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Introduction: Kidney Disease: Improving Global Outcomes (KDIGO) 2012 guidelines classify chronic kid-

ney disease (CKD) risk or prognosis using estimated glomerular filtration rate (eGFR) and urinary albumin-

to-creatinine ratio (UACR). We assessed patient characteristics and outcomes according to the KDIGO

classification, using data from DISCOVER CKD (NCT04034992).

Methods: Data were extracted from the US integrated Limited Claims and Electronic Health Record

Dataset and TriNetX databases, and the UK Clinical Practice Research Datalink linked to Hospital Episode

Statistics and Office for National Statistics databases. Eligible patients were aged $18 years with CKD, and

identified by 2 consecutive eGFR measures (5 to <75 ml/min/1.73 m2; $90 days apart [maximum 730])

from January 2008. Index date was the second eGFR measurement; patients were categorized using the

UACR measure closest to the index. Outcomes included patient characteristics, eGFR or UACR mea-

surement frequency, and clinical outcomes per baseline KDIGO classification.

Results: Across databases, only 8.6% of patients with 2 eGFR measures had $1 UACR measures. Among

123,807 eligible patients, prevalence of heart failure, hypertension, and type 2 diabetes increased with

increasing albuminuria. Incidence rates of mortality and adverse cardiovascular and renal outcomes

increased with declining baseline eGFR, and particularly with increasing albuminuria. Median number of

eGFR and UACR tests per year post-index ranged from 1.6 to 2.5 and 0.5 to 0.6, respectively, across da-

tabases; there was no clear increase in UACR testing frequency following the KDIGO 2012 guidelines.

Conclusion: Albuminuria monitoring is critical for optimal risk stratification in CKD, and our findings

highlight an imperative for more regular UACR testing in clinical practice.
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C
hronic kidney disease (CKD), a common and often
undiagnosed and asymptomatic condition in its

early stages, is defined by abnormalities of kidney
structure or function present for >3 months.1 Abnor-
malities include markers of kidney damage, the most
important being elevated urinary albumin (albumin-
uria; defined as an urinary albumin-to-creatine ratio
2059
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[UACR] of $30 mg/g) and a decreased glomerular
filtration rate (GFR). Since 1990, the prevalence of CKD
and associated mortality have increased by 29.3% and
41.5%, respectively.2 Worldwide, the number of in-
dividuals with CKD in 2017 was estimated at approxi-
mately 840 million.3

Accurate screening, diagnosis, and risk stratification
are important in CKD management, and are critical for
slowing disease progression, managing complications,
reducing risks, and optimizing patient outcomes.4,5

While GFR assessment allows estimation of remaining
renal function, this measure does not provide fully
comprehensive prognostic information when used in
isolation.6,7 In recent decades, the value of albuminuria
as an important predictor of renal disease progression,
as well as cardiovascular and mortality risk, indepen-
dent of GFR, has become apparent; studies have
demonstrated how assessment of albuminuria provides
improved risk stratification in patients staged accord-
ing to estimated GFR(eGFR).8–11 In light of these find-
ings, the 2012 Kidney Disease: Improving Global
Outcomes (KDIGO) group developed a classification
system to diagnose and stratify risk or prognosis in
patients with CKD, based on combined assessment of
serum creatinine-based eGFR and UACR.1

Despite these recommendations and the strong
epidemiological evidence linking increased albumin-
uria with CKD progression, kidney failure, cardiovas-
cular events, and premature mortality,8–12 recent data
on rates of UACR testing in patients with CKD in
routine clinical practice are lacking, and available ev-
idence suggest that testing rates are low.13–17 More-
over, few contemporary studies describe the outcomes
of patients with CKD categorized according to the
KDIGO 2012 classification. A recent review of studies
employing this classification system indicated that,
although the proportion of patients with CKD who fall
into the high-risk and very high-risk KDIGO categories
is low, these patients have the highest disease burden
in terms of comorbidities, particularly diabetes, hy-
pertension, and cardiovascular disease, which are risk
factors for adverse cardiovascular and renal outcomes.6

Another review reported an increasing risk of cardio-
vascular morbidity or mortality and all-cause mortality,
as well as increased costs and resource utilization, as
eGFR declined and albuminuria increased.18 Addition-
ally, in a recent systematic literature review of clinical
trials in CKD since 2012, few trials reported on changes
in UACR from baseline.19

