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ABSTRACT

Introduction:  A urine albumin–creatinine ratio 
(UACR) > 700 mg/g signifies severe kidney dam‑
age, and nephrology referral is recommended 
for intensified management. The impact of 
UACR ≥ 700 mg/g on outcomes and the efficacy 
of kidney protective therapies in patients have 
not been thoroughly examined.

Methods:  Using claims healthcare data from 
the USA, we identified prevalent patients with 
chronic kidney disease and a UACR measure‑
ment on 1 January 2022, and grouped them 
by UACR level. We also identified new users 
of sodium–glucose cotransporter 2 inhibitors 
(SGLT2i) between 2021 and 2023. Outcomes 
included estimated glomerular filtration rate 
(eGFR) slopes and risks of adverse outcomes and 
mortality.
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Results :   Of the 46,626 patients with 
UACR ≥ 300 mg/g, 23,998 had UACR ≥ 700 mg/g. 
In the UACR ≥ 700 and UACR 300 to < 700 mg/g 
groups, mean age was 72 and 74  years, 
median eGFR was 42 and 50 mL/min/1.73 m2, 
median UACR was 1376 and 437 mg/g at base‑
line and eGFR slopes were − 5.5 and − 3.1 mL/
min/1.73 m2 per year, respectively. Compared to 
the UACR < 10 mg/g group, adjusted hazard ratio 
of risk of cardiorenal hospitalizations was 5.83 
(95% CI 5.55–6.12) and 3.53 (95% CI 3.34–3.73), 
atherosclerotic cardiovascular disease hospitali‑
zations was 2.97 (95% CI 2.76–3.19) and 2.33 
(95% CI 2.15–2.52), and all-cause death was 2.89 
(95% CI 2.78–3.02) and 2.10 (95% CI 2.01–2.20) 
in the UACR ≥ 700 and UACR 300 to < 700 mg/g 
groups, respectively. Of the 5908 new users of 
SGLT2i with UACR ≥ 700 mg/g, UACR and eGFR 
slope improved as expected (to 720 mg/g and 
− 2.44 mL/min/1.73 m2 per year, respectively).
Conclusions:  A UACR ≥ 700  mg/g identifies 
patients at high risk of accelerated kidney function 
decline and adverse outcomes. While emerging 
therapies such as SGLT2i had the expected benefits, 
the persistence of residual proteinuria/albuminuria 
and associated risks highlight an unmet need for 
optimized and new treatment strategies.

Keywords:  Albuminuria levels; Chronic 
kidney disease; Clinical outcomes; eGFR slope; 
Mortality; Proteinuria; Proteinuric CKD; SGLT2i

Key Summary Points 

Why carry out this study?

A urine albumin–creatinine ratio (UACR) 
above 700 mg/g signifies severe kidney dam‑
age, indicates nephrology referral, and is also 
an inclusion criterion for an ongoing trial 
of patients with proteinuric chronic kidney 
disease (CKD).

The associated risks and healthcare costs 
of a UACR >700 mg/g (as opposed to a UACR 
>1000 mg/g) and the effectiveness of kidney 
protective therapies (i.e., sodium–glucose 
cotransporter 2 inhibitors [SGLT2i] and 
renin–angiotensin system inhibitors [RASi]) 
in such patients have not been thoroughly 
examined previously.

What was learned from this study?

In claims healthcare data from the USA, we 
identified 46,626 patients with CKD and a 
UACR ≥300 mg/g, of which 51% (n = 23,998) 
had a UACR ≥700 mg/g.

UACR ≥700 mg/g was associated with 
rapid kidney function decline (− 5.3 mL/
min/1.73 m2 per year) and development of 
end-stage kidney disease, increased risk of all-
cause death, cardiorenal and atherosclerotic 
cardiovascular disease hospitalization, and 
high hospital healthcare costs.

While therapies such as SGLT2i and RASi had 
the expected associated beneficial effects on 
kidney function (e.g., estimated glomerular 
filtration rate slope improvement and UACR 
reduction [− 49%]), residual proteinuria levels 
highlight an unmet medical need for opti‑
mized and new treatment strategies.

INTRODUCTION

Chronic kidney disease (CKD) is one of the 
most prevalent noncommunicable diseases 
worldwide, and as the global population ages, 
a relatively stable age-standardized prevalence 
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over the past three decades has led to a substan‑
tial increase in prevalence [1–5]. The growing 
burden of CKD is illustrated by its increasing 
contribution to morbidity, mortality, adverse 
outcomes, and associated financial burden and 
costs [1, 5, 6].

