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ABSTRACT

Introduction: Real-world data from patients
with chronic kidney disease (CKD) are limited,
particularly regarding clinical management,
treatment patterns and health-related quality
of life (HRQoL) in the context of new therapies
and updated standard of care guidelines.

Methods: DISCOVER CKD is an observational
cohort study enrolling adult patients with CKD,
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defined by an International Classification of Dis-
eases, 10th Revision code, or with two estimated
glomerular filtration rate measures<75 ml/
min/1.73 m? recorded 91-730 days apart. We
describe the demographics, baseline character-
istics and patient-reported outcomes of patients
enrolled in the prospective phase.

Results: Of 1052 patients (mean age 62.5 years;
36.9% female) enrolled from the USA, UK,
Spain, Italy, Sweden and Japan, 727 (69.1%) had
stage 2-3b CKD and 325 (30.9%) had stage 4-5
CKD. Overall, 72.4%, 43.0% and 37.5% of
patients had histories of hypertension, diabe-
tes and hyperlipidaemia, respectively. In total,
58.7% and 14.0% were receiving renin-angio-
tensin-aldosterone system inhibitors (RAASi)
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and sodium-glucose co-transporter 2 inhibitors
(SGLT2i), respectively. Compared with patients
with stage 2-3b CKD, patients with stage 4-5
CKD reported numerically greater symptom bur-
den across all 11 symptoms measured, numeri-
cally worse HRQoL across all eight categories
measured using the 36-item Short Form (SF-36)
questionnaire, and numerically greater impair-
ment at work across all four categories meas-
ured using the Work Productivity and Activity
Impairment chronic kidney disease (WPAI-CKD)
questionnaire. Compared with patients with
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stage 2-3b CKD, a higher proportion of patients
with stage 4-5 CKD had anaemia, hyperkalaemia
and oedema (49.8% vs. 16.9%, 21.8% vs. 8.4%
and 17.5% vs. 9.5%, respectively).
Conclusions: These contemporary real-world
data from six countries highlight the substantial
symptom, medication and psychosocial burden
associated with CKD, and continued gaps in
treatment.

Graphical abstract available for this article.
Trial registration: ClinicalTrials.gov identifier,
NCT04034992.
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Graphical Abstract:
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Focus of the study
To describe
demographics, baseline
characteristics and
PROs of patients with
CKD from the
prospective phase of the
DISCOVER CKD study
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Methods
In total, 1052 patients
with CKD were enrolled
from the US, UK, Spain,
Italy, Sweden and Japan
(Sep 2019—-June 2022)
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Data assessed
Clinical data from health
records were entered
into an electronic case
report form
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CKD chronic kidney disease, HRQoL health-related quality of life, HTN hypertensive,

PRO patient-reported outcome, RAASi renin-angiotensin-aldosterone system inhibitor,

SBP systolic blood pressure, SF-36 36-item Short Form,
SGLT2i sodium-glucose co-transporter 2 inhibitor,
WPAI-CKD Work Productivity and Activity Impairment Chronic Kidney Disease.

These contemporary real-world data from six countries highlight the substantial

symptom, HRQolL and work impairment burden associated with CKD and indicate that

there is room for improvement in patient management, including treatment gaps

This graphical abstract represents the opinions of the authors.
For a full list of declarations, including funding and author disclosure statements,
and copyright information, please see the full text online.
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Key Summary Points

Why carry out this study?

Real-world data describing the clinical man-
agement of chronic kidney disease (CKD),
treatment patterns and patient health-related
quality of life (HRQoL) are limited in the con-
text of new therapies and updated standard
of care guidelines.

The prospective phase of the DISCOVER CKD
observational study sought to improve our
understanding of real-world CKD manage-
ment and the patient experience by combin-
ing clinical and patient-reported data from

a diverse patient cohort within different
healthcare settings.

What was learned from the study?

Patients with CKD had a substantial comor-
bidity burden (hypertension, 72.4%; diabetes,
43.0%; hyperlipidaemia, 37.5%) and reported
a high symptom burden, diminished work
productivity and suboptimal HRQoL.

Use of guideline-directed therapies, includ-
ing antihypertensive medications and renin-
angiotensin-aldosterone system inhibitors,
was suboptimal.

The results of this study confirm the nega-
tive impact of a diagnosis of CKD, regardless
of disease stage, and indicate that patient
management, including the use of guideline-
directed therapies, can be improved.

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract to facilitate under-
standing of the article. To view digital features
for this article, go to https://doi.org/10.6084/
m9.figshare.27195795.

INTRODUCTION

Chronic kidney disease (CKD) is highly preva-
lent and associated with substantial morbidity,
mortality, and healthcare costs [1, 2]. There are
more than 800 million people living with CKD,
representing approximately 10% of the global
population [3]. Patients with CKD have a high
symptom burden and reduced health-related
quality of life (HRQoL), regardless of CKD stage
[4, 5], suggesting that there are opportunities for
improved care for patients with CKD.

Using patient-reported outcomes (PROs) to
guide treatment decisions enhances care by
engaging patients in their own health assess-
ment, improving the relationship with their
treating physician, and helping to identify
symptoms that may typically be neglected or
under-recognised [6], thus allowing treatments
to be tailored to individual needs. One study
in patients with advanced cancer found that
including symptom reporting alongside routine
chemotherapy in patient care resulted in better
HRQoL and survival rates than routine chemo-
therapy alone [7].

Real-world data from patients with CKD—
particularly regarding clinical management,
treatment patterns and HRQoL in the context
of new therapies and updated standard of care
guidelines—are limited [8]. DISCOVER CKD [8§]
(ClinicalTrials.gov identifier NCT04034992) is a
multi-country, non-interventional cohort study
that aims to characterise the epidemiology of
CKD and describe clinical outcomes, includ-
ing disease progression, pharmacological inter-
ventions and important clinical events across
the patient journey. DISCOVER CKD aimed to
recruit a diverse patient cohort, with represen-
tation from different countries and healthcare
settings. The study includes retrospective [9,
10] and prospective cohorts; the retrospective
phase comprises secondary data from more than
1.8 million patients (beginning 1 January 2008)
and the prospective phase complements the
retrospective phase by providing contemporary
clinical and patient-reported data [8].

