
CLINICAL RESEARCH
Corre

and P

CB2 8

Recei

Janua

Kidney
Health Care Resource Utilization

and Related Costs of Patients With CKD

From the United States: A Report

From the DISCOVER CKD Retrospective Cohort
Juan Jose Garcia Sanchez1, Glen James1, Juan Jesus Carrero2, Matthew Arnold1,

Carolyn S.P. Lam3,4, Carol Pollock5, Hungta (Tony) Chen6, Stephen Nolan1,

David C. Wheeler7 and Roberto Pecoits-Filho8,9

1AstraZeneca, Cambridge, UK; 2Karolinska Institutet, Department of Medical Epidemiology and Biostatistics, Stockholm,

Sweden; 3National Heart Center, Department of Cardiology, Singapore, Singapore; 4Duke-NUS Medical School, Singapore,

Singapore; 5Kolling Institute- Royal North Shore Hospital University of Sydney, Sydney, Australia; 6AstraZeneca, Gaithersburg,

United States; 7University College London, London, United Kingdom; 8School of Medicine- Pontifical Catholic University of

Parana, Curitiba, Brazil; and 9Arbor Research Collaborative for Health, Ann Arbor, Michigan, USA
Introduction: It is well established that chronic kidney disease (CKD) results in a significant burden on

patients’ health and health care providers. However, detailed estimates of the health care resource utili-

zation (HCRU) of CKD are limited, particularly those which consider severity, comorbidities, and payer

type. This study aimed to bridge this evidence gap by reporting contemporary HCRU and costs in patients

with CKD across the US health care providers.

Methods: Cost and HCRU estimates of CKD and reduced kidney function without CKD (estimated

glomerular filtration rate [eGFR]: 60�75 and urine albumin-to-creatinine ratio [UACR]: <30) were derived

for US patients included in the DISCOVER CKD cohort study, using linked inpatient and outpatient data

from the limited claims-EMR data set (LCED) and TriNetX database. Patients with a history of transplant or

undergoing dialysis were not included. HCRU and costs were stratified by CKD severity using UACR and

eGFR.

Results: Overall health care costs ranged from $26,889 (A1) to $42,139 (A3), and from $28,627 (G2) to

$42,902 (G5) per patient per year (PPPY), demonstrating a considerable early disease burden which

continued to increase with declining kidney function. The PPPY costs of later stage CKD were particularly

notable for patients with concomitant heart failure ($50,191 [A3]) and those covered by commercial payers

($55,735 [A3]).

Conclusions: Health care costs and resource use associated with CKD and reduced kidney function pose a

substantial burden across health care systems and payers, increasing in line with CKD progression. Early

CKD screening, particularly of UACR, paired with proactive disease management may provide both an

improvement to patient outcomes and a significant HCRU and cost saving to health care providers.
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C
KD has been estimated to affect 14.8% of adults in
the US, across all stages of the disease, a proportion

which is likely to increase because of an aging popu-
lation and increasing incidence of type 2 diabetes
(T2D), cardiovascular disease, hypertension, and other
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conditions with established links to CKD.1-3 CKD is
associated with substantial morbidity and mortality, as
well as decreased quality of life and high health care
costs from patients’ more frequent and expensive in-
teractions with health care services, due in part to
strongly associated comorbidities, complications, and
the frequent requirement for expensive renal replace-
ment therapies as CKD progresses toward kidney fail-
ure.1,4-7 US modeling projections further predict that
CKD prevalence will increase in adults aged >30 years
to 16.7% by 2030.8
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The progressive nature of CKD is characterized by a
sustained reduction in kidney function with a reduction
in glomerular filtration rate and generally an increase in
UACR. The categorization of patients by eGFR and
UACR according to the Kidney Disease Improving
Global Outcomes (KDIGO) 2012 guidelines is crucial for
accurate prognosis and patient management.9 Patients in
more at-risk categories generally experience decreased
quality of life, increased health care utilization, as well
as increased risk of cardiovascular disease and mortality,
which have been independently linked to lower eGFR
and higher UACR.9-11 Contemporary US modeling pro-
jections show that routine UACR measurement paired
with appropriate intervention could prevent CKD pro-
gression to later stages (stages G3b–G5) in approxi-
mately 1.3 million patients with associated health care
savings of $16 billion between 2020 and 2025.12

Recent real-world studies have been published
regarding the HCRU of CKD in the US setting.13,14 One
study reported HCRU and costs in a real-world popu-
lation with CKD stage 2 to 4. Patients with UACR 200 to
5000 mg/g had significantly higher health care costs
than patients with UACR 0 to 199 mg/g at $39,222
versus $19,547 PPPY, respectively, and increased rates
of hospitalizations (0.55 vs. 0.20 PPPY) and outpatient
visits (7.55 vs. 6.74 PPPY), respectively.13 A separate
study reported total health care costs of $24,029 PPPY
among patients with CKD and T2D in the first year after
diagnosis; in addition, annual costs of late stage CKD
were substantially greater than early stage CKD (Stage
5: $110 210 vs. Stage 1: $18 529).14