Proteinuria is a well-established risk factor 
for adverse outcomes, including progression to 
advanced kidney disease and mortality [7]. The 
relationship between proteinuria and risk is con‑
tinuous and linear, with evidence supporting 
increased risk even at levels traditionally consid‑
ered within normal limits [8]. However, severely 
increased levels are of specific interest since they 
correlate with a substantial increase in risk. Lev‑
els of proteinuria serve as a marker for severity 
of kidney damage and disease progression, and 
higher levels correlate with more rapid progres‑
sion [9]. Nephrotic syndrome, defined by a triad 
of daily urinary protein excretion of ≥ 3.5  g, 
hypoalbuminemia and edema (and sometimes 
hyperlipidemia) represents an important hallmark 
of severe glomerular injury and systemic altera‑
tions, including systemic inflammation and risk 
of thromboembolic events [10]. While nephrotic-
range proteinuria is commonly used to describe 
high proteinuria, the threshold that delineates 
clinically significant risks for adverse outcomes 
remains poorly defined for a broader popula‑
tion with CKD. A urine albumin–creatinine ratio 
(UACR) above 700 mg/g (79.1 mg/mmol)—equiv‑
alent to a urine protein–creatinine ratio (UPCR) 
of 1 g/g (113 mg/mmol)—has recently emerged as 
a clinically meaningful marker of high-risk pro‑
teinuria, and is an inclusion criteria in  an ongo‑
ing clinical trial of patients with CKD and high-
risk proteinuria [11]. This threshold, endorsed by 
the Kidney Disease: Improving Global Outcomes 
(KDIGO) and National Institute for Health and 
Care Excellence (NICE) guidelines [7, 12], not 
only signifies severe kidney damage but also 
serves as the threshold at which nephrology refer‑
ral is recommended without the need for repeat 
urine sampling. Importantly, while 700 mg/g 
UACR does not strictly meet the traditional defi‑
nition of nephrotic proteinuria, it represents a 
practical and evidence-supported cutoff for iden‑
tifying patients at increased risk of disease pro‑
gression and mortality, in whom a more intensi‑
fied and aggressive management is required. This 

includes the use of cardiorenal protective medica‑
tions such as renin–angiotensin system inhibitors 
(RASi) and sodium–glucose cotransporter 2 inhibi‑
tors (SGLT2i), medications whose initiation is low 
in patients with low UACR [13].

Despite its clinical utility, the specific impact 
of high-risk proteinuria (UACR ≥ 700 mg/g) on 
long-term outcomes, such as kidney disease pro‑
gression, mortality, and resource utilization, has 
not been thoroughly examined. By evaluating 
the predictive value of this threshold for adverse 
outcomes, our study seeks to address this knowl‑
edge gap and provide insights into its prognostic 
value. Furthermore, in the evolving therapeutic 
landscape that includes SGLT2i, the residual risk 
in patients with proteinuric CKD remains under‑
explored, and this study offers critical insights for 
risk stratification and management in CKD care.

METHODS

Study Design

This study is part of the OPTIMISE-CKD study 
[13], using data from the USA covering claims 
data from primary, outpatient hospital/special‑
ist, and in-hospital care (Optum’s de-identified 
Clinformatics® Data Mart Database; Supplemen‑
tal Methods). Data sources used in this project 
are subject to ethical and privacy restrictions. As 
this was an analysis of de-identified claims data 
compliant with guidance related to the Health 
Insurance Portability and Accountability Act 
(HIPAA) privacy rule [14], institutional review 
board (IRB) approval was not required. Per 
Title 45 of CFR, Part 46 [15], the administrative 
claims data analysis in this study was exempt 
from IRB review as it was a retrospective analysis 
of existing data (hence no patient intervention 
or interaction), and no patient-identifiable infor‑
mation was included in the claims dataset.

The primary analysis included patients with 
prevalent CKD and at least one UACR measure‑
ment identified on 1 January 2022 (index date); 
additional analysis included patients newly 
initiated on SGLT2i between 30 April 2021 
and 31 March 2023. Dapagliflozin (10 mg) was 
the only SGLT2i approved for the treatment of 
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CKD during the study period, and thus the only 
SGLT2i included in this analysis. In this study, 
the analyses focus on patients with CKD and a 
UACR ≥ 700 mg/g (equivalent to UPCR ≥ 1 g/g).

Study Populations and Study Periods

Patients with UACR ≥ 700 mg/g

Patients aged 18 years or older with a recorded 
UACR measurement were included if they met 
the CKD definition at any time prior to index 
(Supplemental Table 1). CKD was defined as hav‑
ing either two estimated glomerular filtration 
rate (eGFR) measurements ≤ 60 mL/min/1.73 m2 
taken ≥ 90 days apart or a first eGFR ≤ 60 mL/
min/1.73 m2 followed by a first CKD diagnosis 
at any time, including chronic, acute, hyper‑
tensive, diabetic, tubular, and glomerular renal 
disease prior to the index date (Supplemental 
Table 2). Patients with CKD stage 5, with or 
without dialysis (eGFR < 15 mL/min/1.73 m2), 
were excluded from the study.