Application of the KDIGO 2012 classification system
to large CKD cohorts from multiple countries will
facilitate a better understanding of the risks faced by
patients with CKD according to their eGFR or UACR
status, with the ultimate goal of improving the
2060
prognosis and management of patients with CKD.
DISCOVER CKD (ClinicalTrials.gov Identifier:
NCT04034992) is a hybrid and multinational observa-
tional cohort study in patients with CKD.20 DISCOVER
CKD aims to provide contemporary real-world insight
to inform clinical practice, and improve understanding
of the epidemiology, clinical, and economic burden of
CKD.20 The primary aim of the present analysis was to
use real-world data from the DISCOVER CKD retro-
spective cohort to provide contemporary data on how
patient characteristics, medication use, and outcomes
change as CKD progresses, according to the KDIGO
2012 classification system of eGFR and albuminuria.
The secondary aim was to assess measurement fre-
quency of eGFR and UACR in routine clinical practice
to determine adherence to guideline recommendations
for testing.

METHODS

The DISCOVER CKD retrospective cohort captured
patients with CKD beginning January 1, 2008, through
to March 2020.

Patient Population

Data were extracted from 3 databases: US integrated
Limited Claims and Electronic Health Record Dataset
(LCED), US TriNetX, and UK Clinical Practice Research
Datalink (CPRD; ISAC protocol number, 19_226A4)
linked to Hospital Episode Statistics and Office for
National Statistics databases.

LCED, collated by IBM Watson Health (Armonk,
NY), is a static dataset comprising approximately 4.4
million patients and covering the period from January
2012 through to June 2018 and September 2018 for
claims and electronic medical record data, respectively.
TriNetX (Cambridge, MA) is a global federated health
research network dataset, integrating data from mul-
tiple healthcare organizations, including hospitals,
primary care, and specialty treatment providers.21–23

This study utilized a subset of data from the analytics
data subset,21 which included electronic health records
from approximately 38 million patients in 35 healthcare
organizations in the US between January 2008 and
March 2020. CPRD is a primary care database
comprising anonymized medical records collected as
part of routine care from general practitioners, with
coverage of 60 million UK patients.24,25 The present
analysis utilized data from the CPRD GOLD database
(between January 2008 and January 2020), linked to
Hospital Episode Statistics and Office for National Sta-
tistics death registration data where available.

As reported previously,20 adults (aged $18 years at
index date) with nondialysis-dependent CKD, identified
by 2 consecutive eGFR measures (5 to <75 ml/min/1.73
Kidney International Reports (2022) 7, 2059–2070
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m2; recorded $90 days apart [maximum 730 days]) from
January 1, 2008, were eligible for inclusion. Patients were
required to have $1 UACR measurement within 1 year
before or up to 5 years after the index date (the measure
closest to index was used to categorize patients). The
index date was the date of second eGFR measurement.
Exclusion criteria included having <1 year of medical
history available before index, death within 30 days of
index (where available in data source), history of type 1
diabetes mellitus, or a history of renal transplant or renal
replacement therapy at index.

Patient Characteristic Measures

Available covariates for the DISCOVER CKD cohort
have been described elsewhere.20 Characteristics
pertinent to the present analyses include age, sex,
eGFR, UACR, medication use, comorbidities, and lab-
oratory findings.

Clinical Outcome Measures

Incidence of adverse clinical outcomes of interest was
ascertained from diagnostic or procedural codes and
eGFR measures (for kidney outcomes); further details
are provided in Supplementary Table S1. Outcomes
assessed included kidney, cardiovascular, and mortal-
ity outcomes as follows: $50% sustained reduction in
eGFR, development of kidney failure, hospitalization
for heart failure (hHF), stroke, myocardial infarction,
all-cause mortality (CPRD and TriNetX), and cardio-
vascular mortality (CPRD).

Two sensitivity analyses were conducted as follows:
(i) all-event rates for hHF were computed to capture
recurrent events, and (ii) to account for adverse clinical
events occurring prior to a UACR measure, incidence
rates of all outcomes of interest were computed using
the classifying UACR (value closest to index) as the
index date in patients for whom this measure occurred
after the second eGFR. In patients for whom this
measure occurred before the second eGFR, the eGFR
remained as the index.

eGFR and UACR Testing

To assess adherence to guideline recommendations for
ongoing patient monitoring, we calculated the number
of eGFR and UACR measures recorded per patient
during each year of follow-up. To investigate the
implementation of UACR recording following the
KDIGO 2012 guidelines, we also compared the number
of UACR measures before and during or after 2012.