Robust economic tools are required to inform regu-
latory agencies, health care providers and other budget
holders of the value of new treatments for improving
patient outcomes in the context of a health care system
with limited resources. To conduct such evaluations,
thorough HCRU estimates are required to accurately
model the relevant CKD population, with data derived
from real-world clinical practice providing the gold
standard of evidence. In addition, granular data may be
used to better inform the health sector with resourcing
requirements for more efficient health care delivery.
Using inpatient and outpatient care data obtained from
the LCED and TriNetX database, this study describes the
HCRU of patients with CKD and reduced kidney func-
tion without CKD (eGFR: 60�75 and UACR: <30) in the
US, stratified by eGFR and UACR, to provide a valuable
source of contemporary HCRU and cost data, with the
aims of informing future economic evaluations for new
and effective therapies. In addition, the classification by
both eGFR and UACR in this study provides valuable
granular data on patients with albuminuria, which has
been linked to worsened clinical outcomes indepen-
dently of eGFR.10,15-17
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METHODS

Study Population

DISCOVER CKD is a multinational, observational cohort
study in patients with CKD.18 The patients included in
the analysis reported here are a subset derived from
DISCOVER CKD based on the US retrospective patient
cohort, which correspond to patients recorded in the
LCED and TriNetX databases. The full DISCOVER CKD
study was comprised of a retrospective patient cohort
capturing primary and secondary care data from estab-
lished anonymized datasets and a prospective cohort
collecting primary and secondary data (ClinicalTrials.
gov identifier: NCT04034992).

The DISCOVER CKD eligibility criteria have been
previously described,18 but in brief the eligible patient
cohort included adult patients diagnosed with CKD
after January 1, 2008 and $1 year of medical history
available before the index date. Diagnosis was defined
as follows: (i) documented diagnostic code (e.g., Inter-
national Classification of Diseases 10) for CKD Stages
G3a through to kidney failure or (ii) 2 consecutive
eGFR measures of <75ml/min per 1.73m2 recorded
>90 days apart (maximum 730 days).

The following additional inclusion criteria were
applied for this analysis: (i) 2 consecutive eGFR mea-
sures 5 to 75 ml/min per 1.73 m2 recorded >90 days
apart (maximum 730 days), and (ii) $1 UACR mea-
surement within 1 year before or any time up to 5 years
after the index date. The UACR measure closest to in-
dex was used to categorize patients.

The following additional exclusion criteria were
applied: (i) patients without 2 measures of eGFR<75 ml/
min per 1.73m2 recorded at least 90 days apart on or after
1 January 2008, (ii) eGFR measures <5 ml/min per 1.73
m2were excluded (eGFRmeasures only, not the patient),
(iii) death within 30 days of index date (where available
in data source), (iv) history of type 1 diabetes mellitus, or
(v) a history of renal transplant or dialysis at index.

Baseline patient demographics and laboratory pa-
rameters were defined as the most recent variable before
index within a 1-year lookback period (1 year before
index). Medication usage at baseline was defined as any
treatment received at index or within the 1-year look-
backperiod. Comorbidity history at baselinewas defined
as any history before index spanning the patient’s entire
availablemedical history. For any repeatedmeasures, the
nonmissing data closest to the index date were used.

The KDIGO classification system, an internationally
recognized framework for appraising the severity and
prognosis of CKD incorporating both eGFR and UACR
measurements, was used to assess CKD severity
(Supplementary Figure S1).9 As per the KDIGO guide-
lines, patients with eGFR 60 to 75 and UACR <30 are
Kidney International Reports (2023) 8, 785–795
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not classified as having CKD. Nonetheless, these pa-
tients make up a large portion of the population with
decreased kidney function and are included in this
study for information purposes. eGFR 60 to 75 is clas-
sified as mildly decreased and UACR <30 is normal to
mildly increased.9

Study Period

This analysis covered a study period of 2012 to 2018 for
LCED associated data and from 2008 to 2019 for Tri-
NetX data. Data sources were reported separately to
protect patient confidentiality. Patients were followed
up until the end of data collection, database end, loss to
follow-up or death, whichever occurred first. The in-
dex date corresponded with the patient’s baseline and
was defined as the date of the second eGFR measure-
ment recorded >90 days after the first measurement
(maximum 730 days).

Data Sources

Data used in this study were sourced from the linked
IBM MarketScan and Explorys Claims-EMR data sets,
in which data were linked by IBM at the individual
patient level. Specifically, the 5-year LCED was used,
which included electronic health records and claims
data. This study also used data from TriNetX, a global
federated research network of electronic health re-
cords; both databases captured inpatient and outpa-
tient records (more details are provided in
Supplementary Methods). HCRU derived from each
database were analyzed and reported separately.

