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ABSTRACT

Internationally, investment in the availability of routine healthcare data for improving health,
health surveillance and healthcare is increasing. We assessed the validity of hospital episode
data for identifying individuals with chronic kidney disease (CKD) compared to biochemistry
data in a large population-based cohort, GLOMMS-II (n=70,435). GLOMMS-II links
hospital episode data to biochemistry data for all adults in a health region with impaired
kidney function and random samples of individuals with normal and unmeasured kidney
function in 2003. We compared identification of individuals with CKD by hospital episode
data (based on ICD-10 codes) to the reference standard of biochemistry data (at least two
estimated glomerular filtration rates <60 ml/min/1.73m2 at least 90 days apart). Hospital
episode data, compared to biochemistry data, identified a lower prevalence of CKD, had low
sensitivity (<10%) but high specificity (>97%). Using routine health care data from multiple

sources offers the best opportunity to identify individuals with CKD.

INTRODUCTION

Chronic kidney disease (CKD) has been identified as a worldwide public health problem with
a rising incidence and prevalence’, and is associated with high morbidity (cardiovascular
disease, need for renal replacement therapy (RRT)), mortality and health care costs
(estimated for England 2009-10 to be £1.45 billion?). Risk factors for CKD include diabetes,
vascular disease, hereditary renal diseases, smoking and hypertension. In 2002, the Kidney
Disease Outcomes Quality Initiative (KDOQI) defined and classified CKD based on kidney
damage (structural or functional abnormalities of the kidney) with glomerular filtration rate
(GFR, a measure of kidney function) >60 ml/min/1.73m? (stage 1-2) or GFR <60
ml/min/1.73m? alone (stage 3-5), present for at least three months®. Estimates of prevalence,

based on the first part of this definition, in the US suggest the prevalence of CKD stages 1-4



increased from 10.0% in 1988-1994 to 13.1% in 1999-2004.% However, other studies have
reported varied prevalence rates of CKD (0.6% to 42.6).* In UK general practices only 2.9%
are registered as having CKD.® Part of the variation in prevalence estimates may be due to

how CKD is defined and the data sources used to identify individuals with CKD.

For many conditions, information on disease prevalence is estimated from disease registries,
GP registers and/or coding of hospital episodes. The use of hospital episode data (recorded in
Scotland as the Scottish Morbidity Record (SMR) 01), either as single episodes or
longitudinally linked episodes to identify comorbidities has been used extensively in
research.’ For acute events that almost exclusively require hospital admission (e.g. hip
fracture) this may be a valid source of information.’. For chronic diseases such as CKD,
hospital episode data may require supplementation from other sources of data to fully
elucidate disease load, and facilitate early identification. The UK government and others
internationally, have invested in routine health care data (ie funding opportunities, investment
in digital health systems) since it is thought to be important for health and health care through

research, health surveillance and health care planning.®*?

For individuals with CKD, early detection and management is believed to be important to
reduce morbidity and slow progression to RRT.** However, the forum of care may vary, with
all patients requiring GP care and more advanced patients potentially requiring assessment by
nephrology care. In the UK, there is no standard surveillance system for the identification of
people with CKD. Ideally those with CKD would be identified clinically from a combination
of sources including biochemistry testing for estimated GFR (eGFR) and albuminuria,

however this relies on clinicians identifying and noting abnormal results and that these are



sustained abnormalities rather than an acute change. This is sometimes difficult to achieve in
regions where biochemistry testing is done by multiple providers and where not all results are
returned to a single clinician responsible for compiling results. An alternative means of
identifying those with CKD would be to flag those that have routine hospital episode data
consistent with this CKD diagnosis and subsequently informing GPs for follow-up and

confirmation.