Statistical Analysis

Baseline or index characteristics were summarized
descriptively for each database or cohort and further
stratified using KDIGO category.1 Frequency of days
with an eGFR or UACR measure during follow-up
Kidney International Reports (2022) 7, 2059–2070
(index measures excluded) are reported; annualized
rates of UACR measurements pre-2012 and during or
after-2012 were also calculated. Adverse clinical out-
comes are reported as incidence rates per 100 patient-
years, including estimated 95% confidence intervals.

RESULTS

Patient Disposition and Overall Characteristics

A total of 123,807 patients with CKD from the United
Kingdom and United States were included in the study
cohort (Figure 1). Mean age across databases ranged
from 65.3 to 68.5 years, and 45.0% to 49.8% of the
patients were male. Comorbidities, particularly type 2
diabetes (37.3%–68.4%), coronary heart disease
(17.4%–22.4%), and hypertension (58.7%–85.7%),
were prevalent (Table 1). The median (interquartile
range) length of follow-up was 4.7 (2.6–6.9), 3.4 (2.0–
4.7), and 2.8 (1.4–4.4) years for CPRD, LCED, and Tri-
NetX, respectively.

Frequency of UACR and eGFR Testing

Among patients in the DISCOVER CKD base cohort,
only 8.6% of patients with 2 eligible eGFR values
had $1 UACR measurement and could be classified
according to KDIGO 2012 guideline recommendations
(Figure 1). After index, the median number of eGFR
tests per year ranged from 1.6 to 2.5 across databases
(Figure 2a), with increased testing frequency as eGFR
decreased and UACR increased (Supplementary
Figure S1). Frequency of UACR testing during follow-
up was similar between databases (median number of
tests per year during follow-up: 0.5–0.6) (Figure 2b)
and there was no clear increase in testing frequency
following the introduction of KDIGO guidelines in 2012
(Figure 326). Testing frequency did not appear to vary
with eGFR or UACR levels (Supplementary Figure S2).

Patient Characteristics by KDIGO 2012

Classification

Across databases, over half of patients hadCKDconsistent
with the low or moderately increased risk KDIGO cate-
gories (68.0%–82.3%; Figure 4). The proportions of pa-
tients in the high-risk and very high-risk categories were
11.2% to 17.0% and 5.9% to 15.1%, respectively
(Figure 4). There were trends toward increased age both
with declining eGFR (for eGFR>15ml/min/1.73m2) and a
higher proportion of males with increasing albuminuria
severity (Figure 4).

The prevalence of several comorbidities and history
of complications tended to be higher with declining
eGFR and increasing albuminuria (Supplementary
Figure S3). This was particularly evident for history
of acute kidney injury, hHF, and hyperkalemia. There
were also trends toward higher hypertension and type
2061



DISCOVER CKD base cohort: 1,709,987

Two eGFR measurements 5–75 ml/min/1.73 m2 recorded ≥90 days apart

181,604

UK CPRD (n = 425,246)

347,216  992,895  

US LCED (n = 224,100) US TriNetX ( n = 1,060,641)

0

1

≥1 UACR measurement within 1 year before or any time up to 5 years after index

9041102,133  19,756  
2

Alive within 30 d of index (when mortality data available)

9041102,002  19,756  
3

No history of renal transplant, type 1 diabetes, or RRT

778099,130  18,567  
4

Index date before the last follow-up date

 635199,129  18,327  
5

Figure 1. Patient flow diagram. CKD, chronic kidney disease; CPRD, Clinical Practice Research Datalink; eGFR, estimated glomerular filtration
rate; LCED, Limited Claims and Electronic Health Record Dataset; RRT, renal replacement therapy; UACR, urinary albumin-to-creatinine ratio.
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2 diabetes prevalence with increasing albuminuria.
Prescriptions for renin-angiotensin-aldosterone system
inhibitors (RAASis, including angiotensin-converting
enzyme inhibitors and angiotensin receptor blockers),
diuretics, and insulin generally increased with
declining eGFR and increasing albuminuria. The pro-
portion of patients prescribed RAASi among those with
UACR >300 mg/g was 63.8%, 79.7%, and 56.4% in
the CPRD, LCED, and TriNetX databases, respectively.
Conversely, metformin prescriptions decreased with
declining eGFR and increasing albuminuria
(Supplementary Figure S4). Mean serum levels of
ferritin, phosphate, parathyroid hormone, potassium,
and uric acid were generally higher with declining
eGFR and increasing albuminuria, whereas levels of
bicarbonate, hemoglobin, and iron were lower
(Supplementary Figure S5).
Adverse Clinical Outcomes