Patients with UACR ≥ 700 mg/g and Newly 
Initiated on SGLT2i

Patients with severely increased protein‑
uria (a CKD classification of KDIGO A3 
[UACR > 300 mg/g]) were indexed at the date of 
new initiation of SGLT2i (dapagliflozin 10 mg) 
between 30 April 2021 (date of approval for the 
first SGLT2i [dapagliflozin] for the treatment of 
CKD) and 31 March 2023 (date of data extrac‑
tion). Exclusion criteria included previous use 
of SGLT2i, immunosuppressive treatments or 
hydroxychloroquine, CKD stage 5 with or with‑
out dialysis, polycystic kidney disease, or type 1 
or gestational diabetes.

UACR Groups

KDIGO UACR groups include patients with 
UACR < 10 mg/g (CKD A1), 10–29 mg/g (CKD 
A1), 30–299 mg/g (CKD A2), and ≥ 300 mg/g 
(CKD A3). Our study focuses on patients with 
severely increased proteinuria (CKD A3), and 

groups them according to baseline UACR: 
≥ 700 mg/g and 300 to < 700 mg/g.

eGFR Subgroups

In a separate analysis, patients in the 
UACR ≥ 700  mg/g group were stratified by 
KDIGO eGFR subgroup: ≥ 60 mL/min/1.73 m2 
(G1 or G2), 45–59  mL/min/1.73  m2 (G3a), 
30–44 mL/min/1.73 m2 (G3b), and 15–29 mL/
min/1.73 m2 (G4).

Patient Characteristics

Patient characteristics, including demographics, 
comorbidities and treatments, prior to the index 
date were described (Supplemental Tables 2 and 
3). Medication use was based on at least one 
filled prescription during the year prior to the 
index date (Supplemental Table 4).

eGFR Outcomes

In line with a previous OPTIMISE-CKD publica‑
tion, the absolute difference in eGFR relative 
to baseline was described at 3 and 6 months 
prior to the index date and at 1, 3, 6, 9, and 
12 months after the index date [16]. Except 
for the 1-month after-index date value, which 
had a window of ± 1  month, time points 
were described by the closest value relative 
to the specific time point within a window of 
± 1.5 months. Consequently, values from 2 to 
4.5 months after the index date were included 
for the value for 3 months post baseline.

To be included in the eGFR slope analyses, 
participants had to have at least two eGFR 
measurements, with at least 30 days between 
the first and last measurement. All post-base‑
line eGFR measurements were used to calculate 
the eGFR slope.

Clinical Outcomes

In-patient hospitalizations with a diagnosis of 
kidney disease (including diagnoses of chronic 
kidney disease, acute kidney failure, unspeci‑
fied kidney failure, diabetic kidney disease, 
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hypertensive CKD, dialysis, glomerular dis‑
eases, renal tubulointerstitial disease, or other), 
heart failure, myocardial infarction, stroke, 
peripheral artery disease, and all-cause mortal‑
ity were described during the 12 months after 
the index date (Supplemental Table 2). Events 
were determined using both a strict (outcome 
in the main diagnosis position only) and a 
broad (outcome in any diagnosis position) 
definition.

Healthcare Costs

The average costs related to each diagnosis 
of kidney disease, heart failure, myocardial 
infarction, stroke, and peripheral artery dis‑
ease were summarized as the arithmetic mean 
for each month, and the cumulative cost was 
the sum of the mean values from month 1 to 
the month of interest. The follow-up period 
for the patient must cover the whole month 
(e.g., calculation of the costs for month  1 
included only patients with at least 1 month 
of follow-up) for a patient to be included in 
the cost calculation for a given month. Costs 
were extracted from data containing actual 
hospital visit costs, as charged by the health‑
care provider, and include all first and repeated 
events associated with the targeted diagnoses 
during follow-up. Overall costs for the hospital 
visit are reported; disease-specific costs are not 
reported. Both primary and secondary diagno‑
ses were counted, and more than one of the 
targeted diagnoses may have contributed to the 
total cost of an individual hospital visit (i.e., 
there may have been multiple reasons recorded 
for a given hospitalization). Each diagnosis was 
analyzed independently from other diagnoses 
and the hospital healthcare costs of two diag‑
noses could not be added to generate a com‑
bined cost.

Statistical Analysis

Baseline characteristics were described using 
interquartile ranges for continuous variables 
and frequencies (%) for categorical variables. All 
eGFR values were calculated using the CKD-EPI 

formula [17]. Change in eGFR relative to base‑
line was described as the mean change at each 
time point with 95% confidence intervals (CIs) 
based on observed values. The individual patient 
eGFR slopes were analyzed using quantile regres‑
sion, where the median slopes (per year) were 
estimated and presented with 95% CI. Three 
models were used: unadjusted, eGFR adjusted 
(adjusted by baseline eGFR), and multivariable 
adjusted (baseline eGFR, age, sex, heart failure 
and treatment with RASi [including angioten‑
sin receptor–neprilysin inhibitors]). The time to 
clinical outcomes was analyzed using Cox regres‑
sion models, where time since index was the pri‑
mary timescale. The models were adjusted for 
baseline eGFR, age, sex, heart failure, underly‑
ing CKD diagnosis, myocardial infarction, stroke 
and peripheral arterial disease. The results were 
presented as the hazard ratio (HR) with 95% CI 
for the relative risk of increased level of UACR 
relative to normal UACR (< 10 mg/g). The crude 
event rates were presented as number of events 
per 100 patient-years. eGFR slopes were calcu‑
lated using quantile regression models adjusted 
for age, sex, and importantly baseline eGFR.

