BM) Open
Diabetes

Research
& Care

To cite: McGill JB, Haller H,
Roy-Chaudhury P, et al. Making
an impact on kidney disease

in people with type 2 diabetes:
the importance of screening for
albuminuria. BMJ Open Diab
Res Care 2022;10:2002806.
doi:10.1136/
bmjdrc-2022-002806

Received 8 February 2022
Accepted 9 May 2022

| '.) Check for updates

© Author(s) (or their
employer(s)) 2022. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published
by BMJ.

For numbered affiliations see
end of article.

Correspondence to
Dr Janet B McGill;
jmcgill@wustl.edu

Open access Review

Making an impact on kidney disease in
people with type 2 diabetes: the
importance of screening

for albuminuria

Janet B McGill," Hermann Haller,? Prabir Roy-Chaudhury,®* Andrea Cherrington,®

Takashi Wada,6 Christoph Wanner,’ Linong Ji,8 Peter Rossing

ABSTRACT

Albuminuria is useful for early screening and diagnosis of
kidney impairment, especially in people with pre-diabetes
or type 2 diabetes (T2D), which is the leading cause

of chronic kidney disease (CKD) and end-stage kidney
disease (ESKD), associated with increased mortality, poor
cardiovascular outcomes, and high economic burden.
Identifying patients with CKD who are most likely to
progress to ESKD permits timely implementation of
appropriate interventions. The early stages of CKD are
asymptomatic, which means identification of CKD relies
on routine assessment of kidney damage and function.
Both albuminuria and estimated glomerular filtration

rate are measures of kidney function. This review
discusses albuminuria as a marker of kidney damage
and cardiorenal risk, highlights the importance of early
screening and routine testing for albuminuria in people
with T2D, and provides new insights on the optimum
management of CKD in T2D using albuminuria as a target
in a proposed algorithm. Elevated urine albumin can

be used to detect CKD in people with T2D and monitor
its progression; however, obstacles preventing early
detection exist, including lack of awareness of CKD in the
general population, poor adherence to clinical guidelines,
and country-level variations in screening and treatment
incentives. With albuminuria being used as an entry
criterion and a surrogate endpoint for kidney failure in
clinical trials, and with novel treatment interventions
available to prevent CKD progression, there is an urgent
need for early screening and diagnosis of kidney function
decline in people with T2D or pre-diabetes.

INTRODUCTION

Type 2 diabetes (T2D) is the leading cause of
chronic kidney disease (CKD) and end-stage
kidney disease (ESKD)."* More than one-
third of people with T2D also have CKD," and
this population is associated with a 10-fold
or greater increase in all-cause mortality
compared with T2D alone.” Furthermore,
CKD progression leads to ESKD, which is
irreversible and fatal in the absence of kidney
replacement therapy.” CKD and ESKD are
associated with high economic burden,

9,10

accounting for 22.3% (US$81.8 billion) and
7.2% (US$36.6 billion), respectively, of all
Medicare fee-forservice spending in 2018.7®
Medicare expenditures for people with CKD
have risen at a rate higher than expenditures
for the general Medicare population and have
been found costlier for people with CKD and
comorbid heart failure or diabetes (type 1 or
2), highlighting clear clinical and economic
rationales for early identification and treat-
ment intervention to limit CKD progression
in all populations, particularly in people with
T2D and cardiovascular risk factors.’

Early diagnosis of CKD may prove vital in
people with T2D, allowing for more imme-
diate clinical care, and identification of the
risks for progression to ESKD. This may be
particularly important in Afro-Caribbean/
African-American, Hispanic and Asian popu-
lations, who tend to have a higher risk of
CKD progression relative to White people;
the increased risk may be explained in part
by factors such as higher blood pressure and
increased prevalence of T2D and cardiovas-
cular disease in these populations.” However,
diagnosis of CKD is challenging because of
the lack of symptoms during its early stages.'’
Other potential factors that hinder early
detection of CKD include a lack of aware-
ness of CKD in the general population, poor
adherence to clinical guidelines, and the vari-
ation in screening and treatment incentives
by practice and by country.'’

Diagnosis and determination of the severity of
CKD relies on routine measurement of reduced
estimated glomerular filtration rate (eGFR; <60
mlL,/min/1.73 mg) for at least 3 months and/
or persistently elevated albuminuria (urine
albumin-to-creatinine ratio (UACR)), to assess
the overall kidney function and the presence
of kidney damage, respectively.' *'' As such, the
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Prognosis of CKD by GFR and albuminuria categories. Green: low risk (if no other markers of kidney disease,

no CKD); yellow: moderately increased risk; orange: high risk; red: very high risk. Reproduced with permission from Kidney
Disease: Improving Global Outcomes (KDIGO) 2020 Clinical Practice Guideline for Diabetes Management in Chronic Kidney
Disease. A, albuminuria category; CKD, chronic kidney disease; G, GFR category; GFR, glomerular filtration rate.

(KDIGO) CKD working group uses a combination of
eGFR and UACR categories in its risk stratification tool for
predicting CKD outcomes (figure 1).? Clinical guidelines
in Europe, USA and other countries recommend yearly
screening of albuminuria and eGFR in people with T2D." 2
However, real-world data suggest that rates of albuminuria
testing in clinical practice are suboptimal,® resulting in a
gross underestimation of the risk of CKD in people with
T2D. Routine assessment of both screening for CKD prog-
nosis and management was further emphasized in a recent
systematic review that showed an association between the
prevalence of comorbidities in CKD and an increase in
albuminuria severity."”” While CKD is common, only a small
proportion of patients were classified as high risk or very
high risk according to the KDIGO classification, highlighting
key gaps in the burden and outcomes of CKD defined by
the KDIGO 2012 guideline.” With novel treatment inter-
ventions now available that can slow CKD progression, there
is an urgent need for the early screening and diagnosis of
kidney function decline in people with T2D. To this end, this
review discusses albuminuria as a marker of kidney damage
and cardiorenal risk, and the importance of earlier and more
frequent screening.

ALBUMINURIA AS A MARKER OF KIDNEY DAMAGE AND
CARDIORENAL RISK

UACR can be easily measured by spot urine samples,
preferably obtained from the first morning void.”? Despite
strong recommendations to screen for UACR in patients

with T2D, studies show testing for UACR is underused
compared with eGFR testing: the Awareness, Detection
and Drug Therapy in Type 2 Diabetes and Chronic Kidney
Disease study reports 85% of patients undergo eGFR
testing versus 47% with UACR determination'?; similar
patterns for underutilization of eGFR and UACR testing
were noted in the Center for Kidney Disease Research,
Education, and Hope (CURE-CKD) registry of people
with T2D at risk for CKD." '® Addressing this discord in
eGFR and UACR testing is important because detectable
increases in albuminuria generally occur before a decline
in eGFR and early changes could indicate signs of kidney
disease.'” ' Similarly, albuminuria has been associated
with an elevated risk of hospitalization in older adults
with and without diabetes (type 1 or 2), further empha-
sizing the importance of albuminuria measurement as a
marker."