Across databases, there was a considerable burden of
CKD in terms of adverse outcomes, even in low-risk
KDIGO categories, and increased incidence rates of
kidney failure with declining eGFR (Figure 5). Within
each eGFR category, rates of both kidney outcomes
($50% eGFR decline and kidney failure) increased
with increasing albuminuria. There were also increased
incidence rates of cardiovascular outcomes (hHF,
stroke, and myocardial infarction) per 100 patient-years
with declining eGFR (Figure 5). Within each eGFR
category, the incidence rates of cardiovascular out-
comes increased with increasing albuminuria, particu-
larly in patients with less severely reduced eGFR.
Results from the sensitivity analysis capturing all-event
2062
rates of hHF are shown in Supplementary Figure S6.
There were increased incidence rates of all-cause mor-
tality (in CPRD and TriNetX) and cardiovascular mor-
tality (in CPRD) with both declining eGFR and
increasing albuminuria within each eGFR category
(Figure 5). Patterns in incidence rates of clinical out-
comes using the classifying UACR measurement as the
index date in patients where this occurred after the
eGFR index date were consistent with findings from
the main analysis (Supplementary Figure S7).

DISCUSSION

This is one of the largest studies since the launch of the
KDIGO 2012 guidelines, assessing patient characteris-
tics and outcomes according to the KDIGO 2012 clas-
sification system using comprehensive real-world data
from DISCOVER CKD, a multinational observational
cohort study that includes data from the UK and US.
Key findings include the following: (i) an increased
incidence of adverse clinical outcomes with declining
baseline eGFR and increasing albuminuria, and (ii) a
low frequency of UACR testing in patients with CKD,
with no evidence of change following the launch of the
KDIGO 2012 guidelines. Among patients in the
DISCOVER CKD base cohort, <10% of those with 2
eGFR measurements had an available UACR measure-
ment, which is low considering the baseline charac-
teristics of the cohort and KDIGO recommendations for
UACR testing.

Most patients included in the study cohort had CKD
consistent with the low and moderately increased risk
KDIGO categories, as defined by eGFR and UACR
ranges. Across databases, 18% to 32% of patients were
Kidney International Reports (2022) 7, 2059–2070



Table 1. Patient demographics at baseline
Characteristics CPRD (n ¼ 99,129) LCED (n ¼ 6351) TriNetX (n ¼ 18,327)

Age at index, yr, mean (SD) 68.5 (11.3) 65.3 (10.5) 65.7 (11.7)

Male sex, n (%) 48,820 (49.2) 3165 (49.8) 8252 (45.0)

BMI, kg/m2, mean (SD) 30.1 (6.2) 32.3 (6.9) 30.6 (5.1)

Laboratory values

Albumin, g/dl, mean (SD) 4.2 (0.4) 4.3 (0.3) 4.0 (0.5)

Missinga, % 18.4 50.6 31.6

eGFR, ml/min/1.73 m2, median (IQR) 64.0 (55.1, 70.2) 65.0 (56.3, 70.5) 61.7 (50.1, 69.2)

Missinga, % 0 0 0

Ferritin, ng/ml, mean (SD) 132.3 (164.6) 151.8 (186.7) 182.2 (251.0)

Missinga, % 86.9 91.6 90.7

HbA1c, %, mean (SD) 7.0 (1.6) 6.9 (1.4) 7.3 (1.6)

Missinga, % 55.3 34.1 29.6

Missinga (T2D and HbA1c), % 4.0 23.2 13.4

Missinga (no T2D and HbA1c), % 85.8 57.8 59.7

Potassium, mmol/l, mean (SD) 4.5 (0.5) 4.3 (0.5) 4.3 (0.5)

Missinga, % 5.7 3.6 2.5

Serum bicarbonate, mmol/l, mean (SD) 26.5 (3.0) 26.2 (3.0) 26.2 (3.3)

Missinga, % 81.9 7.9 1.9

UACR, mg/g, mean (SD) 64.2 (263.7) 71.8 (323.9) 143.6 (437.5)

Missinga, % 57.8 40.3 46.4

Uric acid, mmol/l, mean (SD) 382.5 (94.6) 371.1 (94.5) 373.9 (94.7)

