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The role of this update on the management of kidney disease Key Messages for Management of Hyperkalemia

in people with diabetes is to communicate new practice recom-
mendations that will impact on best practices, and to summarize
the evidence and rationale for each. Global risk management
includes blood pressure lowering, covered by Hypertension
Canada, and dyslipidemia management, covered by the Canadian
Cardiovascular Society Guidelines for the Management of
Dyslipidemia for the Prevention of Cardiovascular Disease in
Adults.

Key Messages for Chronic Kidney Disease and Diabetes

e Screening should be done for chronic kidney disease (CKD) in
people with diabetes using random urine albumin-to-
creatinine ratio (ACR) and serum creatinine to calculate the
estimated glomerular filtration rate (eGFR). CKD is present if
eGFR is <60 mL/min per 1.73 m? and/or abnormal albumin
levels in the urine with an ACR 2 mg/mmol on repeated testing

e Hyperkalemia, a serum potassium level elevated above the
upper limit of normal, is more common in people with diabetes
and is potentially dangerous. Potassium levels also should be
obtained when testing for levels of kidney function, and for
people with a history of hyperkalemia, with up-titration of
RAASi, and with the introduction of a RAASi or an MRA or
nsMRA.

Potassium levels are impacted by the balance of intake
(through diet) and excretion into urine by the kidneys and the
stool by the gastrointestinal tract. Lower kidney function and
kidney protective therapy that blocks the renin-angiotensin-
aldosterone system (angiotensin-converting enzyme inhibi-
tors, angiotensin receptor blockers, MRAs, nsMRA) can reduce
potassium excretion by the kidneys, leading to increased
potassium levels in the blood (hyperkalemia).

over at least 3 months. Key Messages for People With or at Risk of Kidney Disease

diovascular disease (heart attack, stroke, heart failure) and
progressive loss of kidney function, as well as a need for
dialysis.

e Calculations should be made for CKD progression and cardio-
vascular event risks with validated risk prediction models.

e Therapies that can slow the progression of CKD in diabetes now
include health behaviour changes (diet/exercise/smoking
cessation), management of hypertension, glycemic management,
and medical therapy with renin-angiotensin-aldosterone
system inhibitors (RAASis), sodium-glucose cotransporter-2
inhibitors (SGLT2is), glucagon-like peptide-1 agonists (GLP-
1RAs), and nonsteroidal mineralocorticoid receptor antagonists
(nsMRAs).

e Treatments of individuals with CKD with RAASis, SGLT2is,
GLP1-RAs, and nsMRAs are as effective at kidney protection
with low eGFR <60 mL/min per 1.73 m? as they are with eGFR
>60 mL/min per 1.73 m?.

1499-2671/© 2025 Canadian Diabetes Association.
The Canadian Diabetes Association is the registered owner of the name Diabetes Canada.
https://doi.org/10.1016/j.jcjd.2025.01.004

People with diabetes and CKD are at high risk for both car- From Diabetes

o If you have diabetes, ensure that you receive screening tests at
least annually for kidney disease—using both blood and urine
tests.

e Ask your health-care team about your risk for CKD, including
your eGFR (an estimate of your kidney function) and urine ACR
(a marker of active kidney damage).

e Discuss treatment options and work with your health-care
team to develop an individualized healthy lifestyle plan with
the goal of delaying or preventing the progression of kidney
disease.

e Prioritize glucose-lowering therapies with additional kidney
and/or heart disease benefits over treatments that target only
blood glucose levels.

e High potassium levels in the blood can be dangerous. You may
be asked to have blood tests to assess potassium levels when
your kidney function is tested. Changes to your care may be
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made and follow-up tests may be conducted to ensure your
potassium has returned to safe levels.

Practical Tips

Screening for kidney disease in individuals with diabetes

Sequencing of pharmaceutical therapeutics

With 4 drug classes showing evidence of kidney and cardio-
vascular benefit for people with CKD, the challenge becomes which
order to start these therapies. Because each of the major studies for
SGLT2is, GLP1-RAs, and nsMRAs added these newer therapies to
participants on the maximum label or tolerated dose of an
angiotensin-converting enzyme inhibitor (ACEi) or angiotensin

Table 1
Currently available ACEis and ARBs in Canada and maximum recommended dose

Maximum recommended
dose (per day)