RESULTS

Out of a total of 526,260 patients, 46,626 patients 
(8.9%) with CKD and a UACR ≥ 300  mg/g 
(CKD A3) were identified, of which 51% had a 
UACR ≥ 700 mg/g. For reference, in the 479,634 
patients with CKD and a UACR < 300 mg/g, 31% 
had UACR of 30–299 mg/g (CKD A2), 32% had 
UACR of 10–29 mg/g (CKD A1), and 36% had a 
UACR < 10 mg/g (CKD A1).

Baseline Characteristics

In the CKD A3 group, the patients with 
≥ 700  mg/g were slightly younger (72 vs 
74 years), had lower renal function (eGFR 42  
vs 50 mL/min/1.73 m2), higher UACR (1376  vs 
437 mg/g), more comorbidities such as heart 
failure (39 vs 34%) and symptoms or signs of 
fluid overload (40 vs 34%), and had higher NT-
proBNP (861  vs 703 ng/L) than patients with 
UACR 300 to < 700 mg/g (Table 1). Use of kidney 
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Table 1   Baseline characteristics for 46,626 prevalent patients with CKD and KDIGO A3, UACR > 300 mg/g (> 30 mg/
mmol) on 1 January 2022

UACR ≥ 700 mg/g UACR 300 to < 700 mg/g

Number of patients, n (%) 23,998 22,628

Age, years, mean (SD) 72 (11) 74 (11)

Female, n (%) 10,446 (44) 9739 (43)

Body mass index, kg/m2, median (IQR), n 30 (26–35), 11,127 30 (26–35), 10,490

Time since first CKD diagnosis, years, median (IQR) 3.6 (1.8–5.4) 3.7 (1.8–5.5)

HF, n (%) 9243 (39) 7694 (34)

Symptoms/signs of fluid overload, n (%) 9511 (40) 7597 (34)

 Peripheral edema, n (%) 5652 (24) 4049 (18)

 Dyspnea, n (%) 6729 (28) 5468 (24)

Type 2 diabetes, n (%) 15,437 (64) 13,755 (61)

Hypertension, n (%) 23,574 (98) 22,183 (98)

Atherosclerotic cardiovascular disease, n (%)

 Myocardial infarction, n (%) 5059 (21) 4422 (20)

 Stroke, n (%) 7067 (29) 6329 (28)

 Peripheral artery disease, n (%) 8948 (37) 8182 (36)

Atrial fibrillation/flutter, n (%) 4910 (20) 5044 (22)

CKD diagnosis, n (%) 23,076 (96) 21,608 (95)

 Glomerular kidney disease, n (%) 2330 (10) 1117 (5)

 Tubular kidney disease, n (%) 3639 (15) 3661 (16)

Laboratory measurementsa

 UACR, mg/g, median (IQR), n 1376 (949–2268), 23,998 437 (358–543), 22,628

 eGFR, mL/min/1.73 m2, median (IQR), n 42 (29–59), 23,998 50 (36–66), 22,628

  ≥ 60 (stage 1–2), n (%) 5776 (24) 7429 (33)

  45–59 (stage 3a), n (%) 5049 (21) 5775 (26)

  30–44 (stage 3b), n (%) 6727 (28) 5911 (26)

  15–29 (stage 4), n (%) 6446 (27) 3513 (16)

 Creatinine, mg/dL, median (IQR), n 1.5 (1.1–2.0), 23,998 1.3 (1.0–1.6), 22,628

 Hb, g/dL, median (IQR), n 12.4 (11.1–13.9), 22,403 12.8 (11.5–14.2), 20,904

 Na+, mmol/L, median (IQR), n 140 (138–141), 23,658 140 (138–141), 22,276

 K+, mmol/L, median (IQR), n 4.5 (4.2–4.9), 23,964 4.5 (4.2–4.8), 22,604

 NT-proBNP, ng/L, median (IQR), n 861 (317–2632), 763 703 (267–1989), 585
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protective treatment was similar between the 
groups, with two-thirds of patients receiving 
RASi and one-tenth of patients receiving SGLT2i. 
Detailed data on patients with UACR < 300 mg/g 
(CKD A1–A2) are presented in Supplemental 
Table S5.

