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ABSTRACT
Objective To examine the association between practice 
percentage coding of chronic kidney disease (CKD) in 
primary care with risk of subsequent hospitalisations and 
death.
Design Retrospective cohort study using linked electronic 
healthcare records.
Setting 637 general practitioner (GP) practices in England.
Participants 167 208 patients with CKD stages 3–5 
identified by 2 measures of estimated glomerular filtration 
rate <60 mL/min/1.73 m2, separated by at least 90 days, 
excluding those with coded initiation of renal replacement 
therapy.
Main outcome measures Hospitalisations with 
cardiovascular (CV) events, heart failure (HF), acute kidney 
injury (AKI) and all- cause mortality
Results Participants were followed for (median) 3.8 
years for hospital outcomes and 4.3 years for deaths. 
Rates of hospitalisations with CV events and HF were 
lower in practices with higher percentage CKD coding. 
Trends of a small reduction in AKI but no substantial 
change in rate of deaths were also observed as CKD 
coding increased. Compared with patients in the median 
performing practice (74% coded), patients in practices 
coding 55% of CKD cases had a higher rate of CV 
hospitalisations (HR 1.061 (95% CI 1.015 to 1.109)) and 
HF hospitalisations (HR 1.097 (95% CI 1.013 to 1.187)) 
and patients in practices coding 88% of CKD cases had 
a reduced rate of CV hospitalisations (HR 0.957 (95% 
CI 0.920 to 0.996)) and HF hospitalisations (HR 0.918 
(95% CI 0.855 to 0.985)). We estimate that 9.0% of CV 
hospitalisations and 16.0% of HF hospitalisations could 
be prevented by improving practice CKD coding from 55% 
to 88%. Prescription of antihypertensives was the most 
dominant predictor of a reduction in hospitalisation rates 
for patients with CKD, followed by albuminuria testing and 
use of statins.
Conclusions Higher levels of CKD coding by GP practices 
were associated with lower rates of CV and HF events, 
which may be driven by increased use of antihypertensives 
and regular albuminuria testing, although residual 
confounding cannot be ruled out.

INTRODUCTION
Chronic kidney disease (CKD) is a growing 
public health problem.1–3 Consequences of 
CKD include cardiovascular (CV) morbidity, 
acute kidney injury (AKI) and premature 
mortality, with increasing risks as disease 
progresses.4 The burden of CKD and asso-
ciated healthcare costs are increasing,5 6 yet 
recognition of the disease in routine prac-
tice is often poor and varies between health-
care providers.7 8 This may lead to delayed 
intervention and worsen prognosis in many 
patients with CKD.

In the UK, computer systems used by 
general practitioner (GP) practices allow elec-
tronic coding of patient clinical information, 
enabling consistent and specific recording 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ A large database of 167 208 patients with biochem-
ical evidence of chronic kidney disease (CKD) was 
used for analysis, covering 637 general practitioner 
practices in England who volunteered to participate 
in an audit of care and which were representative 
of the general population in terms of age and sex.

 ⇒ Risk of confounding due to patient characteristics is 
reduced by studying the association between prac-
tice level (rather than patient level) CKD coding and 
patient- level outcomes, where practice casemix is 
not expected to differ with practice coding rates.

 ⇒ Practice behaviours associated with CKD coding 
performance that are not believed to occur as a con-
sequence of CKD coding may confound associations 
but were adjusted for as far as possible.

 ⇒ Average duration of follow- up between assessment 
of practice coding performance and end of data col-
lection for outcomes was limited to approximately 4 
years; longer term effects of CKD coding may, there-
fore, not be captured in this study.
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and ease of access to coded data.9 The National Institute 
for Health and Care Excellence provides recommenda-
tions for regular renal function testing and CKD manage-
ment in primary care,10 and the Quality and Outcomes 
Framework provides financial incentives for GPs to main-
tain a practice register of patients with CKD stages 3–5.11

The National Chronic Kidney Disease Audit (NCKDA) 
conducted in England and Wales in 2015–2016 found 
that approximately 30% of biochemically confirmed CKD 
stages 3–5 cases were not given an appropriate CKD code 
in primary care electronic healthcare records (EHRs).8 
Among patients with biochemical evidence of CKD stages 
3–5, those registered with a CKD code had significantly 
lower rates of CV hospitalisations, AKI and mortality 
than those without CKD codes.12 However, analyses only 
adjusted for age, sex and coded diabetes, hypertension 
and CV disease (CVD), due to limited data availability. 
Therefore, the audit report cautioned that a causal asso-
ciation cannot be established for the reported benefits of 
CKD coding, as results will be affected by confounding 
by patient health seeking behaviours and unmeasured 
morbidities. Some have cautioned against overdiagnosis 
of CKD that may fail to benefit the overall health of the 
population,13 and more research is needed to study the 
benefits of CKD coding.

In attempt to overcome the issue of unmeasured 
confounding experienced in original analyses of the 
NCKDA,12 we set out to examine the association between 
completeness of CKD coding of the GP practice at which 
patients were registered and individual adverse outcomes 
known to be associated with CKD. We hypothesised 
that practice CKD coding performance would not be 
associated with individual patient characteristics within 
practices (casemix), thereby removing some potential 
confounding, and, if appropriately adjusted for practice 
behaviours, analysis would provide stronger evidence for 
a causal effect of coding of CKD on outcomes. Additional 
aims were to explore the role of practice behaviours that 
may occur as a result of CKD coding in reducing risk of 
adverse outcomes. Evidence that higher levels of prac-
tice CKD coding improved patient outcomes would have 
important ramifications for GPs and may influence policy 
to improve recognition of CKD in primary care.

METHODS
Study design
We carried out a retrospective cohort study using routinely 
collected EHRs.

Data sources
The NCKDA database holds selected data from the EHRs 
of 695 GP practices in England and was used to identify 
a cohort of patients with CKD for analysis and to define 
exposure variables. Data extraction ranged from March 
2015 to July 2016 as practices were gradually recruited 
into the audit, with the majority of practices recruited by 
July 2015. In brief, the audit is a snapshot of care at the 

time point of audit data extraction. Details of the audit 
and data collection strategy are specified elsewhere.8 The 
NCKDA database was linked to Hospital Episode Statistics 
(HES) holding information on all hospital admissions in 
England, and Office for National Statistics mortality data, 
to followup patients for adverse outcomes. Linkage was 
carried out by National Health Service (NHS) Digital 
using NHS number, and hospital record information 
with pseudoanonymised linkage IDs were provided for 
analysis.

Study population
The analysis cohort included all adult patients in the 
NCKDA database extracted from eligible GP practices in 
England and with biochemical evidence of CKD (here-
after referred to simply as ‘CKD’ and/or ‘confirmed 
CKD’), defined as at least two records of estimated 
glomerular filtration rate (eGFR) <60 mL/min/m2 sepa-
rated by at least 90 days, with the most recent measure 
recorded within the last 2 years prior to data extraction 
and excluding any patients with coded initiation of renal 
replacement therapy.

