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Purpose: The validity of ICD-10 diagnostic codes for chronic kidney disease (CKD) in health claims data has not been sufficiently
studied in the general population and over time.

Patients and Methods: We used data from the Berlin Initiative Study (BIS), a prospective longitudinal cohort of community-
dwelling individuals aged >70 years in Berlin, Germany. With estimated glomerular filtration rate (¢GFR) as reference, we assessed
the diagnostic validity (sensitivity, specificity, positive [PPV], and negative predictive values [NPV]) of different claims-based ICD-10
codes for CKD stages G3-5 (eGFR <60mL/min/1.73m?: ICD-10 N18.x-N19), G3 (eGFR 30—<60mL/min/1.73m?: N18.3), and G4-5
(eGFR <30mL/min/1.73m? N18.4-5). We analysed trends over five study visits (2009-2019).

Results: We included data of 2068 participants at baseline (2009—-2011) and 870 at follow-up 4 (2018-2019), of whom 784 (38.9%) and
440 (50.6%) had CKD G3-5, respectively. At baseline, sensitivity for CKD in claims data ranged from 0.25 (95%-confidence interval [CI]
0.22-0.28) 10 0.51 (95%-CI1 0.48-0.55) for G3-5, depending on the included ICD-10 codes, 0.20 (95%-CI 0.18-0.24) for G3, and 0.36 (95%-
CI 0.25-0.49) for G4-5. Over the course of 10 years, sensitivity increased by 0.17 to 0.29 in all groups. Specificity, PPVs, and NPVs
remained mostly stable over time and ranged from 0.82-0.99, 0.47-0.89, and 0.66—0.98 across all study visits, respectively.
Conclusion: German claims data showed overall agreeable performance in identifying older adults with CKD, while differentiation between
stages was limited. Our results suggest increasing sensitivity over time possibly attributable to improved CKD diagnosis and awareness.
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Introduction

Health claims data have been recognized as a relevant data source and used increasingly in clinical and epidemiological
studies over the past years as they reflect real-world clinical practice and health care for a large number of individuals.'
Claims data have also been used for estimating the prevalence of chronic kidney disease (CKD) and associated adverse

10,11

outcomes.*® CKD is globally recognized as a relevant public health burden due to increased morbidity, risk of

hospitalizations,'>"? vulnerability to infection,'® high costs,”* and mortality.'""'>'® Its prevalence is estimated to range
: 17 : : 18 :
from 23% to 36% in persons aged >65 years, ' or even higher in persons >80 years, ° and expected to further increase
: : 10,19

due to ageing populations.
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Despite their potential, claims data should be used cautiously when aiming to reliably identify patients with CKD
given their lack of laboratory values. Several studies, including two systematic reviews from 2011,>?! evaluated the
validity of CKD diagnostic codes and reported mostly poor sensitivity and limited generalisability of their findings.
Sensitivity ranged from 3% to 88%, whereas specificity was overall high.?*2® However, broadly diverging sensitivity
estimates as well as differences among countries and health care systems limit generalisability.”" Furthermore, many of
the existing studies were based on samples with an indication for CKD assessment (eg, after hospitalization or in high
risk populations) and used cross-sectional older inpatient data. Up to date, the diagnostic validity for CKD has not been
sufficiently studied in the general population (ie, populations not at high risk for CKD), particularly in older adults in
Europe, and in more recent longitudinal data including outpatient claims. Whereas the diagnostic validity of acute kidney
injury (AKI) in claims data seems to have improved over the years,” trends in diagnostic validity for CKD over time,
assuming possible improvements after the implementation of the Kidney Disease: Improving Global Outcomes (KDIGO)
guidelines in 2012,%° have, to the best of our knowledge, not been investigated yet.

To address this knowledge gap, we used data from a longitudinal cohort study of community-dwelling older
individuals in Germany with detailed laboratory data on kidney function and complementary health claims data to
estimate the validity of claims-based identification of CKD. We compared different claims-based CKD definitions using
inpatient and outpatient diagnosis codes for different CKD stages and investigated whether there was a change in
diagnostic validity between 2009 and 2019.