Missinga, % 95.6 89.6 92.2

Comorbidities/complications, n (%)

Acute kidney injury 1701 (1.7) 339 (5.3) 1372 (7.5)

Coronary heart disease 17,294 (17.4) 1422 (22.4) 3657 (20.0)

T2D 36,960 (37.3) 4345 (68.4) 11,892 (64.9)

HF 5033 (5.1) 533 (8.4) 1735 (9.5)

Hyperkalemia 449 (0.5) 166 (2.6) 504 (2.8)

Hypertension 58,217 (58.7) 5440 (85.7) 13,898 (75.8)

Myocardial infarction 7380 (7.4) 368 (5.8) 998 (5.4)

Stroke 5046 (5.1) 983 (15.5) 1669 (9.1)

Prescription medications, n (%)

RAASib 51,032 (51.5) 4248 (66.9) 8953 (48.9)

Diureticsc 34,161 (34.5) 3039 (47.9) 7097 (38.7)

Statins 52,473 (52.9) 4159 (65.5) 8828 (48.2)

DPP4i 3237 (3.3) 676 (10.6) 1611 (8.8)

Insulin 4478 (4.5) 923 (14.5) 4371 (23.9)

Metformin 24,037 (24.2) 2832 (44.6) 6283 (34.3)

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; CPRD, Clinical Practice Research Datalink; DPP4i, dipeptidyl peptidase-4; eGFR,
estimated glomerular filtration rate; HbA1c, glycated hemoglobin; HF, heart failure; IQR, interquartile range; LCED, Limited Claims and Electronic Health Record Dataset; MRA,
mineralocorticoid receptor antagonist; RAASi, renin-angiotensin-aldosterone system inhibitor; SD, standard deviation; T2D, type 2 diabetes; UACR, urinary albumin-to-creatinine ratio.
aData were either missing and/or not recorded in clinical practice.
bIncludes ACE inhibitors and ARBs.
cIncludes MRA, loop diuretics, and thiazide.
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classified as high-risk or very high-risk, and approxi-
mately 10% of these patients had eGFR of 60 to 75 ml/
min/1.73 m2. Therefore, they may not have received a
CKD diagnosis or not have been perceived as high-risk
based on eGFR alone. As CKD risk (in terms of KDIGO
classification1) increased, there were trends toward
increased age, comorbidity burden, and laboratory
abnormalities. Patients in the highest-risk KDIGO cat-
egories had the highest CKD disease burden in terms of
comorbidities, consistent with previous findings.6

Trends in prescription of key medications, including
metformin and RAASi, were generally consistent with
guideline recommendations,1,27,28 although the
Kidney International Reports (2022) 7, 2059–2070
absolute proportion of patients prescribed RAASi
(angiotensin-converting enzyme inhibitors and angio-
tensin receptor blockers) still remained suboptimal
given the evidence supporting their efficacy in patients
with CKD and proteinuria.1,29

Incidence rates of adverse clinical outcomes reflected
the significant risk of adverse cardiovascular and kid-
ney outcomes, and mortality among patients with
impaired kidney function, even among those in low-
risk KDIGO categories, as observed previously.30–32

The associations between declining eGFR and/or
increasing albuminuria with increased incidence of
adverse clinical outcomes concur with previous
2063
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findings.8–11,16,33–35 Nevertheless, our findings add
important detail to understanding of contemporary
kidney, cardiovascular, and mortality risk across the
KDIGO 2012 classification by applying the classification
to a large real-world CKD cohort. Importantly, the
findings support the premise that albuminuria is an
independent risk predictor of adverse outcomes in CKD
and that including albuminuria status in risk stratifi-
cation provides valuable prognostic information. In
general, incidence of adverse clinical outcomes was
higher in US databases than in the CPRD, which is
consistent with the primary care setting of CPRD with
secondary Hospital Episode Statistics linkage. In
particular, the increased hHF incidence but lower
mortality in TriNetX reflects the high proportion of
hospital-based data and capture of only in-hospital
deaths in this database.