Primary exposure
At the time of data extractions (2015–2016), Read codes 
were used to electronically record patient findings in GP 
computer systems.14 Variables defined based on eGFR use 
the isotopedilution mass spectrometry calibrated Modifi-
cation of Diet in Renal Disease study equation, the stan-
dard GFR- estimating equation in use during the period 
of data collection.

Practice CKD coding performance was characterised as 
the percentage of patients with CKD in a practice with a 
CKD stages 3–5 Read code, hereafter referred to as prac-
tice CKD coding (performance) or percent coded CKD. 
Practice CKD coding performance was defined at prac-
tice data extraction, which marked the index date for 
commencement of follow- up for outcomes.

Practices with fewer than 50 total CKD cases were 
excluded from analysis due to anticipated excess noise in 
measurement of the primary exposure.

Outcomes
Four outcomes of interest were studied: (1) hospitalisation 
for CV events, (2) hospitalisation for heart failure (HF), 
(3) hospitalisation with AKI and (4) all- cause mortality, 
defined in online supplemental table 1. Follow- up began 
at the time of practice data extraction and was capped 
at 1 March 2019 for hospital outcomes and 1 September 
2019 for deaths.

Practice features
Features of a practice that may confound the associa-
tion between practice CKD coding and patient adverse 
outcomes were defined and categorised as: those 
reflecting overall practice risk profile; practice testing 
behaviours for CKD; and characteristics of the identi-
fied practice CKD population. Practice features that may 
improve CKD outcomes, some of which may lie on the 
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causal pathway between practice CKD coding and patient 
adverse outcomes, were also defined. Practice percentage 
variables were defined by summing the number of patients 
meeting relevant risk factor criteria in each practice and 
dividing by relevant practice denominators. Practice list 
size data were used to determine size of the adult popula-
tion in each practice.

Patient- level risk factors identified in NCKDA data (and 
used to calculate practice percentages) were defined 
based on presence of any relevant Read code in the EHR 
prior to data extraction and included:

 ► Diabetes—any diabetes code not superseded by a 
diabetes resolved code

 ► Hypertension—any hypertension code
 ► CVD—any CVD code
 ► CKD stages 3b- 5—confirmed CKD and latest eGFR 

<45
 ► Statin use—any statin prescription or contraindica-

tion code
 ► Antihypertensive use—any prescription or contrain-

dication code for angiotensin- converting enzyme 
inhibitors (ACEi) or angiotensin- II receptor blockers 
(ARBs)

 ► Blood pressure (BP) targets met—last BP within 
target range within last year before data extraction: 
systolic blood pressure (SBP) <130 mm Hg and dias-
tolic blood pressure (DBP) <80 mm Hg in those with 
diabetes or last urine albumin to creatinine ratio 
(ACR) ≥70 mg/mmol or last protein to creatinine 
ratio (PCR) ≥100 mg/mmol; SBP <140 mm Hg and 
DBP <90 mm Hg in all other patients

 ► Influenza vaccination—any influenza vaccination 
code in the last year

 ► Pneumococcal vaccination—any pneumococcal vacci-
nation code in the last 5 years

Additional patient- level risk factors not available in 
NCKDA data were defined using HES data and included:

 ► Recent chronic obstructive pulmonary disease 
(COPD) admission—admission in last 3 years prior 
to (NCKDA) practice data extraction with a COPD 
ICD- 10 code (J44) as primary diagnosis

 ► Recent cancer admission—admission in last 3 years 
prior to (NCKDA) practice data extraction with 
a cancer ICD- 10 code (C00- C97, excluding non- 
melanoma skin cancers C44) as primary diagnosis

Practice characteristics reflecting overall practice risk profile
GPs’ awareness on how to identify CKD may depend on 
the overall burden of conditions associated with CKD in 
their practice. Practice prevalence of diabetes, hyperten-
sion and CVD were determined by summing the number 
of adult patients meeting patient- level comorbidity defini-
tions, with adult population size as denominator. Practice 
list size data stratified by age and sex were used to deter-
mine mean practice age and percent of adults that were 
male. Practice deprivation was summarised using the 
median rank of the Index of Multiple Deprivation (IMD) 
score among all patients extracted from the GP practice 

(which was limited to patients with CKD risk factors, 
creatinine assessments or renal codes).

Practice testing behaviours
Testing behaviours which may impact the patient vintage 
(ie, the underlying duration of CKD at detection by the 
GP) and the types of patients with CKD selected for 
analysis were also defined within practices, including 
percentage of diabetes patients with a GFR test in the last 
year, percentage of patients with CKD with a GFR test in 
the last year and percentage of the practice adult popula-
tion with confirmed CKD.

Practice characteristics of the detected CKD population
Underlying practice morbidity and testing behaviours 
may impact the types of patients with CKD detected and 
therefore included in analysis. Percent CKD stages 3b- 5, 
percent recent COPD admission and percent recent 
cancer admission were defined using patient- level risk 
factor definitions, with number of total CKD cases as 
denominator.

Practice behaviours that may improve CKD outcomes
Practice behaviours expected to be related to CKD coding, 
some of which may be on the causal pathway from CKD 
to improved outcomes were defined as: percent usage 
of ACEi/ARBs in hypertension, percent usage of statins 
in diabetes, percent usage of statins in CVD, percent 
meeting BP target in last year in CKD, percent ACR/PCR 
test in last year in CKD, percent influenza vaccination in 
last year in CKD and percent pneumococcus vaccination 
in past 5 years in CKD stages 4–5. Practice behaviour vari-
ables were dichotomised at the median value.

Statistical methods
Baseline characteristics of the study population were 
summarised by sextile of practice percent coded CKD to 
determine balance in patient characteristics according 
to primary exposure. Practice characteristics were also 
summarised by sextile of practice CKD coding to identify 
any associations with other practice characteristics.

Main Cox regression analyses
Cox proportional hazards regression (time to first event) 
was used to evaluate the association between practice CKD 
coding and each of the four patient outcomes. Hospi-
talisation outcomes were censored for death. A 5 knot 
spline was used for the primary exposure, providing flex-
ibility to demonstrate the nature of association between 
practice coding and outcomes across the spectrum of 
practice CKD coding performance, without overfitting. 
The following adjustments for practice characteristics 
(included as continuous covariates) were carried out 
sequentially:

Model 1: adjusted for practice characteristics reflecting 
overall practice risk profile (primary analysis, planned a 
priori)

Model 2: adjusted for practice characteristics reflecting 
overall practice risk profile, practice testing behaviours 

copyright.
 on O

ctober 26, 2022 at U
C

L Library S
ervices. P

rotected by
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-064513 on 11 O

ctober 2022. D
ow

nloaded from
 

http://bmjopen.bmj.com/


4 Cleary F, et al. BMJ Open 2022;12:e064513. doi:10.1136/bmjopen-2022-064513

Open access 

and practice characteristics of the detected CKD popula-
tion (secondary analysis, data driven).