1425 and recent studies'®*°, have evaluated the degree to

Two recent systematic reviews
which administrative coding accurately identified individuals with kidney diseases, reporting
a large variation in sensitivity (3%-88%). Only a few studies have compared hospital
administrative data to laboratory data employing the 2002 KDOQI definition of stages 3-5
CKD, of at least two eGFR <60 ml/min/1.73m? at least 90 days apart.*® %2 Of these, only
Ronksley et al.*® did so in a community cohort, in Canada. Using a community based
population increases the generalisability of results as opposed to relying on, for example, a

selected inpatient population. We did not identify any studies from the UK that compared

hospital episode data to laboratory data.

With the growing emphasis on the use of routine administrative data, validation studies
become increasingly important in order to provide information on the accuracy and validity
of findings that are based exclusively on these data. As administrative data have the potential
to be a rich source of data for population-based research in CKD, we aimed to assess the
validity of diagnostic algorithms for CKD in hospital episode data compared to biochemistry

data in a large population-based cohort in Grampian, Scotland.



METHODS

We carried out a validation study within an existing cohort developed by data linkage of

biochemistry, hospital episode and death registry data.

Study Population — Grampian Laboratory Outcomes, Morbidity and Mortality Study-I1

(GLOMMS-I11) cohort

All inpatient, out-patient and community serum creatinine (isotope dilution mass
spectrometry (IDMS) aligned) and urinary protein measurements in the Grampian region,
served by a single United Kingdom National External Quality Assessment Service monitored
biochemistry service, are contained in the Grampian Laboratory Renal Database for 1999 to
2009. This database was queried to identify the GLOMMS-II cohort, which was comprised
of: all adults (>15 years) with impaired kidney function in 2003; a random sample of
individuals with normal or no measure of kidney function in 2003 (but prior and post 2003
sampling); all those with proteinuria but normal kidney function in 2003; and all individuals
on renal replacement therapy (RRT) at 1 January 2003 (identified from Scottish Renal
Registry and local renal system). Where present, the first “low” eGFR <60 ml/min/1.73m? in
2003 was taken as the index value and date. Where all values in 2003 were normal the last
value and date were taken as the index. Where no samples were taken in 2003, the index date

was taken as 31 December 2003 to allow the potential for the individual to be sampled.

Defining CKD from biochemistry data
eGFR was calculated using the 4 variable IDMS aligned Modification of Diet in Renal

Disease (MDRD) formula (serum creatinine, age, sex and race). CKD was defined and staged
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according to KDOQI.! CKD stage 3-5 (including 3a and 3b) was defined as an index
eGFR<60mI/min/1.73m? in 2003 followed after 90 days by another low eGFR
(<60ml/min/1.73m?), or if there were no further eGFR values after 90 days post-index, the
last eGFR prior to 90 days pre-index also being low i.e. between the start of the database
records in 1999 and the index value. CKD stages 1 and 2 were defined as an index eGFR
>60ml/min/1.73m? with microalbuminuria or macroalbuminuria on urine albumin or protein
creatinine ratio (ACR or PCR) testing. Individuals were categorised as not having CKD if
their index eGFR was not measured, was normal or was impaired but not CKD (at least one
eGFR <60ml/min/1.73m?but with no evidence that this was sustained for at least three

months).

Defining CKD from hospital episode data

In the UK, information about an episode of hospital care is recorded following a patient’s
discharge. In Scotland, this information is recorded in the SMRO1, which is collated
nationally by the Information Services Division (ISD), part of NHS National Services
Scotland. SMRO1 is an episode-based patient record relating to all inpatient and day case
discharges. This information contributes to NHSScotland’s Performance Assessment
Framework, clinical governance and performance indicators, and for planning and research
purposes.?? Diagnoses are coded using International Classification of Disease-10 (ICD-10)
and procedures coded using the Office of Population Censuses and Surveys Classification of
Interventions and Procedures (OPCS). We defined CKD for each patient from hospital
episode data for two time periods; 2003 (including admission at index) and also adding a five

year “look-back” period.