By using data from routine care, results from
the prospective study may improve our under-
standing of real-world CKD management, as
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well as the patient experience, and may facili-
tate improvements in CKD management and
prognosis [8]. The prospective study will amal-
gamate clinical and patient-reported data to
create a rich, up-to-date database that will be
used to improve our understanding of CKD pro-
gression and the factors associated with PROs,
with the ultimate aim of improving HRQoL and
patient outcomes for patients with CKD. Here,
we describe patient demographics, baseline char-
acteristics and PROs of patients enrolled in the
prospective phase of the DISCOVER CKD study.

METHODS

The DISCOVER CKD study rationale and meth-
odology have been described previously [8] and
are summarised below.

Patient Population

Patients with CKD were enrolled during Sep-
tember 2019-June 2022 from 45 sites across
the USA (n=11), the UK (n=7), Spain (n=9),
Italy (n=35), Sweden (n=4) and Japan (n=9).
Investigators at each site supervised patient
enrollment and data collection. Patients were
followed up prospectively for a minimum of
1 year (potential maximum of approximately
3 years). All patients currently enrolled in DIS-
COVER CKD were included in this analysis; eli-
gible patients were aged > 18 years (220 years
in Japan) with a confirmed diagnosis of CKD,
defined by an International Classification
of Diseases, 10th Revision (ICD-10) code for
CKD (Supplementary materials), or with two
estimated glomerular filtration rate (eGFR)
measures of <75 ml/min/1.73 m? recorded
91-730 days apart, or with an ICD-10 code for
kidney failure with replacement therapy. eGFR
was used for the definition of stage 2 CKD. The
index date was the date of enrolment.

Data Capture

Secondary clinical data were extracted from
patients’ existing health records and entered
into an electronic case report form. PROs were

collected through questionnaires completed via
a customised digital app at baseline and then
every 6 months thereafter, except for symptoms,
which were surveyed weekly. Completion of
PRO questionnaires was voluntary, and patients
did not receive payments or reimbursements.

PROs

HRQoL was measured via the 36-item Short
Form (SF-36) questionnaire (4-week recall ver-
sion) [11, 12] and scored using the Optum® PRO
CoRE 1.5 Smart Measurement® System (2019)
[13]. The SF-36 questionnaire consists of eight
equally weighted sections, which are scored out
of a maximum of 100; a score of O is equiva-
lent to maximum disability and a score of 100
is equivalent to no disability. Outcomes are pre-
sented as mean scores. Physical activity measure-
ments were based on the Rapid Assessment of
Physical Activity (RAPA) questionnaire, which
includes measures of aerobic activity (Part 1) and
measures of strength and flexibility (Part 2) [14].
Proportions of patients within each activity level
grouping are reported. Work productivity was
measured via the Work Productivity and Activity
Impairment chronic kidney disease (WPAI-CKD)
questionnaire; five of six questions were based
on a 7-day recall period [15]. Only employed
patients were asked to complete the work pro-
ductivity section of the WPAI-CKD question-
naire. Scores are expressed as mean percentage
impairment; a score of 100% indicates the maxi-
mum impairment and lowest productivity.

Additional relevant symptoms were measured
weekly with a 7-day recall period and rated out
of 10, with higher scores indicating the greatest
symptom severity (Supplementary materials).
Additionally, patients rated their overall feeling
about health (right now). The list of symptoms
assessed was developed by AstraZeneca, based on
a literature review and feedback from a patient
advisory board. Mean scores are reported for
individual symptoms. Diet was assessed via a
simple 7-day food diary recorded by the patient
at baseline.
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Statistical Analysis

The present data are based on an interim study
database analysis performed in November
2022. Patient characteristics were summarised
descriptively. The overall cohort comprised all
enrolled patients. Descriptive analyses were per-
formed for the overall cohort and stratified by
stage 2-3b CKD and stage 4-5 CKD (including
patients on dialysis and with kidney transplanta-
tion), PRO completers and non-completers, and
country. Each patient was clinically staged at
baseline by the enrolling physician. CKD stage
was defined by ICD-10 code, eGFR (stage 2,
60-75 ml/min/1.73 m?; stage 3a, 45-59 ml/
min/1.73 m?; stage 3b, 30-44 ml/min/1.73 m>;
stage 4, 15-29 ml/min/1.73 m?; stage 5, <15 ml/
min/1.73 m?) or other relevant laboratory and
clinical assessments as determined by the enroll-
ing physician. PRO scores were summarised
descriptively. An exploratory analysis compared
baseline PRO (symptom survey, SF-36 and WPAI-
CKD) scores between patients with stage 2-3b
and stage 4-5 CKD (inclusive of dialysis), and
between patients with stage 3a-3b and stage 4-5
CKD without dialysis, based on an analysis of
covariance (ANCOVA) model with adjustments
for: age, sex, medication (renin-angioten-
sin—aldosterone system inhibitors [RAASi]) use
and comorbidities. P<0.05 was considered sta-
tistically significant.

Ethical Approval

This study was performed in accordance with
ethical principles consistent with the Declara-
tion of Helsinki, International Conference on
Harmonisation, Good Clinical Practice, and
the applicable legislation on noninterven-
tional studies and observational studies. The
study received central (approval numbers, Italy:
711/19; UK, REC No. 19/YH/0357; Sweden,
DNR 2019-05355; Spain 2021/342; and USA,
Pro00036594) and local (Japan) institutional
review board ethics approval. The names of the
central ethics committees that approved the
study are Italy: Comitato Etico Indipendente
Istituto Clinico Humanitas; Spain: Ethics

Committee for Research with Drugs of Galicia;
Sweden: Swedish Ethical Review Authority; UK:
Health Research Authority; and USA: Advarra.
A full list of study sites and their respective eth-
ics committees is provided in Supplementary
Table S1. All patients provided written informed
consent.