Adjusted HR curves for outcomes with 95% CIs were 
plotted across the spectrum of practice CKD coding, 
compared with average (median) practice CKD coding. 
Attributable fractions for the number of (first) events 
preventable by the median follow- up time among patients 
with CKD in practices at lower coding levels (17th percen-
tile, bottom of sextile 2) if such practices instead coded 
at higher coding levels (83rd percentile, top of sextile 5) 
were estimated under assumption of causality following 
adjusted Cox regression (model 2), detailed in online 
supplemental information 1.

Additional analyses with a single linear continuous 
covariate for percent coded CKD were carried out after 
visual inspection of an approximately linear relationship 
for some model 2HR curves, allowing a more convenient 
clinical interpretation. These models were restricted to 
sextiles 2–5 of practice coding only (representing the 
67% of most averagely performing practices) where 
linear trends were most apparent. Descriptive likelihood 
ratio tests were used to assess improvement in model fit 
using spline terms vs a single linear covariate.

Subgroup analyses
Subgroup analyses were carried out by diabetes status and 
by CKD severity (stage 3a, stage 3b–5). Practice percent 
coded CKD was recalculated within each subgroup for 
analysis, since coding behaviour differed substantially 
between subgroups.

Analyses of practice behaviours that may improve CKD outcomes
Further Cox regression analyses aimed to identify prac-
tice behaviours associated with improvements in all 
four patient outcomes, with adjustment for all (model 
2) confounders as well as practice behaviours that may 
improve CKD outcomes. Practice CKD coding covariates 
were excluded from analysis to identify practice factors 
most predictive of outcomes, regardless of CKD coding 
performance and not conditional on CKD coding.

Patient and public involvement
Kidney Care UK supported the research questions, grant 
applications and related record linkage applications of 
the NCKDA. After NCKDA discontinuation, Kidney Care 
UK helped with ethics and section 251 permissions to 
maintain database access for research purposes. A patient 
representative (Fiona Loud) was involved in the NCKDA 
from inception, is a co- author and critically reviewed 
content of this paper.

RESULTS
Data completeness
Of 695 practices in England captured in the NCKDA 
database, 637 practices (92%) met criteria for analysis 
(at least 50 CKD cases), covering 99% of all patients with 
CKD from the original database (n=167 208) (figure 1). 
CKD coding rates did not differ after excluding ineligible 
practices, overall or by subgroup, but sample sizes were 
smaller in some subgroups after excluding practices with 
fewer than 50 CKD cases (online supplemental table 2).

Patient characteristics
Study population characteristics were generally well 
balanced between sextiles of practice CKD coding 
(table 1). There were trends of slightly higher rates of 
diabetes, hypertension and CVD coding and lower eGFR 
in patients in the highest coding practices (sextile 6) and 
slightly lower rates of comorbidities and higher eGFR in 
the lowest coding practices (sextile 1), indicating poten-
tial differences in either true underlying morbidity or risk 
factor coding in patients in practices performing at the 
extremes. Median month of data extraction and resulting 
follow- up duration were well balanced between sextiles, 
suggesting good balance in seasonal coverage.

Practice characteristics
Median practice percent coded CKD was 73.9% in the 
overall CKD population. It was higher in CKD stages 
3b- 5 (87.9%) than CKD stage 3a (64.8%), and higher in 

Figure 1 Flow chart of selection of study population (confirmed CKD in last 2 years). CKD, chronic kidney disease.
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those with diabetes (78.6%) than those without diabetes 
(71.4%). Coding performance was more variable in early 
stage CKD and non- diabetic CKD (online supplemental 
figure 1).

Practice characteristics were generally well balanced in 
coding sextiles 2–5 (table 2). At the extremes (sextiles 1 
and 6), higher coding practices had on average higher 
prevalence of coded comorbidities, were more deprived, 
and performed more regular and complete GFR testing 

in those at risk. Practice behaviours that may improve 
CKD outcomes showed trends of improved performance 
in higher coding practices, across the spectrum of CKD 
coding. In particular, ACR/PCR testing was substantially 
higher in higher coding practices, and influenza vaccina-
tion rates were also markedly higher.

Outcomes
Of 167 208 patients with CKD identified from the NCKDA 
database, after national linkage we found that 563 deaths 
had occurred but had not been reported on primary care 
systems at date of data extraction, leaving 166 645 eligible 
for outcomes analysis. Median follow- up duration was 3.8 
years (range 1 day to 3.9 years) for HES outcomes and 
4.3 years (range 1 day to 4.4 years) for mortality, with no 
meaningful differences in follow- up between sextiles. 
Crude event rates by sextile are shown in online supple-
mental table 3,4 and online supplemental figure 2,3.

Main adjusted Cox regression analyses
Figure 2 demonstrates how individual patient risks of 
the four studied outcomes differ according to practice 
CKD coding, compared with a patient in an averagely 
performing practice. In model 1 analyses, inverted 
S- shaped HR curves suggest that confounding at the 
extremes of practice coding may distort the association 
between practice CKD coding and adverse outcomes. 
After further adjustments (model 2), curves become 
flatter (approaching linearity). Wide CIs at lower levels of 
CKD coding reflect poor precision in HR estimates due 
to sparse data. (Crude analyses and additional sequen-
tial adjustments in the CKD population and subgroups 
(detailed in online supplemental information 2) are 
shown in online supplemental figures 4–23).

There are strong trends, particularly among sextiles 
2–5 (55%–88% coded), of reduced rates of outcomes 
with improved practice CKD coding in fully adjusted anal-
yses (model 2). Compared with patients in the averagely 
performing practice (74% coded), patients in practices 
coding only 55% of CKD cases had a significantly higher 
rate of CV hospitalisations (HR 1.061 (95% CI 1.015 to 
1.109)) and HF hospitalisations (HR 1.097 (95% CI 1.013 
to 1.187)). Patients in practices coding 88% of CKD cases 
had a significantly reduced rate of CV hospitalisations 
(HR 0.957 (95% CI 0.920 to 0.996)) and HF hospital-
isations (HR 0.918 (95% CI 0.855 to 0.985)), compared 
with the averagely performing practice. The percentage 
of preventable events over a period of 3.8 years (median 
follow- up time) for an improvement in practice coding 
from 55% to 88% of CKD cases (attributable fraction) 
was 9.0% for first CV hospitalisations and 16.0% for first 
HF hospitalisations, under assumption of causality after 
Cox modelling (model 2). Trends of a small reduction in 
AKI but no substantial change in rate of deaths were also 
observed as CKD coding increased. (Additional results 
of analysis of a single linear practice coding term (where 
appropriate) are shown in online supplemental table 5 
and online supplemental figure 24).