To identify potentially relevant codes to define CKD, an experienced nephrologist reviewed
all ICD-10 and OPCS codes. Three groups of codes (algorithms) were developed (Table 1):
first, a broad definition encompassing most diseases which might include renal complications
(“All codes”); second, an algorithm to define renal disease based on a Charlson comorbidity
algorithm?® (“renal disease™); and third, an algorithm highly likely to identify CKD (“chronic

kidney disease”).



Table 1: Renal disease-related ICD-10 and OPCS codes (algorithms)

Coding algorithm definition

ICD-10/0PCS Definition Chronic
code All Renal Kidney
codes Disease Disease
E10.2 Diabetes type 1 with renal . .
complications
El1.2 Diabetes type 2 with renal . .
complications
El14.2 Diabetes with renal complications - -
112.0 Hypertensive renal disease with renal . . o
failure
I13.1 Hypertensive heart and renal disease " o “
with renal failure
MO02 (OPCS) Nephrectomy
N00 to NOS Glomerular diseases
N03.2-N03.7  Chronic nephritic syndrome: - diffuse
glomerulonephritis or dense deposit . .
disease
N05.2-N05.7  Unspecified nephritic syndrome: -
diffuse glomerulonephritis or dense . .
deposit disease
N11 Chronic tubule-interstitial nephritis
N13 Obstructive and refh uropathy
N13.7 Vesicoureteral-refhoi-associated .
uropathy
N18x Chronic renal failure - . -
N19.x Unspecified renal faihure - -
N20 Calculus of kidney and ureter (includes .
nephrolithiasis)
J. Calculus of lower urinary tract .
N22 Calculus of urinary tract in diseases .
classified elsewhere
N23 Unspecified renal colic .
N25.0 Renal osteodystrophy . .
N26 Unspecified contracted kidney .
N27 Small Kidney of unknown cause .
N28 Ischaemia and infarction of the kidney -
Q60 Renal agenesis and other reduction .
defects of the kidney
Q61 Cystic kidney disease -
Q62 Congenital obstructive defects of the
renal pelvis and congenital malformation e
of ureter
Q63 Other congenital malformations of the
kidney
Qo4 Other congenital malformations of .
urinary system
Z49.0-Z49.2  Care involving dialysis . .
Z90.5 Acquired absence of kidney .
Z94.0 Kidney transplant status . .
7992 Dependence on renal dialysis - -

ICD, International Classification of Diseases; OPCS, Office of Population Censuses and Surveys Classification of
Interventions and Procedures



Data linkage

The Community Health Index (CHI) number, a unique patient identifier used throughout the
Scottish health care system, was used to link GLOMMS-I1I with hospital episode data using
deterministic matching. Patient identifiers were removed after data linkage. The dataset was
stored in the Grampian Data Safe Haven allowing secure controlled access for researchers

while ensuring data security.**

The flow diagram for generating GLOMMS-I11 is shown in Figure 1. From the database
query 71,251 individuals were identified. There were 471 excluded from the analysis because
of missing information on index date, duplication or death on index date. The 345 people
already on RRT at index (thus end stage renal disease, not just CKD), were excluded from the
analysis (74.8% had a “CKD” code from SMRO01). Overall, 70,435 individuals were

included in this study.



Identifying the GLOMMS-I1 cohort
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Figure 1: GLOMMS-11 flow diagram
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Statistical Analysis

Descriptive statistics were used to describe demographic, proteinuria/albuminuria status,
creatinine, eGFR and comorbidity variables stratified by renal risk group (CKD stage 1-
5/normal eGFR, impaired eGFR or eGFR not measured). Comorbidity was based on the
Charlson comorbidity index®, which is a weighted index that takes into account the number
and seriousness of comorbid disease. The proportion of the cohort with CKD identified by
biochemistry data and the proportion of the cohort with CKD identified by hospital episode
data were calculated. The validity of hospital episode data identified CKD was assessed for
the three coding algorithms and two time periods; 2003 (including admission at index) and

also adding a five year “look-back” period.

Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV)
were calculated against the reference standard of CKD (biochemistry data). Kappa values, k
(a measure of agreement between two sets of categorical measurements on the same

individuals)®®, were calculated. We categorised agreement as poor if k =0.20, fair if 0.21< k<

0.40, moderate if 0.41< k< 0.60, substantial if 0.61< k< 0.80 and good if x>0.80.%

The validity of hospital episode data-defined CKD within specific subgroups was considered,
including CKD stage (stage 1-2, 3a, 3b, 4 and 5) and age (<75 or >75 years). To explore
sensitivity further, analyses were repeated comparing hospital episode data to an alternative
definition for biochemistry-defined CKD, which excluded those with impaired eGFR and
those with eGFR not measured from the no-CKD definition. Analyses were performed using

Stata version 13% and Microsoft Excel.
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RESULTS

A total of 70,435 individuals were included. The characteristics of the study population are
shown in Table 2. Based on biochemistry data, 28% (19,694) of the cohort had CKD stage 1-
5 (which equates to 4.5% of the adult Grampian population in 2003 (433,109)). Overall, the
median age of the cohort was 63.3 years and 58.4% were female. As expected, those with
CKD were older than those with normal eGFR or "not measured™. Charlson comorbidity
categories for CKD Stage 1-5 and impaired eGFR were similarly distributed with more than
two-thirds of individuals with a score of zero. Those with normal eGFR or "not measured” in
2003 had the lowest Charlson scores. Of note, there were 63 individuals with
macroalbuminuria but no eGFR measured. Of those with CKD identified by biochemistry,

6,767 individuals had no hospital admission in the five years prior to 2003.

As shown in Table 3, based on the reference standard of biochemistry-defined CKD, 28%
(19,694) of the cohort had CKD stage 1-5. The proportion of the cohort identified with
probable CKD by hospital episode data was substantially lower, ranging from 0.8% to 4.1%

over the three coding algorithms and two time periods.

Hospital episode data identified CKD was generally less common compared to biochemistry-
defined CKD, and varied across coding algorithms and time periods (Table 3). The sensitivity
of hospital episode coding compared to biochemistry for identifying CKD was low, ranging
from 2.2% to 8.6%. Specificity of coding was >97% for all coding algorithms and time
periods. All algorithms improved by adding a five year look-back period in addition to just

SMRO1 records from 2003, showing higher sensitivities. The very inclusive “all codes”
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algorithm was most sensitive but least specific, followed by the “renal disease” and “chronic
kidney disease” algorithm which was most specific. Overall the agreement between hospital
episode data and biochemistry defined CKD was very poor (kappa values <0.1) because of

low numbers identified with hospital episode data, despite excellent specificity.

Sensitivity analyses were carried out comparing hospital episode data to an alternative
definition for biochemistry-defined CKD, excluding those with impaired eGFR and those
with eGFR not measured from the no-CKD definition. However, this, as expected, only
improved the PPV further and reduced the NPV further of hospital episode data. For those
with CKD algorithm defined CKD using 2003 plus five year look-back data, PPV 99.56% (vs

81.06%) and NPV 51.05% (vs 72.68%).

Using the “renal disease” and “CKD” coding algorithms, since more specific, including the
five-year look-back period, the performance within age and CKD stage subgroups was
considered (Table 4). Amongst those with biochemistry identified CKD, the “renal disease”
algorithm identified similar but slightly more individuals than the “CKD” algorithm. Worse
CKD stage was associated with better identification (sensitivity) using both hospital episode
based algorithms (4.8% of stage 3b compared to 56.9% of stage 5 CKD, for the “CKD”
algorithm). For biochemistry identified CKD stage 3b to 5, younger age (<75 vs >75 years)

was associated with a higher sensitivity using the hospital episode recording algorithms.
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Table 2: Characteristics of study population

Characteristic

Total

Sex

Male

Female

Age at index (vears),

Median (IQR)

15-44 years

45-54 years

33-64 years

63-74 years

75-84 years

283 years

PCR at index(n=1845),

median (IQR)

ACR at index(n=5439),

median (IQR)