Medication type Medication name

ACEis Benazepril 40 mg
Captopril 150 mg
Cilazapril 10 mg
Enalapril 40 mg
Fosinopril 40 mg
Lisinopril 40 mg
Perindopril 8 mg
Quinapril 80 mg
Ramipril 10 mg
Trandolapril 4 mg

ARBs Azilsartan 80 mg
Candesartan 32 mg
Eprosartan 800 mg
Irbesartan 300 mg
Losartan 100 mg
Olmesartan 40 mg
Telmisartan 80 mg
Valsartan 320 mg

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.

receptor blocker (ARB), it is suggested that cardiorenal protective
therapy begin with either an ACEi or an ARB, titrated to either the
label maximum or the maximum tolerated dose (see Table 1 for list
of currently approved ACEi and ARB in Canada and the maximally
recommended dosing). There is currently insufficient evidence on
how to sequence the remaining evidence-based medications, so we
suggest that the choice of additional kidney protective medications
be predicated on individual values and preferences and the will-
ingness or ability to take additional therapy. Preferences influ-
encing choice of additional medications may include blood
pressure (BP) level, blood glucose level, potassium level, eGFR and
kidney failure risk equation (KFRE) projected risk, weight man-
agement, and contraindications to medications or adverse effects
(Table 2). If levels of albuminuria persist at 60 mg/mmol or above
after adding 2 or more of these classes, we suggest referral to a
nephrologist for assessment of need for kidney biopsy or special-
ized management.

Suggested class of nephroprotective agents to add/caution for
persistent diabetic nephropathy

e For glycemic management, GLP1-RA > SGLT2i > nsMRA, as
finerenone has no substantial effect on A1C.

e For low eGFR (<60 mL/min per 1.73 m?), note the minimal
glucose-lowering effect of SGLT2i. Refer to Table 2 of the
Pharmacologic Glycemic Management of Type 2 Diabetes in
Adults—2024 Update for eGFR-based criteria for SGLT2i and
GLP1-RA.

e Caution for hyperkalemia with RAASi and nsMRA.

Table 2
Secondary considerations for sequencing the 4 medical therapies to slow
progression of diabetic nephropathy

Consideration SGLT2i* nsMRA GLP1-RA
Weight loss + 0 ++
Avoidance of hyperkalemia + - 0
Glycemic control + 0 ++
Avoidance of genital infections - 0 0
Avoidance of injections + + -

GLP1-RA, glucagon-like peptide-1 receptor agonist, nsMRA, nonsteroidal mineralo-
corticoid receptor antagonist; SGLT2i, sodium-glucose cotransporter-2 inhibitor.
Note: 0=Neutral.

* SGLT2i may not lower blood glucose as greatly with lower estimated glomerular
filtration rate, but cardiorenal benefits persist.
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Referral to nephrology for diabetic nephropathy

Other indications for referral include a rapid deterioration in
kidney function with eGFR <45 mL/min per 1.73 m? in the absence
of self-limited illness or suspected glomerulonephritis or other
immune/inherited kidney disease, resistant hypertension (BP
uncontrolled despite therapy with 3 antihypertensive agents, 1 of
which is a diuretic).

Several provinces have resources giving guidance regarding
referral to a nephrologist:

e https://www.ontariorenalnetwork.ca/en/kidney-care-
resources/clinical-tools/primary-care-tools/kidneywise

o https://www.albertahealthservices.ca/assets/info/hp/arp/if-
hp-arp-nephrology-qr.pdf

e https://www2.gov.bc.ca/gov/content/health/practitioner-
professional-resources/bc-guidelines/chronic-kidney-
disease#referral-recommendations

Introduction

CKD with diabetes

Kidney disease is the most common complication of diabetes,
with about half of those with diabetes showing signs of kidney
disease in their lifetime [1]. Diabetic nephropathy is the most
common cause of end-stage kidney disease (ESKD), and about 40%
of all people on dialysis have diabetes [ 1]. Throughout all stages of
kidney disease, there is an increase in cardiovascular risk.