Figure 2 HR curves for all outcomes according to practice 
percent coded CKD. Analysis includes all patients with 
confirmed CKD. Primary exposure is (continuous) practice 
percent coded CKD, with median practice coding (74% 
coded) as the reference group. Model 1 adjusts for practice 
risk profile characteristics: mean age, percent male, median 
rank of index of multiple deprivation, diabetes prevalence, 
hypertension prevalence, CVD prevalence. Model 2 
adjusts for model 1 variables and additionally for practice 
characteristics of CKD population and testing behaviours: 
percent of CKD cases at stages 3b–5, percent of patients 
with CKD admitted for COPD in last 3 years, percent of 
patients with CKD admitted for cancer in last 3 years, percent 
GFR test in last year in diabetes, percent GFR test in last 
year in CKD, percent of adult population with CKD. Labels 
S1–S6 descriptively indicate sextiles of practice percent 
coded CKD, with each sextile representing one sixth of all 
practices. GFR, glomerular filtration rate; CKD, chronic kidney 
disease; COPD, chronic obstructive pulmonary disease; CVD, 
cardiovascular disease.
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Subgroup analyses showed a steeper reduction in CV 
hospitalisations and HF hospitalisations with increasing 
practice coding among CKD stages 3b–5 than in CKD 
stage 3 both in spline regression analyses and those 
assuming linear effects of practice CKD coding (online 
supplemental figures 5,6,10,11,24).

Practice behaviours analyses
Analysis of the association between practice behaviours 
and CV hospitalisations adjusted for all confounders 
showed a significant reduction in rate of CV hospitalisa-
tions for patients with CKD belonging to practices with 
greater than average usage (median 76.6%) of ACEi/
ARBs in hypertension compared with practices with lower 
than average usage (HR 0.956 (95% CI 0.929 to 0.983)) 
(table 3). Practice ACR/PCR testing in CKD was also 
associated with a reduction in rates of CV hospitalisations 
in CKD (HR 0.968 (95% CI 0.939 to 0.998)). Results for 
analyses of AKI, HF and deaths are available in online 
supplemental tables 6–8. In brief, usage of ACEi/ARBs 
was the most consistently dominant predictor, being 
strongly associated with a reduction in events across all 
outcomes. This was followed by ACR/PCR testing, which 
was associated with a reduction in all outcomes except 
deaths, and usage of statins in CVD, which was associated 
with a reduction in rate of CV and AKI events.

DISCUSSION
Higher levels of practice CKD coding were associated 
with lower rates of hospitalisation for CV and HF events 
among patients with confirmed CKD, after adjusting for 
practice characteristics. Reductions in hospitalisation 
rates were strongest in CKD stages 3b- 5, although greatest 
opportunities for improvement are in CKD stage 3a where 
practice variation in coding was much wider. There was 
no difference in death rates according to practice CKD 
coding (although the relationship was less clear among 
CKD stages 3b- 5). Findings were limited by duration of 
follow- up with longer- term benefits of CKD coding not 
yet apparent. Practice behaviours associated with CKD 
coding including usage of ACEi/ARB therapy and ACR/

PCR testing were independent predictors of reduction in 
hospitalisation rates.

There are very limited studies looking at the impact of 
recognition and diagnostic coding of CKD in primary care 
as many health systems use coded disease as opposed to 
laboratory records to identify patients. It is possible that 
some patients with 2 eGFR measures <60 mL/min/1.73 m2 
more than 3 months apart are not recognised by GPs as 
having CKD because of concerns of overdiagnosis, for 
example, in elderly patients without hypertension or 
in patients recovering from AKI, despite these patients 
meeting the accepted definition of CKD. Furthermore, 
numerous studies have demonstrated disparities in CKD 
coding efforts with younger patients, those from deprived 
backgrounds, and ethnic minorities being less commonly 
coded than their counterparts,7 15 leading to concerns 
around equity of care. Recent studies have shown an asso-
ciation between CKD coding and interventions known to 
reduce CV risk such as prescription of statins and antihy-
pertensive agents,15 16 and CKD coding may play a role in 
triggering further long- term treatment efforts with poten-
tial to reduce patient risks. Our study identified a reduced 
burden of CV and HF hospitalisations for practices coding 
more CKD, and a reduced burden of hospitalisations for 
practices providing more interventions (associated with 
CKD coding) that are likely to improve CKD outcomes.

A key strength of this study is the large sample size, 
including data from 167 208 patients with CKD. Data were 
extracted from GP practices in England with a similar 
age–sex distribution to the whole population, so findings 
are likely to be generalisable to the wider population. 
By studying the association between practice- level CKD 
coding and patient- level outcomes, we were able to elimi-
nate a lot of confounding due to individual patient char-
acteristics that would be present in a conventional study 
design using patient- level exposure with unmeasured 
confounders. This was demonstrated by the balanced risk 
profile in patient characteristics observed across sextiles 
(which is likely to extend also to unmeasured character-
istics). This is a major benefit over original analyses of 
the NCKDA12 (online supplemental figure 25), which 

Table 3 Adjusted HRs for the association between practice behaviour variables and CV events, sorted by point estimate

Practice behaviour HR (95% CI)

Percent usage of ACEi/ARBs in hypertension (>76.6%) 0.956 (0.929 to 0.983)*

Percent ACR/PCR test in last year in CKD (>58.7%) 0.968 (0.939 to 0.998)*

Percent usage of statins in CVD (>93.0%) 0.972 (0.942 to 1.003)

Percent pneumococcus vaccination in past 5 years in CKD stages 4–5 (>12.5%) 0.982 (0.955 to 1.010)

Percent meeting blood pressure target in last year in CKD (>57.8%) 0.992 (0.963 to 1.028)

Percent usage of statins in diabetes (>84.1%) 0.995 (0.965 to 1.026)

Percent influenza vaccination in last year in CKD (>78.8%) 0.998 (0.968 to 1.028)

Analysis adjusted for practice characteristics: mean age, percent male, median rank of IMD, diabetes prevalence, hypertension prevalence, CVD prevalence, percent of CKD cases at 
stages 3b- 5, percent of patients with CKD admitted for COPD in last 3 years, percent of patients with CKD admitted for cancer in last 3 years, percent GFR test in last year in diabetes, 
percent GFR test in last year in CKD, percent of adult population with CKD.
*95% confidence interval excludes 1
ACEi, ACE inhibitors; ACR, albumin to creatinine ratio; ARB, angiotensin- II receptor blocker; CKD, chronic kidney disease; CV, cardiovascular; CVD, cardiovascular disease; PCR, 
protein to creatinine ratio.
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showed a very strong association between individual 
patient CKD coding and risk of outcomes (CV events, 
AKI, death) but with a high risk of confounding due to 
coding efforts being associated with perceived patient 
risk, and some potentially important risk factors missing 
from the database.