Patients and Methods
Study Design and Data Source

We conducted an analysis investigating the diagnostic validity of CKD based on German health claims data over time. As
the reference standard, we used data of the Berlin Initiative Study (BIS), a longitudinal cohort with detailed phenotyping
of kidney measures in 2069 community-dwelling persons aged >70 years in Berlin, Germany, all insured at the statutory
health insurance fund “AOK Nordost — Die Gesundheitskasse” (AOK). Exclusion criteria for participation in the BIS
were age <70 years, dependency on kidney replacement therapy, or kidney transplant recipients, and more details are
described elsewhere.*® Data were collected in five biennial face-to-face study visits from 2009 to 2019. The study was
approved by the local ethics committee at the Charité — Universitdtsmedizin Berlin (EA2/009/08). The BIS adheres to the
Declaration of Helsinki and rules of “Good Scientific Practice”. All study participants gave written informed consent.

Information on sociodemographic characteristics, comorbidities, medications, and anthropometric measurements was
routinely assessed using standardized computer-based questionnaires as well as blood and urine samples at biennial study
visits. Kidney function was assessed from blood samples using serum creatinine which was measured using an isotope-
dilution mass spectrometry-traceable enzymatic method. Detailed information on the BIS study is described elsewhere.*”
For this study, we included only participants with non-missing serum creatinine measurements at a respective study visit.

For all BIS participants, complementary AOK health claims data were available. Claims data included information on
inpatient and outpatient diagnoses which were available in accordance with the German modification of the 10th revision
of the International Classification of Diseases (ICD-10-GM). Additional information on the diagnosis type (ie, if an
inpatient diagnosis was the main or secondary discharge diagnosis) was available for all diagnoses. The reporting of this
study follows the STARD guidelines for diagnostic accuracy studies (Table S1).*!

Definition of CKD Based on Kidney Function

As the reference standard, CKD was defined based on estimated glomerular filtration rate (¢GFR) using the creatinine-
based CKD Epidemiology Collaboration 2009 equation®” as recommended by the KDIGO guidelines from 2012. We
included CKD stages G3-5 (eGFR <60mL/min/1.73m?) and further stratified in stage G3 (eGFR 30—-<60mL/min/1.73m?)
and stages G4-5 (eGFR <30mL/min/1.73m?). CKD was assessed at baseline (conducted in 2009-2011) and followed-up
biennially (FU1-4; conducted in 2011-2013, 2014-2015, 20162017, and 2018-2019, respectively).
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Definition of CKD Based on Claims Data

As the index test, we defined CKD based on claims data using inpatient and outpatient ICD-10-GM codes in
correspondence with respective CKD stages. We used ICD-10-GM codes N18.3—5 for CKD G3-5, N18.3 for G3, and
N18.4-5 for G4-5. For CKD G3-5, we extended the included codes from the primary analysis (N18.3—5, definition #1)
and explored broader claims-based definitions: definition #2 also included unspecific diagnostic codes (N18.3—5, N18.8x,
N18.9, N19), whereas definition #3 additionally included CKD stages G1-2 diagnoses (N18.x, N19; see Table S2 for
a detailed description). We only included inpatient diagnoses coded as “main” or “secondary” and outpatient diagnoses
with diagnosis type “secure”. We used an observation period for claims data diagnoses of one year, spanning from six
months preceding to six months after a study visit date (index date), or until death.

Statistical Analysis

Sociodemographic and clinical characteristics of study participants were assessed as absolute and relative frequencies for
binary and mean (SD) for metric variables. As the primary outcome, diagnostic validity of claims-based CKD
identification with eGFR as the reference was evaluated by assessing sensitivity, specificity, and positive (PPV) and
negative predictive values (NPV). Diagnostic validity indices with 95% confidence intervals (CI) were estimated for all
study visits. We assessed differences in diagnostic validity indices from baseline to FU4 (A) and trends over time with the
Cochran-Armitage test in an exploratory manner.>>>* Additionally, we assessed the relative frequency of persons who
received single N18.x and N19 diagnoses for a better understanding of diagnostic codes among CKD definitions.