RESULTS

Patient Demographics and Baseline
Characteristics

Of 1052 patients enrolled, 727 (69.1%) had
stage 2-3b CKD and 325 (30.9%) had stage 4-5
CKD (including patients on dialysis and those
with kidney transplantation). Patient demo-
graphics and baseline characteristics are shown
in Table 1. The majority (79.5%) were enrolled
by a nephrologist. The mean (standard devia-
tion [SD]) age of the patient cohort was 62.5
(13.6) years, 36.9% were female, and mean (SD)
time since CKD diagnosis was 6.7 (7.8) years
(range 0-58.3 years). In all, 8.8% of patients had
ongoing dialysis. Patients with stage 2-3b and
stage 4-5 CKD had generally similar baseline
demographics (Table 1). The most commonly
reported CKD aetiologies (as indicated by treat-
ing physician) were type 2 diabetic kidney dis-
ease, ischaemic or hypertensive nephropathy,
and glomerulonephritis (including chronic glo-
merulonephritis and immunoglobulin A and
membranous nephropathy). Only 18.2% of
patients’ diagnoses were based on kidney biopsy.

Around 11% of patients reported being cur-
rent smokers, and 16.4% reported a family his-
tory of CKD. About 60% of patients were mar-
ried, 33.7% were employed/self-employed and
a small proportion (6.9%) had no health insur-
ance. More than 46% of patients were either
overweight or obese and comorbidities were
highly prevalent: 72.4%, 43.0% and 37.5% of
patients had a history of hypertension, diabetes
and hyperlipidaemia, respectively. Compared
with patients with stage 2-3b CKD, a higher
proportion of patients with stage 4-5 CKD had
hyperkalaemia (21.8% vs. 8.4%) and oedema

A\ Adis



Adv Ther

Table 1 Patient demographics and baseline characteristics

Characteristic Overall (N=1052) Stage 2-3b CKD Stage 4-5
(N=727) CKD*
(N=325)
Age, years, mean (SD) 62.5 (13.6) 63.4(13.4) 60.5 (13.9)
Sex, female, 7 (%)° 388 (36.9) 274 (37.7) 114 (35.1)
Geographical location, 7 (%)°
UK 185 (17.6) 91 (12.5) 94 (28.9)
Italy 104 (9.9) 63(8.7) 41 (12.6)
Japan 223 (21.2) 155 (21.3) 68(20.9)
Spain 129 (12.3) 111 (15.3) 18 (5.5)
Sweden 90 (8.6) 63(8.7) 27 (8.3)
USA 321 (30.5) 244 (33.6) 77 (23.7)
Race, 7 (%)°
White 644 (61.2) 462 (63.5) 182 (56.0)
Asian 235 (22.3) 161 (22.1) 74 (22.8)
Black/African American 79 (7.5) 44(6.1) 35(10.8)
Other 4(0.4) 3 (0.4) 1(0.3)
Missing/not reported 90 (8.6) 57 (7.8) 33(10.2)
BMLI, kg/m*
n 659 491 168
Mean (SD) 30.0 (7.4) 30.4 (7.5) 30.0 (7.1)
<18.5,7 (%)° 16 (1.5) 12 (1.7) 4(12)
18.5 to <25, 7 (%)° 155 (14.7) 110 (15.1) 45 (13.8)
25 to <30, 7 (%)° 187 (17.8) 135 (18.6) 52 (16.0)
>30, 7 (%)° 301 (28.6) 234 (32.2) 67 (20.6)
Missing, 7 (%)° 393 (37.4) 236 (32.5) 157 (48.3)
Alcohol usage
Current 626 (59.5) 442 (60.8) 184 (56.6)
Former 105 (10.0) 66 (9.1) 39 (12.0)
Never 321 (30.5) 219 (30.1) 102 (31.4)
Nicotine usage, 7 (%)°
Currently smokes 118 (11.2) 81(11.1) 37 (11.4)
Formerly smoked 335 (31.8) 252 (34.7) 83 (25.5)
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Table 1 continued

Characteristic Overall (N=1052) Stage 2-3b CKD Stage 4-5
(N=727) CKD*
(N=325)
Never smoked 558 (53.0) 370 (50.9) 188 (57.8)
Missing 41(3.9) 24 (3.3) 17 (5.2)
CKD stage, 7 (%)°
2 87 (8.3) 87 (12.0) 0(0.0)
3a 332 (31.6) 332 (45.7) 0(0.0)
3b 308 (29.3) 308 (42.4) 0(0.0)
4 184 (17.5) 0(0.0) 184 (56.6)
5 141 (13.4) 0(0.0) 141 (43.4)
CKD aetiology,d 7 (%)®
T2 diabetic kidney disease 246 (23.4) 174 (23.9) 72(22.2)
Ischaemic/hypertensive nephropathy 201 (19.1) 153 (21.0) 48 (14.8)
Glomerulonephritis® 112 (10.6) 76 (10.5) 36 (11.1)
Polycystic kidney disease 51 (4.8) 28(3.9) 23 (7.1)
T1 diabetic nephropathy 24(2.3) 16(2.2) 8(2.5)
Lupus nephritis 13 (1.2) 8(1.1) 75 (1.5)
Tubulointerstitial nephritis 10 (1.0) 3(0.4) 7(2.2)
Unknown 187 (17.8) 135 (18.6) 52 (16.0)
Otherf 208 (19.8) 134 (18.4) 74 (22.8)
Speciality of enrolling physician, 7 (%)®
Cardiology 25 (2.4) 22 (3.0) 3(0.9)
Nephrology 836 (79.5) 530 (72.9) 305 (93.8)
General practice 63 (6.0) 62 (8.5) 1(0.3)
Other® 128 (12.2) 113 (15.5) 15 (4.6)
Employment status,  (%)°
Employed 307 (29.2) 207 (28.5) 100 (30.8)
Unemployed 137 (13.0) 80 (11.0) 57 (17.5)
Retired 414 (39.4) 314 (43.2) 100 (30.8)
Self-employed 47 (4.5) 32 (4.4) 15 (4.6)
Other 147 (14.0) 94 (12.9) 53 (16.3)
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Table 1 continued

Characteristic Overall (N=1052) Stage 2-3b CKD Stage 4-5
(N=727) CKD*
(N=325)