There are 2 main phenotypes of kidney disease in diabetes. The
first is diabetic nephropathy, which includes abnormal albumin
levels in the urine with normal or low eGFR. The key feature of this
condition is the development of excess albumin in the urine, which
can steadily increase over time [2]. The natural history of untreated
diabetic nephropathy is recorded in older observational studies of
people with type 1 diabetes, where, without treatment, inexorable
progression to cardiovascular death, or kidney failure followed by
death, was the norm [3]. In type 2 diabetes, diabetic nephropathy is
also manifested by slowly escalating levels of albuminuria accom-
panied by falling kidney function. Risk factors for the development
or progression of diabetic nephropathy include hyperglycemia,
hypertension, dyslipidemia, obesity, smoking, as well as genetic
risks. Except for genetics, these risks are modifiable. Histologically,
diabetic nephropathy is characterized by glomerular growth
changes, such as mesangial expansion and thickening of the
glomerular basement membranes, fibrosis in the glomeruli and
interstitium, as well as atherosclerotic damage to the small
arterioles [1].

A second phenotype has been referred to as ischemic
nephropathy or non-albuminuric chronic kidney disease (NA-CKD).
Historically, this disease has been rare, but it is being seen in a
larger proportion of cases of CKD in diabetes. It is manifested as a
persistently reduced eGFR, typically with little or no albuminuria
[4]. Tt is often associated with the presence of vascular disease of
other sites and a long history of vascular risk factors. Histologically,
ischemic nephropathy is characterized by severe atherosclerotic
changes in the small arterioles of the kidney, leading to down-
stream ischemic changes, such as glomerulosclerosis and intersti-
tial fibrosis [5].

Factors suggesting kidney disease unrelated to diabetes

Like anyone, individuals with diabetes can develop kidney dis-
eases unrelated to diabetes.

The prevalence of low eGFR (<60 mL/min per 1.73 m?) or
abnormal albuminuria (>2 mg/mmol) in the general adult popu-
lation is high, estimated at 13% [6,7]. Other forms of kidney disease
should be suspected if the urine protein level on a 24-hour urine is
>6 g/day, if there is persistent hematuria (blood in the urine), and if
the urine sediment evaluated by microscopy reveals abnormal red
cells (dysmorphic) or cellular casts. Other factors suggesting alter-
nate kidney diagnoses include a rapidly falling eGFR, short duration
of diabetes, signs and symptoms of systemic disease, or a family
history of kidney disease, such as polycystic kidney disease.

Hyperglycemia and diabetic nephropathy

Hyperglycemia is associated with the development of diabetic
nephropathy. Intensive metabolic management has a beneficial
effect on the development and progression of nephropathy with
long-lasting benefit [8,9]. Histologic manifestations within the
kidney in type 1 and type 2 diabetes are similar. Causal factors
impact different compartments of the kidney, including the
glomeruli, tubules, interstitium, and the vasculature, resulting in
enlarged kidneys, scarred glomeruli, tubular atrophy, interstitial
fibrosis, and microvascular damage, culminating in ESKD [10]. The
contribution of these factors varies in the different kidney com-
partments and, over time, are impacted by both the environment
and genetics [10]. Therefore, it is reasonable that combinations of
agents working through complementary mechanisms will be of
benefit to prevent progression.

Hypertension and diabetic nephropathy

Hypertension is a hallmark of kidney disease, present in >90% of
cases when nephropathy is present [11]. Uncontrolled BP is also a
main cause of progressive loss of kidney function in diabetes [12]
and control of BP is a key part of management [ 13]. RAASis with the
maximally recommended or maximally tolerated dose of ACEi or
ARB are the standard of care for prevention and treatment of CKD in
people with diabetes, and they provide benefit over and above the
effect of controlling BP [13].

Preventing progression of diabetic nephropathy and CKD

Since 2001, management targeting nonpharmacologic therapies
(health behaviour changes, including diet/exercise/smoking cessa-
tion [14]), blood glucose and BP management, and RAASi use has
improved outcomes for people with diabetes and kidney disease.
This chapter builds on the 2018 [15] and 2020 [16] Diabetes Canada
CKD guidelines and describes new evidence that moves us closer to
preventing ESKD in the majority of people with diabetes able to
adopt these health behaviours and pharmacologic therapies. Our
expectation is that implementation of the recommendations of this
chapter with the new pharmacotherapy chapter will dramatically
change the natural history of diabetic nephropathy for the better.