Sensitivity was calculated as the proportion of persons with a respective claims-based diagnosis among persons with
a respective eGFR (true-positive rate). Specificity was calculated as the proportion of persons without a respective claims-
based diagnosis among persons without a respective eGFR (true-negative rate). PPV was calculated as the proportion of
persons with a respective eGFR among all persons with a respective claims-based diagnosis. NPV was calculated as the
proportion of persons without a respective eGFR among all persons without a respective claims-based diagnosis.

We performed pre-defined subgroup analyses stratified by age, sex, diabetes mellitus, and arterial hypertension.
Diabetes mellitus was defined as HbAlc >6.5% or the intake of antidiabetic medication (oral antidiabetics and insulin)
and arterial hypertension as the intake of antihypertensive medications (angiotensin-converting enzyme inhibitors,
angiotensin II receptor blockers, calcium channel blockers, beta-blockers, and diuretics [excluding loop-diuretics]),
assessed during the study visit based on the participants’ medication lists and using the respective ATC (anatomical
therapeutic chemical) codes. Further detail was published elsewhere.**-¢

As sensitivity analyses, we included the “chronicity” criterion for CKD as defined in the KDIGO guidelines (two eGFR
values at least three months apart).>” We applied the chronicity criterion to identify individuals with a respective CKD G3-5,
G3, or G4-5 based on eGFR in two consecutive study visits. The latter study visit was used as the index date to search for
claims-based diagnoses in both six months preceding and following. As studies suggest that sensitivity improves when

202328 we assessed the analytical flexibility of observation time for claims-

choosing longer observation periods in claims data,
based diagnoses and estimated indices of diagnostic validity of CKD from one up to 52 weeks preceding and following a study

visit, extending the observation period to two years in total.

Results

Sociodemographic and Clinical Characteristics

We included data of 2068 participants at baseline, 1670 at FU1, 1421 at FU2, 1130 at FU3, and 870 at FU4 (Table 1 and Figure S1).
At all visits, more than half were female (53—56%) and mean age was 79.9 years (SD 6.7) at baseline and 85.1 years (SD 5.3) at
FU4. Prevalence of diabetes and hypertension were between 23—26% and 79-83% across all study visits, respectively. Mean
eGFR decreased slightly over time from 64.7 (SD 17.5) at baseline to 58.9 (SD 17.7) mL/min/1.73m? at FU4. At baseline, CKD
prevalence based on eGFR was 38% for CKD G3-5, 35% for CKD G3, and 3% for CKD G4-5. CKD prevalence increased over
time and was 51% for CKD G3-5, 45% for CKD G3, and 6% for CKD G4-5 at FU4.
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Table | Sociodemographic and Clinical Characteristics for Each Study Visit Based on BIS Data

Baseline FUI FU2 FU3 FU4
(2009-2011) | (2011-2013) | (2014-2015) | (2016-2017) | (2018-2019)
Number of subjects, N 2068 1670 1421 1130 870
Demographics
Females, n (%) 1088 (52.6) 889 (53.2) 766 (53.9) 618 (54.7) 487 (56.0)
Age (years), mean (SD) 79.9 (£6.7) 81.3 (£6.4) 82.6 (£6.1) 83.8 (£5.6) 85.1 (5.3)
Age groups (years), n (%)
70-74 573 (27.7) 273 (16.3) 66 (4.6) 0 (0.0) 0 (0.0)
75-79 475 (23.0) 502 (30.1) 472 (33.2) 321 (284) 115 (13.2)
80-84 429 (20.7) 375 (22.5) 377 (26.5) 356 (31.5) 363 (41.7)
85-89 385 (18.6) 309 (18.5) 270 (19.0) 248 (21.9) 208 (23.9)
290 206 (10.0) 211 (12.6) 236 (16.6) 205 (18.1) 184 (21.1)
Comorbidities
Diabetes mellitus, n (%) 539 (26.1) 379 (22.7) 346 (24.3) 269 (23.8) 200 (23.0)
Missing, n (%) 3(0.1) 6 (0.4) 9 (0.6) 6 (0.5) 7 (0.8)
Arterial hypertension, n (%) 1633 (79.0) 1342 (80.4) 1167 (82.1) 931 (82.4) 719 (82.6)
Missing, n (%) 6 (0.3) 2 (0.1) 3(0.2) I (0.1) 2 (0.2)
eGFR (mL/min/1.73m?), mean (SD)
CKD-EPl¢yea 64.7 (£17.5) 62.8 (£17.9) 61.8 (£17.9) 60.1 (£17.5) 58.9 (£17.7)
CKD prevalence (based on CKD-EPl¢,.,), n (%)
CKD G3-5 (eGFR <60 mL/min/1.73m?) 784 (37.9) 696 (41.7) 618 (43.5) 529 (46.8) 440 (50.6)
CKD G3 (eGFR 30—-<60 mL/min/1.73m?) 723 (35.0) 621 (37.2) 544 (38.3) 467 (41.3) 388 (44.6)
CKD G4-5 (eGFR <30 mL/min/1.73m?) 61 (2.9) 75 (4.5) 74 (5.2) 62 (5.5) 52 (6.0)