Kidney Function (eGFR) Trajectories and 
Slopes

Higher levels of UACR were associated with 
more rapid declines in eGFR from baseline. 
eGFR declined by − 5.5 mL/min/1.73 m2 within 
1 year in patients with UACR ≥ 700 mg/g and 
− 3.1 mL/min/1.73 m2 in patients with 300 to 
< 700 mg/g (Fig. 1a). Calculated 1-year eGFR 
slopes were − 5.28 and − 3.00 mL/min/1.73 m2 
for patients with UACR ≥ 700 mg/g and 300 to 
< 700 mg/g, respectively (Fig. 1b). Projected time 
to end-stage kidney disease (ESKD) for patients 
with UACR ≥ 700 mg/g and mean baseline eGFR 
of approximately 48 mL/min/1.73  m2 was 

approximately 6 years, which is ≥ 9 years sooner 
than in patients with 300 to < 700 mg/g or lower 
UACR levels (Fig. 1c).

Risks of Hospitalization and Death in 
Patients with UACR ≥ 700 mg/g

Higher UACR levels were associated with an 
increased risk of hospitalizations and all-
cause death compared with patients with 
UACR < 10 mg/g, both for strict (Fig. 2a) and 
broad (Fig.  2b) definitions. Compared to 
the < 10 mg/g group, adjusted HR risk of cardiore‑
nal hospitalizations was 5.83 (95% CI 5.55–6.12) 
and 3.53 (95% CI 3.34–3.73), adjusted HR risk 
of atherosclerotic cardiovascular disease hospi‑
talizations was 2.97 (95% CI 2.76–3.19) and 2.33 
(95% CI 2.15–2.52), and adjusted HR risk of all-
cause death was 2.89 (95% CI 2.78–3.02) and 
2.10 (95% CI 2.01–2.20) in the UACR ≥ 700 and 
UACR 300 to < 700 mg/g groups, respectively 
(Fig. 2). Event rates were higher for cardiorenal 

BP blood pressure, CKD chronic kidney disease, DBP diastolic blood pressure, eGFR estimated glomerular filtration rate, 
GLP1-RA glucagon-like peptide 1 receptor agonist, Hb hemoglobin, HF heart failure, IQR interquartile range, NT-proBNP 
N-terminal pro-B-type natriuretic peptide, RASi renin–angiotensin system inhibitor, SGLT2i sodium–glucose cotrans-
porter  2 inhibitor, MRA mineralocorticoid receptor antagonist, including spironolactone and eplerenone, SBP systolic 
blood pressure, UACR​ urine albumin-to-creatinine ratio
a Laboratory measurements represent the last registered value in the year prior to incident CKD

Table 1   continued

UACR ≥ 700 mg/g UACR 300 to < 700 mg/g

 Serum albumin, g/dL, median (IQR), n 4.0 (3.7–4.3), 23,200 4.2 (3.9–4.4), 21,838

 SBP, mmHg, median (IQR), n 138 (127–152), 11,248 136 (124–148), 10,565

 DBP, mmHg, median (IQR), n 75 (68–82), 11,244 74 (68–81), 10,554

Kidney-protective treatments

 RASi, n (%) 16,049 (67) 14,717 (65)

 SGLT2i, n (%) 2464 (10) 2138 (9)

Drug treatments

 Loop diuretics, n (%) 8115 (34) 5760 (25)

 MRA, n (%) 1785 (7) 1327 (6)

 GLP1-RA, n (%) 2902 (12) 2481 (11)
 Potassium binders, n (%) 726 (3) 247 (1)
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hospitalizations and all-cause death compared 
to atherosclerotic cardiovascular disease hos‑
pitalizations across all UACR levels (Fig. 2 and 
Supplemental Fig. S1). Risk patterns were simi‑
lar regardless of strict (Fig. 2a) or broad (Fig. 2b) 
outcome definition and remained similar after 
adjustment for baseline eGFR (Supplemental 
Fig. S2).

Hospital Healthcare Costs in Patients with 
UACR ≥ 700 mg/g

The 1-year hospitalization costs per patient 
were highest in patients with UACR ≥ 700 mg/g 
(notably higher than those with UACR 300 to 
< 700 mg/g, i.e., within the same KDIGO A3 
group; e.g., cardiorenal hospitalizations were 
$16,159 vs $10,753 per patient, respectively; 
Fig. 3), and more than five times higher than 

Fig. 1   Natural eGFR changes across baseline UACR lev-
els A1–A3 in prevalent patients with CKD described as 
eGFR trajectories (a) and eGFR slope (b)* and projected 
time to end-stage kidney disease (ESKD, c)*. *Age, sex, 

median eGFR adjusted quantile regression. Assumes a lin-
ear decline. CKD chronic kidney disease, eGFR estimated 
glomerular filtration rate, UACR​ urine albumin–creatinine 
ratio



5661Adv Ther (2025) 42:5653–5668	

patients with UACR < 10 mg/g (e.g., cardiorenal 
hospitalizations were $3061; Fig. 3).