As well as being useful for the early detection of CKD
in people with T2D, elevated UACR levels can also be
used to monitor CKD progression.” The ability of albu-
minuria to predict the progression of kidney disease is
irrespective of eGFR,*” with the relative risks of ESKD,
acute kidney injury, and progressive CKD increasing
with elevating levels of albuminuria.'” " *' In general,
lower eGFR and higher levels of albuminuria (>300
mg/g) independently predict faster progression to
ESKD among patients with stage 3 CKD (eGFR 30-60
mL/min/1.73 m®).* While kidney function decline is
a continuum, recognized albuminuria categories in
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CKD include: Al (normal to mildly increased albu-
minuria), defined as UACR <30 mg/g; A2 (moderately
increased albuminuria), defined as UACR 30-300
mg/g; and A3 (severely increased albuminuria),
defined as UACR >300 mg/g (figure 1).?

Large interindividual variability in kidney decline
has been documented. The UK Prospective Diabetes
Study found that 38% of people with T2D developed
albuminuria and 29% developed renal impairment,
with many developing one outcome but not the
other.? Thus, some patients with T2D may have CKD
without the presence of albuminuria,” suggesting that
the assessment of albuminuria alone may not optimally
identify people with T2D who are at high risk of kidney
impairment. An additional challenge in screening for
CKD in people with T2D is the occurrence of hyper-
filtration with normal creatinine/eGFR and without
albuminuria. Results from a large observational study
indicate that in T2D, both hyperfiltration and high-
normal eGFR levels are associated with increased risk
of mortality, independent of confounders that may
directly impact mortality or GFR estimation.”” Routine
assessment of both albuminuria and eGFR is warranted
in these patients. Also, it is important to note that
elevated albumin in the urine may be indicative of
other disorders. Albuminuria is the earliest marker
of other glomerular diseases, and may be elevated
in hypertensive nephrosclerosis; it is also associated
with hypertension, obesity, and vascular disease.”
Furthermore, exercise within 24 hours of albuminuria
assessment, infection, fever, congestive heart failure,
marked hyperglycemia, menstruation, and marked
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hypertension may elevate the UACR independent of
kidney damage."’

While elevated albuminuria can be indicative of
CKD, incremental increases in albuminuria are asso-
ciated with corresponding increases in cardiorenal
risk.** Concomitant CKD and T2D is an independent
risk factor for cardiovascular events, with this popula-
tion being approximately three times more likely to
die from cardiovascular-related causes than those with
T2D alone, and almost six times more likely to die from
cardiovascular-related causes than those with neither
T2D nor CKD.” Based on a report from the Fram-
ingham Heart Study, the presence of albuminuria is
associated with a higher risk of incident heart failure,
specifically heart failure with reduced ejection frac-
tion, in the general population. In patients with T2D
and kidney disease, patients with an increased level
of baseline albuminuria had a higher risk for heart
failure compared with those with low albuminuria. In
addition, the Reduction of Endpoints in NIDDM with
the Angiotensin II Antagonist Losartan (RENAAL)
study showed that reduction in albuminuria by 50%
was associated with reduced risks of cardiovascular
events by 18% and heart failure by 27%.*! People with
T2D and moderately to severely increased albumin-
uria have an approximately threefold, fourfold, and
fivefold greater risk of myocardial infarction, cardio-
vascular death and hospitalization for heart failure,
respectively, than those with T2D alone.” A recent
study (n=512 700) showed that early CKD in people
with diabetes may shorten life expectancy by 16 years,
compared with 6 years for early CKD without diabetes

Women
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Figure 2 Life expectancy in people with early CKD, T2D, and early CKD in T2D. The reference group consisted of participants
with neither diabetes nor CKD. Early CKD was defined as CKD stages 1-3 without diabetes. Diabetes was defined as T2D
without CKD. Early CKD in T2D was defined as diabetes with early CKD stages 1-3. Reproduced with permission from Kidney

International.®

CKD, chronic kidney disease; T2D, type 2 diabetes.
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(either type 1 or type 2), and 10 years for diabetes
alone (either type 1 or type 2; figure 2).*° Patients with
high albuminuria may die of cardiovascular events
before developing ESKD.*’

TREATMENT AND PREVENTION OF CKD

The ability to identify patients with CKD most likely to
progress to ESKD would permit timely implementation
of appropriate interventions. Progression of CKD poses
a significant impact on the health and quality of life of
affected patients,” * as well as a large financial burden.’
Efforts to improve care of patients with CKD should
focus on reducing the incidence of kidney failure (often
defined as a composite of outcomes including sustained
low/declining GFR and clinical outcomes of transplanta-
tion, dialysis or death from kidney failure), and should
provide more affordable treatment options, as well as
improving access to kidney transplantation and home
dialysis.?” *

Early intensive glycemic control can reduce the risk of
developing high albuminuria by one-third compared with
the standard of care in people with type 1 diabetes® and
significantly reduce the rate of progression from normoal-
buminuria to microalbuminuria in newly diagnosed T2D.”
Current pharmacologic recommendations for managing
CKD in T2D include reducing hyperglycemia and hyper-
tension, reducing cardiovascular risk through manage-
ment of dyslipidemia with statin therapy, using an ACE
inhibitor or angiotensin receptor blocker (ARB) and most
recently, using sodium-glucose co-transporter-2 inhibitors
(SGLT2is) or glucagon-like peptide-1 receptor agonists
(GLP-1RAs).?> ACE inhibitors and ARBs are not recom-
mended for the primary prevention of CKD; however, they
are recommended as separate treatments to help preserve
kidney function in all people with T2D and persistent albu-
minuria (ie, persistent UACR >30 mg/g)."' * ACE inhibitors
and ARBs are potent antihypertensive agents that counter
the vasoconstrictive effects of angiotensin II, causing
selectively greater vasodilatation of the efferent arterioles
of the glomeruli, thereby reducing intraglomerular pres-
sure." ACE inhibitors and ARBs have also been shown to
provide kidney protection independent of blood pressure
control.” #2

SGLT2is and GLP-1RAs have demonstrated reduced risk
of CKD progression in people with T2D in several clinical
trials.”** Improved kidney outcomes in people with T2D,
eGFR <60 mL/min/1.73 m2, and either established cardio-
vascular disease or cardiovascular risk factors,37 and reduced
risk of kidney failure and cardiovascular events in patients
with CKD regardless of T2D status,”™ * have resulted in
SGLT2is being the recommended firstline glucose-lowering
medication, with or without metformin and regardless of
glucose control levels in people with CKD and T2D when
eGFR is 230 mL/min/1.73 m® and UACR is >300 mg/g." *’