A potential weakness is that included practices had 
volunteered to participate in an audit of care. CKD 
coding may have been higher in recruited practices than 
the general population which may have impacted on 
estimated strengths of associations; benefits of coding 
in the wider practice population may be larger than esti-
mated. Risk factor evaluation mostly relied on comor-
bidity coding and it is not clear whether small differences 
in risk factor prevalence reflected true morbidity or GP 
behaviour. Assessment of eligibility of patients for anal-
ysis also relied on availability of repeat creatinine tests 
over time, which may depend on patient risk, and earlier 
stage CKD cases or more severe cases managed solely in 
secondary care may be disproportionately missing. Never-
theless, this identified CKD population may stand to 
benefit most imminently from improvements in primary 
care, assuming GPs target further coding efforts to 
patients already identified as at risk and with creatinine 
test results compatible with CKD. While there was a small 
signal of more frequent creatinine testing with increasing 
practice CKD coding, this was only at the extremes, and 
distribution of CKD severity appeared generally very well 
balanced across practice coding sextiles. Practice charac-
teristics were analysed differently depending on whether 
they were likely to confound analyses or lie on the causal 
pathway, however, we could not verify if our assumptions 
were reasonable, and misspecification could affect reli-
ability of conclusions. For example, practice management 
of hypertension with ACEi/ARB therapy may plausibly 
confound analyses (if hypertension management and 
CKD coding share a common cause, such as practice 
funding or clinical expertise) or lie on the causal pathway 
(if management of hypertension occurs as a consequence 
of CKD coding). Our findings for AKI are likely affected 
by outcome misclassification as hospital codes were used 
to detect AKI events, which may have led to underestima-
tion of the number of events and lack of power to detect 
an association. We did not have enough dialysis events 
to allow evaluation of the impact of practice coding on 
outcomes. These data precede the use of SLGT2- inhibitor 
drug treatment in HF and albuminuric kidney disease in 
UK primary care.

Conclusions
Rates of CV and HF events were lower for patients 
belonging to practices coding more CKD, supporting the 
argument that CKD coding in primary care may contribute 
to improvement in patient outcomes. While the pres-
ence of unmeasured confounding cannot be ruled out, 
this is in agreement with other studies conducted in this 
setting.15–17 High- quality evidence supporting our find-
ings is available from clinical trials and systematic reviews 

which underline the benefits of use of interventions in 
early- stage CKD, including ACEi/ARB therapy to control 
hypertension and statin therapy to reduce CV risk.18–20 
This study suggests that reductions in key adverse events 
for patients with CKD could be made by improvements to 
GP practice identification and coding of CKD as these are 
associated with subsequent care efforts that are known to 
prevent poor outcomes.
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SUPPLEMENTARY MATERIALS 

Supplementary Table 1. Outcome definitions 

Outcome Definition Details ICD-10 codes 

AKI  AKI at 

admission 

Any diagnosis (HES) of AKI 

recorded in the first episode of 

care  

N17 

HF Admission 

for HF 

A primary diagnosis (HES) of HF 

recorded in the first episode of 

care  

I50, I11.0, I13, I97.1 

CV event Admission 

for CV event 

A primary diagnosis (HES) of HF, 

CHD, stroke/TIA, PAD or AAA  

recorded in the first episode of 

care 

HF (I50, I11.0, I13, I97.1) 

CHD (I20-I25, I51.6) 

Stroke/TIA (G45-G46) 

PAD (I79.0, I79.2, I73.8, I73.9, 

I74.3, I74.4, I74.5, I70.2) 

AAA (I71, I74.0) 

Cerebrovascular disease (I60-I69) 

All-cause 

mortality 

All-cause 

mortality 

Any death (ONS) N/A 

 

Supplementary Table 2. Percentage of practices and patients eligible for analysis after application of 

sample size eligibility criteria (minimum of 50 CKD cases) and comparison of coding rates in the 

original database and analysis database, in the CKD population and in subgroups 

Population 
Total 

practices 

Total 

patients 

Total 

patients 

coded 

Eligible 

practices  

Eligible 

patients 

Eligible 

patients 

coded 

All CKD 695 169,002 
119,248 

(70.6%) 
637 (91.7%) 

167,208 

(98.9%) 

117,932 

(70.5%) 

CKD stage 3a 695 106,981 
66,514 

(62.2%) 
580 (83.5%) 

103,615 

(96.9%) 

64,398 

(62.2%) 

CKD stages 3b-5 695 62,021 
52,734 

(85.0%) 
477 (68.6%) 

56,122 

(90.5%) 

47,700 

(84.5%) 

Diabetes 695 42,063 
32,099 

(76.3%) 
362 (52.1%) 

33,065 

(78.6%) 

25,273 

(76.4%) 

No diabetes 695 126,939 
87,149 

(68.7%) 
605 (87.1%) 

124,364 

(98.0%) 

85,324 

(68.6%) 
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Supplementary Information 1.  Methods for estimating the percentage of CV and HF hospitalisation 

events that are preventable among CKD patients in practices coding 55% of CKD cases if practice 

coding improved to 88% (attributable fraction for first events) 

In order to estimate the percentage of first hospitalisation events that could be prevented over a 

period of 3.8 years (median follow-up duration) among patients in practices coding 55% of CKD cases 

(13th practice coding percentile, lower boundary of sextile 2), if such practices instead coded 88% of 

CKD cases (83rd practice coding percentile, upper boundary of sextile 5), we adopted the Austin 

method in [1], which we adapted for use in STATA statistical software. We make an assumption that 

after adjustment for model covariates, the difference in expected event rates between practice 

coding groups estimated using the methods listed below is caused by practice coding performance. 

We followed the following steps to estimate the percentage of first events attributable to lower 

practice coding (55%), when compared to higher practice coding (88%), for both CV and HF 

hospitalisations: 

1. Fit the fully adjusted Cox regression model for time to first event with 5-knot spline for 

practice percent coded CKD and other practice covariates (model 2), first centring all 

continuous covariates to generate a sensible baseline group  

2. Estimate the baseline survival function [2] using: “predict s, basesurv”, sort data by analysis 

time and extract the baseline survival probability at t = 3.8 years (median follow-up) 

 

3. Predict the estimated survival probability at t = 3.8 years for every patient in database 

assuming 54.8% practice percent coded, based on true values of all covariates except with 

practice percent coded forced to 54.8%, as follows:  

a. Recode data to set value of practice coding variable to 54.8% coded in all patients. 