Kidney Function (eGFR) in Patients with 
UACR ≥ 700 mg

Patients with UACR ≥ 700 mg/g were equally 
distributed across eGFR KDIGO categories; 
27% (G4, eGFR 15–29 mL/min/1.73 m2), 28% 
(G3b, eGFR 30–44  mL/min/1.73  m2), 21% 
(G3a, eGFR 45–59  mL/min/1.73  m2), and 
24% (G2/G1, eGFR ≥ 60  mL/min/1.73  m2) 
(Supplemental Table  S6). Those with eGFR 
15–29 mL/min/1.73 m2 were slightly older (73  
vs 68 years) and had more comorbidities than 
those with eGFR ≥ 60 mL/min/1.73 m2 (Supple‑
mental Table S6). Higher event rates and hospi‑
tal care costs were associated with lower eGFR, 
especially for CKD and heart failure hospitali‑
zations (Supplemental Figs. S3 and S4). Com‑
pared to those with eGFR ≥ 60 mL/min/1.73 m2, 
patients in the G4, G3b, and G3a categories 
had an increased risk of cardiorenal hospitali‑
zations (adjusted HR 3.23, 95% CI 2.89–3.63; 
adjusted HR 1.93, 95% CI 1.72–2.18; and 
adjusted HR 1.45, 95% CI 1.27–1.66, respec‑
tively [Supplemental Fig. S5]).

Kidney Protective Treatments in Patients 
with UACR ≥ 700 mg/g

We identified 5908 new users of SGLT2i (dapa‑
gliflozin 10 mg) in patients with CKD A2–A3, of 
which 1249 had UACR ≥ 700 mg/g and 4659 had 
UACR 30 to < 700 mg/g. New users of SGLT2i 
in the UACR ≥ 700  mg/g group were younger 
(71 years vs 74 years), more frequently men (61% 
vs 57%), and had slightly fewer comorbidities like 
heart failure (38% vs 42%), myocardial infarction 
(19% vs 21%), stroke (30% vs 32%), atrial fibril‑
lation (20% vs 27%), and type 2 diabetes (74% vs 
75%) than new users of SGLT2i with UACR 30 to 
< 700 mg/g (Supplemental Table S7). Patients with 
UACR ≥ 700 mg/g had lower eGFR (40 vs 48 mL/
min/1.73 m2) and slightly higher use of RASi (81 
vs 74%) compared to patients with a UACR of 30 
to < 700 mg/g.

Both groups showed an expected and revers‑
ible acute eGFR dip of approximately 3  mL/

min/1.73 m2 shortly after initiation of SGLT2i 
(Fig. 4a). The eGFR slopes (including the acute 
dip) were 0.39  and − 2.44 mL/min/1.73 m2 per 
year in the UACR 30 to < 700 mg/g and ≥ 700 mg/g 
groups, respectively. Median UACR improved as 
expected in patients with UACR ≥ 700 mg/g (by 
49% from 1414  to 720 mg/g) but the UACR still 
remained high (Fig. 4b).

An indirect comparison between prevalent 
patients with CKD and UACR ≥ 700 mg/g vs new 
users of SGLT2i with CKD and UACR ≥ 700 mg/g 
showed that these patients were similar at base‑
line (age 72  vs 71 years, eGFR 42  vs 40 mL/
min/1.73 m2, UACR 1376  vs 1414 mg/g, and RASi 
use 67 vs 81%, respectively) but had a less steep 
eGFR slope (− 5.28  vs − 2.44 mL/min/1.73 m2 per 
year, respectively; Fig. S6).

DISCUSSION

Our findings highlight the clinical signifi‑
cance of increased proteinuria, particularly a 
UACR ≥ 700 mg/g, as a marker of adverse out‑
comes and poor long-term prognosis in patients 
with CKD. This threshold, though slightly below 
the traditional definition of nephrotic-range 
proteinuria, is recognized as an identifier of high 
risk, and our study adds real-world evidence to 
support the KDIGO and NICE recommendations 
for referrals to specialized care, and the inclusion 
criteria for an ongoing clinical trial in patients 
with CKD and proteinuria [11, 12]. In addition, 
our data introduces a practical cutoff for iden‑
tifying patients at high risk by demonstrating 
the impact of a UACR ≥ 700 mg/g on kidney dis‑
ease progression, mortality, and cardiovascular 
complications. Our analysis demonstrates that 
this level of proteinuria not only correlates with 
a more rapid decline of kidney function and 
higher hospitalization costs but also underscores 
the urgent medical need to refine risk stratifica‑
tion tools and therapeutic interventions for this 
high-risk population. Importantly, while SGLT2i 
demonstrate substantial benefits in slowing 
disease progression, the persistence of residual 
risks in patients with UACR ≥ 700 mg/g indicates 
the need for additional treatment strategies to 
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reduce the residual risk of adverse outcomes in 
this high-risk population with CKD.

