGDFKW�KHEEHQ�JHVFKRQNHQ�

aan de Nederlandse Vektis database. Verder hebben we de sterke punten en de 

beperkingen van zorgdeclaratiedata voor onderzoeksdoeleinden beschreven. 

Tenslotte beschrijft dit hoofdstuk de Nieratlas website (www.nieratlas.nl) welke 

tijdens dit promotieonderzoek is ontwikkeld. Deze website is een nieuwe manier om 

Nederlandse CNS patiënten in kaart te brengen met behulp van zorgdeclaratiedata. 

Het brengt de impact van CNS in Nederland in kaart in termen van aantallen patiënten, 

zorgkosten, behandeling (naast nierfunctievervangende therapie), medicatiegebruik, 

uitkomsten, en andere aandoeningen die verband houden met CNS, en geeft tevens 

GH�JHRJUD΋VFKH�YDULDWLH�YDQ�GH]H�GDWD�ZHHU�SHU�UHJLR�LQ�1HGHUODQG�

Deel 2 – Validiteit van Nederlandse zorgdeclaratiedata
Validatiestudies zijn nodig om te onderzoeken of de patiënten populaties die zijn 

JH±GHQWL΋FHHUG�PHW�]RUJGHFODUDWLHGDWD�RRN�GDDGZHUNHOLMN�UHSUHVHQWDWLHI�]LMQ�YRRU�GH�

gehele beoogde onderzoekspopulatie en te achterhalen welke subgroepen onder- of 

oververtegenwoordigd kunnen zijn. Hoofdstuk 3 beschrijft de resultaten van een 

dergelijke studie waarin we de validiteit van zorgdeclaratiedata van een regionaal 

]LHNHQKXLV� LQ�=ZROOH�KHEEHQ�RQGHU]RFKW�YRRU�GH� LGHQWL΋FDWLH�YDQ�SDWL­QWHQ�PHW�

CNS stadium G3-G5 waarbij een laboratoriumdatabase als referentie werd gebruikt. 

Daartoe hebben we een diagnose van CNS (stadium G3-G5) en gevorderde CNS 

(stadium G4-G5) afgeleid uit de zorgdeclaratiedata vergeleken met een diagnose 

JHEDVHHUG�RS�HHQ�H*)5�GH΋QLWLH�YDQ�&16��H*)5�����P/�PLQ������P2) en gevorderde 

CNS (eGFR <30 mL/min/1.73 m2���$QDO\VHV�ZHUGHQ�JHVWUDWL΋FHHUG�QDDU�OHHIWLMG�HQ�

geslacht. Hieruit bleek dat de sensitiviteit van zorgdeclaratiedata voor gevorderde 

CNS-patiënten (51%) hoger was dan bij CNS-patiënten (27%). Bovendien was de 

QDXZNHXULJKHLG� YDQ� ]RUJGHFODUDWLHGDWD� ELM� KHW� LGHQWL΋FHUHQ� YDQ� &16�SDWL­QWHQ�

opmerkelijk veel hoger bij jonge patiënten in vergelijking met oudere patiënten, en 

hoger bij mannen dan bij vrouwen. Deze validiteitsstudie toonde aan dat Nederlandse 
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zorgdeclaratiedata een lage sensitiviteit heeft voor een schatting van de algehele 

CNS-prevalentie in de algemene bevolking. Met name in het geval van oudere CNS-

patiënten en patiënten met minder gevorderde CNS blijkt de data minder nauwkeurig. 

Desalniettemin kunnen zorgdeclaratiedata waardevol zijn bij het schatten van de 

SUHYDOHQWLH�YDQ�&16�LQ�VSHFL΋HNH�VXEJURHSHQ��LQ�KHW�ELM]RQGHU�ELM� MRQJH�SDWL­QWHQ�

en patiënten met gevorderde CNS.

Deel 3 – Zorgkosten
De hoofdstukken 4 en 5 van het proefschrift beschrijven de schatting van de 

zorgkosten van CNS-patiënten met behulp van Nederlandse zorgdeclaratiedata uit 

de Vektis database. In hoofdstuk 4 hebben we Vektis data van 2012-2014 gebruikt om 

de zorgkosten van patiënten bij verschillende vormen van nierfunctievervangende 

therapie te berekenen. Patiënten met continue ambulante peritoneale dialyse 

(CAPD) hadden de laagste kosten in vergelijking met andere dialysemodaliteiten. De 

totale jaarlijkse zorgkosten in 2014 varieerden gemiddeld van €77 566 voor CAPD-

patiënten tot €105 833 voor patiënten met verschillende behandelingsmodaliteiten 

in één jaar. De gemiddelde kosten voor niertransplantatiepatiënten bedroegen €85 

127 in het jaar van transplantatie en daalden snel in het eerste (€29 612) en tweede 

(€15 018) jaar na succesvolle transplantatie. Dit betreft ongeveer 14%-19% van de 

jaarlijkse dialysekosten. De kosten in het jaar van transplantatie waren gemiddeld 

25% lager voor patiënten met nieren van een levende versus een overleden donor. 