(Spline variable values recoded accordingly.) 

b. Use equation �̂�𝑖(𝑡) =  �̂�0(𝑡)exp(𝒙𝑖�̂�) [3] to estimate individual survival probabilities �̂�𝑖(𝑡) at time 𝑡 = 3.8 years, where �̂�0(𝑡) is the estimated baseline survival at time 𝑡 

and 𝒙𝑖�̂� is the individual prediction of the linear predictor evaluated at individual 

true covariate values 𝒙𝑖 (but specified practice percent coded of 54.8%) based on 

coefficient estimates �̂� 

4. Repeat step 3 for practice percent coded forced to 87.5% coded, to obtain individual 

predicted survival probabilities at t = 3.8 years assuming 87.5% practice percent coded 

 

5. Estimate the expected number of first events occurring over 3.8 years if all practices coded 

at 54.8% (with other practice characteristics unchanged) by taking the sum of individual 

probabilities of an event (1 - �̂�𝑖(𝑡 = 3.8), using results from (3b)). Repeat for assumption of 

all practices coding at 87.5% by taking the sum of individual probabilities of an event (1 - �̂�𝑖(𝑡 = 3.8), from (4b)). 

6. Using results from step 5, compute the percentage of events preventable among individuals 

in practices coding 54.8% of CKD cases if practices instead coded 87.5% of CKD cases 

(attributable fraction) as:  % 𝑒𝑣𝑒𝑛𝑡𝑠 𝑝𝑟𝑒𝑣𝑒𝑛𝑡𝑎𝑏𝑙𝑒 𝑖𝑛 𝑝𝑟𝑎𝑐𝑡𝑖𝑐𝑒𝑠 𝑐𝑜𝑑𝑖𝑛𝑔 54.8% 𝑜𝑓 𝐶𝐾𝐷 𝑐𝑎𝑠𝑒𝑠 =  𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑒𝑣𝑒𝑛𝑡𝑠 𝑎𝑠𝑠𝑢𝑚𝑖𝑛𝑔 54.8% 𝑐𝑜𝑑𝑖𝑛𝑔 − 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑒𝑣𝑒𝑛𝑡𝑠 𝑎𝑠𝑠𝑢𝑚𝑖𝑛𝑔 87.5% 𝑐𝑜𝑑𝑖𝑛𝑔𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑒𝑣𝑒𝑛𝑡𝑠 𝑎𝑠𝑠𝑢𝑚𝑖𝑛𝑔 54.8% 𝑐𝑜𝑑𝑖𝑛𝑔  × 100% 
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Supplementary Figure 1. Distribution of practice CKD coding performance in the CKD analysis 

population and in subgroups, with red lines depicting sextile boundaries 
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Supplementary Figure 2. Event rates per 100 patient years and 95% confidence intervals, by practice 

coding sextile in all CKD patients (including recurring events) 

 

 

Supplementary Figure 3. Event rates per 100 patient years and 95% confidence intervals, by practice 

coding sextile in all CKD patients (first events only) 
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Supplementary Table 3. Event rates (including recurring events) per 100 patient years and 95% 

confidence intervals, by practice coding sextile  

Practice 

coding sextile 

(percent 

coded CKD) 

S1 

(<54.8%) 

 

S2 

(54.8% - 

65.5%) 

S3 

(65.5% - 

73.9%) 

S4 

(73.9% - 

80.7%) 

S5 

(80.7% - 

87.5%) 

S6 

(≥87.5%) 

 

CV event 

NE = 5766 

5.94  

(5.72, 6.16) 

NE = 5980 

6.00  

(5.78, 6.23) 

NE = 5326 

5.81  

(5.59, 6.03) 

NE = 5340 

5.76  

(5.54, 5.98) 

NE = 4677 

5.38  

(5.17, 5.60) 

NE = 4037 

5.33  

(5.11, 5.57) 

HF 

NE = 1680 

1.73  

(1.61, 1.86) 

NE = 1889 

1.89  

(1.77, 2.03) 

NE = 1599 

1.74  

(1.63, 1.87) 

NE = 1596 

1.72  

(1.60, 1.85) 

NE = 1279 

1.47  

(1.37, 1.59) 

NE = 1216 

1.61 

(1.48, 1.74) 

AKI  

NE = 7755 

7.99  

(7.74, 8.24) 

NE = 8114 

8.14  

(7.90, 8.39) 

NE = 7150 

7.80  

(7.55, 8.05) 

NE = 7189 

7.75  

(7.49, 8.02) 

NE = 6197 

7.13  

(6.90, 7.38) 

NE = 5947 

7.85  

(7.58, 8.14) 

All-cause 

mortality 

NE = 7985 

7.39 

(7.23, 7.55) 

NE = 8612 

7.77  

(7.61, 7.93) 

NE = 7994 

7.83  

(7.66, 8.00) 

NE = 8014 

7.75  

(7.58, 7.92) 

NE = 7362 

7.61  

(7.43, 7.78) 

NE = 6740 

7.99  

(7.80, 8.18) 

NE = number of events 

Supplementary Table 4 Event rates (first events only) per 100 patient years and 95% confidence 

intervals, by practice coding sextile  

Practice 

coding sextile 

(percent 

coded CKD) 

S1 

(<54.8%) 

 

S2 

(54.8% - 

65.5%) 

S3 

(65.5% - 

73.9%) 

S4 

(73.9% - 

80.7%) 

S5 

(80.7% - 

87.5%) 

S6 

(≥87.5%) 

 

CV event 

NE = 3834 

4.18 

(4.05, 4.32) 

NE = 3911 

4.15 

(4.02, 4.28) 

NE = 3553 

4.09 

(3.96, 4.23) 

NE = 3532 

4.02 

(3.89, 4.15) 

NE = 3144 

3.81 

(3.68, 3.95) 

NE = 2758 

3.84 

(3.70, 3.96) 

HF 

NE = 1183 

1.23 

(1.17, 1.31) 

NE = 1257 

1.28 

(1.21, 1.35) 

NE = 1123 

1.24 

(1.17, 1.31) 

NE = 1089 

1.19 

(1.12, 1.26) 

NE = 922 

1.07 

(1.01, 1.14) 

NE = 863 

1.15 

(1.08, 1.23) 

AKI  

NE = 5228 

5.74 

(5.58, 5.89) 

NE = 5480 

5.86 

(5.71, 6.02) 

NE = 5055 

5.87 

(5.71, 6.03) 

NE = 4993 

5.72 

(5.57, 5.88) 

NE = 4359 

5.31 

(5.16, 5.47) 

NE = 4135 

5.80 

(5.63, 5.98) 

All-cause 

mortality 

NE = 7985 

7.39 

(7.23, 7.55) 

NE = 8612 

7.77  

(7.61, 7.93) 

NE = 7994 

7.83  

(7.66, 8.00) 

NE = 8014 

7.75  

(7.58, 7.92) 

NE = 7362 

7.61  

(7.43, 7.78) 

NE = 6740 

7.99  

(7.80, 8.18) 