Baseline Characteristics and Treatment

To the best of our knowledge, baseline char‑
acteristics and treatment of patients with 
UACR ≥ 700 mg/g in a contemporary real-world 
setting has not been reported previously. In our 
study, these patients were diagnosed with CKD 
(96%), and had type 2 diabetes (64%), heart fail‑
ure (39%), and atherosclerotic cardiovascular 
disease (30%). Despite these comorbidities, we 
observed an underutilization of guideline rec‑
ommended treatment for kidney and/or heart 
failure (e.g., RASi 67%, SGLT2i 10%, and min‑
eralocorticoid receptor antagonists 7%). While 
these findings represent a modern standard of 
care in 2022 when SGLT2i (dapagliflozin) was 
approved for both heart failure and CKD, this is 
an underutilization in line with previous reports 
[18–20], and an opportunity for improvement 
of risk management in patients with CKD and 
UACR ≥ 700 mg/g. As demonstrated in the Inside 
CKD and IMPACT CKD studies, delayed disease 
progression through optimal guideline-directed 
medical therapy adherence results in fewer clini‑
cal events and reductions in kidney replacement 
therapy prevalence and subsequent CKD-related 
costs [21, 22].

Proteinuria Levels, Decline in Kidney 
Function (eGFR Slope), and CKD Outcomes

The results of our study are novel, and lit‑
tle has been reported on eGFR slopes across 
UACR levels in a contemporary real-world clini‑
cal setting. We have shown that patients with 
UACR ≥ 700 mg/g have an eGFR loss of more 
than 5 mL/min/1.73  m2 per year (defined as 

rapid kidney disease progressors [23]). Con‑
secutively, we have shown that a steep eGFR 
slope decline in patients with UACR ≥ 700 mg/g 
translates to high and increased risks of CKD 
hospitalizations and all-cause death (for both a 
strict and a broad definition) and a five times 
increased cost burden for CKD healthcare com‑
pared to those with normal UACR (< 10 mg/g). 
In summary, kidney disease progression and 
CKD-associated burden on healthcare is par‑
ticularly high in patients with UACR ≥ 700 mg/g.

UACR ≥ 700 mg/g and Risks of Other 
Important Outcomes

Associated risks with high UACR levels have 
been reported previously, for example in a large 
meta-analysis by the CKD Prognosis Consor‑
tium using 50–80 cohort studies, depending on 
the outcomes (Grams et al.) [24]. This analysis, 
however, did not report risks in patients with 
UACR ≥ 700 mg/g per se, though similarities in 
risk were observed in overlapping outcomes 
compared to our study: heart failure (HR 5.8 
vs 5.0), all-cause death (HR 2.9 vs 3.1), stroke 
(HR 3.1 vs 2.9), and myocardial infarction 
(HR 2.9 vs 3.7). While Grams et al. reported 
data on patients with UACR > 1000 mg/g, we 
report outcome comparisons for patients with 
UACR ≥ 700 mg/g vs those with normal UACR 
(< 10 mg/g), and have added hospitalization for 
CKD as an outcome. Intensified management 
in patients with proteinuria (UACR ≥ 700 mg/g) 
should not be delayed. Moreover, we have used 
a set of strictly defined outcomes in a contem‑
porary setting to report risks, which may vary in 
the many cohorts included in the meta-analysis.

Use of Latest Guideline‑Directed Treatment 
in Patients with UACR ≥ 700 mg/g

Clinical trials of SGLT2i have shown disease-
modifying results for the treatment of CKD and 
have recently been recommended as first-line 
treatment together with RASi in the KDIGO 
2024 guidelines [7]. We have shown that new 
use of SGLT2i (dapagliflozin) in patients with 
UACR ≥ 700  mg/g was associated with the 

Fig. 2   Natural risk of hospitalizations for strict (a) and 
broad (b) definition of outcomes across different UACR 
levels compared to patients with CKD with normal 
UACR (< 10  mg/g). CKD chronic kidney disease, ER 
event rate, PTY patient-years, UACR​ urine albumin–cre-
atinine ratio

◂
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expected beneficial effects on disease progres‑
sion, i.e., slower decline of kidney function 
(less steep eGFR slope) and lowering of albu‑
minuria (UACR). However, while initiation of 
treatment with SGLT2i in patients with UACR 
30 to < 700  mg/g was followed by a stable 
eGFR, those with UACR ≥ 700 mg/g still had a 
significant decline in eGFR (eGFR slope 0.39 
vs − 2.44  mL/min/1.73  m2 per year, respec‑
tively). An indirect comparison between preva‑
lent patients with CKD and UACR ≥ 700 mg/g 
vs new users of SGLT2i with CKD and 
UACR ≥ 700 mg/g in our study showed that 
these patients were similar at baseline (age 72  
vs 71 years, eGFR 42 vs 40 mL/min/1.73 m2, 
UACR 1376  vs 1414 mg/g, and RASi use 67 
vs 81%, respectively) but importantly had 
a less steep eGFR slope (− 5.28 vs − 2.44 mL/
min/1.73  m2 per year, respectively; Fig. S6), 
suggesting an important beneficial SGLT2i 
(dapagliflozin) effect. In the DAPA-CKD trial 
(dapagliflozin 10 mg vs placebo), the eGFR 
slope of − 2.88  mL/min/1.73  m2 per year 
reported in the treatment arm [25] was in line 
with and similar to the − 2.44 mL/min/1.73 m2 
per year we report in our study for new users 
of SGLT2i (dapagliflozin).