Study End Points

Study endpoints included in this analysis were patient
follow-up, total length of hospital admission, HCRU,
and costs. HCRU were recorded as the total number of
events within the study period and the incidence rates.
Costs associated with each resource category were re-
ported as total and annualized costs over the study
period. HCRU and costs of outpatient visits and hos-
pitalization were captured from the LCED, costs were
reported directly within the database. HCRU associated
with outpatient visits, hospitalization, critical care, and
emergency room (ER) visits were captured from the
TriNetX database, costs were not available from Tri-
NetX and therefore were not included in the analysis.

Statistical Analysis

Descriptive analysis for annualized HCRU or costs were
undertaken across resource categories. The LCED cost
analysis captured costs covered by insurance providers
and employers in addition to patients’ out of pocket
costs. Patients were not censored for transplant or
dialysis initiation during the study period to capture all
types of CKD, including progression to renal
Kidney International Reports (2023) 8, 785–795
replacement therapy. However, the specific costs of
dialysis and transplant were not included in this
analysis. Data were analyzed per database (LCED and
TriNetX) for the overall cohort, stratified by eGFR and
UACR categories, by comorbidity and medical history
at baseline (T2D and heart failure [HF]) and by payer
type for LCED cohort costs (commercial and Medicare).
Costs were sourced directly from the LCED, recorded as
US dollars and inflated to 2019 values. Costs recorded
for the follow-up period were used to calculate annual
costs across the cohort. Annualized event rates were
expressed as the incidence of the outcome per 100
person-years.
RESULTS

Baseline Characteristics

DISCOVER CKD captured a large US patient cohort,
including 6351 and 18,327 patients meeting the eligi-
bility criteria of this study, with data sourced from the
LCED and TriNetX databases respectively (Table 1).

The most common comorbidities at baseline were
hypertension (LCED: 85.7%, TriNetX: 75.8%) and T2D
(LCED: 68.4%, TriNetX: 64.9%). The majority of pa-
tients (91.0% and 82.2%) had eGFR between 45 and 75
ml/min per 1.73 m2, and had UACR <30 mg/g (77.1%
and 62.3%), corresponding to LCED and TriNetX
respectively (Supplementary Tables S1 and S2).

HCRU in the Overall Cohort

HCRU of the DISCOVER CKD retrospective cohort
increased with worsening measures of CKD severity.
Rates of HCRU generally increased with worsened
eGFR and UACR.

The overall rates of outpatient visits were substan-
tially greater than hospitalizations; however, the
magnitude of difference between UACR subcategories
was larger for hospitalization; 1.4-fold and 2.5-fold
increase between A1 and A3 patients for outpatient
visits and hospitalization, respectively. HCRU trends
were similar between eGFR subcategories; 5.2-fold and
3.0-fold increase between G2 and G5 patients for
outpatient visits and hospitalization, respectively
(Table 2, LCED). The length of stay (LOS) for each
hospital admission also increased with severity (mean
LOS: 8.5 [A1] to 14.9 days [A3] and 9.1 [G2] to 17.5 days
[G5]; Supplementary Tables S3 and S4).

Increasing hospitalization and outpatient visit rates
were mirrored in the TriNetX cohort. In addition, rates
of critical care and ER visits increased 4.5-fold and 1.2-
fold between A1 and A3 patients, and 2.0-fold and 2.0-
fold between G2 and G5 patients for critical care and
ER visits, respectively. Contrary to UACR stratified
data, the greatest HCRU rates across the TriNetX cohort
787



Table 1. Baseline characteristics

Variable
LCED cohort
(N [ 6351)

TriNetX cohort
(N [ 18,327)

Follow-up (yr), mean (SD) 3.4 (1.7) 3.2 (2.4)

Demographics

Female, n (%) 3186 (50.2) 10,075 (55.0)

Age, mean (SD) 65.3 (10.5) 65.7 (11.7)

KDIGO eGFR categories, n (%)

G2a: 60–75 ml/min per 1.73 m2 4178 (65.8) 9,953 (54.3)

G3a: 45–<60 ml/min per 1.73 m2 1599 (25.2) 5,119 (27.9)

G3b: 30–<45 ml/min per 1.73 m2 454 (7.1) 2,208 (12.0)

G4: 15–<30 ml/min per 1.73 m2 103 (1.6) 830 (4.5)

G5: 0–<15 ml/min per 1.73 m2 17 (0.3) 217 (1.2)

KDIGO UACR categories, n (%)

A1: <30 mg/g 4895 (77.1) 11,423 (62.3)

A2: 30–<300 mg/g 1140 (17.9) 4995 (27.3)

A3: $300 mg/g 316 (5.0) 1909 (10.4)