Proteinuria status
Untested
Nomoalbuminuric
Microalbuminuric
Macroalbuminuric

Creatinine at index,

median (IQR)

eGFR. (ml/min/1.73m?)

at index, median (IQR)

Charlson comorhidity

index group

]

1-2

34

>3

Chronic kidney disease

Not chronic kidney disease

Total CED stage3-5 CED stagel-2 Impaired Normal eGFR eGFR not measured
n o) ] (%) " (%) ] (2%5) ] (%) ] (%)
70433 100.0 13687 100.0 1007 100.0 10837 100.0 19834 100.0 20030 100.0
20322 (41.6) 6580 (352) 640 (64.3) 4323 (39.8) 2346 (411 M2 20
41113 (38.4) 12107 (64.8) 358 (35.6) 6334 (60.2) 10488 (329 11626  (38.0)

633 (478-733) T3.7 (68.3- 82.0) 61.0 (49.3- 69.8) T1.0 (60.7- 79.6) 33.1 (38.9- 63.3) 32.0 (39.0- 64.8)
15259 (21.7) 305 (1.6) 195 (19.4) 643 3.9 6000 (348 7200 (36.0)
2690 (13.8) 660 (3.5) 169  (16.8) 980 (2.0) 3802 (193 4079 (203)
12375 (17.6) 20m (11.8) 239 (257 2147 (19.8) 3966 (20.0) 3082 (19.0)
14788 (21.0) 3630 (30.1) 249 (247) 2043 (27.1) 3207 (162) 2757 (13.8)
13404 (19.0) 119 (38.1) 123 (12.2) 2823 (26.0) 1624 (32) 173 (3.5)
4919 (7.0y 2772 (14.8) 12 (12) 1317 (12.1) 326 (1.6) 492 (2.5)

22 (10- 62 27 (11-72) 114 (73- 21 16 (233 w0 (618 17 (8- 3%
1 (1- 6) 1 (1- 6) 3 (3-17) 1 (1- 3) 1 (1- 1) 4 (1-10)

63158 (89.7) 15412 (32.5) 0 (0.0) 0593 (38.4) 18602 (938) 19551 (975
4580 (6.5) 2125 (11.4) 0 (0.0) 042 (8.7) 1232 (6.2) 281 (1.4)
1725 (2.5) 602 (32) 768 (76.3) 200 (1.8) 1] (0.0) 153 (0.8)
972 (14) 348 29 239 (2370 122 (1.1) ] 0.0y 63 (0.3)

833 (71.4- 103.8) 108.1 (91.9- 1264) T79.0 (682- 87.6) 102.7 (87.6- 115.7) 73.6 (63-0 84.4) 74.7 (63-.0 83.3)

66.8 (33.3- 830 497 (416- 552y 798 (T12-912) 353 (499 58.1) 822 (72.7-943) 823 (T14-932)
36242 (79.9) 12667 (67.8) 671 (66.6) 190 (66.2) 17074 (36.1) 18640  (93.0)
11308 (16.1) 4763 (23.3) 2735 (27.3) 2693 (24.8) 2281 (11.5) 1296 (6.3)
1943 (2.8) 046 (3.1) 45 (4.5) 508 (3.5) 283 (1.4) 60 (0.3)
042 (1.3) 311 (1.7} 16 (1.6) 376 (3.5) 194 (1.0) 43 (0.2)

CKD, chronic kidney disease; eGFR, glomerular filtration rate; IQR, interquartile range; PCR, protein-
creatinine ratio; ACR, albumin-creatinine ratio
Renal risk groups based on biochemistry data

14



Table 3: Validity of hospital episode data definition for chronic kidney disease compared to the reference standard of biochemistry