Notes: The table only shows data of BIS participants with non-missing serum creatinine measurements at a respective study visit. Excluded due to missing serum
creatinine measurements were: n = |, 29, 19, 36, and 64 at baseline, FUI, FU2, FU3, and FU4, respectively.

Abbreviations: FU, Follow-up; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; CKD-EPlc,., creatinine-based CKD Epidemiology
Collaboration 2009 equation; CKD G3-5, G3, and G4-5, CKD stages G3-5, G3, and G4-5.

Sensitivity

Indicators of diagnostic validity for different eGFR- and claims-based definitions of CKD are displayed in Table 2.
Sensitivity at baseline was 0.25 (95% CI 0.22-0.28) for CKD G3-5 using definition #1 (ICD-10-GM N18.3-5). When
additionally incorporating non-stage-corresponding diagnoses, sensitivity increased to 0.46 (95% CI 0.43-0.50) using
definition #2 (ICD-10-GM N18.3-19), and to 0.51 (95% CI 0.48-0.55) using definition #3 (ICD-10-GM N18.x-19).
Stratified by CKD stages, sensitivity was 0.20 (95% CI 0.18-0.24) for CKD G3 and 0.36 (95% CI 0.25-0.49) for CKD
G4-5 at baseline. Sensitivity strongly increased from baseline to FU4 among all groups and definitions by 0.17 to 0.29
and was highest for CKD G3-5 using definition #3 (0.69, 95% CI 0.64-0.73) and lowest for CKD G3 (0.47, 95% CI
0.43-0.52) at FU4.

Specificity, PPV, and NPV
Specificity values ranged overall from 0.82 to 0.99 with slight downward trends from baseline to FU4 in all CKD
definitions (A = —0.09 to —0.02). Specificity was highest in CKD G4-5 (range: 0.97 to 0.99) and lowest in CKD G3-5
definition #3 (0.82 to 0.91). PPVs varied broadly between 0.47 and 0.89 over all groups and definitions. They were
highest in CKD G3-5 definition #1 (0.86 to 0.89) and lowest in CKD G4-5 (0.47 to 0.57). Over time, PPVs remained
stable in all groups (A = —0.01 to 0.03) except for slight increases in CKD G4-5 (A = 0.08). NPVs ranged from 0.66 to
0.98 and remained stable over time (A = —0.04 to 0.00). NPVs were highest in CKD G4-5 (0.97 to 0.98) and lowest in
CKD 3-5 definition #1 (0.66 to 0.69).

In CKD G3-5, incorporating more diagnoses was accompanied by slightly higher NPVs (0.66-0.69, 0.71-0.75, and
0.72-0.76 for definitions #1, #2, and #3, respectively) but slightly lower specificity (0.92-0.98, 0.87-0.93, and 0.82—
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Table 2 Indicators of Diagnostic Validity (with 95% Confidence Intervals) for Different CKD Definitions for Each Study Visit with Trends Over Time

eGFR-Based
CKD Definition

Claims-Based CKD
Definition (ICD-10-GM
Codes?)