Identifying kidney disease

The Kidney Disease: Improving Global Outcomes (KDIGO)
heatmap for CKD is an international classification based on the
eGFR category (G1 to G5) and the albuminuria category (A1 to A3)
[17]. Note the KDIGO definition of A2 albuminuria ranges from 3
mg/mmol to 30 mg/mmol for people with and without diabetes, in
contrast to the Diabetes Canada chapter on CKD and diabetes
stating that A2 starts at 2.0 mg/mmol for people with diabetes.
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KDIGO divides people into 5 glomerular filtration rate (GFR)
categories, G1 to G5, and 3 albuminuria categories, Al to A3 (see
Figure 2 and Table 3) [18]. The lower the GFR, the greater the
damage to the kidneys, associated with the accumulation of toxins
in the body, which increases the risk for hypertension, atheroscle-
rotic cardiovascular disease, and progression to ESKD and the need
for kidney replacement therapies, such as dialysis and trans-
plantation. The heatmap indicates not only increased kidney risk
but also increased cardiovascular risk. Twenty years ago, data from
Kaiser Permanente demonstrated the striking association between
lower eGFR levels and higher risks of death, cardiovascular events,
and hospitalization in a large community-based population kidney
registry [ 19]. The rate of adverse cardiovascular outcomes in people
with high cardiovascular risk and concomitant CKD is generally
10-fold that of progressive loss of kidney function with the need for
dialysis [20].

Screening for Kidney Disease—Loss of Kidney Function

Normal kidney function, as measured by eGFR, is 120 mL/min
per 1.73 m?. The kidneys are designed to last a lifetime, but chronic
illnesses, like diabetes and hypertension, cause premature loss of
kidney function. Loss of kidney function by 10 mL/min per 1.73 m?
per year, for example, would be expected to lead to total loss of
kidney function within 12 years.

Serum creatinine and eGFR

Serum creatinine is converted into an eGFR rate by most labs.
This provides a valuable indicator of the extent of kidney damage
and, over time, the rate at which kidney function is being lost,
and flags the possibility of kidney diseases other than diabetic

CKD is classified based on
GFR (G) and albuminuria (A)

nephropathy. eGFR is also used to stage, diagnose, and manage
CKD; adjust drug dosing; and prognosticate on both risk of
kidney failure and cardiovascular outcomes [21]. ANpPersiStent
eGFR <60 mL/min per 1.73 m? indicates the presence of kidney
disease.

We define rapid progression of loss of kidney function as a >40%
decline in eGFR over 5 years, or a negative slope of eGFR of >3 mL/
min per 1.73 m? per year for over 3 years. We define progressive loss
of kidney function as a loss of 1 to 3 mL/min per 1.73 m? per year, but
consider this abnormal, particularly in people <65 years of age who
do not have hypertension or abnormal albuminuria.

To put this in context, as we age, there is progressive loss of
kidney function, typically beyond 40 years of age. There is also
considerable variability in the normal loss of kidney function, as
found in longitudinal studies of aging in community-dwelling
individuals, most of whom did not have diabetes. The
Baltimore Longitudinal Study of Aging studied 254 normal
individuals from 1958 to 1981 and found average annual
declines in kidney function measured by GFR was 0.75 mL/min
per 1.73 m? after 40 years of age [22]. The Atherosclerosis Risk
in Communities (ARIC) investigation studied 13,496 middle-aged
Black and White women longitudinally, over a period of 30 years
[23]. Dividing the cohort by race and tertile of body fat, median
annual declines in GFR of 1.2 mL/min per 1.73 m? (first tertile
body fat, White men) to 2.1 mL/min per 173 m? (third
tertile body fat, Black women) were found [23]. The Health,
Aging, and Body Composition (Health ABC) study of 2,489 per-
son years found a decline in eGFR of 2.2 mL/min per 1.73 m? per
year over a 9-year period; the mean age was 74 years [24].
Population-based longitudinal cohorts of up to 25 years from
Germany found a decline in eGFR of 1.20 mL/min per 1.73 m?
per year for people with diabetes (Table 4) [25]. These findings
underline the importance of slowing the progression of kidney

Albuminuria categories
Description and range

A1 A2 A3
Normal Microalbuminuria Macroalbuminuria

<2 mg/mmol 2-19 mg/mmol >20 mg/mmol
E % G1 Normalorhigh = >90 Scr1een Tr:,\at Treat agd refer
g g G2 Mildly decreased 60-89 Scr1een Trﬁzat Treat a:r;d refer
=5
g % G3 l\élggrzga;zg 30-59 Tr;eat Trgat Treat a:r;d refer
§968  oemes 19
5% es

Moderately increased risk

Treat and refer Treat and refer MECEIR:TaleNf=iT=Tg
3 3 4+
Kidney failure <15 Treat and refer| Treat and refer| Treat and refer