Biochemistry+ Biochemistry+ Biochemistry- Biochemistry-

Proportion of cohort

Algorithm/time period HE Coding+ HE Coding- HE Coding- HE Coding+ identified with CKD Hospital episode coding
True positive False negative True negative False positive  Biochemistry HE Coding PPV NPV  Sensitivity Specificity Kappa*
n %o H %
19694 28.0%
All codes
2003 240 18854 50249 492 1332 1.9%  63.06% 72.72% 427% 99.03% 0.0461
2003 plus 5 vear lookback 1689 18005 49508 1233 2922 4.1%  57.80% 73.33% 8.58% 97.57% 0.0831
Renal Disease
2003 395 19099 50527 214 809 1.1%  73.55% 72.57% 3.02% 99.58% 0.0368
2003 plus 5 vear lookback 1022 18672 50378 363 1385 2.0%  73.7%% 72.96% 5.19% 99.28% 0.0625
Chronic Kidney Disease
2003 441 19253 50643 93 539 0.8%  B1.82% 72.43% 224% 99.81% 0.0251
2003 plus 5 vear lookback 676 19018 50583 158 834 1.2%  81.06% 72.68% 3.43% 99.69% 0.0441

HE, hospital episode; CKD, chronic kidney disease; PPV, positive predictive value; NPV, negative predictive value
*Interpretation of kappa: Agreement poor if k<0.20, fair if 0.21<k<0.40, moderate if 0.41<k<0.60, substantial if 0.61<k<0.80 and good if ¥>0.80.
Biochemistry definition of CKD/no CKD: Stage 1-5/normal, impaired or not measured (see Methods section).

Hospital episode coding (SMRO01) definition of CKD/no CKD: ICD and OPCS codes as detailed in Table 1/no coding or no admission (see Methods section).
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Table 4: Validity of hospital episode coding definition (2003 +5 year look-back) for chronic kidney
disease compared to the reference standard of biochemistry by stage and age group

Biochemistry+

HE Coding+ HE Coding- PPV NPV Sensitivity Specificity

Renal Disease

Stage 5 28 56 195% 999%% 61.1% 99.3%
Age <75 years 53 28 254% 999% 64.6% 99 6%
Age =75 vears 35 27 145%  99.7% 56.5% 97.5%
Stage 4 330 916 476% 98.2% 26.5% 99.3%
Age <75 vears 137 254 46.8%  994% 35.0% 99.6%
Age =75 years 193 662 483% 92.4% 22.6% 97.5%
Stage 3b 388 4563 51.7%  91.7% 7.8% 99.3%
Age <75 years 176 1553 53.0% 96.3% 10.2% 99.6%
Age =75 vears 212 3010 506%  72.9% 6.6% 97.5%
Stage 3a 207 1213%  36.3%  80.6% 1.7% 99.3%
Age <75 years 107 6487  40.7%  86.7% 1.6% 99 6%
Age =75 years 100 5652 32.6% 58.9% 1.7% 97.5%
Stage 1 and 2 9 998 24% 98.1% 0.9% 99 3%
Age <75 vears 7 265 43% 98.0% 0.8% 99.6%
Age =75 years <5 133 1.0% 984% 1.5% 97.5%

Chronic Kidney Disease

Stage 5 82 62 342% 999% 56.9% 99 7%
Age <75 years 53 29 30.0% 99.9% 64.6% 99.9%
Age =75 vears 29 33 21.6% 99.6% 46.8% 98.7%
Stage 4 254 992 61.7% 98.1% 20.4% 99 7%
Age <75 years 111 280 67.7% 993% 28.4% 99 9%
Age =75 years 143 712 57.7% 92.0% 16.7% 98.7%
Stage 3b 239 4712 602% 91.5% 4.8% 99 7%
Age <75 vears 118 1611  69.0% 96.3% 6.8% 99.9%
Age =75 years 121 31 535% 72.5% 3.8% 98.7%
Stage 3a 100 12246 38.8%  80.5% 0.8% 99 7%
Age <75 years 59 6535 527%  86.6% 0.9% 99.9%
Age =75 vears 41 5711 28.1%  58.9% 0.7% 98.7%
Stage 1 and 2 <5 1006 0.6% 98.0% 0.1% 99 7%
Age <75 vears <5 87 1.9%  58.0% 0.1% 99.9%
Age =75 years 0 135 00% 984% 0.0% 98.7%

HE, hospital episode.