Naast de duidelijke voordelen ten aanzien van overleving en kwaliteit van leven 

van een niertransplantatie laten onze gegevens ook kostenvoordelen zien van een 

niertransplantatie in vergelijking met dialysebehandeling.

Hoofdstuk 5 beschrijft de aan leeftijd gerelateerde verschillen in zorggebruik en 

zorgkosten van patienten met CNS stadium G4-G5, dialyse- en niertransplantatie-

patiënten in vergelijking met gematchte controles uit de algemene populatie. 

Bij patiënten en controles deden we onderzoek naar de totale zorgkosten en de 

ziekenhuiskosten die geen verband hielden met de behandeling van CNS, waarbij de 

uitkomsten werden gepresenteerd in vier leeftijdscategorieën (19-44, 45-64, 65-74 

HQ�ȱ���MDDU���:H�YRQGHQ�GDW�KHW�]RUJJHEUXLN�HQ�GH�ELMEHKRUHQGH�]RUJNRVWHQ�YDQ�

CNS-patiënten (behandeld met of zonder nierfunctievervangende therapie) erg hoog 

waren, veel hoger dan die van de algemene bevolking. Opmerkelijk is dat dit verschil 

al op jonge leeftijd en in de eerdere stadia van CNS aanwezig was. Dit wijst op een 

relatief vroege aanwezigheid van comorbiditeiten bij CNS-patiënten. Opmerkelijk is 

ook dat, hoewel de zorgkosten bij de algemene bevolking stijgen met de leeftijd, onze 
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studie een daling van de zorgkosten aantoonde bij CNS-patiënten (met of zonder 

nierfunctievervangende therapie) van 75 jaar of ouder. Dit kon voornamelijk worden 

toegeschreven aan lagere ziekenhuiskosten en lagere medicatiekosten.

Deel 4 – Medicatievoorschrift
Dit deel van het proefschrift beschrijft het gebruik van apotheekgegevens uit de Vektis 

database met als doel het medicatiegebruik bij CNS-patiënten in kaart te brengen 

(d.w.z. CNS-stadium G4-G5 niet behandeld met nierfunctievervangende therapie, 

dan wel CNS-stadium G5 behandeld met dialyse of niertransplantatie).

Hoofdstuk 6 rapporteert over de prevalentie van polyfarmacie (het tegelijktijdig 

JHEUXLN�YDQ�ȱ��PHGLFLMQHQ��ELM�&16�SDWL­QWHQ�HQ�JHPDWFKWH�FRQWUROHV��DOVPHGH�RYHU�

denkbare risicofactoren die samenhangen met polyfarmacie en beschrijft de meest 

voorgeschreven medicijnen. Voor het jaar 2017 maakten we onderscheid tussen alle 

voorgeschreven medicijnen in dat jaar en alle chronisch voorgeschreven medicatie. 

Dit onderzoek toonde aan dat polyfarmacie vaker voorkomt bij CNS-patiënten (met 

en zonder nierfunctievervangende therapie) in vergelijking met gematchte controles. 

De prevalentie van polyfarmacie gebaseerd op al het jaarlijks medicatiegebruik van 

patiënten in CNS-stadium G4-G5, dialysepatiënten en niertransplantatiepatiënten 

was respectievelijk 87%, 93% en 95%, terwijl dit bij controlepatiënten varieerde van 

15% tot 33%. De prevalentie was lager voor chronisch medicatiegebruik, variërend 

van 66% tot 75% bij alle patiëntengroepen en van 7% tot 18% bij de controle groepen. 

Risicofactoren voor polyfarmacie bij patiënten waren hogere leeftijd, lagere sociaal 

economische status, diabetes mellitus, hart- en vaatziekten, ziekenhuisopname en 

een bezoek aan de eerste hulp. Protonpompremmers en statines waren de meest 

voorgeschreven medicijnen bij patiënten. De hoge medicatielast van CNS-patiënten 

(met of zonder nierfunctievervangende therapie) was een gevolg van hun nierziekte 

en bijkomende comorbiditeit en het minimaliseren van de medicatielast is daarom 

een   uitdaging. Een kritische benadering van het voorschrijven van medicijnen en 

het kiezen van een passende middenweg tussen overbehandeling en therapeutisch 

nihilisme, is essentieel om te komen tot doelmatig medicatiegebruik.