Indicator of
Diagnostic
Validity

Baseline
(2009-2011)

FUI
(2011-2013)

FU2
(2014-2015)

FU3
(2016-2017)

FU4
(2018-2019)

Trend

Ah

G3-5 (eGFR <60
mL/min/1.73m?)

#1 NI18.3, NI8.4, N18.5

Sensitivity
Specificity
PPV

NPV

0.25 (0.22-0.28)
0.98 (0.97-0.99)
0.89 (0.84-0.93)
0.68 (0.66-0.70)

0.33 (0.30-0.37)
0.96 (0.95-0.97)
0.86 (0.81-0.89)
0.67 (0.64-0.69)

0.43 (0.39-0.47)
0.95 (0.94-0.97)
0.87 (0.83-0.91)
0.68 (0.66-0.71)

0.52 (0.48-0.56)
0.93 (0.91-0.95)
0.87 (0.83-0.90)
0.69 (0.65-0.72)

0.54 (0.49-0.58)
0.92 (0.89-0.94)
0.88 (0.83-0.91)
0.66 (0.62-0.70)

0.29%
—0.06*
—0.01
—0.02

#2 N18.3, N18.4, NI8.5,
N18.8x, NI8.9, N19

Sensitivity
Specificity
PPV

NPV

0.46 (0.43-0.50)
0.93 (0.92-0.94)
0.80 (0.76-0.84)
0.74 (0.72-0.76)

0.51 (0.48-0.55)
0.92 (0.90-0.93)
0.81 (0.77-0.85)
0.73 (0.70-0.75)

0.61 (0.57-0.64)
0.91 (0.89-0.93)
0.84 (0.81-0.87)
0.75 (0.72-0.78)

0.64 (0.60-0.68)
0.87 (0.84-0.90)
0.81 (0.77-0.85)
0.73 (0.70-0.76)

0.65 (0.60-0.69)
0.87 (0.83-0.90)
0.84 (0.79-0.87)
0.71 (0.67-0.75)

0.19*
-0.06*
0.03
—0.03

#3 NI18.x, NI9

Sensitivity
Specificity
PPV
NPV

0.51 (0.48-0.55)
0.91 (0.89-0.93)
0.78 (0.74-0.81)
0.75 (0.73-0.78)

0.56 (0.52-0.60)
0.89 (0.87-0.91)
0.78 (0.75-0.82)
0.74 (0.71-0.76)

0.65 (0.61-0.68)
0.87 (0.85-0.89)
0.79 (0.76-0.83)
0.76 (0.73-0.79)

0.67 (0.63-0.71)
0.82 (0.78-0.84)
0.76 (0.72-0.80)
0.74 (0.71-0.77)

0.69 (0.64-0.73)
0.82 (0.78-0.85)
0.79 (0.75-0.83)
0.72 (0.68-0.76)

0.17*
—0.09*
0.01
—0.04

G3 (eGFR 30-<60
mL/min/1.73m?)

N18.3

Sensitivity
Specificity
PPV
NPV

0.20 (0.18-0.24)
0.96 (0.95-0.97)
0.72 (0.66-0.78)
0.69 (0.67-0.71)

027 (0.24-031)
0.93 (0.91-0.94)
0.69 (0.63-0.75)
0.68 (0.66-0.71)

0.36 (0.32-0.40)
0.91 (0.89-0.93)
0.72 (0.66-0.77)
0.70 (0.67-0.72)

0.45 (0.41-0.50)
0.87 (0.84-0.90)
0.71 (0.66-0.76)
0.69 (0.66-0.72)

0.47 (0.43-0.52)
0.87 (0.84-0.90)
0.75 (0.69-0.80)
0.67 (0.64-0.71)

0.27*
—0.09*
0.03
—-0.02

G4-5 (eGFR <30
mL/min/1.73m?)