Biochemistry definition of CKD/no CKD: Stage 1-5/normal, impaired or not measured (see Methods section).
Hospital episode coding (SMRO01) definition of CKD/no CKD: ICD and OPCS codes as detailed in Table 1/no
coding or no admission (see Methods section).
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DISCUSSION

We used a large UK community cohort to demonstrate whether the use of coding algorithms
to identify renal disease, in particular CKD, from hospital episode data was a useful
alternative should biochemistry data be difficult to access. We found that hospital episode
data coding algorithms were very specific for CKD, however sensitivities were very poor (at
best only 8.6% identified), as was agreement. Of interest the proportion of those with CKD
identified through biochemistry data who were also identified with hospital episode coding

was higher at more advanced CKD stages and in those under 75 years of age.

CKD is recorded poorly in hospital episode data. This may be because CKD is often not the
main reason for admission. This is likely to be similar for other chronic diseases such as
diabetes and hypertension, unlike acute events such as hip fracture. Also, the recognition of
CKD in the time prior to eGFR reporting (2008) was poor, and may have improved in the
time since then. Those with more advanced renal disease are also more likely to be frequent
in-patients as a result of the higher comorbidity load®® and as a result of increased
complications of their renal disease, thus the more likely that renal disease will be recognised

during the admission episode coding.

Comparison with existing literature

Few studies’® %% 2! have validated hospital administrative data compared with a reference
standard of biochemistry data employing the KDOQI definition of CKD, of at least two
eGFR <60 ml/min/1.73m? at least 90 days apart, and none included CKD stage 1 and 2 (those
with proteinuria). In keeping with our findings, where reported, sensitivities are low and

specificities high for hospital episode data compared to biochemistry defined CKD.** 1> 1819
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We also found high PPVs, which means that individuals who are identified as having CKD
from hospital episode coding, do have CKD according to biochemistry data, thus any
diagnosis based on coding should be accurate using the algorithms outlined, although very
un-sensitive. The range of PPV values reported in other CKD validation studies has been

broad (29%-100%).%> 18

Our study used a very large population-based cohort. Only one other study has used a
community based population.*® However, Ronksley et al. looked for hospital episode data
after the biochemistry identification of CKD. Therefore they were assessing whether those
with CKD were being identified at their next hospital admission, not whether a prevalence
cohort with CKD was identifiable equally from biochemistry or hospital episode coding.*®
This use of a three year window after biochemistry identified disease would perhaps identify
patients too late for intervention, thus our method is perhaps more applicable for identifying

those with disease.

We have demonstrated that those with more advanced CKD are more likely to be captured by
hospital episode data, also reported by others.*®?* This is in keeping with the fact that at the
time of this study, eGFR reporting had not been instigated in the UK and as such, the
identification of CKD would be expected only in those with more advanced CKD, both by
clinicians and SMRO1 coders. Ronksley et al. reported that estimates of sensitivity were
higher when eGFR <30 mL/min/1.73m? was used as the reference standard compared with

using <60 mL/min/1.73m%® Ferris et al. reported a similar pattern in in-patients.?!
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Studies have reported that older age was not significantly associated with a greater likelihood
of being labelled with CKD.?* However, this was a study of inpatients, therefore the risk
profile identified with biochemistry might have been different. Our finding that younger
individuals with CKD were identified better on hospital episode data than older individuals
has been previously reported.*® For younger individuals, CKD is likely to be more of a
significant problem than for those that are elderly with CKD with the same degree of renal
impairment. It may also reflect that those with CKD at younger ages are likely to have fewer
comorbidites when admitted to hospital and therefore have this recognised when discharge

coding is carried out.*

Denburg et al.' looked at the recording of biochemistry results at a general practice level
compared to the recognition of CKD on general practice coding, which again found low
sensitivity but excellent specificity and high PPV. It is unclear, however, how many of the

biochemistry results had been entered into GP systems manually.