Laboratory values, median (IQR)

eGFR, ml/min per 1.73 m2 65.0 (56.3–70.5) 61.7 (50.1–69.2)

UACR, mg/g 7.8 (3.7–21.3) 17.0 (7.0–62.5)

Hb, g/dl 13.6 (12.5–14.7) 13.2(12.0–1 4.4)

Medical History/Comorbidities at baseline, n (%)

History of HF 533 (8.4) 1735 (9.5)

History of coronary heart disease 1422 (22.4) 3657 (20.0)

History of myocardial infarction 368 (5.8) 998 (5.4)

History of hypertension 5440 (85.7) 13,898 (75.8)

History of T2D 4345 (68.4) 11,892 (64.9)

History of stroke 983 (15.5) 1669 (9.1)

History of hyperkalemia 166 (2.6) 504 (2.8)

Baseline medication use, n (%)

RAAS inhibitors
(ACE inhibitors and ARBs)

4248 (66.9) 8953 (48.9)

Diuretics (MRAs, loop diuretics and
thiazide diuretics)

3039 (47.9) 7097 (38.7)

Anticoagulants 926 (14.6) 3262 (17.8)

Antiplatelets (aspirin, clopidogrel, and
other agents)

1258 (19.8) 4920 (26.8)

Antihypertensive therapies
(calcium channel blockers
[DHP and non-DHP],
b-blockers and a-blockers)

3694 (58.2) 8698 (47.5)

ACE, angiotensin converting enzyme; ARB, angiotensin II receptor blocker; CKD, chronic
kidney disease; DHP, dihydropyridine; eGFR, estimated glomerular filtration rate; Hb,
hemoglobin; HF, heart failure; IQR, interquartile range; MRA, mineralocorticoid receptor
antagonist; RAAS, renin-angiotensin-aldosterone system; T2D, type 2 diabetes; UACR,
urine albumin-creatinine ratio.
aRestricted G2 KDIGO category based on eGFR cut-off from study inclusion criteria
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were not associated with the worse eGFR groupings but
were observed in the G4 category (Table 3, TriNetX).

HCRU Stratified by Comorbidity

When stratified by underlying comorbidities, rates of
HCRU across the LCED cohort were comparable between
those with comorbid T2D and CKD or reduced kidney
function without CKD (eGFR 60�75 and UACR<30) and
those without T2D; with hospitalization and outpatient
visits of 23.7 versus 19.0 and 1969.8 versus 1768.2 events
per 100 patient years, respectively. When stratifying by
the presence of HF, HCRU rates were substantially
higher in patients with comorbid HF compared to those
without for both hospitalization and outpatient visits
788
(55.9 vs. 18.8 and 2884.4 vs. 1807.9 events per 100 pa-
tient years, respectively).

HCRU across the TriNetX cohort followed the same
trends. Critical care and ER visit rates were comparable
between patients with and those without T2D but were
substantially higher in patients with comorbid HF
compared to those without (84.4 vs. 25.1 and 36.8 vs.
14.9 events per 100 patient years, respectively).

Health Care Costs in the Overall Cohort (LCED)

Total mean health care costs were $29,664 PPPY and
ranged from $26,889 (A1) to $42,139 (A3) across UACR
categories, and from $28,627 (G2) to $42,902 (G5) across
eGFR categories (Figure 1). Although patients experi-
enced outpatient visits at a much higher rate than
hospitalizations, overall costs were substantially
greater for hospitalization (mean costs: $21,382 vs.
$8282 PPPY; SupplementaryTable S5).

HCRU category costs for both hospitalization and
outpatient visits generally rose with increasing CKD
severity (Table 4 and Figure 1). Increased hospitaliza-
tion costs were driven by both an increased rate of
events and an increased LOS per admission as severity
increased (Supplementary Tables S3 and S4).

Annual health care costs for patients with an
absence of CKD but eGFR 60 to 75 and UACR <30 are
already substantial (mean costs: $25,377); comparing to
patients with G3a CKD, there is only a marginal in-
crease in costs ($28,064) which increase more substan-
tially at later stages of CKD (Figure 1), indicating a
nonlinear cost burden as CKD worsens.

Health Care Costs Stratified by Comorbidity

(LCED)

When stratified by underlying comorbidity, total
health care costs were comparable between patients
with comorbid T2D and CKD or reduced kidney
function without CKD (eGFR 60–75 and UACR <30)
compared to those without T2D (mean cost: $30,260 vs.
$28,321 PPPY) and were substantially higher for pa-
tients with comorbid HF compared to those without
($41,598 vs. $27,989). Costs generally increased in line
with worsened UACR and eGFR (Figure 2).