N18.4, N18.5

Sensitivity
Specificity
PPV
NPV

0.36 (0.25-0.49)
0.99 (0.98-0.99)
0.48 (0.34-0.62)
0.98 (0.97-0.99)

0.41 (0.31-0.53)
0.98 (0.97-0.98)
0.47 (0.35-0.59)
0.97 (0.96-0.98)

0.49 (0.38-0.60)
0.98 (0.97-0.98)
0.54 (0.42-0.65)
0.97 (0.96-0.98)

0.69 (0.57-0.79)
0.97 (0.96-0.98)
0.57 (0.45-0.67)
0.98 (0.97-0.99)

0.63 (0.50-0.75)
0.97 (0.95-0.98)
0.56 (0.43-0.68)
0.98 (0.96-0.98)

0.27*
—0.02*
0.08
0.00

Note: *Older ICD-9-GM Version codes (before 2010) for CKD were recoded to their ICD-10-GM equivalent as follows: N18.81 to N18.1, N18.82 to N18.2, N18.83 to N18.3, N18.84 to N18.4, NI18.0 to NI8.5. "Trends were tested

with the Cochran-Armitage test with *indicating p<0.05.

Abbreviations: CKD, Chronic kidney disease; eGFR, Estimated glomerular filtration rate; ICD-10-GM, International Statistical Classification of Diseases and Related Health Problems, 10th Revision, German modification; A, difference

from baseline to FU4.
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0.91) and PPVs (0.86-0.89, 0.80—0.84, and 0.76—0.79). Comparing CKD G3 and G4-5, CKD G3 showed lower NPVs
(0.67-0.70 for G3 vs 0.97-0.98 for G4-5) and lower specificity (0.87-0.96 vs 0.97-0.99) but higher PPVs (0.69-0.75 vs
0.48-0.57) over all study visits.

Subgroup and Sensitivity Analyses
Sensitivity was higher and specificity slightly lower in males compared to females but showed no difference between age
strata (Figures S2 and S3). PPVs were slightly higher and NPVs slightly lower in older ages, while both measures
differed inconsistently to a small degree between males and females (Figures S4 and S5). The subgroup analyses for
diabetes and hypertension showed no differences between persons with either or both comorbidities. When neither was
prevalent, sensitivity was lower, while NPVs were higher (Figure S6). Using the chronicity criterion for eGFR-based
CKD definition, sensitivity and NPVs were higher, while specificity and PPVs were lower compared to the single
definition (Figure S7). Trends over time remained mostly stable in all strata, subgroups, and the chronic CKD definition.
Figure 1 shows the results on the analytical flexibility of observation time for claims-based diagnoses using weekly
thresholds from one year preceding to one year following the index date as observation time, respectively (see Figure S8 for
time preceding and following index combined). Within an observation time of = 3 months, sensitivity increased sharply,
followed by a constantly increasing level with every additional week. Exceeding the observation time beyond £+ 6 months
resulted in overall higher sensitivity. NPVs increased slightly in extended observation periods, while specificity and PPVs
showed a small decrease.

Frequencies of Coded Diagnoses

With regard to single N18.x and N19 diagnoses, overall coding of unspecific (N18.8x, N18.9, N19) diagnoses was high
and remained constant over time (Figure 2). In persons with CKD G3-5, 37-43% received at least one unspecific
diagnosis, whereas this increased to 69-79% in persons with CKD G4-5. Some persons received ICD-10-GM diagnoses
not corresponding with their respective eGFR-based CKD stage. Ie, of persons with CKD G4-5, 14-21% were diagnosed
with N18.1-2 (corresponding with CKD stages G1-2) and 52-74% with N18.3 (corresponding with CKD stage G3).
Over time, the coding frequencies of N18.3 and N18.4—5 diagnoses in persons with CKD G3-5 increased from 23% and
6% at baseline to 49% and 13% at FU4, respectively, while the other CKD diagnoses remained mostly stable.

Discussion

In this study, we investigated the diagnostic validity of in- and outpatient health claims data for CKD over time using
creatinine-based eGFR as the reference in 2068 community-dwelling persons aged >70 years. Diagnostic validity varied
between different CKD stages and claims-based definitions. For CKD G3-5, sensitivity was lowest when restricting to
stage-corresponding diagnosis codes (definition #1), was considerably higher when including unspecific diagnoses
(definition #2), and further increased slightly when additionally using non-stage-corresponding diagnoses (definition
#3). Sensitivity was higher in CKD G4-5 compared to G3, but still lower than in definition #2 and #3 for CKD G3-5,
indicating limited identification of specific CKD stages. Specificity was overall high, while PPVs and NPVs varied
broadly. From 2009 until 2019, sensitivity for CKD increased in all definitions and CKD stages, regardless of age,
gender, and comorbidities, while specificity showed small decreases.