A proposed mechanism for SGLT2is is improving
the intrarenal hemodynamics, which protects the
glomeruli from high-pressure damage. This occurs via

tubuloglomerular feedback from the macula densa,
leading to constriction of the afferent arteriole or dilation
of the efferent arteriole.*’ Novel approaches to slowing
the progression of CKD in people with T2D involve the
pharmacologic blockade of mineralocorticoid receptor
(MR) overactivation in the kidney.42 MR overactivation
is known to exacerbate inflammation and fibrosis in the
kidneys, the heart, and the vascular system.42 Finerenone,
a novel, selective, non-steroidal, MR antagonist that
blocks MR overactivation, has demonstrated significant
dose-dependent reductions in albuminuria in people
with T2D and CKD,* as well as significantly reducing the
risk of kidney failure, sustained 240% decline in eGFR, or
renal death (composite endpoint), and other cardiovas-
cular outcomes in people with CKD and T2D in Finere-
none in Reducing Kidney Failure and Disease Progression
in Diabetic Kidney Disease (FIDELIO-DKD).* In addi-
tion, UACR reductions were demonstrated with finere-
none versus placebo (-34.7% vs -4.7%).** Finerenone
in Reducing Cardiovascular Mortality and Morbidity
in Diabetic Kidney Disease (FIGARO-DKD), a recently
completed successful companion phase III trial to FIDE-
LIO-DKD, met its composite primary endpoint of cardio-
vascular death and non-fatal cardiovascular events versus
placebo in people with CKD and T2D.* * Despite also
showing reduced albuminuria in people with T2D and
CKD,' the steroidal MR antagonists spironolactone and
eplerenone are currently underused because of difficul-
ties in managing severe hyperkalemia and worsening of
kidney function.

Ethnic minority representation varies across these clin-
ical trials but is consistently low compared with Caucasian
representation; this is not CKD-specific but a global and
societal issue that needs to be addressed across all forms
of healthcare. For example, African Americans account
for 85% of people with CKD," yet in large CKD studies
such as Canagliflozin and Renal Events in Diabetes
with Established Nephropathy Clinical Evaluation
(CREDENCE), Dapagliflozin and Prevention of Adverse
Outcomes in Chronic Kidney Disease (DAPA-CKD), and
FIDELIO-DKD, these patients accounted for 5%, 4%,
and 5% of the trial population, respectively.”* *

Assessment of albuminuria is an important compo-
nent of entry criteria for clinical trials, and its use as a
predictor of efficacy should be assessed. Clinical trials
in people with CKD and T2D typically include UACR
measurements as part of the study entry criteria; however,
criteria often vary hugely between studies.”® * ** ** A
recent meta-analysis supported the role of albuminuria
as a surrogate endpoint in clinical trials of progression
of CKD, with a reduction in albuminuria of >30% asso-
ciated with substantial reductions in the risk of ESKD.*
Proteinuria may contribute to worsening kidney func-
tion by overloading the tubular epithelial cells leading
to intrarenal activation of complement, resulting in
interstitial inflammation predominantly mediated by
macrophages and sustained fibrogenesis.*” As such,
remission of albuminuria (defined as reversal of UACR

4
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to normoalbuminuria or <30 mg/g creatinine and a
reduction in UACR by 230% from baseline at two consec-
utive time points) was used as the primary endpoint
in the Esaxerenone (CS-3150) in Patients with Type 2
Diabetes and Microalbuminuria trial, which investigated
the use of esaxerenone, a non-steroidal MR antagonist.”’
Despite evidence for the utility of albuminuria, regula-
tory authorities place more emphasis on GFR thresholds
over UACR, currently accepting a 30%—-40% GFR decline
as a surrogate endpoint for kidney failure in clinical trials
of kidney disease progression. However, this may not be
appropriate for drugs targeted at early stages of CKD or
with potential hemodynamic effects.'”

ALBUMINURIA AS A TARGET FOR INTERVENTION
Microalbuminuria (UACR <300 mg/g) has been reported
in association with impaired fasting glucose and impaired
glucose tolerance,” with a prevalence of 15.5% in people
with pre-diabetes.”’ Correlation between the presence of
microalbuminuria in people with pre-diabetic conditions
and progression towards T2D suggests that screening of
albuminuria in the general population may be beneficial
for the early prevention of kidney damage.”

Reducing albuminuria may slow progression of CKD
and should, therefore, be considered as a separate target
for kidney-protective therapy. A meta-analysis of data from

41 clinical trials that included participants with diabetes
(71%), glomerular disease (4.4%) and other CKD (25.2%)
demonstrated that decreasing albuminuria is associated
with a reduced risk for developing the clinical endpoint (a
composite of ESKD, doubling of serum creatinine concen-
tration, or eGFR <15 mL/min/1.73 m?), predictive of CKD
progression.*® This is in addition to monitoring cardiovas-
cular risks using well-established surrogate endpoints, such
as glycated hemoglobin for glucose lowering, blood pres-
sure for control of hypertension, and low-density lipopro-
tein cholesterol for efficacy of lipid lowering.™

Optimum  patient management requires regular
screening of people with T2D to ensure early identifica-
tion of CKD, followed by targeted intervention to reduce
albuminuria (ie, with the use of SGLT2is and GLP-1RAs)
and stabilize eGFR, along with continued regular moni-
toring." > A proposed algorithm for the optimum manage-
ment of CKD in T2D using albuminuria as a target is
presented in figure 3. However, barriers to albuminuria
testing exist, including confusion caused by the similarity
of test names and results. For example, the typical range
of results for UACR and urine albumin (UALB) is similar,
but the UACR test measures albumin content relative to
creatine (in units of mg/g) while the UALB test measures
total albumin in urine (in units of mg/dL) 53" Other barriers
include a lack of understanding of testing guidelines and

Patient diagnosed with T2D — immediate test for albuminuria using UACR

1
(&) No
<D( Positive for albumin?
s Yes
5 Condition that may invalidate UACR measured!?
% No Yes
3
= Treat and/or wait until resolved
£ No * Repeat test at least twice within 3 months
+ 2 of 3 repeat tests positive for albumin after 3 months?
Treatment
Yes
Stabilize eGFR Organ protection

Treat patient and continue UACR monitoring at appropriate annual frequency based on: . S%LTgis !

* Level of albuminuria + RAS (ACEis, ARBS)

* eGFR category Reduce

Continued UACR monitoring albuminuria Risk reduction
* GLP-1RAs
A1 A2 A3 + DPP-4is
tﬁ:tn:'zl l:l::cR Normal to mildly increased Moderately increased Severely increased + SGLT2is
quency (<30 mg/g) (30-300 mg/g) (>300 mg/g)

G1: eGFR 290 mL/min/1.73 m?

1lyear

G2: eGFR 60-89 mL/min/1.73 m? 1lyear

Continued UACR monitoring

G3a: eGFR 45-59 mL/min/1.73 m?

G3b: eGFR 30-44 mL/min/1.73 m* 3/year

3lyear

24/year

G4: eGFR 15-29 mL/min/1.73 m?