Marital status, 7 (%)°

Married 632 (60.1) 459 (63.1) 173 (53.2)
Divorced 64 (6.1) 46 (6.3) 18 (5.5)
Widowed 56 (5.3) 39 (5.4) 17 (5.2)
Never married 148 (14.1) 90 (12.4) 58 (17.8)
Other 152 (14.4) 93 (12.8) 59 (18.2)
Health insurance coverage, 7 (%)°
Private 88 (8.4) 66 (9.1) 22 (6.8)
Public/governmental 861 (81.8) 600 (82.5) 262 (80.6)
Mixed 12 (1.1) 10 (1.4) 2(0.6)
No insurance 73 (6.9) 37 (5.1) 36 (11.1)
Unknown/missing 17 (1.6) 14(1.9) 3(0.9)
Family history, 7 (%)°
CKD 173 (16.4) 110 (15.1) 63 (19.4)
Unknown 354 (33.7) 252 (34.7) 102 (31.4)
Dialysis 94 (8.9) 62 (8.5) 32(9.8)
Unknown 362 (34.4) 251 (34.5) 111 (34.2)
Diabetes 285 (27.1) 217 (29.8) 68 (20.9)
Unknown 358 (34.0) 239 (32.9) 118 (36.3)
Medical history," 7 (%)°
Hypertension 762 (72.4) 534 (73.5) 228(70.2)
Diabetes 452 (43.0) 324 (44.6) 128 (39.4)
Hyperlipidaemia 394 (37.5) 288 (39.6) 106 (32.6)
Myocardial infarction 126 (12.0) 69 (9.5) 57 (17.5)
Heart failure 74 (7.0) 45 (6.2) 29 (8.9)
Atrial fibrillation/flutter 56 (5.3) 40 (5.5) 16 (4.9)
Respiratory disease 134 (12.7) 93 (12.8) 41 (12.6)
Hyperkalaemia 132 (12.5) 61 (8.4) 71(21.8)
Infection (past 12 months) 110 (10.5) 73 (10.0) 37 (11.4)
Oedema 126 (12.0) 69 (9.5) 57 (17.5)
Gout 105 (10.0) 62 (8.5) 43 (13.2)
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Table 1 continued

Characteristic Overall (N=1052) Stage 2-3b CKD Stage 4-5
(N=727) CKD*
(N=325)
Cancer 102 (9.7) 67(9.2) 35(10.8)
Retinopathy 82 (7.8) 53 (7.3) 29 (8.9)
Stroke 64 (6.1) 38(5.2) 26 (8.0)

BMIbody mass index, CKD chronic kidney disease, SD standard deviation, 71 type 1, 72 type 2
*Stage 4-5 CKD includes patients on dialysis and with kidney transplantation

bPercentages are based on the total number of patients within each cohort: overall (N'=1052); with stage 2-3b CKD
(IN=727); or with stage 4-5 CKD (N=325)

“Of the 87 patients with CKD stage 2, 18 had documented albuminuria
dMost likely actiology of CKD, as recorded in the patient’s medical records
“Includes chronic glomerulonephritis and immunoglobulin A and membranous nephropathy

fIncludes focal segmental glomerulosclerosis, chronic interstitial nephritis, chronic pyelonephritis (infectious), other primary
or secondary glomerulonepbhritis, obstructive nephropathy, cystic kidney disease (other), cystic kidney disease (medullary
kidney disease), minimal change, renal artery stenosis, cystic kidney disease (medullary sponge kidney), and other (unspeci-

fied)

¢Includes any specialty other than nephrology, cardiology or general practitioner

hHistory of medical conditions with prevalence > 5% at baseline

(17.5% vs. 9.5%); proportions of patients with
other comorbidities were generally balanced
between the two groups.

Clinical and Biochemical Measures

Median values for chemical and biochemical
measures are shown in Table 2. Median sys-
tolic blood pressure (SBP) was 134.0 mmHg
and median diastolic blood pressure (DBP)
was 77.0 mmHg. Compared with patients with
stage 2-3b CKD, a slightly smaller proportion
of patients with stage 4-5 CKD had an SBP of
<120 mmHg (14.2% vs. 17.1%) and DBP of
<80 mmHg (45.5% vs. 49.9%).

Median (Q;, Q3) haemoglobin (Hb) was
12.9 g/dL (11.6, 14.3; n=894) in the over-
all cohort. A higher proportion of patients
with stage 4-5 CKD had any-grade anaemia
(Hb<12 g/dL) than patients with stage 2-3b
CKD (49.8% vs. 16.9%).

Baseline HbA1c data by CKD stage in the over-
all cohort and in patients with diabetes are pre-
sented in Table 2.

Median (Q;, Q3) urinary albumin—creatinine
ratio (UACR) was 11.8 mg/mmol (1.9, 61.4;
n=267) in the overall cohort. Of patients with
stage 2 CKD, 21% (n=18/87) had evidence of
albuminuria as documented in their records or
based on UACR values.

Medication Utilisation

Over half (58.7%) of the cohort were receiv-
ing RAASis; 64.4% of patients with stage 2-3b
CKD and 46.2% of patients with stage 4-5 CKD
(Fig. 1).

Overall, 79.8% of patients were receiving anti-
hypertensive therapies (including RAASis). The
proportions of patients overall who were receiv-
ing 1, 2, 3 and >4 antihypertensive therapies
were 23.2%, 25.0%, 17.5% and 14.2%, respec-
tively. Use of lipid-lowering and glucose-lower-
ing therapies was also common, being received
by 54.4% and 36.1% of patients, respectively
(Fig. 1). Overall, 14.0% of patients were receiv-
ing sodium-glucose co-transporter 2 inhibitors
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Table 2 Clinical and biochemical measures

Overall (N=1052)

Measure Stage 2-3b CKD (N=727) Stage 4-5* CKD (N =325)