Strengths and limitations

This study has many strengths. It is one of only a few studies assessing agreement between
biochemistry defined CKD that was required to be present for greater than three months
compared to hospital episode data.'® 2 # It is a very large population-based cohort, not
limited to a specific patient group, and since ICD-10 coding is used, we might expect these
findings to be potentially generalisable to other chronic diseases, eg diabetes, and across the
world. The universal nature of the biochemistry service to the region ensures that those living

within the region who have testing of renal function would have results available for
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consideration, and where repeated these would be available, assisting in the identification of

those with truly chronic kidney disease.

There are, however, limitations to this study. Calculating eGFR using the MDRD equation is
reflective of current UK practice and thus the individuals currently identified as having CKD,
however there are others outside of the UK who support the use of the CKD-EPI equation. It
would be expected that both eGFR equations would identify similar individuals with CKD,
particularly at more advanced stages, and it is unlikely that the results would be significantly
different.®! The use of only hospital episode data as a source of confirmatory CKD recording,
although fulfilling the aim of this paper to ascertain its validity, meant that other routine
sources of such data such as GP coding, were not assessed. Although this would be a useful
additional source of data, it was not available to us, would require assessment in its own
right, and has been explored at least at a GP biochemistry recording level before.*” Our
biochemistry definition of no-CKD was all-inclusive, including impaired eGFR (at least one
eGFR <60ml/min/1.73m? but not sustained) and eGFR not measured. However, we
performed sensitivity analyses, defining “no CKD” as those with normal eGFR only and
found that this only improved PPV and worsened NPV. Sensitivity and specificity were
similar. As noted previously, the recognition of CKD in the time prior to eGFR reporting
(2008) was poor, and may have improved in the since then. However, this is unlikely to

change the greater sensitivity of eGFR reporting over SMROL.

Implications for future research or clinical practice
As mentioned in the introduction, hospital episode data may be sufficient for acute hospital

care requiring events. However, for chronic conditions, as illustrated here with CKD, the use
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of corroborating additional data when admissions are due to another event or comorbidity

may be necessary.

As demonstrated, hospital episode coding data is very specific with high PPV for the
identification of individuals with CKD. This has implications for both clinical practice and
future research. With clinical practice, it is insufficient to use hospital episode data alone to
identify those with CKD, and access to current and historical biochemistry data is essential to
identifying CKD appropriately. However, the use of hospital episode data as an additional
flag is potentially useful for identifying high risk individuals. Another issue for clinical
practice is patient safety, particularly with the prescribing of drugs that are either nephrotoxic
or with significant renal clearance. The use of both systems of identification should improve
patient safety issues related to this. This also applies to preparation for surgical, radiological

and oncological procedures.

For research, we have demonstrated that biochemistry data is crucial for describing the
prevalence of CKD and therefore the healthcare burden associated with it, not just the few
identified through hospital episode data. Historically, CKD identified through hospital
episode coding described high RRT initiation rates. However, in cohorts identified through
biochemistry more recently, the rates reported have been lower.*> Whether this is due to the
severity of CKD identified being different, or due to the disease processes being different, is
not clear and requires further research. There are also implications for clinical trials, in that
the event rate that sample sizes are based on may differ depending on the source of CKD

identification.
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The ideal for the future would be a unifying electronic patient healthcare record containing
information on previous hospital identified events, general practice and also biochemistry

results, to ensure accurate and timely identification of those with CKD.

Conclusion

The findings of this study suggest that routine hospital episode data has limited value in the
routine identification of individuals with CKD. However where those with CKD have been
identified using hospital episode data, this information is highly specific. Other sources of
routine health care data such as routine biochemistry data, including historical data, and not
just that pertaining to a given event, should be available to clinicians caring for patients, and
are an important source for further research into clinical outcomes, including hospitalisations.
The most important uses of this data are for planning, surveillance, screening, and for

research.
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