NE = number of events 
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Supplementary Information 2. Methods for sequentially adjusted Cox regression analyses shown in 

supplementary analyses 

Main Cox regression analyses, models 1 and 2, adjusted for practice characteristics are described in 

the main methods (repeated here for completeness) with results for all studied outcomes shown in 

the main results. Supplementary figures 4-23 show additional sequential adjustments, 

demonstrating the role of confounding as different variables were incorporated in analyses, as 

follows:  

- Crude analysis: unadjusted 

- Model 1: adjusted for practice characteristics reflecting practice risk profile (mean age, 

percent male, median rank of IMD, diabetes prevalence, hypertension prevalence, CVD 

prevalence) 

- Model 1.5: adjusted for practice characteristics reflecting practice risk profile (model 1 

variables), as well as practice characteristics of the detected CKD population (percent of 

CKD cases stages 3b-5 [“CKD severity”]), percent admitted for COPD in last 3 years, percent 
admitted for cancer in last 3 years) 

- Model 2: adjusted for practice characteristics relating to overall practice risk profile and of 

the detected CKD population (model 1.5 variables), as well as testing biases which may 

result in confounding due to different vintages (i.e. duration of underlying disease) (percent 

GFR test in last year in diabetes, percent GFR test in last year in CKD, percent of adult 

population with detected CKD) 

As in main analyses, adjusted hazard ratios (HRs) for outcomes with 95% confidence intervals were 

plotted across the spectrum of practice CKD coding, compared to average practice CKD coding. 
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Supplementary Figure 4. Hazard ratio splines for time to first CV event, compared to median 

(73.9%) practice percent coded (sequential adjustments) 
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Supplementary Figure 5. Hazard ratio splines for time to first CV event, compared to median 

(64.9%) practice percent coded, in CKD stage 3a only (sequential adjustments) 

  

Supplementary Figure 6. Hazard ratio splines for time to first CV event, compared to median 

(87.9%) practice percent coded, in CKD stages 3b-5 only (sequential adjustments)  
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Supplementary Figure 7. Hazard ratio splines for time to first CV event, compared to median 

(78.6%) practice percent coded, in diabetes only (sequential adjustments) 

 

Supplementary Figure 8. Hazard ratio splines for time to first CV event, compared to median 

(71.4%) practice percent coded, in no diabetes only (sequential adjustments) 
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Supplementary Figure 9. Hazard ratio splines for time to first HF event, compared to median (73.9%) 

practice percent coded (sequential adjustments) 

  

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2022-064513:e064513. 12 2022;BMJ Open, et al. Cleary F



12 

 

Supplementary Figure 10. Hazard ratio splines for time to first HF event, compared to median 

(64.9%) practice percent coded, in CKD stage 3a only (sequential adjustments) 

 
 

Supplementary Figure 11. Hazard ratio splines for time to first HF event, compared to median 

(87.9%) practice percent coded, in CKD stages 3b-5 only (sequential adjustments) 
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Supplementary Figure 12. Hazard ratio splines for time to first HF event, compared to median 

(78.6%) practice percent coded, in diabetes only (sequential adjustments) 

  

Supplementary Figure 13. Hazard ratio splines for time to first HF event, compared to median 

(71.4%) practice percent coded, in no diabetes only (sequential adjustments) 
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Supplementary Figure 14. Hazard ratio splines for time to first AKI event, compared to median 

(73.9%) practice percent coded (sequential adjustments) 
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Supplementary Figure 15 Hazard ratio splines for time to first AKI event, compared to median 

(64.9%) practice percent coded, in CKD stage 3a only (sequential adjustments) 

  

Supplementary Figure 16. Hazard ratio splines for time to first AKI event, compared to median 

(87.9%) practice percent coded, in CKD stages 3b-5 only (sequential adjustments)  
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Supplementary Figure 17. Hazard ratio splines for time to first AKI event, compared to median 

(78.6%) practice percent coded, in diabetes only (sequential adjustments) 

  

 

Supplementary Figure 18. Hazard ratio splines for time to first AKI event, compared to median 

(71.4%) practice percent coded, in no diabetes only (sequential adjustments) 
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Supplementary Figure 19. Hazard ratio splines for time to death, compared to median (73.9%) 

practice percent coded (sequential adjustments) 
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Supplementary Figure 20. Hazard ratio splines for time to death, compared to median (64.9%) 

practice percent coded, in CKD stage 3a only (sequential adjustments) 

  

Supplementary Figure 21. Hazard ratio splines for time to death, compared to median (87.9%) 

practice percent coded, in CKD stages 3b-5 only (sequential adjustments) 
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Supplementary Figure 22. Hazard ratio splines for time to death, compared to median (78.6%) 

practice percent coded, in diabetes only (sequential adjustments) 

  

Supplementary Figure 23. Hazard ratio splines for time to death, compared to median (71.4%) 

practice percent coded, in no diabetes only (sequential adjustments) 
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Supplementary Table 6. Adjusted hazard ratios for the association between practice 

behaviour variables and AKI events, sorted by point estimate  

Practice behaviour HR (95% CI) 

Percent ACR/PCR test in last year in CKD (>58.7%) 0.959 (0.935, 0.984)* 

Percent flu vaccination in last year in CKD (>78.8%) 0.965 (0.940, 0.990)* 

Percent usage of ACEi/ARBs in hypertension (>76.6%) 0.967 (0.944, 0.990)* 

Percent usage of statins in CVD (>93.0%) 0.969 (0.944, 0.995)* 

Percent usage of statins in diabetes (>84.1%) 0.989 (0.964, 1.015) 

Percent pneumococcus vaccination in past 5 years in CKD stages 4-5 

(>12.5%) 
1.008 (0.985, 1.032) 

Percent meeting blood pressure target in last year in CKD (>57.8%) 1.030 (1.004, 1.055)* 

 

Supplementary Table 7. Adjusted hazard ratios for the association between practice 

behaviour variables and HF events, sorted by point estimate  

Practice behaviour HR (95% CI) 

Percent usage of ACEi/ARBs in hypertension (>76.6%) 0.935 (0.888, 0.984)* 

Percent ACR/PCR test in last year in CKD (>58.7%) 0.951 (0.901, 1.004) 

Percent flu vaccination in last year in CKD (>78.8%) 0.959 (0.908, 1.013) 

Percent meeting blood pressure target in last year in CKD (>57.8%) 0.976 (0.926, 1.028) 

Percent usage of statins in CVD (>93.0%) 0.985 (0.932, 1.042) 

Percent pneumococcus vaccination in past 5 years in CKD stages 4-5 

(>12.5%) 
1.023 (0.973, 1.075) 

Percent usage of statins in diabetes (>84.1%) 1.040 (0.984, 1.100) 

 

Supplementary Table 8. Adjusted hazard ratios for the association between practice 

behaviour variables and deaths, sorted by point estimate with descriptive p-values 

Practice behaviour HR (95% CI) 