4+ 4+ 4+

Low risk (if no other markers of kidney disase, no CKD

High risk

[ ] Very high risk

Figure 2. Risk of chronic kidney disease (CKD) progression, frequency of visits, and referral to nephrology according to estimated glomerular filtration rate (GFR) and albuminuria.
The numbers in the boxes are a consensus guide to the frequency of screening or monitoring annually, the need for treatment for kidney and heart protection (e.g. blood pressure,
diabetes, dyslipidemia, proteinuria), and when to refer to nephrology. Adapted from the Kidney Disease: Improving Global Outcomes (KDIGO) heatmap describing stages of kidney

disease based management of CKD.
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Table 3
Diagnostic tests for diabetic nephropathy to assess urinary albumin level on at least
2 samples over at least 3 months

Table 4
Change in eGFR over time and benefit of BP control and targeted therapy in the past
50 years

Stage of diabetic nephropathy Urine uACR 24-hour
dipstick (mg/mmol) collection
for protein for albumin
(mg/L) (mg/day)

A1 (normal) Negative <2 <30

A2 (microalbuminuria) Negative 2-20 30-300

A3 (overt nephropathy) Positive >20 >300

ACR, albumin-to-creatinine ratio.

Note: Values are presented for urinary albumin, not total urinary protein, which will
be higher than urinary albumin levels. ACR results may be elevated by other medical
conditions (see Table 6).

function not just to protect the kidneys but also to reduce
greater cardiovascular risk.

Role for cystatin C for eGFR screening for CKD

Exact measurements of the GFR using clearance of inulin or
iothalamate are possible, but they are not routinely used in clinical
practice for many practical reasons. Instead, eGFR is obtained using
filtration markers, such as serum creatinine, and easily available
demographic information, such as age and sex. Formulas are
available that convert serum creatinine into a better estimate of the
GFR based on these demographic variables, assuming typical
muscle mass for age and sex. Results are reported on standard
blood work performed by commercial labs.

The advantage of the creatinine-based eGFR is that it is auto-
matically calculated and reported by labs whenever a serum
creatinine test is ordered. It is inexpensive and one of the most
common laboratory tests ordered by physicians. However, because
creatinine is a muscle byproduct from the slow steady breakdown
of creatine in muscle, it is influenced by muscle mass, digestion of
dietary intake of meat or supplements, and other variables. As such,
in individuals with extremes of muscle mass (large, as in body-
builders, or small, as in people with muscle atrophy), the eGFR may
not provide a sufficiently accurate assessment of kidney function
(Table 5).

Cystatin C, an alternative filtration marker, is released from all
cells in the body other than red blood cells and is less influenced by
body muscle mass or protein intake. Cystatin C levels are, however,
affected by inflammation or disorders of metabolism, like hypo/
hyperthyroidism [21].

Estimates of GFR based on combining cystatin C and creatinine
together are more accurate and precise than creatinine-based eGFR
formulas and more strongly associated with adverse outcomes [21].
However, the working group felt that the difference, although
statistically significant, is not likely to be sufficiently clinically sig-
nificant to use for most individuals.

There are cases in which the precision of a cystatin C eGFR is
important enough to order the test. This may include individuals
with a eGFR between 45 and 60 mL/min per 1.73 m? and no other
signs of kidney disease; for example, no albuminuria, or for indi-
viduals in whom a condition (e.g. amputation) is present that
makes the creatinine-based estimate unreliable. This test may also
be of benefit for individuals just above the eGFR of 60 mL/min per
1.73 m? who need extra precision for dosing of medication or
access to therapies/services that are limited to an eGFR <60 mL/
min per 1.73 m?.

It should be noted that availability of cystatin C measurement is
restricted in many parts of Canada and may not be covered by
public health plans. The working group recognized the strength of
the scientific literature demonstrating higher accuracy of the

Study Studies of people with diabetic nephropathy
Era Change of eGFR short- or Difference
long-term slope, mL/min between

treatment and
placebo, mL/min

per 1.73 m? per year

Treatment  Placebo or 2
untreated per 1.73 m” per year

Mogensen [47] 1980s —5.88 -14.76 8.88
HTN treated
vs untreated
IDNT [74] ARB 2001 —3.96 -4.92 0.96
CREDENCE [75] 2019 -1.85 -4.59 2.74
SGLT2i
DAPA-CKD [76] 2022 -1.58 -3.84 2.26
SGLT2i
EMPA-KIDNEY 2023 -1.05 -2.73 1.68
[57] SGLT2i
FIDELITY [77] 2024 -25 -3.7 1.2
nsMRA
FLOW [72] 2024 -2.19 -3.36 1.17
GLP1-RA
Reference 2024 -1.20
population
with

diabetes [25]