3lyear

G5: eGFR <15 mL/min/1.73 m? >4/year

3lyear
3lyear
>4/year

24/year

Figure 3 Proposed algorithm for the optimum management of CKD in T2D using albuminuria as a targe

t.2 %5 +Exercise

(strenuous exercise within 24 hours of sample collection), infection (septicemia or other conditions increasing vascular
permeability, symptomatic urinary tract infection), fever, congestive heart failure, marked hyperglycemia, menstruation, upright
posture (orthostatic proteinuria causing transient elevation in UACR), and marked hypertension may elevate UACR independent
of kidney damage. A, albuminuria category; ACEi, ACE inhibitor; ARB, angiotensin receptor blocker; CKD, chronic kidney
disease; DPP-4i, dipeptidyl peptidase-4 inhibitor; eGFR, estimated glomerular filtration rate; G, GFR category; GLP-1RA,
glucagon-like peptide-1 receptor agonist; RAS, renin-aldosterone system; SGLT2i, sodium-glucose co-transporter-2 inhibitor;

T2D, type 2 diabetes; UACR, urine albumin-to-creatinine ratio.
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I

Table 1 Methods for testing albuminuria as recommended by KDIGO and ADA guidelines® " 457
Total protein
Urine albumin-to- measurements (urine
creatinine ratio; Urine albumin (24-hour Urine dipsticks sensitive  protein-to-creatinine
Method screening*t urine albumin test) for albuminuriat ratio)§
Pros » Guideline-preferred » Capable of specific and » Convenient. » Less expensive.

method. precise quantification at » Less expensive.

>

Capable of specific and
precise quantification at
low concentrations and

low concentrations, and
of producing quantitative
results over the clinically

of producing quantitative
results over the clinically
relevant range.

» Provides a more specific
and sensitive measure
of changes in glomerular
permeability than urinary
total protein.

Cons » Measurement may be » Method may be
influenced by several burdensome and time

relevant range.

» Method of measuring
albumin alone.

» Do not give equal
analytical specificity and

factors;q| therefore,
repeat tests are required,
with 2 of 3 abnormal

measurements reported >

within a period of

3-6 months before a
patient is considered to
have high albuminuria
(figure 3).

consuming and adds — Measurement of

little to prediction or
accuracy.

Measurement may be
influenced by several
factors;q| therefore,
repeat tests are required,
with 2 of 3 abnormal
measurements reported
within a period of

3-6 months before a
patient is considered to
have high albuminuria

albumin alone without

simultaneously
measuring urine
creatinine is
susceptible to
false-negative

and false-positive
determinations as a
result of variation in
urine concentration
due to hydration.
Simultaneous

sensitivity for all proteins
that can contribute to
diverse estimates of
proteinuria prevalence.
Not as specific or
sensitive a measure of
changes in glomerular
permeability as

UACR, thus not as
accurate in detecting
low concentrations

of albumin indicative
of the early stages of

(figure 3).

measurement of
creatinine allows
more accurate
results.

kidney damage or kidney
disease progression.

*Screening, as measured by a spot urine sample, is done annually; however, patients with UALB >30 mg/g creatinine or an eGFR <60 mL/

min/1.73 m? should be monitored twice annually to guide therapy.'

TAlbumin is measured using immunologic assays by diagnostic laboratories and albumin concentration reported as a ratio to urinary

creatinine concentration (mg/mmol or mg/g).""

FUrine dipstick test results may vary depending on the manufacturer and are affected by the urine pH. The results are also operator
dependent and may be affected by colored compounds in urine (ie, bilirubin and drugs such as ciprofloxacin, chloroquine). This test cannot
reliably distinguish between proteinuria categories and has a low diagnostic accuracy for proteinuria detection.?

§Most laboratories use either turbidimetric or colorimetric methods to measure total protein.?

Y|Exercise (strenuous exercise within 24 hours of sample collection), infection (septicemia or other conditions increasing vascular
permeability, symptomatic urinary tract infection), fever, congestive heart failure, marked hyperglycemia, menstruation, upright posture
(orthostatic proteinuria causing transient elevation in UACR), and marked hypertension may elevate UACR independent of kidney damage. "
ADA, American Diabetes Association; eGFR, estimated glomerular filtration rate; KDIGO, Kidney Disease: Improving Global Outcomes;

UACR, urine albumin-to-creatinine ratio; UALB, urine albumin.

which tests to order; infrequent physician visits by patients
or avoidance of treatment; and methodologic issues, such as
urine collection instructions, requirement for specific urine
cups, or an inadequate patient recall system when patients
fail to provide a urine sample.”** The guideline-preferred
method of screening is annual testing of albuminuria using
the accurate and costeffective UACR test (table 1).211%
Methods of measuring albuminuria are not stan-
dardized; however, KDIGO guidelines recommend

standardization against a serum-based calibrant (CRM
470), with albumin measured using immunologic assays
capable of specific and precise quantification at low
concentrations and of producing quantitative results over
the clinically relevant range.? Alternate methods, such as
a 24-hour UALB test, are available; however, this test is
more burdensome (table 1).*'" The use of urine dipsticks
offers a convenient, cost-effective method of measuring
albuminuria alone (table 1).2'! However, the use of urine

BMJ Open Diab Res Care 2022;10:¢002806. doi:10.1136/bmjdrc-2022-002806
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dipsticks is susceptible to false results with poor sensitivity
for UACR >30 mg/g detection (~62%; 95% CI 50.9 to
72.0).2°7 % Combining urine dipstick measurements for
albumin with simultaneous measurement of creatinine
could ensure a higher level of accuracy as this will correct
for variations in albumin concentration that is highly
dependent on hydration status.'' In addition, assays that
measure total protein, such as colorimetric protein assays,
may be used.” "' However, it is important to note that
UALB measurements provide a more specific and sensi-
tive measure of changes in glomerular permeability than
urinary total protein, and they enable early detection
of low concentrations of albumin as a marker of kidney
damage and the progression of kidney disease (table 1).>
Therefore, as kidney function declines, it is recom-
mended that testing be carried out more frequently,’
with repeat testing of albuminuria in addition to eGFR
measurements recommended to assess disease progres-
sion or response to treatment (figure 3).”