Across databases, eGFR testing frequency increased
with declining kidney function, in line with KDIGO
2012 and UK National Institute for Health and Care
Excellence recommendations, which recommend
assessing eGFR and albuminuria at least annually in
most patients, and more frequently in individuals at
increased risk of progression.1,36 Nevertheless, testing
frequency was still less than recommended for patients
in the highest-risk KDIGO categories.1,36 Furthermore,
the low rates of UACR testing across KDIGO categories
and lack of improvement since 2012 suggest there has
been insufficient implementation of new clinical
guidelines in practice. KDIGO 2012 guidelines recom-
mend monitoring albuminuria at least every 1 to 3
months in patients within the highest-risk categories,1

and implementation of this recommendation was not
evident from our findings. These findings are
LCED TriNetX

Before 2012

During/after 2012

–
9907

1819
26,144

during follow-up. Numbers of tests inferred from the number of days
ble from before 2012 in LCED. Data are rates with 95% confidence
RD, Clinical Practice Research Datalink; KDIGO, Kidney Disease:
ecord Dataset; UACR, urinary albumin-to-creatinine ratio.
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Figure 4. Patient categorization and baseline characteristics by KDIGO category at index. Color coding is based on odds ratio quartile (Q) for
each outcome within each database: green ¼ Q1 and below; yellow ¼ Q1 to Q2; orange ¼ Q2 to Q3; red ¼ Q3 and above. CPRD, Clinical
Practice Research Datalink; eGFR, estimated glomerular filtration rate; KDIGO, Kidney Disease: Improving Global Outcomes; LCED, Limited
Claims and Electronic Health Record Dataset; UACR, urinary albumin-to-creatinine ratio.
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particularly concerning in the context of the increased
risks of adverse clinical outcomes seen with increasing
albuminuria within the present study cohort. More-
over, albuminuria status can serve as a key element in
treatment-related decision making, such as RAASi
initiation.27

Our findings regarding UACR testing concur with
those from other studies, which observed suboptimal
rates of UACR testing or recording in patients at high-
risk of developing CKD14,15 or with a confirmed CKD
diagnosis.16,17 Although some studies have reported
improvements in rates of albuminuria measurement
over time,37,38 data from the present analysis suggests
that absolute testing rates remain low and require
improvement, despite release of the KDIGO 2012
guidelines and the low cost of conducting these tests in
routine care.

Potential explanations for the low rates of UACR
testing in real-world practice include the existence of
country-specific practices and interpretation of guide-
lines, including screening for UACR based on in-
dications that are independent of eGFR. For example,
some studies have reported increased UACR testing
rates in patients with CKD and concomitant diabetes,17

which may reflect policy-based incentivization and
diabetes treatment guidelines recommending routine
UACR monitoring, as well as perception of a higher
clinical risk in this CKD subpopulation.28
Kidney International Reports (2022) 7, 2059–2070
Other reasons could include physician reluctance to
conduct urine tests owing to perceived inconvenience
or burden, or a preference to collect only morning
samples. Some countries might also use alternative
measures such as urinary dipstick tests to assess pro-
teinuria or timed urine collections to measure albu-
minuria, despite UACR measurement being the
preferred “gold standard” and the most accurate means
of evaluating albuminuria.1,39 Results from dipstick
tests may also be less likely to be recorded in patient
medical records than UACR tests. Other factors may
include the relatively high eGFR values in the study
cohort and high representation of patients treated in
primary care settings, where there may be less visi-
bility of the KDIGO guidelines than in specialist
nephrology practices.

To our knowledge, this analysis is the first to assess
patient characteristics and outcomes by the application
of the KDIGO 2012 classification system to a large
(>100,000 patients) real-world cohort of patients with
CKD. Additional strengths of this study include the
longitudinal assessment of clinical outcomes, large range
of covariates assessed, granularity of data, and use of
databases from primary care and hospital-based care
that are generalizable to populations from which they
derive. Limitations of this study include those inherent
to retrospective observational data, in that conclusions
about causality cannot be made. Additionally, the
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Figure 5. Incidence rates per 100 PY of clinical outcomes during follow-up by KDIGO category. Data are incidence rate (95% CI), calculated as
the number of specific events that occur during patient follow-up time at risk (time in the study until first event or loss to follow-up). Color coding
is based on odds ratio quartile (Q) for each outcome within each database: green ¼ Q1 and below; yellow ¼ Q1 to Q2; orange ¼ Q2 to Q3; red ¼
Q3 and above. Kidney failure was defined as progression to CKD stage 5 (sustained eGFR #15 ml/min/1.73 m2) or initiation of chronic RRT for
>30 days (2 dialysis codes 30–365 days apart) or kidney transplant. Mortality data were not available for US LCED, US TriNetX reports only in-
hospital deaths, and incidence rates for some outcomes were not available where there were low patient or event numbers (e.g., LCED
eGRF <15 ml/min/1.73 m2). CI, confidence interval; CPRD, Clinical Practice Research Datalink; CV, cardiovascular; CKD, chronic kidney disease;
eGFR, estimated glomerular filtration rate; hHF, hospitalization for heart failure; KDIGO, Kidney Disease: Improving Global Outcomes; LCED,
Limited Claims and Electronic Health Record Dataset; MI, myocardial infarction; NA, not available (owing to low patient/event numbers); PY,
patient-years; RRT, renal replacement therapy; UACR, urinary albumin-to-creatinine ratio.
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Figure 5. Continued
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findings are only generalizable to patients meeting the
study eligibility criteria within the geographies repre-
sented in the study cohorts.