ARB, angiotensin receptor blocker; BP, blood pressure; eGFR, estimated glomerular
filtration rate; HTN, hypertension; nsMRA, nonsteroidal mineralocorticoid receptor
antagonist; SGLT2i, sodium-glucose cotransporter-2 inhibitor.

combined creatinine—cystatin C—eGFR, and recommends
increasing availability of cystatin C in the community. A single
eGFR should never drive decisions (Table 6). Therefore, the
working group recommends creatinine-based eGFR as the
initial test, and use of serum cystatin C and a combined
creatinine—cystatin C GFR estimate (provided by the measuring
lab) if there are concerns that creatinine-based eGFR is not
accurate for a given individual.

Special considerations

Future research should consider evaluating and clarifying the
conditions that the creatinine—cystatin C estimate of eGFR should
be used and when it is not necessary.

Screening for Diabetic Kidney Disease—Abnormal
Albuminuria (Diabetic Nephropathy)

As albuminuria is the initial sign of diabetic nephropathy, testing
for this condition begins with urine tests looking for excess urinary
albumin. The “gold standard” for quantifying urine protein is the
24-hour urine collection; however, this is an inconvenient test and
is often done incorrectly. Random urine tests are more convenient
and less subject to collection errors. Urine dipsticks for albumin are
highly specific but lack sensitivity and they do not typically become
positive until the urinary albumin concentration is >10-fold the
upper limit of normal [26]. Urine samples sent for albumin levels
alone lack accuracy due to variations in urine concentration, which
can amplify or hide excess urinary albumin [27]. The random urine
ACR corrects for urinary concentration and compares very well to
the degree of albuminuria measured in a properly done 24-hour
urine collection [28]. This is the test of choice for measuring
albuminuria.

As there are transient conditions that can cause albuminuria
that are benign and not related to CKD (Table 7), at least 2 of 3
abnormal ACRs over at least 3 months are required before dia-
betichnephropathy isNdiaghosedN(Fgiien) Screening for the
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Table 5
Factors affecting creatinine and cystatin C eGFR estimation

Table 7
Potential causes for transient albuminuria

Factor impacting eGFR  Impacting on
creatinine-based

eGFR formulas

Impacting on
cystatin C—based
eGFR formulas

Muscle mass extremes,
amputation, muscle wasting vs
bodybuilders

Chronic severe illness and
frailty (muscle loss)

Body composition Obesity

Inflammation,
thyroid disease,
smoking

Diet High-protein diet, creatine NA
supplements vs vegetarian
eating pattern

Tubular handling of drugs:
cimetidine, trimethoprim,
dolutegravir, tyrosine kinase
inhibitors

Health state

Medications Steroid therapy

eGFR, estimated glomerular filtration rate; NA, not applicable.
Note: Data show clinical conditions that impact on eGFR formulas for creatinine and
cystatin C—based formulas in the steady state (adapted from Inker and Titan [21]).

presence of CKD is done in the stable outpatient setting because
acute illnesses can transiently raise ACR and reduce eGFR. In the
presence of the conditions shown in Table 7, screening for CKD
should be delayed and abnormal ACR or eGFR levels in the
presence of these conditions should not be considered diagnostic
of CKD in diabetes.

Upper limit of normal for ACR—2 mg/mmol vs 3 mg/mmol, the
threshold between A1 and A2 for people with diabetes

The threshold at which an ACR should be considered abnormal
is controversial. Although some guidelines like KDIGO define
abnormal albuminuria as 3 mg/mmol for people both with and
without diabetes [17], our working group continues to prefer a
cutpoint of 2.0 mg/mmol, as we have since 1998 [29].