When SGLT2i therapy was added to patients, 
81% of whom were already on RASi, UACR 
improved as expected among patients with 
UACR ≥ 700  mg/g (by 49% from 1414 to 
720 mg/g), but still remained high. These find‑
ings suggest a residual risk, and that combined 
treatment with SGLT2i and RASi might be insuf‑
ficient to reduce UACR adequately in patients 
with UACR ≥ 700 mg/g, who are at high risk 
for disease progression and adverse outcomes 
and that there is a need for additional treat‑
ment strategies. Recent early-phase evidence 
supports this. The ZENITH-CKD trial demon‑
strated that adding the endothelin A receptor 
antagonist zibotentan to dapagliflozin signifi‑
cantly reduced UACR in patients with CKD ver‑
sus dapagliflozin alone (p ≤ 0.0022 at week 12) 
[26]. Results of the phase III ZENITH-HP trial, 
now underway in patients with proteinuric CKD 
(UACR > 700 mg/g), will further clarify the effi‑
cacy, safety, and tolerability of this combination 
[11].

Strengths and Limitations

Strengths of the study include the large sam‑
ple size of a contemporaneous population of 

Fig. 3   One-year hospitalization costs per patient associ-
ated with outcomes across UACR groups. ASCVD ath-
erosclerotic cardiovascular disease, CKD chronic kidney 

disease, HF heart failure, MI myocardial infarction, PAD 
peripheral arterial disease, UACR​ urine albumin–creati-
nine ratio
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patients with CKD, and the consistency of 
the findings (eGFR slope) with those observed 
in clinical trials [25]. Other strengths are the 
validity of the CKD definition used in the study 

[1, 27, 28] and the availability of a wide variety 
of patient clinical characteristics.

Limitations include the recent approval of 
the SGLT2i dapagliflozin for CKD treatment, 
which limited both the number of patients 
with CKD included and the duration of follow-
up time. Moreover, because no other SGLT2i 
were approved for the treatment of CKD during 
the study time, the results cannot be general‑
ized to other SGLT2is. Because the real-world 
experience is limited by recent approval and 
low uptake [13], further studies are encour‑
aged. Guidelines recommend treatment of CKD 
with the maximally tolerated RASi dose [7]. A 
previously published OPTIMISE-CKD study 
demonstrated that the majority of patients 
were treated with low (45–61%) or intermedi‑
ate RASi doses (30–49%); and high dose use 
was low (6–19%) [13]. Though likely similar 
in the present study, the absence of RASi dose 
data is a limitation. UACR testing may have 
introduced a selection bias. While previous 
studies have reported low use of UACR testing 
in a real-world setting, these included incident 
patients with CKD stage 3 [13, 29]. Interest‑
ingly, a substantially higher use of UACR test‑
ing has been reported in prevalent patients 
with CKD stage 1–5, which is more relevant 
to the present study population [1]. Generali‑
zation of conclusions to other countries with 
different healthcare systems or local guidelines 
might also be limited. Diagnosis codes can be 
misclassified; we therefore considered both any 
diagnoses (broad) and main diagnoses (strict) 
when assessing outcomes. Complete coverage 
of mortality data in these data was also lacking, 
which may have affected the competing risk 
for hospitalization.

CONCLUSION

With a particular focus on the less-stud‑
ied population of patients with CKD and 
UACR ≥ 700 mg/g, this study provides robust 
real-world evidence that the risk of poor out‑
comes increases linearly across the spectrum 
of UACR. Patients with UACR ≥ 700 mg/g have 
a strikingly rapid decline in kidney function 

Fig. 4   Changes in kidney function (a eGFR slope; b 
median UACR) following new initiation of SGLT2i in 
patients with CKD with KDIGO A2 (> 30  mg/g). New 
users were identified following the first SGLT2i approval 
for CKD treatment (year 2021). CKD chronic kidney dis-
ease, eGFR estimated glomerular filtration rate, SGLT2i 
sodium–glucose cotransporter  2 inhibitors, UACR​ urine 
albumin–creatinine ratio
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and have adverse clinical outcomes, including 
death and increased healthcare utilization, even 
when compared to patients with UACR 300 to 
< 700 mg/g. These findings suggest that fur‑
ther stratification may be considered in future 
revisions of the CKD-risk heatmap, akin to the 
recent subdivision of stage 3 CKD into 3A and 
3B. Further, these findings emphasize the impor‑
tance of considering proteinuria/albuminuria as 
a marker not only of severe kidney damage but 
also of systemic disease-burden requiring com‑
prehensive risk management. While emerging 
therapies, such as SGLT2i, have improved out‑
comes in this particular population, the persis‑
tence of residual proteinuria/albuminuria and 
associated risks highlight an unmet need for 
optimized treatment strategies. Future research 
should focus on integrating this proteinuria/
albuminuria threshold into novel risk prediction 
tools and exploring novel therapies to mitigate 
the substantial residual risk in these patients.
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