DISCUSSION AND CONCLUSIONS

Albuminuria is a key marker of kidney damage and
cardiorenal risk, and it is important to perform periodic
tests for albuminuria in people with T2D, both to detect
CKD and to monitor its progression. The CREDENCE
(CKD and T2D population) and DAPA-CKD (CKD and
mixed T2D and non-T2D population) trials of SGLT2is
have shown that the presence of high albuminuria at
baseline is predictive of elevated risk for future hard
kidney outcomes;” * the Heart Outcomes Prevention
Evaluation (HOPE) study identified albuminuria as a
continuous risk factor for all-cause mortality and cardio-
vascular mortality;” and in a meta-analysis of clinical trial
data, lowering of albuminuria with SGLT2is correlated
with delayed onset of hard kidney outcomes such as
kidney replacement therapy.”’ ® An increased focus on
routine systematic testing for albuminuria in clinical
practice is important to address the current suboptimal
rates and overcome existing barriers for albuminuria
testing. There has been a long-standing perception of
no utility in screening for CKD. For decades, there were
no interventions apart from ACE inhibitors and ARBs;
often prescribed for hypertension or heart failure that
could address a decline in kidney function. However,
this is changing with an evolving landscape: SGLT2is are
now indicated for CKD in people with T2D®® and positive
outcomes are being reported for new agents that specifi-
cally target kidney damage (eg, non-steroidal MR antag-
onists). The KDIGO and American Diabetes Association
guidelines now recommend that people with CKD and
T2D, and an eGFR >30 mL/min/1.73 m? would benefit
from the use of SGLT?2is, with or without metformin; GLP-
1RAs recommended as a preferred additional therapy
based on patient preferences, comorbidities, cost, and
eGFR status' because these therapies appear to reduce
the risk of CKD progression, cardiovascular events, and
hypoglycemia.'!

The importance of education and awareness around
albuminuria screening is underscored by the launch of a
new public awareness initiative by the US Department of
Health and Human Services, the National Kidney Foun-
dation, and the American Society of Nephrology, which
aim to provide education about the risks of CKD and
promote the early detection, treatment and management
of CKD to improve patient outcomes.” Furthermore, a
majority of CKD burden is concentrated in geographies
with the lowest sociodemographic index,”* where early
detection using cost-effective methodologies and early
intervention could have a significant impact on reducing
disease burden.

We strongly believe that the time is right for a far more
aggressive and interventional approach to CKD in T2D
that goes all the way from education and awareness to
appropriate and regular screening and follow-up. This is
particularly relevant in view of both the recent executive
order on kidney diseases and the availability, for the first
time, of novel therapies that could effectively prevent the
progression of CKD.

Author affiliations

"Division of Endocrinology, Metabolism and Lipid Research, Washington University
School of Medicine, Saint Louis, Missouri, USA

2Department of Nephrology, Hannover Medical School, Hannover, Germany
*Division of Nephrology and Hypertension, Department of Medicine, University of
North Carolina at Chapel Hill School of Medicine, Chapel Hill, North Carolina, USA
4Department of Medicine, WG Hefner VA Medical Center, Salisbury, North Carolina,
USA

SDivision of Preventive Medicine, Department of Medicine, The University of
Alabama at Birmingham, Birmingham, Alabama, USA

%Department of Nephrology and Laboratory Medicine, Kanazawa University,
Kanazawa, Ishikawa, Japan

"Division of Nephrology and Hypertension, University Hospital of Wiirzburg,
Wiirzburg, Germany

8Department of Endocrinology and Metabolism, Peking University People's Hospital,
Beijing, China

9Steno Diabetes Center Copenhagen, Herlev, Denmark

1%Department of Clinical Medicine, University of Copenhagen, Copenhagen,
Denmark

Acknowledgements Medical writing assistance was provided by Cindy Jenner,
PhD, of Chameleon Communications International, and was funded by Bayer AG.

Contributors JBM and PR conceived the manuscript, approved the outline, edited
outlines and all drafts and approved the final manuscript content. HH, PR-C, AC,
TW, CW, LJ added expertise, edited the outline and drafts and approved the final
draft. JBM is the guarantor of the work.

Funding This study was funded by Bayer.

Competing interests JBM reports non-financial support from Boehringer
Ingelheim; personal fees from Bayer, Boehringer Ingelheim, MannKind, Novo
Nordisk and Provention Bio; grants from Beta Bionics, Dexcom, Medtronic, and
Novo Nordisk. PR-C is a consultant/advisor for Akebia, Bayer, Becton Dickinson,
Cormedix, Humacyte, Medtronic, Vifor-Relypsa, and WL Gore. He is also the founder
and CSO0 of Inovasc. AC is a consultant/advisor for Bayer. LJ reports receiving
consulting and lecture fees from Bayer, Boehringer Ingelheim, Bristol Myers Squibb,
Eli Lilly, Merck, Novartis, Novo Nordisk, Roche, Sanofi, and Takeda; and research
grants from Roche and Sanofi. HH reports personal fees from Alexion Pharma,
AstraZeneca, Bayer, Boehringer Ingelheim, and Vifor Pharma, outside the submitted
work. TW reports grants, personal fees and other from Kyowa Kirin; grants and
personal fees from Astellas Pharma, Daiichi Sankyo, Kissei Pharmaceutical,
Mitsubishi Tanabe Pharma, Sanofi, and Takeda Pharmaceutical; grants from Chugai
Pharmaceutical and MSD; and personal fees from AstraZeneca, Bayer, Boehringer
Ingelheim, Eli Lilly Japan, Kowa, Nippon, Ono Pharmaceutical, Sanwa Chemistry,

BMJ Open Diab Res Care 2022;10:¢002806. doi:10.1136/bmjdrc-2022-002806



Emerging technologies, pharmacology and therapeutics a

and Taisho Pharma, outside the submitted work. CW reports consultancy and/

or speaking fees from AstraZeneca, Bayer, Boehringer Ingelheim, Gilead, GSK, Eli
Lilly, MSD, and Mundipharma; and research grants from Boehringer Ingelheim
and Sanofi Genzyme outside this body of work. PR reports lecture fees from
AstraZeneca, Bayer, Boehringer Ingelheim, Merck, and Novo Nordisk; consultancy
fees from AbbVie, Astellas, AstraZeneca, Bayer, Boehringer Ingelheim, Eli Lilly,
Gilead, Mundipharma, and Novo Nordisk, with all fees given to Steno Diabetes
Center Copenhagen; and equity interest in Novo Nordisk.

Patient consent for publication Not required.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement No data are available. The data supporting the
findings of this study are not currently available.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Peter Rossing http://orcid.org/0000-0002-1531-4294

REFERENCES

1 Kidney Disease: Improving Global Outcomes (KDIGO) Diabetes
Work Group. KDIGO 2020 clinical practice guideline for diabetes
management in chronic kidney disease. Kidney Int 2020;98:S1-115.

2 Kidney Disease: Improving Global Outcomes (KDIGO) Diabetes Work
Group. KDIGO 2012 clinical practice guideline for the evaluation
and management of chronic kidney disease. Kidney Int Suppl
2013;3:1-150.

3 Alicic RZ, Rooney MT, Tuttle KR. Diabetic kidney disease:
challenges, progress, and possibilities. Clin J Am Soc Nephrol
2017;12:2032-45.

4 Stempniewicz N, Vassalotti JA, Cuddeback JK, et al. Chronic
kidney disease testing among primary care patients with type 2
diabetes across 24 U.S. health care organizations. Diabetes Care
2021;44:2000-9.

5 Afkarian M, Sachs MC, Kestenbaum B, et al. Kidney disease and
increased mortality risk in type 2 diabetes. J Am Soc Nephrol
2013;24:302-8.