Health Care Costs Stratified by Payer Type

(LCED)

When stratified by payer type, total health care costs
covered by commercial payers (employer sponsored
private health care) were substantially greater than costs
covered by Medicare (mean cost: $37,843 vs. $22,660
PPPY, respectively). As in the overall cohort, commercial
and Medicare health care costs and utilization rates
generally rosewith CKD severity for both hospitalization
and outpatient visits (Supplementary Tables S6–S11).
Kidney International Reports (2023) 8, 785–795



Table 2. Health care resource utilization from LCED cohort, stratified by eGFR and UACR
UACR 0--<30 mg/g UACR 30--<300 mg/g UACR ‡300 mg/g

Events Rate per 100 person yr (95% CIs) Events Rate per 100 person yr (95% CIs) Events Rate per 100 person yr (95% CIs)

Hospitalization (N [ 6351)

(n [ 4895) (n [ 1140) (n [ 316)

eGFR 60–75 1319 15.6 (14.8–16.5) 396 25.5 (23.1–28.2) 105 36.9 (30.2–44.6)

eGFR 45–<60 507 17.2 (15.8–18.8) 319 36.0 (32.2–40.2) 109 41.0 (33.7–49.5)

eGFR 30–<45 156 25.8 (21.9–30.2) 131 42.6 (35.6–50.6) 76 39.8 (31.4–49.8)

eGFR 15–<30 38 34.2 (24.2–46.9) 35 52.6 (36.6–73.1) 45 60.7 (44.2–81.2)

eGFR 0–<15 <11 113.3 (48.9–223.2) <11 63.2 (28.9–119.9) <11 125.1 (57.2–237.5)

Overall 2028 16.7 (16.0–17.5) 890 31.5 (29.5–33.6) 344 41.8 (37.5–46.5)

Outpatient Visits (N [ 6351)

(n [ 4895) (n [ 1140) (n [ 316)

eGFR 60–75 146,490 1734.5 (1725.6–1743.4) 28,850 1860.1 (1838.7–1881.7) 6834 2400.6 (2344.0–2458.2)

eGFR 45–<60 52,181 1773.8 (1758.6–1789.1) 19,387 2187.9 (2157.2–2218.9) 5551 2088.4 (2033.8–2144.1)

eGFR 30–<45 11,388 1883.5 (1849.0–1918.4) 7067 2298.5 (2245.2–2352.8) 4926 2580.3 (2508.8–2653.4)

eGFR 15–<30 1851 1665.4 (1590.4–1743.0) 1885 2830.8 (2704.4–2961.5) 2403 3238.9 (3110.6–3371.0)

eGFR 0–<15 164 2322.7 (1980.8–2706.6) 1247 8752.2 (8273.1–9251.8) 125 1738.0 (1446.7–2070.7)

Overall 212,074 1751.2 (1743.7–1758.6) 58,436 2068.2 (2051.5–2085.1) 19,839 2,411.3 (2377.8–2445.0)

CI, confidence interval; eGFR, estimated glomerular filtration rate; UACR, urine albumin-creatinine ratio.
NB: number of events <11 not specified for preservation of patient anonymity
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However, though overall costs were greater for com-
mercial payers, particularly for hospitalizations
(Figure 3), the rates of hospitalization were higher for
Medicare covered patients (25.2 vs. 17.5 events per 100
person-years; Supplementary Tables S10 and S11).

Comparatively, there was a much greater increase in
commercial health care costs as eGFR and UACR
worsened than Medicare covered costs, which were
relatively similar across severity categories (Figure 3).
A higher proportion of patients covered by Medicare
had more severe eGFR (G3b–G5) compared to com-
mercial covered patients (5.8% and 13.1%, respec-
tively) but there were similar proportions of patients in
the most severe UACR category ([A3]: 5.1% and 4.8%,
respectively).

The average hospital LOS is greater for patients
covered by commercial payers compared to Medicare
beneficiaries (10.9 vs. 9.6 days) and is particularly
disparate for patients with poor eGFR (G5: 17.3 vs. 10.3
days, respectively) and UACR (A3: 16.0 vs. 13.8 days,
respectively).
DISCUSSION

This study shows that CKD represents a significant
economic burden on US health care systems beyond the
impacts of specialist nephrology treatment and care.
Costs and resource utilization in patients with eGFR of
60 to 75 and UACR <30 without CKD were notable and
continued to increase for both declining kidney func-
tion and increasing albuminuria.
Kidney International Reports (2023) 8, 785–795
Higher proportions of the study population utilized
inpatient and outpatient services compared with the US
nationwide average for Medicare beneficiaries. More
specifically, patients in UACR categories A1, A2, and
A3 incurred expenses relating the outpatient care
approximately 3, 5, and 7 times greater than the
average US Medicare patient.19 The burden imposed by
hospitalizations was compounded by an increasing LOS
per admission as severity increased, almost doubling
between the least and most severe UACR and eGFR
groups (from A1–A3 and G2–G5). In addition to
capturing these key drivers of health care burden, this
study reported HCRU associated with critical care and
ER visits which are often overlooked when evaluating
direct health care burden. Because of the common
overstretching of these resources, they represent areas
in which a reduction in CKD-related admission could
be greatly beneficial to the health care system.