The study databases also have several limitations,
including the potential for coding errors as electronic
health record and claims data are not collected for
research purposes. Mortality data were not available
from LCED, and only the year of in-hospital deaths are
recorded in TriNetX, which may have led to mortality
being underestimated. LCED and TriNetX also capture
data from secondary care, meaning included patients
are likely to have a higher comorbidity burden or more
advanced disease compared with primary care; addi-
tional limitations of TriNetX have been described pre-
viously.40 In the UK CPRD, prescriptions and
laboratory parameters are only available from primary
care, and there is potential for under-reporting or
misclassification of outcomes of interest and of events
occurring in emergency care being missed. Across all 3
study databases, it is possible some patients with late-
Kidney International Reports (2022) 7, 2059–2070
stage CKD were lost to other databases (e.g., Medicare
in the United States and the UK Renal Registry in the
United Kingdom). Additionally, not all patients
included in the study had a diagnostic code for CKD,
and eGFR measures were used to infer the presence of
CKD in these patients. There was also a high proportion
of missing data for some laboratory parameters (e.g.,
ferritin and uric acid), which may reflect the relatively
mild CKD in many patients, many of whom would have
been treated in primary care settings rather than in
specialist nephrology practice settings.

As a selection criterion, UACR measurement may
have enriched the study population with a higher
burden of comorbidities, due to the increased likeli-
hood of UACR monitoring at baseline in patients with
CKD of increased severity. In addition, a considerable
proportion of the source population did not have a
UACR measurement recorded, an exclusion criterion
that restricted the size of the final study population,
and UACR was not systematically recorded in all
2067



Table 2. Practice points: potential strategies for improving guideline
implementation in clinical practice
Strategy Description

1 Patient engagement to increase knowledge of the rationale behind eGFR
and UACR testing

2 Referral of requesting doctors to clinical guidelines by pathologists

3 Implementation of HCP education strategies to encourage both initial
screening and periodic follow-up monitoring of eGFR and UACR

4 Financial incentives for implementation of best practice in healthcare
settings

eGFR, estimated glomerular filtration rate; HCP, healthcare professional; UACR, urinary
albumin-to-creatinine ratio.
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patients during the study period. While some patients
may have undergone urinary protein assessments
(e.g., using urinary dipsticks), and have recorded
urinary protein-to-creatinine values rather than
UACR, these data were not available in the study
datasets. We chose to include only patients with
UACR measurements because this is the “gold stan-
dard” method, as noted previously. If alternative
means of measuring albuminuria are routinely being
used in place of UACR in clinical practice, the reasons
for this practice occurring is of significant interest,
given the well communicated advantages of UACR
versus other methods, its endorsement by clinical
guidelines,1,39 and low cost.

Taken together, these findings highlight the oppor-
tunity for improvements in the care of patients with
CKD (Table 2), including appropriate risk stratification
by measuring UACR more frequently in clinical prac-
tice, and implementation of evidence-based strategies
to reduce kidney failure and adverse cardiovascular
outcomes.

Conclusion

This large CKD cohort study provides contemporary
and valuable insight into real-world clinical charac-
teristics and outcomes of patients with CKD stratified
according to both eGFR and albuminuria status. The
findings emphasize the increased clinical burden,
particularly in terms of comorbidities and adverse
clinical outcomes, associated with declining eGFR and
increasing albuminuria per KDIGO 2012 classification,
and emphasize the additional prognostic accuracy
afforded by stratifying patients according to albumin-
uria status. The data also highlight an imperative for
more regular or routine and mandated UACR testing in
all patients with CKD in routine clinical practice for
prognostic and monitoring purposes.
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