6 Abbasi M, Chertow G, Hall Y. End-stage renal disease. Am Fam
Physician 2010;82:1512.

7 United States Renal Data System. Chapter 6: healthcare
expenditures for persons with CKD. USRDS annual data report
volume 1: chronic kidney disease. Bethesda, MD: National Institutes
of health, National Institute of diabetes and digestive and kidney
diseases, 2020. Available: https://adr.usrds.org/2020/chronic-
kidney-disease/6-healthcare-expenditures-for-persons-with-ckd
[Accessed 15 Nov 2021].

8 United States Renal Data System. Chapter 9: healthcare
expenditures for persons with ESRD. USRDS annual data report
volume 2: end stage renal disease. Bethesda, MD: National Institutes
of health, National Institute of diabetes and digestive and kidney
diseases, 2020. Available: https://adr.usrds.org/2020/end-stage-
renal-disease/9-healthcare-expenditures-for-persons-with-esrd
[Accessed 15 Nov 2021].

9 Hounkpatin HO, Fraser SDS, Honney R, et al. Ethnic minority
disparities in progression and mortality of pre-dialysis chronic kidney
disease: a systematic scoping review. BMC Nephrol 2020;21:217.

10 Plantinga LC, Tuot DS, Powe NR. Awareness of chronic kidney
disease among patients and providers. Adv Chronic Kidney Dis
2010;17:225-36.

11 American Diabetes Association. 11. Microvascular Complications
and Foot Care: Standards of Medical Care in Diabetes-2020.
Diabetes Care 2020;43:5135-51.

12 Cosentino F, Grant PJ, Aboyans V. ESC guidelines on diabetes, pre-
diabetes, and cardiovascular diseases developed in collaboration
with the EASD. Eur Heart J 2019;2020:255-323.

13 Murton M, Goff-Leggett D, Bobrowska A, et al. Burden of chronic
kidney disease by KDIGO categories of glomerular filtration rate and
albuminuria: a systematic review. Adv Ther 2021;38:180-200.

14 Szczech LA, Stewart RC, Su H-L, et al. Primary care detection of
chronic kidney disease in adults with type-2 diabetes: the ADD-CKD
study (awareness, detection and drug therapy in type 2 diabetes and
chronic kidney disease). PLoS One 2014;9:e110535.

15 Tuttle KR, Alicic RZ, Duru OK, et al. Clinical characteristics of
and risk factors for chronic kidney disease among adults and
children: an analysis of the CURE-CKD registry. JAMA Netw Open
2019;2:¢1918169.

16 Norris KC, Duru OK, Alicic RZ, et al. Rationale and design of a
multicenter chronic kidney disease (CKD) and at-risk for CKD
electronic health records-based registry: CURE-CKD. BMC Nephrol
2019;20:416.

17 Levey AS, Gansevoort RT, Coresh J, et al. Change in albuminuria
and GFR as end points for clinical trials in early stages of CKD: a
scientific workshop sponsored by the National kidney Foundation
in collaboration with the US food and drug administration and
European medicines Agency. Am J Kidney Dis 2020;75:84-104.

18 Coresh J, Levey AS. A combination of change in albuminuria and
GFR as a surrogate end point for progression of CKD. Clin J Am Soc
Nephrol 2019;14:792-4.

19 Barzilay JI, Buzkova P, Shlipak MG, et al. Hospitalization rates in
older adults with albuminuria: the cardiovascular health study. J
Gerontol A Biol Sci Med Sci 2020;75:2426-33.

20 Bakris GL, Molitch M. Microalbuminuria as a risk predictor in
diabetes: the continuing saga. Diabetes Care 2014;37:867-75.

21 Heerspink HJL, Parving H-H, Andress DL, et al. Atrasentan and renal
events in patients with type 2 diabetes and chronic kidney disease
(Sonar): a double-blind, randomised, placebo-controlled trial. Lancet
2019;393:1937-47.

22 Retnakaran R, Cull CA, Thorne KiI, et al. Risk factors for renal
dysfunction in type 2 diabetes: U.K. prospective diabetes study 74.
Diabetes 2006;55:1832-9.

23 Penno G, Orsi E, Solini A, et al. Renal hyperfiltration is independently
associated with increased all-cause mortality in individuals with type
2 diabetes: a prospective cohort study. BMJ Open Diabetes Res
Care 2020;8:e001481.

24 Pafundi PC, Garofalo C, Galiero R, et al. Role of albuminuria in
detecting Cardio-Renal risk and outcome in diabetic subjects.
Diagnostics 2021;11:290.

25 Scirica BM, Mosenzon O, Bhatt DL, et al. Cardiovascular outcomes
according to urinary albumin and kidney disease in patients with
type 2 diabetes at high cardiovascular risk: observations from the
SAVOR-TIMI 53 trial. JAMA Cardiol 2018;3:155-63.

26 Wen CP, Chang CH, Tsai MK, et al. Diabetes with early kidney
involvement may shorten life expectancy by 16 years. Kidney Int
2017;92:388-96.

27 U.S. Department of Health and Human Services. Advancing
American kidney health, 2019. Available: https://aspe.hhs.gov/
system/files/pdf/262046/AdvancingAmericanKidneyHealth.pdf
[Accessed 15 Nov 2021].

28 Mendu ML, Weiner DE. Health policy and kidney care in the United
States: core curriculum 2020. Am J Kidney Dis 2020;76:720-30.

29 Diabetes Control and Complications (DCCT) Research Group. Effect
of intensive therapy on the development and progression of diabetic
nephropathy in the diabetes control and complications trial. The
diabetes control and complications (DCCT) Research Group. Kidney
Int 1995;47:1703-20.

30 UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-
glucose control with sulphonylureas or insulin compared with
conventional treatment and risk of complications in patients with
type 2 diabetes (UKPDS 33). UK prospective diabetes study
(UKPDS) group. Lancet 1998;352:837-53.

31 Heart Outcomes Prevention Evaluation Study Investigators. Effects
of ramipril on cardiovascular and microvascular outcomes in people
with diabetes mellitus: results of the hope study and MICRO-HOPE
substudy. heart outcomes prevention evaluation study Investigators.
Lancet 2000;355:253-9.

32 Lewis EJ, Hunsicker LG, Clarke WR, et al. Renoprotective
effect of the angiotensin-receptor antagonist irbesartan in
patients with nephropathy due to type 2 diabetes. N Engl J Med
2001;345:851-60.

33 Marso SP, Bain SC, Consoli A, et al. Semaglutide and cardiovascular
outcomes in patients with type 2 diabetes. N Engl J Med
2016;375:1834-44.

34 Perkovic V, de Zeeuw D, Mahaffey KW, et al. Canagliflozin and
renal outcomes in type 2 diabetes: results from the canvas
program randomised clinical trials. Lancet Diabetes Endocrinol
2018;6:691-704.