With such a high prevalence, particularly where
there is a shift toward the more advanced stages of the
disease, CKD can be expected to pose a continued and
growing burden on both patients and payers within
the US health care system.9,20

Although higher costs in patients with lower eGFR
and higher UACR were evident from this study
regardless of payer type, we note that HCRU rates,
particularly for hospitalizations, were higher for
Medicare beneficiaries, but associated costs were
higher for patients covered by commercial payers. The
higher average hospital LOS for commercially insured
patients somewhat explains this disparity; however, it
789



Table 3. Health care resource utilization from TriNetX cohort, stratified by eGFR and UACR
UACR 0--<30 mg/g UACR 30--<300 mg/g UACR ‡300 mg/g

Events
Rate per 100 person

yr (95% CIs) Events
Rate per 100 person

yr (95% CIs) Events
Rate per 100 person

yr (95% CIs)

Hospitalization (N [ 18,327)

(n [ 11,423) (n [ 4995) (n [ 1909)

eGFR 60–75 38,801 164.3 (162.7–166.0) 17,586 250.6 (246.9–254.3) 6030 303.1 (295.5–310.9)

eGFR 45–<60 16,600 165.6 (163.1–168.2) 11,696 270.5 (265.6–275.4) 3721 256.5 (248.3–264.8)

eGFR 30–<45 6,556 220.3 (215.0–225.7) 7176 310.5 (303.3–317.7) 4770 394.2 (383.1–405.6)

eGFR 15–<30 1,766 275.3 (262.6–288.5) 3371 486.4 (470.1–503.1) 3607 486.5 (470.7–502.6)

eGFR 0–<15 215 78.0 (67.9–89.1) 596 193.6 (178.3–209.8) 1487 611.2 (580.5–643.1)

Overall 63,938 170.4 (169.0–171.7) 40,425 275.9 (273.2–278.6) 19,615 348.1 (343.2–353.0)

Outpatient visit (N [ 18,327)

(n [ 11,423) (n [ 4995) (n [ 1909)

eGFR 60–75 225,508 955.0 (951.1–959.0) 78,574 1119.6 (1111.8–1127.4) 21,836 1097.7 (1083.1–1112.3)

eGFR 45–<60 111,939 1116.8 (1110.3–1123.4) 49,049 1134.3 (1124.3–1144.4) 17,781 1225.5 (1207.6–1243.7)

eGFR 30–<45 36,645 1231.3 (1218.7–1244.0) 33,255 1438.8 (1423.3–1454.3) 15,226 1258.4 (1238.5–1278.5)

eGFR 15–<30 10,219 1593.3 (1562.5–1624.5) 10,186 1469.8 (1441.4–1498.7) 8864 1195.5 (1170.7–1220.6)

eGFR 0–<15 3401 1233.3 (1192.2–1275.5) 3490 1133.5 (1096.2–1171.7) 2379 977.9 (938.9–1018.0)

Overall 387,712 1033.1 (1029.8–1036.3) 174,554 1191.1 (1185.6–1196.7) 66,086 1172.8 (1163.9–1181.8)

Critical care (N [ 18,327)

(n [ 11,423) (n [ 4995) (n [ 1909)

eGFR 60–75 4252 18.0 (17.5–18.6) 2690 38.3 (36.9–39.8) 1261 63.4 (59.9–67.0)

eGFR 45–<60 1778 17.7 (16.9–18.6) 1738 40.2 (38.3–42.1) 588 40.5 (37.3–43.9)

eGFR 30–<45 503 16.9 (15.5–18.4) 1181 51.1 (48.2–54.1) 912 75.4 (70.6–80.4)

eGFR 15–<30 284 44.3 (39.3–49.7) 730 105.3 (97.8–113.3) 816 110.1 (102.6–117.9)

eGFR 0–<15 11 4.0 (2.0–7.1) 182 59.1 (50.8–68.3) 232 95.4 (83.5–108.5)

Overall 6828 18.2 (17.8–18.6) 6521 44.5 (43.4–45.6) 3809 67.6 (65.5–69.8)

Emergency room visit (N [ 18,327)

(n [ 11,423) (n [ 4995) (n [ 1909)

eGFR 60–75 3090 13.1 (12.6–13.6) 1207 17.2 (16.2–18.2) 301 15.1 (13.5–16.9)

eGFR 45–<60 1754 17.5 (16.7–18.3) 690 16.0 (14.8–17.2) 335 23.1 (20.7–25.7)

eGFR 30–<45 520 17.5 (16.0–19.0) 737 31.9 (29.6–34.3) 139 11.5 (9.7–13.6)

eGFR 15–<30 205 32.0 (27.7–36.6) 214 30.9 (26.9–35.3) 178 24.0 (20.6–27.8)

eGFR 0–<15 100 36.3 (29.5–44.1) 91 29.6 (23.8–36.3) 39 16.0 (11.4–21.9)