Systolic blood pressure, mmHg

n 905 635 270
Median (Q;, Q,) 134.0 (121.0, 147.0) 132.0 (120.0, 145.0) 136.0 (122.0, 149.0)
<120, 7 (%)° 170 (16.2) 124 (17.1) 46 (14.2)
>120, 7 (%)° 735 (69.9) 510 (70.2) 225 (69.2)
Missing, 7 (%)° 147 (14.0) 93 (12.8) 54 (16.6)
Diastolic blood pressure, mmHg
n 903 634 269
Median (Q;, Q,) 77.0 (70.0, 85.0) 77.0 (70.0, 85.0) 78.0 (70.0, 85.0)
<80,7 (%)° 511 (48.6) 363 (49.9) 148 (45.5)
>80, 7 (%)° 392 (37.3) 270 (37.1) 122 (37.5)
Missing, 7 (%)° 149 (14.2) 94 (12.9) 55 (16.9)
¢GFR, ml/min/1.73 m*
n 965 689 276
Median (Q,, Q,) 39.3(25.3,51.6) 45.9 (37.1,54.9) 17.4(9.5,24.6)
Missing, 7 (%)° 87 (8.3) 38 (5.2) 49 (15.1)
Hb, g/dL
n 894 627 267
Median (Q,, Q,) 12.9 (11.6, 14.3) 13.4 (122, 14.7) 11.6 (10.7, 12.8)
Hb<8,7 (%) 7(0.7) 4(0.6) 3(0.9)
Hb > 8 to < 10, 7 (%)° 34(32) 12 (17) 22(6.8)
Hb > 10 to < 12, 7 (%)° 244 (23.2) 107 (14.7) 137 (42.2)
Hb > 12, 7 (%)® 609 (57.9) 504 (69.3) 105 (32.3)
Missing, 7 (%)° 158 (15.0) 100 (13.8) 58 (17.8)
Urinary albumin—creatinine ratio, mg/mmol
n 267 217 50
Median (Q,, Q,) 11.8 (1.9, 61.4) 8.8 (1.6,38.2) 53.8 (8.9, 113.8)
<30, 7 (%)° 179 (17.0) 157 (21.6) 22 (6.8)
30-300, 7 (%)° 75 (7.1) 52(7.2) 23 (7.1)
>300, 7 (%)® 13 (1.2) 8(1.1) 5(1.5)
Missing, 7 (%)° 785 (74.6) 510 (70.2) 275 (84.6)
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Table 2 continued

Measure

Overall (N=1052)

Stage 2-3b CKD (N=727)

Stage 4-5* CKD (N =325)

LDL, mmol/L
n
Median (Q,, Q)
Missing, 7 (%)°
Potassium, mmol/L
n
Median (Q;, Q)
Missing, 7 (%)°
Bicarbonate, mmol/L
n
Median (Q,, Q)
Missing, 7 (%)°
Sodium, mmol/L
n

Median (Q;, Q;)
Missing, 7 (%)°

501
24(1.8,3.1)
551 (52.4)

909
44 (4.1,4.8)
143 (13.6)

263
25.0 (23.0,27.0)
789 (75.0)

886
140.0 (138.0, 142.0)
165 (15.7)

Total cohort: HbA1c, mmol/mol

n

Median (Q;, Q)
Missing, 7 (%)°

439
465 (39.9,57.5)
613 (58.3)

Patients with diabetes: HbA 1¢, mmol/mol

n

Median (Q,, Q)

Missing, 7 (%)
Phosphate, mmol/L

n

Median (Q Q;)

Missing, 7 (%)°
Urate, umol/L

n

Median (Q;, Q 5)
Missing, 7 (%)°

271
51.0 (44.0, 62.0)
181 (40.0)

543
1.2(1.0,1.3)
509 (48.4)

398
368.8 (309.3,422.2)
654 (62.2)

383
24(1.8,3.1)
344 (47.3)

641
44 (4.1,47)
86 (11.8)

168
25.0 (23.0,27.1)
559 (76.9)

623
140.0 (138.0, 142.0)
104 (14.3)

355
465 (39.9,58.5)
372 (51.2)

217
52.0 (45.0, 62.0)
107 (33.0)

355
1.1(1.0,1.3)
372(51.2)

273
356.9 (303.3, 416.4)
454 (62.4)

118
2.4(1.8,3.1)
207 (63.7)

268
4.6(43,5.0)
57 (17.5)

95
24.0 (22.3,27.0)
230 (70.8)

264
139.0 (138.0, 141.0)
61(18.8)

84
46.5 (38.8,54.2)
241 (74.2)

54
48.0 (41.0,56.0)
74 (57.8)

188
1.3 (1.1, 1.6)
137 (42.2)

125
374.5(321.2,439.2)
200 (61.5)
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Table 2 continued

Measure Overall (N=1052)

Stage 2-3b CKD (N=727)

Stage 4-5* CKD (V=325)

C-reactive protein, mg/L

n 286
Median (Q;, Q) 1.4(0.7,4.9)
Missing, 7 (%)° 766 (72.8)

111
1.2 (0.6,4.0) 2.0(0.8,7.3)
553 (76.1) 213 (65.5)

CKD chronic kidney discase, eGFR estimated glomerular filtration rate, Hb haemoglobin, HbAIc haemoglobin Alc (gly-
cated haemoglobin), HDL high-density lipoprotein, LDL low-density lipoprotein, Q; quartile 1, Q5 quartile 3

*Stage 4-5 CKD includes patients on dialysis and with kidney transplantation

chrcentages are based on the total number of patients within each cohort: overall (W=1052); with stage 2-3b CKD

(IN=727); or with stage 4-5 CKD (N=325)

(SGLT2is) and 10.6% of patients were receiv-
ing erythropoiesis-stimulating agents (ESA),
including 1.9% of patients with stage 2-3b
CKD and 30.2% of patients with stage 4-5
CKD. Around one-third (30.9%) of the overall
cohort were receiving proton pump inhibitors
(PPIs); the proportions were similar in patients
with stage 2-3b and stage 4-5 CKD (31.1% and
30.5%, respectively).

Food Diary Outcomes

Overall, patients consumed a median (Q;, Q3) of
303.0(171.0, 453.0), 363.0 (247.0, 597.0), 340.5
(194.0, 651.0) and 147.5 (11.5, 455.5) calories
through breakfast, lunch, dinner and snacks,
respectively; patients with stage 2-3b and
stage 4-5 CKD had a similar calorie consump-
tion across mealtimes (Table 3). The median
grams of protein consumed through breakfast,
lunch and dinner were 9.3 (4.3, 17.7), 15.7 (7.8,
32.6) and 19.1 (7.5, 32.5), respectively (Table 3).

PRO Questionnaires

At baseline, 42.3%, 42.0%, 40.6%, 41.1% and
41.6% of patients completed the symptoms,
SF-36, WPAI-CKD, RAPA aerobic and RAPA
strength and flexibility questionnaires, respec-
tively. Compared with PROnon-completers,
PRO completers were slightly younger (mean
age 60.9 vs. 65.3 years) and included a higher

proportion of non-white individuals (46.7% vs.
25.3%) (Supplementary Table S2).