Hoofdstuk 7 beschrijft het voorschrijven van antidepressiva bij CNS-patiënten 

met of zonder nierfunctievervangende therapie in vergelijking met een 

gematchte controlegroep. De prevalentie van het chronisch voorschrijven van 

antidepressiva was bij patiënten in CNS-stadium G4-G5, bij dialysepatiënten, en 

bij niertransplantatiepatiënten, respectievelijk 5,6%, 5,3% en 4,2%, terwijl dit bij 



190

Appendices

de controlegroep 3% was. Het percentage voorgeschreven antidepressiva was 

hoger bij vrouwen en bij patiënten van middelbare leeftijd (45-64 jaar), maar er 

werd geen verband gevonden tussen het voorschrijven van antidepressiva en 

sociaaleconomische status. Deze landelijke analyse onthulde een opmerkelijk lager 

percentage voorgeschreven antidepressiva bij Nederlandse CNS-patiënten dan 

gerapporteerd over CNS-populaties uit andere landen. De onderliggende oorzaak van 

dit verschil was moeilijk te beoordelen, aangezien het voorschrijven van antidepressiva 

wordt beïnvloed door veel factoren, zoals de prevalentie van depressie in een land, 

het gezondheidssysteem en de vergoeding uit de zorgverzekering, het welbevinden 

van zijn burgers en de beschikbaarheid van andere behandelopties voor depressie. 

In hoeverre het verschil tussen Nederland en die andere landen verband hield met 

een ondervoorschrijven in Nederland of juist een te veel voorschrijven elders was 

daarom niet vast te stellen.

Conclusie
Hoofdstuk 8 bediscussieert de bevindingen van dit proefschrift en gaat dieper in op 

de mogelijkheden van Nederlandse zorgdeclaratiedata voor nefrologisch onderzoek. 

Verder zijn de in dit proefschrift gepresenteerde resultaten gebruikt om de eerste 

publiek toegankelijke website van de Nieratlas (www.nieratlas.nl) te ontwikkelen met 

behulp van Vektis data.

De belangrijkste conclusie van dit proefschrift is dat de Vektis database de potentie 

heeft om een   belangrijke databron te zijn voor observationeel nefrologisch onderzoek 

in Nederland. De kenmerken van de Vektis database bieden mogelijkheden om unieke 

informatie te analyseren (zoals zorgkosten, zorggebruik en medicatiegebruik) op 

nationaal niveau met daarnaast de mogelijkheid om vergelijkingen te maken met 

gematchte subgroepen uit de algemene bevolking. Om het onderzoekspotentieel van 

de Vektis database te verbeteren en het gebruik te stimuleren kunnen nog belangrijke 

stappen worden gezet op het gebied van datatoegankelijkheid, kennisuitwisseling 

en datakoppeling. Om die reden is er na de afronding van dit promotietraject en de 

ontwikkeling van de website een klankbordgroep opgericht. Eén van de belangrijkste 

taken van de klankbordgroep is de ondersteuning van zowel onderzoekers als 

medewerkers bij Vektis bij nieuwe onderzoeksvoorstellen aangaande nierpatiënten 

door de inhoud en haalbaarheid ervan te beoordelen en onderzoekers te informeren 

over de mogelijkheden en randvoorwaarden van het werken met de Vektis database.
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Ik dank mijn bonus familie, Dennis en Ingrid, Jeroen, voor jullie betrokkenheid.

Dank voor alle oppasmomenten die ons de ruimte geven om te werken of even te ontspannen.

Ik dank je Edwin, grote broer maar tegenwoordig vooral ome Ed.
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Ik dank jullie pap en mam, voor mijn stevige basis en jullie onvoorwaardelijke liefde.

Het is dankzij jullie dat ik weet wat doorzettingsvermogen en wilskracht kan doen.

Ik dank je Rogier, mijn lief, voor je chaos in mijn orde en je orde in mijn chaos.

Je vergoot mijn wereld en verruimt mijn blik. ‘All music sounds better with you’.

Als laatste, lieve Daniël en Lotte, dank ik jullie. Jullie hebben me geleerd wat écht belangrijk is. 

Het leven draait niet om de successen of het slagen, maar om het leven van alle dagen.  

En elke dag van mijn leven is zoveel mooier en completer met jullie.

Ik hoop dat jullie mensen worden die de wereld elke dag wat mooier maken.

------

Dank, lieve allemaal.   

Jullie maken mijn leven en wie ik ben vandaag.

Manon