Overall 5669 15.1 (14.7–15.5) 2939 20.1 (19.3–20.8) 992 17.6 (16.5–18.7)

CI: confidence interval; eGFR: estimated glomerular filtration rate; UACR: urine-albumin creatinine ratio
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is likely that there is a difference between the charges
incurred for the same health care services between
payer types, with higher charges expected for
commercially insured patients. Nonetheless, data show
that there could be a significant cost saving for com-
mercial and federal health care providers alike if pa-
tients can be prevented from progressing to the later
stages of kidney disease, such as through earlier CKD
detection and the adoption of new and effective in-
terventions that can substantially delay the progression
of CKD to the more costly advanced stages.

As shown by this study, costs associated with CKD
are high even without considering the requirements
for chronic and acute dialysis in the more advanced
stages of the disease (G5: kidney failure), with 2019
estimates of the annual cost of dialysis that ranged
from $76,159 for peritoneal dialysis to $91,795 for
hemodialysis.21 Furthermore, contemporary modeling
790
predictions project a substantial increase in US CKD-
associated health care costs from 2020 to 2025, with
an overall increase from $232 billion to $376 billion,
with a particular elevation in the later stages of the
disease (3-fold increase in costs for stage 4 CKD).22 In
addition to the cost burden of CKD, declining kidney
function imposes a large burden on patients because of
worsening of symptoms and comorbidities, and on
caregivers, resulting in mental health decline and a
decrease in paid employment.23 These high costs of
therapy and substantial patient morbidity further
emphasize the benefits of early CKD detection and the
prevention of disease progression through proactive
management.

TriNetX captured patient data from across US health
care organizations in the secondary care setting, pri-
marily consisting of large academic medical institutions
that provide inpatient care. LCED, captured claims data
Kidney International Reports (2023) 8, 785–795



Figure 1. Mean annual per patient health care costs for overall
LCED cohort, stratified by eGFR and UACR. Total costs presented
above bars; resource category costs presented within bars. Gran-
ular KDIGO stratified costs presented in Table 4. eGFR, estimated
glomerular filtration rate; UACR, urine albumin-to-creatinine ratio.
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from patients in both primary and secondary care set-
tings, covering both hospitals and general practitioners
that provide outpatient care only. Data captured from
the LCED and TriNetX databases showed similar trends
of increasing hospitalization and outpatient visit utili-
zation as CKD severity worsened. However, the rates of
hospitalization were substantially greater from TriNetX
and outpatient visit rateswere greater fromLCED,which
may be as expected because of the differences in care
settings captured by each database.

Even though there were fewer patients with
advanced CKD compared to those with mildly reduced
kidney function (G2 and A1), they accounted for the
largest per patient costs and resource utilization. Mean
annual costs increased substantially as severity
increased in line with UACR (A3: $42,139) and eGFR
(G5: $42,902) across the cohort. Though annual costs
are higher in the later stages of CKD, they are still
considerable (more than $25,000 PPPY) in the early
stages, including for patients with reduced kidney
Kidney International Reports (2023) 8, 785–795
function without CKD (eGFR 60–75 and UACR <30),
regardless of payer type. These findings are in agree-
ment with other contemporary real-world evidence
studies in the US.13,14

Our study showed that the cost and resource burden
is not only imbalanced across severity groups, but
across patient groups stratified by underlying comor-
bidities, in particular HF. Patients with HF and CKD
were associated with substantially elevated costs and
HCRU compared to patients without HF. These findings
highlight the need for effective early diagnosis and
management of not only CKD but also its associated
comorbidities to avoid progression to the more costly
later stages of disease.

Limitations

This study is based on real-world observational data
collected in the usual clinical setting through electronic
medical records or administrative claims. Although the
data captured from LCED and TriNetX were considered
robust, the data reflect routine care and were not
collected for research purposes. Consequently, data are
prone to missingness and are subject to potential coding
error.

The additional UACR requirements applied to this
study were beyond those of the broader DISCOVER
CKD inclusion criteria, and this greatly limited the
number of patients eligible for analysis. As a selection
criterion, UACR measurement may have enriched the
study population with a higher burden of comorbid-
ities because of the increased likelihood of UACR
monitoring at baseline. The lack of available UACR data
highlights the wider need for more frequent and
thorough UACR recording across electronic health re-
cords to aid in the prognosis and management of CKD.
This represents a limitation of effective CKD staging
which is well recognized.24 The limited number of
patients was particularly relevant when evaluating
those with G5 CKD; <11 patients with HCRU events
were available for this subgroup when stratifying by
payer type and comorbidity, thus limiting the validity
of the mean cost calculations.