Patients generally reported substantial symp-
tom burden and impaired HRQoL and work pro-
ductivity (Fig. 2). As assessed by the symptom
survey, fatigue was reported as the symptom
with the highest severity among the patients
with CKD (Fig. 2a). Patients with stage 4-5 CKD
reported a numerically greater symptom severity
for each of 11 symptoms measured compared
with patients with stage 2-3b CKD. Patients
with stage 4-5 CKD also reported numerically
worse HRQoL than patients with stage 2-3b
CKD for each of eight SF-36 domains (Fig. 2b).
The numerical differences were highest in the
areas of physical functioning, physical role func-
tioning and general health perception. Results
from the WPAI-CKD questionnaire showed that
patients with stage 4-5 CKD reported numeri-
cally greater work impairment than patients
with stage 2-3b CKD for each of four categories
measured (Fig. 2¢). The mean percentage work
time missed was 2.7% and 8.0% for patients with
stage 2-3b CKD and stage 4-5 CKD, respectively.
Of patients with stage 4 or 5 CKD, 40% were
employed (including self-employment) versus
18% of patients with stage 5 CKD with dialysis.

When adjusting for age, sex, RAASi use, and
relevant comorbidities, patients with stage 4-5
CKD (inclusive of dialysis) had significantly
greater work impairment and worse HRQoL than
those with earlier-stage CKD (stage 2-3b) (Sup-
plementary Table S3). Comparison of patients
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«Fig. 1 Current medications overall and by stage 2-3b and
stage 4-5 CKD?". Data included in this figure do not take
into account patient comorbidities or differing availability
of drugs in different geographical locations or at different
timepoints during the study. ACEi angiotensin-converting
enzyme inhibitor, 4RB angiotensin receptor blocker, Ca*
calcium, CKD chronic kidney disease, CPS calcium poly-
styrene sulfonate, DPP4; dipeptidyl peptidase 4 inhibitor,
ESA erythropoiesis-stimulating agent, GLP-1 glucagon-
like peptide-1, H2 histamine 2, HTN hypertensive, IV
intravenous, K potassium, MRA mineralocorticoid recep-
tor antagonist, NSAID nonsteroidal anti-inflammatory
drug, Patiromer calcium patiromer sorbitex, PCSK9 pro-
protein convertase subtilisin/kexin type 9, PPl proton
pump inhibitor, RAAS:i renin-angiotensin—aldosterone
system inhibitor, SGLT2i sodium-glucose cotransporter 2
inhibitor, SPS sodium polystyrene sulfonate, SZC sodium
zirconium cyclosilicate. “CKD stage 4-5 includes patients
on dialysis and with kidney transplantation. Other oral
glucose-lowering therapies include sulfonylureas, thiazoli-
dinediones, biguanides and alpha-glucosidase inhibitors.
‘Anti-HTN therapies include ACEi, ARBs, diuretics,
alpha blockers, beta blockers, combined alpha and beta
blockers, Ca® channel blockers, alpha-2 receptor agonists
and vasodilators. “MRAs include spironolactone and
eplerenone

with stage 3 versus stage 4-5 CKD (without dial-
ysis) showed significantly greater work impair-
ment and worse HRQoL in the latter (Supple-
mentary Table S3).

Overall, most patients partook in regular
weekly aerobic activity but did not partake in
any regular strength or flexibility activities, as
assessed by the RAPA questionnaire (Fig. 2d).
Compared with stage 2-3b CKD, a higher pro-
portion of patients with stage 4-5 CKD reported
an aerobic activity level of under-active light
(32.2% vs. 23.2%, respectively) and a smaller
proportion of patients reported an aerobic activ-
ity level of active (37.1% vs. 49.8%, respectively).

Across six different countries, patients gen-
erally reported a similar symptom severity and
impairment to HRQoL, with slight variation in
work productivity and physical activity levels
(Supplementary Fig. S1).

DISCUSSION

Cohort Characteristics

The prospective DISCOVER CKD cohort is rep-
resentative of multiple races, geographical loca-
tions and clinical backgrounds. Patient charac-
teristics are generally similar to other published
CKD cohorts; however, the DISCOVER CKD
cohort is more geographically diverse (Table 4)
[16-21].

Comorbidity and Medication Burden

This study demonstrates a significant burden of
comorbidities among patients with CKD, which
is consistent with previous findings [16-21]. The
proportion of patients with hypertension was
slightly lower (72.4%) in the DISCOVER CKD
prospective cohort compared with other pub-
lished CKD cohorts (range 77.8-96.1%) [16-21].
The proportion of patients with diabetes (type 1
or 2) in this study (43.0%) was similar to cohort
studies from Germany, France, the USA and
Spain (range 40.8-48.4%) and greater than
cohort studies from Korea and China (33.7%
and 22.3%, respectively) (Table 4) [16-21].
Compared with patients with stage 2-3b CKD,
more patients with stage 4-5 CKD had anae-
mia, hyperkalaemia or oedema, indicating that
comorbidity burden worsens with disease pro-
gression. Of note, there was a relatively low
proportion of patients in the CKD stage 4 and
5 group with heart failure, which is surprising
given that heart failure prevalence increases
with declining renal function, reaching approxi-
mately 20% in patients undergoing haemodialy-
sis [22, 23]. It is possible that the lower burden
of some of the comorbidities, including heart
failure, observed may reflect the inadvertent
selection of a healthier CKD population than
the overall CKD population. However, this was
not investigated.