Percent usage of statins in CVD (>93.0%) 0.950 (0.930, 0.970)* 

Percent usage of ACEi/ARBs in hypertension (>76.6%) 0.965 (0.947, 0.984)* 

Percent usage of statins in diabetes (>84.1%) 0.971 (0.951, 0.991)* 

Percent pneumococcus vaccination in past 5 years in CKD stages 4-5 

(>12.5%) 

1.002 (0.983, 1.020) 

Percent flu vaccination in last year in CKD (>78.8%) 1.007 (0.987, 1.027) 

Percent meeting blood pressure target in last year in CKD (>57.8%) 1.010 (0.992, 1.030) 

Percent ACR/PCR test in last year in CKD (>58.7%) 1.012 (0.992, 1.033) 
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Supplementary Information 3. Reporting of studies Conducted using Observational Routinely-

collected Data (RECORD) checklist 

Section/Topic Item 

# 
Recommendation 

Reported on 

page # 

 Title and abstract 1 (a) Indicate the study’s design with a commonly used term in 

the title or the abstract 

1, 2 

(b) Provide in the abstract an informative and balanced 

summary of what was done and what was found 

2 

RECORD 1.1: The type of data used should be specified in the 

title or abstract. When possible, the name of the databases used 

should be included. 

2 

RECORD 1.2: If applicable, the geographic region and timeframe 

within which the study took place should be reported in the title 

or abstract. 

2 

RECORD 1.3: If linkage between databases was conducted for 

the study, this should be clearly stated in the title or abstract. 

2 

Introduction  

Background/rationale 2 Explain the scientific background and rationale for the 

investigation being reported 

5-6 

Objectives 3 State specific objectives, including any prespecified hypotheses 6 

Methods  

Study design 4 Present key elements of study design early in the paper 6 

Setting 5 Describe the setting, locations, and relevant dates, including 

periods of recruitment, exposure, follow-up, and data collection 

6-8 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of 

selection of participants. Describe methods of follow-up 

6-8 

(b) For matched studies, give matching criteria and number of 

exposed and unexposed 

N/A 

RECORD 6.1: The methods of study population selection (such as 

codes or algorithms used to identify subjects) should be listed in 

detail. If this is not possible, an explanation should be provided.  

7 

RECORD 6.2: Any validation studies of the codes or algorithms 

used to select the population should be referenced. If validation 

was conducted for this study and not published elsewhere, 

detailed methods and results should be provided. 

N/A 

RECORD 6.3: If the study involved linkage of databases, consider 

use of a flow diagram or other graphical display to demonstrate 

the data linkage process, including the number of individuals 

with linked data at each stage. 

6 (described 

only, no 

diagram) 
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Variables 7 Clearly define all outcomes, exposures, predictors, potential 

confounders, and effect modifiers. Give diagnostic criteria, if 

applicable 

7-10; 

Supplementary 

Table 1 

RECORD 7.1: A complete list of codes and algorithms used to 

classify exposures, outcomes, confounders, and effect modifiers 

should be provided. If these cannot be reported, an explanation 

should be provided. 

7-10; 

Supplementary 

Table 1 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of 

methods of assessment (measurement). Describe comparability 

of assessment methods if there is more than one group 

6-10 

Bias 9 Describe any efforts to address potential sources of bias 10-11 

Study size 10 Explain how the study size was arrived at 7 

Quantitative 

variables 

11 Explain how quantitative variables were handled in the analyses. 

If applicable, describe which groupings were chosen and why 

8-12 

Statistical methods 12 (a) Describe all statistical methods, including those used to 

control for confounding 

10-12 

(b) Describe any methods used to examine subgroups and 

interactions 

11 

(c) Explain how missing data were addressed 7-11 

(d) If applicable, explain how loss to follow-up was addressed 8, 10 

(e) Describe any sensitivity analyses 11 

RECORD 12.1: Authors should describe the extent to which the 

investigators had access to the database population used to 

create the study population. 

6-7 

RECORD 12.2: Authors should provide information on the data 

cleaning methods used in the study. 

7-10 

RECORD 12.3: State whether the study included person-level, 

institutional-level, or other data linkage across two or more 

databases. The methods of linkage and methods of linkage 

quality evaluation should be provided. 

6 

Results 
 

Participants 13* (a) Report numbers of individuals at each stage of study—eg 

numbers potentially eligible, examined for eligibility, confirmed 

eligible, included in the study, completing follow-up, and 

analysed 

12, 14, 17 

  (b) Give reasons for non-participation at each stage 12, 17; Also see 

methods p.6-8 

  (c) Consider use of a flow diagram 12 
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  RECORD 13.1: Describe in detail the selection of the persons 

included in the study (i.e., study population selection) including 

filtering based on data quality, data availability and linkage. The 

selection of included persons can be described in the text 

and/or by means of the study flow diagram. 

7, 12 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, 

clinical, social) and information on exposures and potential 

confounders 

14 

 

  (b) Indicate number of participants with missing data for each 

variable of interest 

See methods 

p.6-10 

  (c) Summarise follow-up time (eg, average and total amount) 14, 17 

Outcome data 15* Report numbers of outcome events or summary measures over 

time 

17; Also Sup. 

Figures 2-3, Sup. 

Table 2 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-

adjusted estimates and their precision (eg, 95% confidence 

interval). Make clear which confounders were adjusted for and 

why they were included 

17-19 

  (b) Report category boundaries when continuous variables were 

categorized 

14, 17-19 

  (c) If relevant, consider translating estimates of relative risk into 

absolute risk for a meaningful time period 

17-18 

Other analyses 17 Report other analyses done—eg analyses of subgroups and 

interactions, and sensitivity analyses 

17-19 

Discussion 
   

Key results 18 Summarise key results with reference to study objectives 19 

Limitations 19 Discuss limitations of the study, taking into account sources of 

potential bias or imprecision. Discuss both direction and 

magnitude of any potential bias 

19, 21 

RECORD 19.1: Discuss the implications of using data that were 

not created or collected to answer the specific research 

question(s). Include discussion of misclassification bias, 

unmeasured confounding, missing data, and changing eligibility 

over time, as they pertain to the study being reported. 

20-21 

Interpretation 20 Give a cautious overall interpretation of results considering 

objectives, limitations, multiplicity of analyses, results from 

similar studies, and other relevant evidence 

20-22 

Generalisability 21 Discuss the generalisability (external validity) of the study results 20-21 

Other information 
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Funding 22 Give the source of funding and the role of the funders for the 

present study and, if applicable, for the original study on which 

the present article is based 

23 

Accessibility of 

protocol, raw data, 

and programming 

code 

 RECORD 22.1: Authors should provide information on how to 

access any supplemental information such as the study protocol, 

raw data, or programming code. 

24; 

Supplementary 

materials 

*Information should be provided separately for exposed and unexposed groups in cohort studies 
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