Several studies that investigated the diagnostic validity for CKD in claims data reported diverging but mostly poor sensitivity
(range 0.03 to 0.88), high specificity (all >0.93), diverging PPVs (range 0.29 to 1.00), and agreeable NPVs (most >0.72).2>
Comparing diagnostic validity across studies, our results showed higher sensitivity and mostly comparable specificity, PPVs, and
NPVs. For example, a study on Dutch inpatient claims data of persons aged >75 years* reported a sensitivity of 0.27 for CKD
G3-5 for the year 2014 compared to 0.43—0.65 in the BIS data assessed in 2014 and 2015. Differences may occur due to the
overall higher CKD prevalence based on eGFR in the BIS (0.44 compared to 0.19 in the Dutch data). When comparing data from
the REGARDS study including persons aged >65 years between 2004 and 2007°° with the BIS baseline visit (2009-2011),
prevalence of CKD G3-5, specificity, PPVs, and NPVs were comparable, while sensitivity was higher in the BIS (0.16 vs 0.25—
0.51 for REGARDS vs BIS). In stratified analyses, we found a higher sensitivity in males compared to females and in individuals
with diabetes or hypertension compared to those without which is in accordance with results on higher disease awareness for
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Figure | Indicators of diagnostic validity (sensitivity, specificity, PPV, and NPV) of different CKD stages and claims-based definitions using weekly thresholds from one year
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Figure 2 Coding frequencies of single ICD-10-GM N18.x and N 19 diagnosis codes. Bars represent the relative frequencies of persons (with values below) with a respective
diagnosis in +/- 6 months around a study visit date (index date) for CKD G3-5, G3, and G4-5 from baseline to follow-up (FU) 4. Error bars represent 95% confidence
intervals.

CKD in males®”*® and previous results.”***2°2° Our results indicate that the detection of older CKD patients may perform better
and may yield a higher validity in more recent German claims data compared to international data. Still, claims-based research on
CKD may be further improved by the application of machine-learning algorithms incorporating more information than
diagnostic codes only as done in other clinical parameters.***' In addition, an electronic linkage to individual laboratory data
as available in other countries would greatly enhance the value of German claims data.

A correct identification of CKD is of great clinical importance considering its associated risks of multimorbidity,***

4446 and implications for drug dose adjustments.*’** For CKD G3-5, incorporating more

cardiovascular events,
diagnostic codes within a claims-based definition resulted in increased sensitivity and was accompanied by slightly
higher NPVs but slightly lower specificity and PPVs. These results indicate that using the ICD-10-GM codes N18.3-19

may provide the most preferable and balanced results for a claims-based definition of CKD, while ICD-10-GM codes
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N18.3—-5 may be more suitable if higher PPVs are required, eg, in drug safety studies. In the selection of the period of
inclusion, extending the observation time in claims-based research for CKD from one (+6 months) to two years (+ 12
months) may be preferable as it results in a higher sensitivity and negligible decreases in other indicators of diagnostic
validity. Given the increasing importance and potential use of claims-based research on chronic diseases, validation
studies as well as the implementation of a CKD registry in Germany complemented by claims data could fundamentally
improve the understanding of CKD prevalence and incidence as well as the quality of epidemiological studies on CKD.

We found that the validity of CKD detection improved between 2009 and 2019 as sensitivity steadily increased, in
total by 0.17 to 0.29. This trend may be due to several reasons: BIS participants’ ageing related eGFR declines resulting

in higher CKD prevalence;'®*°

standardized eGFR monitoring across all study visits and reporting to the treating general
practitioners may having an impact on CKD coding; increased CKD awareness in some BIS-participants due to study
participation; or improvements in CKD diagnosis as a consequence of effective KDIGO guideline implementation. Due
to the observational design of the BIS, we cannot draw direct conclusions on differential effects and their impact.