TriNetX and LCED captured patient data only when
the patient received care at the participating health care
organization, care received in other settings was not
available for inclusion in this analysis. This analysis
did not capture the specific costs of dialysis or trans-
plant. However, patients initiating dialysis or trans-
plant during the study period were not censored,
therefore, a very small number of hospital or outpatient
visits attributable to dialysis and transplant may have
been captured for patients with kidney failure (<20
patients in the LCED cohort with stage 5 CKD). The
costs of dialysis and transplant should be considered in
791



Figure 2. Mean annual per patient health care costs for patient subgroups with/without T2D and HF, stratified by eGFR and UACR. Data from
LCED cohort. Total costs presented above bars; resource category costs presented within bars. eGFR, estimated glomerular filtration rate; HF,
heart failure; T2D, type 2 diabetes; UACR, urine albumin-to-creatinine ratio.

Table 4. Health care costs per resource category from LCED cohort, stratified by UACR and eGFR

UACR 0--<30 mg/g UACR 30--<300 mg/g UACR ‡300 mg/g
Overall

(per eGFR category)

Total mean (SD) cost per patient per yr

Hospitalizations

eGFR 60–75 $18,111 (29,581) $27,621 (77,873) $33,423 (75,863) $20,696 (46,086)

eGFR 45–<60 $17,964 (42,836) $23,394 (49,619) $19,903 (37,572) $19,751 (44,520)

eGFR 30–<45 $31,782 (97,277) $26,092 (58,462) $18,559 (19,341) $27,516 (76,547)

eGFR 15–<30 $31,026 (46,715) $13,075 (9,409) $35,784 (41,436) $26,693 (37,882)

eGFR 0–<15 $54,923 (97,463) $12,055 (9,972) $13,530 (7,113) $27,912 (57,909)

Overall (per UACR category) $19,510 (42,845) $25,092 (64,053) $25,903 (51,687) -

Outpatient visits

eGFR 60–75 $7266 (16,122) $9600 (19,346) $18,459 (61,179) $7,931 (19,386)

eGFR 45–<60 $7502 (14,998) $10,334 (20,599) $11,303 (22,462) $8,313 (16,855)

eGFR 30–<45 $7947 (12,818) $9,772 (13,538) $19,863 (53,627) $10,329 (24,635)

eGFR 15–<30 $8773 (10,718) $13,562 (16,668) $14,822 (18,860) $11,867 (15,260)

eGFR 0–<15 $14,487 (12,793) $14,870 (19,844) $16,480 (20,906) $14,990 (16,848)

Overall (per UACR
category)

$7379 (15,651) $9973 (19,093) $16,236 (46,908) -

eGFR, estimated glomerular filtration rate; UACR, urine albumin creatinine ratio.
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Figure 3. Mean annual per patient health care costs covered by commercial payers and Medicare, stratified by eGFR and UACR. Total costs
presented above bars; resource category costs presented within bars. eGFR, estimated glomerular filtration rate; UACR, urine albumin-to-
creatinine ratio.
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addition to those reported in this study. The exclusion
of patients undergoing dialysis or transplant at index
resulted in a slight underrepresentation of patients
with kidney failure compared to the overall real-world
CKD population.

Reflecting the inclusion criteria of part of the DAPA-
CKD trial population, an eGFR range of 60 to 75 ml/min
per1.73 m2 was applied to define G2. Therefore, HCRU
and costs will be an overestimate if modeled using an
eGFR range of 60 to 89 ml/min per 1.73 m2, which
defines the G2 group according to KDIGO guide-
lines.10,11 The long-term implications of preventing or
delaying CKD progression are not directly addressed in
this analysis, only postulated based on HCRU trends.
Any conclusions based on the causal mechanisms of
CKD in relation to HCRU outcomes should be treated
with caution, resource use is assumed to relate to CKD
but in a cohort greatly affected by comorbidities and
other underlying conditions this cannot be concluded
with certainty.
Kidney International Reports (2023) 8, 785–795
Finally, results from this analysis are only
reflective of the US and may have limited gener-
alizability to other settings. The results are, how-
ever, based on multiple health care systems and
payers, and may be considered as generalizable
throughout the US.

Conclusions

Health care costs and resource use associated with CKD
and reduced kidney function more broadly were shown
to pose a substantial burden across health care systems
and payers, increasing in line with CKD severity. Early
identification andproactivemanagement of CKDmaynot
only improve patients’ length and quality of life but
could provide a significant per patient resource and cost
saving to health care providers. The detailed reporting of
HCRU provided by this study will be highly valuable in
supporting the evaluation of novel therapies for CKD,
and to help health care systems understand the true
burden of CKD.
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