Medication utilisation in the study cohort
was high, which is unsurprising given the high
comorbidity burden in the population; how-
ever, the findings suggest that utilisation may
not have been optimal. Indeed, given that over
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Table 3 Food diary outcomes

Meal, median (Q;, Q;) Overall (N=1052)

Stage 2-3b CKD (N'=727)

Stage 4-5* CKD (N =325)

Breakfast, »
Calories, kcal
Protein, g
Potassium, mg
Sodium, mg
Fat, g

Lunch, »
Calories, kcal
Protein, g
Potassium, mg
Sodium, mg
Fat, g

Dinner, »
Calories, keal
Protein, g
Potassium, mg
Sodium, mg
Fat, g

Snacks,
Calories, keal
Protein, g
Potassium, mg

Sodium, mg

Fat, g

165

303.0 (171.0, 453.0)
9.3 (4.3,17.7)

335.0 (150.0, 556.5)
346.0 (104.0, 671.0)
5.8 (2.6,15.2)

119

363.0 (247.0, 597.0)
15.7 (7.8, 32.6)
437.5 (158.0,990.0)
369.0 (51.0, 669.0)
7.8 (1.2,20.9)

94

340.5 (194.0, 651.0)
19.1(7.5,32.5)
467.0 (220.0, 902.0)

459.5(107.0, 1161.0)

10.4 (2.7,21.6)

40

147.5 (11.5, 455.5)
24(0.4,12.1)
159.0 (8.0,973.5)

15.0 (3.0, 104.0)
2.5(0.1,13.4)

122
295.5 (168.0, 444.0)
9.3(3.8,17.4)

342.0 (165.0, 551.0)
348.0 (98.0, 671.0)
5.7 (1.9, 13.6)

89

400.0 (267.0,595.0)
19.4(7.9,33.2)
483.0 (180.5, 1005.0)
362.0 (51.0, 669.0)
8.8 (1.6,23.2)

67

313.0 (194.0, 651.0)
19.1(7.0,32.8)
468.0 (220.0,912.0)
485.0 (77.0,977.0)
10.7 (3.0, 21.6)

25

158.0 (6.0, 453.0)
1.2(0.3,10.4)

153.0 (7.0, 689.0)

15.0 (3.0, 104.0)
1.7 (0.1,18.2)

43

311.0 (200.0, 626.0)
9.3 (4.9,21.2)

290.0 (117.0, 735.0)
325.0 (125.0, 679.0)
7.6 (3.4,21.4)

30

331.0 (241.0, 604.0)
11.8(7.2,24.5)
256.0 (72.0, 606.0)
407.0 (60.0, 628.0)
43(1.0,12.2)

27

376.0 (179.0, 732.0)
19.1(8.9,32.1)
466.0 (205.0,770.0)
442.0 (107.0, 1353.0)
9.3(1.9,21.2)

15

146.0 (27.0, 590.0)
3.3(0.5, 15.6)

190.0 (48.0, 2676.0)

28.0 (2.0, 104.0)
2.9(0.1,6.2)

CKD chronic kidney disease, Q, quartile 1, Q5 quartile 3

*Stage 4-5 CKD includes patients on dialysis and with kidney transplantation

bData available for =39

two-thirds of the overall cohort did not meet
the Kidney Disease Improving Global Outcomes
(KDIGO) and European Society of Cardiology
SBP target of <120 mmHg [24], the proportions
of patients receiving antihypertensive and RAASi
therapies were suboptimal. Overall, 25.0% and
17.5% of patients were receiving two and three

antihypertensive therapies, respectively, which
is lower than expected, considering that KDIGO
recommends that patients with CKD who have
an SBP of 220 mmHg above the target will need
combinations of at least two antihypertensive
drugs [25]. Fewer patients were receiving RAASi
therapy in this study (58.7%) than in similar
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cohort studies (range 68.3%-88.1%) (Table 4)
[16-20]. These findings highlight a discord
between the KDIGO blood pressure management
guidelines for patients with CKD and clinical
practice. However, national recommendations
for blood pressure control in patients with CKD
vary. For example, UK guidelines recommend a
clinical blood pressure target of <140/90 mmHg
(SBP/DBP) in patients with CKD and an albu-
min to creatinine ratio of <70 mg/mmol, and
<130/80 mmHg (SBP/DBP) in patients with CKD
and an albumin to creatinine ratio of >70 mg/
mmol [26]. Furthermore, some physicians may
be reluctant to intensively target an SBP of
<120 mmHg if their patients have type 2 diabe-
tes because of the significantly higher reported
risk of serious adverse events attributed to anti-
hypertensive medications and of eGFR reduc-
tions to <30 ml/min/1.73 m? [27].

Our findings show room for improvement
with metformin and SGLT2i utilisation, given
that they are the recommended first-line thera-
pies for patients with CKD [28] and type 2 diabe-
tes, and that nearly half of all enrolled patients
had diabetes. Metformin prescriptions are not
expected in patients with stage 4-5 CKD, given
that KDIGO and the American Diabetes Asso-
ciation recommend metformin only for patients
with eGFR>30 ml/min/1.73 m? [29, 30]. How-
ever, in patients with stage 2-3 CKD, metformin
was under-prescribed; 44.6% of these patients
had type 1 or 2 diabetes but only 15.4% were
receiving metformin. By contrast, metformin
should be discontinued in the 0.6% of patients
with stage 4-5 CKD. Recommendations to treat
patients with CKD and type 2 diabetes with
SGLT2is were more strongly reinforced in the
KDIGO 2022 update than they had been pre-
viously [28]. As this study enrolled patients
between September 2019 and June 2022, an
increase in SGLT2i use in practice may not be
reflected in our findings. The proportion of
patients receiving PPIs in this study was similar
to that in another published prospective CKD
cohort study (30.9% vs. 32.5%, respectively)
[31]. However, long-term PPI use in patients
with CKD has been linked to both acute kidney
injury and disease progression, and it is possi-
ble that they are being over-prescribed and used
inappropriately [31]. The utilisation of RAASi

and SGLT2i and impact on cardiorenal outcomes
will be further explored in a forthcoming DIS-
COVER CKD publication.

Overall, the high comorbidity and medica-
tion burden of patients with CKD indicates a
requirement for more comprehensive CKD man-
agement, including regular monitoring of health
and treatments.

PRO Questionnaires

Patients in the DISCOVER CKD prospective
cohort reported a high symptom burden, with
fatigue being the symptom reported with high-
est severity, and suboptimal HRQoL, which
aligns with findings of a meta-analysis [32]. For
every SF-36 variable assessed in this study, mean
scores were comparable with individuals report-
ing long-standing illnesses, and below those of
healthy working adults reporting no long-stand-
ing illness [33]. This provides further evidence
for the negative impact on HRQoL in patients
with CKD and indicates that there is room for
improvement in patient management, particu-
larly with the mitigation of symptoms such as
fatigue.