35 Marso SP, Daniels GH, Brown-Frandsen K, et al. Liraglutide
and cardiovascular outcomes in type 2 diabetes. N Engl J Med
2016;375:311-22.

36 Tuttle KR, Lakshmanan MC, Rayner B, et al. Dulaglutide versus
insulin glargine in patients with type 2 diabetes and moderate-to-
severe chronic kidney disease (AWARD-7): a multicentre, open-label,
randomised trial. Lancet Diabetes Endocrinol 2018;6:605-17.

BMJ Open Diab Res Care 2022;10:¢002806. doi:10.1136/bmjdrc-2022-002806


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-1531-4294
http://dx.doi.org/10.1016/j.kint.2020.06.019
http://dx.doi.org/10.2215/CJN.11491116
http://dx.doi.org/10.2337/dc20-2715
http://dx.doi.org/10.1681/ASN.2012070718
http://www.ncbi.nlm.nih.gov/pubmed/21166372
http://www.ncbi.nlm.nih.gov/pubmed/21166372
https://adr.usrds.org/2020/chronic-kidney-disease/6-healthcare-expenditures-for-persons-with-ckd
https://adr.usrds.org/2020/chronic-kidney-disease/6-healthcare-expenditures-for-persons-with-ckd
https://adr.usrds.org/2020/end-stage-renal-disease/9-healthcare-expenditures-for-persons-with-esrd
https://adr.usrds.org/2020/end-stage-renal-disease/9-healthcare-expenditures-for-persons-with-esrd
http://dx.doi.org/10.1186/s12882-020-01852-3
http://dx.doi.org/10.1053/j.ackd.2010.03.002
http://dx.doi.org/10.2337/dc20-S011
http://dx.doi.org/10.1007/s12325-020-01568-8
http://dx.doi.org/10.1371/journal.pone.0110535
http://dx.doi.org/10.1001/jamanetworkopen.2019.18169
http://dx.doi.org/10.1186/s12882-019-1558-9
http://dx.doi.org/10.1053/j.ajkd.2019.06.009
http://dx.doi.org/10.2215/CJN.04160419
http://dx.doi.org/10.2215/CJN.04160419
http://dx.doi.org/10.1093/gerona/glaa020
http://dx.doi.org/10.1093/gerona/glaa020
http://dx.doi.org/10.2337/dc13-1870
http://dx.doi.org/10.1016/S0140-6736(19)30772-X
http://dx.doi.org/10.2337/db05-1620
http://dx.doi.org/10.1136/bmjdrc-2020-001481
http://dx.doi.org/10.1136/bmjdrc-2020-001481
http://dx.doi.org/10.3390/diagnostics11020290
http://dx.doi.org/10.1001/jamacardio.2017.4228
http://dx.doi.org/10.1016/j.kint.2017.01.030
https://aspe.hhs.gov/system/files/pdf/262046/AdvancingAmericanKidneyHealth.pdf
https://aspe.hhs.gov/system/files/pdf/262046/AdvancingAmericanKidneyHealth.pdf
http://dx.doi.org/10.1053/j.ajkd.2020.03.028
http://dx.doi.org/10.1038/ki.1995.236
http://dx.doi.org/10.1038/ki.1995.236
http://dx.doi.org/10.1016/S0140-6736(98)07019-6
http://www.ncbi.nlm.nih.gov/pubmed/10675071
http://dx.doi.org/10.1056/NEJMoa011303
http://dx.doi.org/10.1056/NEJMoa1607141
http://dx.doi.org/10.1016/S2213-8587(18)30141-4
http://dx.doi.org/10.1056/NEJMoa1603827
http://dx.doi.org/10.1016/S2213-8587(18)30104-9

a Emerging technologies, pharmacology and therapeutics

37 Lo KB, Gul F, Ram P, et al. The effects of SGLT2 inhibitors on

cardiovascular and renal outcomes in diabetic patients: a systematic

review and meta-analysis. Cardiorenal Med 2020;10:1-10.
38 Perkovic V, Jardine MJ, Neal B, et al. Canagliflozin and renal
outcomes in type 2 diabetes and nephropathy. N Engl J Med
2019;380:2295-306.
39 Heerspink HJL, Stefansson BV, Correa-Rotter R, et al.

Dapagliflozin in patients with chronic kidney disease. N Engl J Med

2020;383:1436-46.
40 American Diabetes Association. 11. Microvascular complications

and foot care: standards of Medical Care in Diabetes-2021. Diabetes

Care 2021;44:5151-67.

41 DeFronzo RA, Reeves WB, Awad AS. Pathophysiology of diabetic
kidney disease: impact of SGLT2 inhibitors. Nat Rev Nephrol
2021;17:319-34.

42 Agarwal R, Kolkhof P, Bakris G, et al. Steroidal and non-steroidal

mineralocorticoid receptor antagonists in cardiorenal medicine. Eur

Heart J 2021;42:152-61.

43 Bakris GL, Agarwal R, Chan JC, et al. Effect of finerenone on
albuminuria in patients with diabetic nephropathy: a randomized
clinical trial. JAMA 2015;314:884-94.

44 Bakris GL, Agarwal R, Anker SD, et al. Effect of finerenone on

chronic kidney disease outcomes in type 2 diabetes. N Engl J Med

2020;383:2219-29.
45 Bayer. Bayer’s finerenone meets primary endpoint in Phase IlI
FIGARO-DKD cardiovascular outcomes study in patients with

chronic kidney disease and type 2 diabetes, 2021. Available: https://

media.bayer.com/baynews/baynews.nsf/id/Bayers-finerenone-
meets-primary-endpoint-Phase-IlI-FIGARO-DKD-cardiovascular-
outcomes-study-patients [Accessed 15 Nov 2021].

46 Kolkhof P, Jaisser F, Kim S-Y, et al. Steroidal and novel non-

steroidal mineralocorticoid receptor antagonists in heart failure and
cardiorenal diseases: comparison at bench and bedside. Handb Exp

Pharmacol 2017;243:271-305.

47 U.S. Department of Health and Human Services. Race, ethnicity, &
kidney disease, 2014. Available: https://www.niddk.nih.gov/health-
information/kidney-disease/race-ethnicity [Accessed 15 Nov 2021].

48 Heerspink HJL, Greene T, Tighiouart H, et al. Change in albuminuria
as a surrogate endpoint for progression of kidney disease: a meta-

analysis of treatment effects in randomised clinical trials. Lancet
Diabetes Endocrinol 2019;7:128-39.

49 Abbate M, Zoja C, Remuzzi G. How does proteinuria cause
progressive renal damage? J Am Soc Nephrol 2006;17:2974-84.

50 Ito S, Kashihara N, Shikata K. Esaxerenone (CS-3150) in patients
with type 2 diabetes and microalbuminuria (ESAX-DN). Clin J Am
Soc Nephrol 2020;15:1715-27.

51 Bahar A, Makhlough A, Yousefi A, et al. Correlation between
prediabetes conditions and microalbuminuria. Nephrourol Mon
2013;5:741-4.