However, the trends are in accordance with increased sensitivity for claims-based identification of AKI*°

and may be
supported by steep upward trends in the occurrence of stage-specific N18.3—5 diagnoses over the study visits, while
unspecific diagnoses remained stable over time. The improved sensitivity and detection of specific CKD stages may
indicate a better awareness amongst general practitioners for kidney disease and result in improved quality of care, more
adequate drug dosing, and earlier referral to specialist care. In the absence of a German national CKD registry, a more
unified use of the specific ICD-10-GM codes for CKD stages in primary care may improve the validity of CKD diagnosis
in claims data which would also be of interest for German health authorities. It could serve as a basis to better navigate
patients and avoid under-, over-, and misuse in health care, and thus guarantee an adequate distribution of resources in an
increasingly expensive health care system.

Compared to CKD G3-5, the diagnostic validity of claims-based detection of CKD stages G3 and G4-5 performed worse,
except for higher NPVs in CKD G4-5. This indicates an overall underdetection in claims-based research of specific CKD
stages and limitations in differentiating CKD severity based on claims data, most likely due to the lack of laboratory values
within claims data and the necessity of using narrower ICD-10-GM diagnosis-based definitions. Of note, PPVs were overall
lowest in CKD G4-5 (0.47-0.57), although CKD G4-5 prevalence was very low in this cohort which may limit generalizability
of the results. Still, this indicates many false-positive cases in this subgroup, with more than half CKD G4-5 patients showing
N18.3 diagnoses (52—-74%). Considering the continuous decrease of ¢GFR with age,™ a strict cut-off based definition for CKD
stages may also result in overestimation of CKD severity, especially in older age. Surprisingly, we detected a high share of
persons with unspecific diagnoses of 37—43% in CKD G3-5 and 69-79% in G4-5 which calls for a more accurate CKD coding
in clinical practice, especially in patients with advanced CKD.

Strengths and Limitations

Strengths of this study are the comprehensive use of a well-phenotyped cohort with detailed longitudinal measures of
kidney function. We described the diagnostic validity of CKD within a community-dwelling cohort with an age range
that becomes increasingly relevant against the background of demographic ageing. Due to longitudinal follow-ups, we
were able to investigate trends over time from before and after the KDIGO guideline implementation. We compared
different CKD definitions across various strata and subgroups and acknowledged the issue of analytical flexibility for
observation time in claims data analyses.

Several limitations must be taken into account. First, the main analysis was based on only one eGFR measurement as
no timely second confirmatory measures were available by design of the BIS. We conducted additional analyses
including the eGFR of two consecutive study visits focusing on the chronicity of impaired kidney function and were
able to confirm the results on trends over time. Second, low prevalence of CKD stages G4-5 in the BIS cohort may limit
the generalisability of the results for this subgroup, and further studies including patients with more severe kidney disease
are needed. Third, we only used data from one cohort study which might inhibit interpretability of general trends over
time due to possible cohort effects. Selection biases due to the study region in Berlin, inclusion of only one health
insurance fund, willingness for study participation, and missing serum creatinine values cannot be ruled out. Fourth, we
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based the reference standard definition of CKD solely on eGFR values. Including data for albuminuria and applying
a combined CKD definition in accordance with KDIGO guidelines may be subject to further research.

Conclusions

This study provides novel insights into the diagnostic validity of CKD in German health claims data for older
community-dwelling individuals over time. The results suggest that German claims data show agreeable performance
in CKD detection in older ages compared to other countries but may be limited in differentiating between CKD stages.
An overall increase in diagnostic validity over time may also be attributable to the implementation of the KDIGO
guidelines and improved diagnostic validity in clinical practice. Still, CKD prevalence may be underestimated when
using only claims data due to limited sensitivity. In addition to a future linkage to patient’s laboratory data, further studies
to improve the understanding and use of claims-based research for CKD and other diseases using machine-learning
algorithms to enhance diagnostic validity should be fostered.
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