Patients with advanced CKD reported lower
scores on the PRO questionnaires compared
with patients with stage 2-3b CKD, highlight-
ing the considerable increase in disease burden
associated with CKD progression. In particular,
this study found a numerically greater symp-
tom severity for all assessed symptoms and
worse HRQoL scores for all categories of the
SF-36 questionnaire. According to the WPAI-
CKD questionnaire, patients with advanced
CKD reported numerically worse scores for all
four categories of work time missed, impair-
ment at work, activity impairment and over-
all work productivity loss. The lower scores in
more advanced disease are unlikely to be due to
differences in age or CKD aetiology, given that
patients with stage 2-3b CKD had an older mean
age than patients with stage 4-5 CKD (63.4 years
vs. 60.5 years) and that there were no meaning-
ful differences in CKD aetiology between groups.
The decline in patient well-being with disease
progression seen in this study may have impli-
cations for healthcare services as well as for
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«Fig.2 Bascline patient-reported outcomes overall and by
stage 2—3b and stage 4-5 CKD: Symptoms (a); SF-36 (b);
WPAI-CKD (c); RAPA (d). a Scores describe patients’
experience of symptoms in the last 7 days. Individual scores
are out of a maximum of 10; the overall HRQoL score is a
combined score out of a maximum of 110. Higher symp-
tom/overall scores indicate greater symptom burden. b
Weighted scores from each of eight sections of the SF-36
questionnaire are converted onto a 0—100 scale, with lower
scores indicating worse HRQoL. ¢ WPAI-CKD outcomes
are expressed as impairment percentages, with higher num-
bers indicating greater impairment and less productiv-
ity. Work time missed = percent work time missed due to
problem; impairment at work = percent impairment while
working due to problem; activity impairment = percent
activity impairment due to problem; overall work impair-
ment = percent overall work impairment due to problem.
d Acrobic RAPA categories are scored as follows: sed-
entary=no/rare physical activity; under-active=some
light/moderate physical activity but not on a weekly basis;
under-active (light activity) = weekly light physical activ-
ity; under-active regular=<30 min/day or <5 days/week
of moderate physical activity or <20 min/day or <3 days/
week of vigorous physical activity; active = > 30 min/day or
>5 days/weck of moderate physical activity or 220 min/
day or >3 days/week of vigorous physical activity. CKD
chronic kidney disease, HRQoL health-related quality
of life, RAPA Rapid Assessment of Physical Activity, SD
standard deviation, SF-36 36-item Short Form WPAL
CKD Work Productivity and Activity Impairment chronic
kidney disease. *CKD stage 4-5 includes patients on dialy-
sis and with kidney transplantation

patients, such as increases in healthcare costs
and societal costs (due to productivity loss) [34].
These findings suggest that to preserve patient
HRQoL, prevention of CKD progression should
be a priority in CKD management standard-of-
care practices and that physicians should moni-
tor patients closely to detect signs of worsening
disease.

Future Analyses

The frequency of clinical events, such as heart
tailure, myocardial infarction, dialysis need and
death, as well as complications, particularly
those associated with the cardiovascular system
and diabetes, will be assessed in future analyses

and compared with their baseline frequency. It
would be of interest to monitor the utilisation
of SGLT2i, glucagon-like peptide-1 receptor ago-
nists and non-steroidal mineralocorticoid recep-
tor antagonists as awareness of new recommen-
dations and accessibility to these classes of drugs
increase. The longitudinal collection of a wide
range of variables from a diverse patient popula-
tion—both geographically and clinically—will
provide a rich dataset to enhance the current
understanding of the epidemiology, clinical
management, treatment patterns and disease
trajectory of patients with CKD.

Limitations

Strengths of this study include the racial, geo-
graphical and clinical diversity of the patient
population, and the broad range of clinical vari-
ables collected, which will provide a rich dataset
for future analyses and increase generalisability
of our findings to patients with CKD worldwide.
As is common with real-world studies, there were
missing baseline data for some assessed variables
in this analysis, in particular UACR (74.6%) and
body mass index (37.4%), which limits the inter-
pretation of CKD diagnosis and the generalis-
ability of the results. Baseline eGFR data were
missing at random for 87 (8.3%) patients, for
whom CKD staging was based largely on ICD-
10 codes; however, as the majority (79.3%) had
CKD stages 3b-5 (Supplementary Table S4), the
use of ICD-10 codes to define CKD stage in the
absence of eGFR data may be deemed sufficient,
in line with previous reports [35].

The high volume of missing data for some
variables may reflect their infrequent or chal-
lenging measurement in clinical practice, or lack
of documentation or access to the data. How-
ever, collecting data from electronic databases
and health records is recognised as a key chal-
lenge in observational studies, for diverse rea-
sons including potential for data fragmentation
and heterogeneity [36].

The symptoms and food diary questionnaires
were developed specifically for this study and
are not yet validated; therefore, their reliability
has not been fully ascertained, and the results
should be considered exploratory in nature.
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Table 4 continued
BMI > 24 kg/m>

8¢GFR > 30 ml/min/1.73 m?

heGFR > 60 ml/min/1.73 m>

{eGFR 2 60 ml/min/1.73 m?

IStage 3aand 3b

keGFR 45-60 ml/min/1.73 m?

eGFR 30 to < 60 ml/min/1.73 m?
meGFR 30-45 ml/min/1.73 m?

"eGFR < 30 ml/min/1.73 m?

°eGFR 15-30 mL/min/1.73 m>

PEstimated using the MDRD, CKD Epidemiology Collaboration and Cockroft-Gault equations

9Estimated using the CRIC equation

‘Including patients on angiotensin-converting enzyme inhibitors and angiotensin receptor blockers (1% in DISCOVER CKD and 10.8% in MERENA)

Future studies would explore validation of these
questionnaires to determine their internal con-
sistency and validity. Although nearly two in
five patients did not complete PRO question-
naires in this study, achieving high response
rates to survey materials is generally recognised
as challenging for a variety of factors [37]. Dif-
ferences in baseline demographics and disease
characteristics between PRO completers and
non-completers mean that baseline PRO find-
ings may differ among non-completers; this war-
rants further evaluation.

CONCLUSIONS

Patients enrolled in the DISCOVER CKD pro-
spective cohort study were racially and clinically
diverse, with representation across CKD stages,
varied disease aetiologies, and a broad range of
comorbidities and medication prescriptions.
There is a need to improve prescribing patterns
to ensure that patients with CKD and related
comorbidities are receiving optimal, guideline-
directed treatment.
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