52

53

54

55

56

57

58

59

60

61

62

63

64

65

Wieczorek A, Rys P, Skrzekowska-Baran |, et al. The role of surrogate
endpoints in the evaluation of efficacy and safety of therapeutic
interventions in diabetes mellitus. Rev Diabet Stud 2008;5:128-35.
Cherney DZI, Heerspink HJL, Frederich R, et al. Effects of
ertugliflozin on renal function over 104 weeks of treatment: a post
hoc analysis of two randomised controlled trials. Diabetologia
2020;63:1128-40.

MacLean CD, MacCaskey M, Littenberg B. Improving testing for
proteinuria in diabetes using decision support: role of laboratory
ordering systems. Lab Med 2013;44:353-7.

Hellemons ME, Denig P, de Zeeuw D, et al. Is albuminuria screening
and treatment optimal in patients with type 2 diabetes in primary
care? observational data of the GIANTT cohort. Nephrol Dial
Transplant 2013;28:706-15.

Lepore G, Maglio ML, Nosari |, et al. Cost-effectiveness of two
screening programs for microalbuminuria in type 2 diabetes.
Diabetes Care 2002;25:2103-4.

Park JI, Baek H, Kim BR, et al. Comparison of urine dipstick and
albumin:creatinine ratio for chronic kidney disease screening: A
population-based study. PLoS One 2017;12:e0171106.

Sumida K, Nadkarni GN, Grams ME, et al. Conversion of Urine
Protein-Creatinine Ratio or Urine Dipstick Protein to Urine Albumin-
Creatinine Ratio for Use in Chronic Kidney Disease Screening and
Prognosis : An Individual Participant-Based Meta-analysis. Ann
Intern Med 2020;173:426-35.

Gerstein HC, Mann JF, Yi Q, et al. Albuminuria and risk of
cardiovascular events, death, and heart failure in diabetic and
nondiabetic individuals. JAMA 2001;286:421-6.

Christofides EA, Desai N. Optimal early diagnosis and monitoring
of diabetic kidney disease in type 2 diabetes mellitus: addressing
the barriers to albuminuria testing. J Prim Care Community Health
2021;12:21501327211003683.

Delanaye P, Wissing KM, Scheen AJ. SGLT2 inhibitors: renal
outcomes according to baseline albuminuria. Clin Kidney J 2021.
Janssen Pharmaceuticals Inc. Invokana® (canagliflozin) prescribing
information., 2020. Available: http://www.janssenlabels.com/
package-insert/product-monograph/prescribing-information/
INVOKANA-pi.pdf [Accessed 15 Nov 2021].

National Kidney Foundation. Public awareness initiative for AAKH
announced as a public—private partnership with NKF and ASN, 2019.
Available: https://www.kidney.org/news/aakh-announced-public-
private-partnership-nkf-asn [Accessed 15 Nov 2021].

GBD Chronic Kidney Disease Collaboration. Global, regional, and
national burden of chronic kidney disease, 1990-2017: a systematic
analysis for the global burden of disease study 2017. Lancet
2020;395:709-33.

KDOQI. KDOQI clinical practice guidelines and clinical practice
recommendations for diabetes and chronic kidney disease. Am J
Kidney Dis 2007;49:S12-154.

BMJ Open Diab Res Care 2022;10:¢002806. doi:10.1136/bmjdrc-2022-002806


http://dx.doi.org/10.1159/000503919
http://dx.doi.org/10.1056/NEJMoa1811744
http://dx.doi.org/10.1056/NEJMoa2024816
http://dx.doi.org/10.2337/dc21-S011
http://dx.doi.org/10.2337/dc21-S011
http://dx.doi.org/10.1038/s41581-021-00393-8
http://dx.doi.org/10.1093/eurheartj/ehaa736
http://dx.doi.org/10.1093/eurheartj/ehaa736
http://dx.doi.org/10.1001/jama.2015.10081
http://dx.doi.org/10.1056/NEJMoa2025845
https://media.bayer.com/baynews/baynews.nsf/id/Bayers-finerenone-meets-primary-endpoint-Phase-III-FIGARO-DKD-cardiovascular-outcomes-study-patients
https://media.bayer.com/baynews/baynews.nsf/id/Bayers-finerenone-meets-primary-endpoint-Phase-III-FIGARO-DKD-cardiovascular-outcomes-study-patients
https://media.bayer.com/baynews/baynews.nsf/id/Bayers-finerenone-meets-primary-endpoint-Phase-III-FIGARO-DKD-cardiovascular-outcomes-study-patients
https://media.bayer.com/baynews/baynews.nsf/id/Bayers-finerenone-meets-primary-endpoint-Phase-III-FIGARO-DKD-cardiovascular-outcomes-study-patients
http://dx.doi.org/10.1007/164_2016_76
http://dx.doi.org/10.1007/164_2016_76
https://www.niddk.nih.gov/health-information/kidney-disease/race-ethnicity
https://www.niddk.nih.gov/health-information/kidney-disease/race-ethnicity
http://dx.doi.org/10.1016/S2213-8587(18)30314-0
http://dx.doi.org/10.1016/S2213-8587(18)30314-0
http://dx.doi.org/10.1681/ASN.2006040377
http://dx.doi.org/10.5812/numonthly.7646
http://dx.doi.org/10.1900/RDS.2008.5.128
http://dx.doi.org/10.1007/s00125-020-05133-4
http://dx.doi.org/10.1093/ndt/gfs567
http://dx.doi.org/10.1093/ndt/gfs567
http://dx.doi.org/10.2337/diacare.25.11.2103
http://dx.doi.org/10.1371/journal.pone.0171106
http://dx.doi.org/10.7326/M20-0529
http://dx.doi.org/10.7326/M20-0529
http://dx.doi.org/10.1001/jama.286.4.421
http://dx.doi.org/10.1177/21501327211003683
http://www.janssenlabels.com/package-insert/product-monograph/prescribing-information/INVOKANA-pi.pdf
http://www.janssenlabels.com/package-insert/product-monograph/prescribing-information/INVOKANA-pi.pdf
http://www.janssenlabels.com/package-insert/product-monograph/prescribing-information/INVOKANA-pi.pdf
https://www.kidney.org/news/aakh-announced-public-private-partnership-nkf-asn
https://www.kidney.org/news/aakh-announced-public-private-partnership-nkf-asn
http://dx.doi.org/10.1016/S0140-6736(20)30045-3
http://dx.doi.org/10.1053/j.ajkd.2006.12.005
http://dx.doi.org/10.1053/j.ajkd.2006.12.005

	Making an impact on kidney disease in people with type 2 diabetes: the importance of screening for albuminuria
	Abstract
	Introduction
	Albuminuria as a marker of kidney damage and cardiorenal risk
	Treatment and prevention of CKD
	Albuminuria as a target for intervention
	Discussion and conclusions
	References