To move the ACR cutpoint higher for people with diabetes
would require evidence that the risk for future ESKD or future
heart disease was essentially the same at an ACR of 3 mg/mmol as
it is at 2 mg/mmol. The Chronic Kidney Disease Prognosis Con-
sortium assessed the independent association of albuminuria
with mortality in a general population cohort collaborative meta-
analysis [30]. All-cause and cardiovascular mortality hazard ratios
(HRs) were calculated from studies with at least 1,000 partici-
pants. This included 105,872 participants from 14 studies. The
urine ACR was significantly associated with higher mortality at an
ACR of 1.1 mg/mmol and 3.4 mg/mmol, compared with an ACR of
0.6 mg/mmol with adjusted HRs (HR 1.20, 95% confidence interval
[CI] 115 to 1.26; and HR 1.63, 95% CI 1.50 to 1.77, respectively) [30].
The analysis demonstrated a continuous adverse association of
ACR with mortality right from the upper part of the A1 (normal)
range (Figure 3A,B). The same held true for people with diabetes
in an earlier meta-analysis of 128,505 participants with a mean

Table 6
Potential indications for ordering cystatin C eGFR

Non-GFR factors affecting creatinine

Extremes of muscle mass; that is, bodybuilder vs muscle wasting illness

Creatinine-based eGFR of 45—59 mL/min per 1.73 m? with normal uACR and
normal blood pressure, in thin person who may be denied insurance

Person with low muscle mass denied access to kidney services as eGFR too high

Need for more precise calculation of eGFR for medication or chemotherapy
dosing

ACR, albumin-to-creatinine ratio; eGFR, estimated glomerular filtration rate; uACR,
urine albumin-to-creatinine ratio.

Recent major exercise

Urinary tract infection

Severe febrile illness

Decompensated heart failure
Menstruation

Acute severe elevation in blood glucose
Acute severe elevation in BP

BP, blood pressure.
Note: The presence of such conditions should lead to a delay in screening for diabetic
nephropathy.

follow-up of 8.5 years. The urine ACR was significantly associated
with higher mortality at an ACR of 1.13 mg/mmol to 3.28 mg/
mmol compared with <1.1 mg/mmol with an adjusted HR of 1.35
for all-cause mortality and 1.43 for cardiovascular mortality [31].
Furthermore, the risk of ESKD in people with diabetes and an ACR
of >2.2 mg/mmol is 11-fold higher vs those with an ACR <0.5 mg/
mmol [32]. The risk of progression from microalbuminuria to
overt nephropathy is 20-fold higher in those with an ACR of >1.6
mg/mmol vs those with an ACR of <0.2 mg/mmol [33]. The risk of
cardiovascular disease is also more than double that of those with
an ACR of >2.0 mg/mmol [34].

In view of these findings, our working group believes that
moving the current cutoff of normal ACR from 2.0 mg/mmol to
3.0 mg/mmol for people with diabetes would delay the diagnosis of
CKD, delaying therapies to reduce both kidney and cardiovascular
risk. There is no evidence that maintaining an ACR threshold of
2 mg/mmol will cause either harm or increase costs, from the slight
expansion of the number of people diagnosed with abnormal
albuminuria.

Risk Prediction in Individuals With Diabetes and CKD

The KDIGO CKD staging system adapts the stages of kidney
disease and demonstrates how even small increments in ACR and
small reductions in eGFR are associated with greater risk of
atherosclerotic cardiovascular diseases, as well as risk of progres-
sion to ESKD. See the 2024 KDIGO guidelines [17].

KFRE

In individuals with CKD stages G3 to G5, there can be up to 40-
fold variability in the risk of dialysis within the same stage.
The KFRE is a formula predicting the likelihood of progression to
ESKD with the need for dialysis or transplantation over time (in
years). When used in clinical practice, it facilitates more timely
health behaviour changes and medical therapy by delaying pro-
gression to ESKD, providing more time for individuals and their
loved ones to plan and learn more. The 2- and 5-year KFRE risk
scores reveal the probability of ESKD at those time-points. The 2-
year risk is used by the nephrology interprofessional team to
indicate timing of dialysis-related interventions and access to
multidisciplinary care. The 5-year risk is a guide for referral to
nephrology from primary care or endocrinology and reinforces the
need for kidney-protective therapies.

Use of these equations has been implemented in several Cana-
dian provinces and is an important pathway leading to nephrology
referral and interdisciplinary care treatment. A 5-year KFRE of >5%
is an indication for nephrology referral. Multiple studies from
Canadian nephrology centres have shown that the KFRE is accurate
and can appropriately identify both high-risk individuals who
benefit from nephrology or interdisciplinary care, as well as low-
risk individuals who can continue to be managed by their
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Figure 3. (A) Hazard ratios and 95% Cls for all-cause and cardiovascular mortality according to ACR from the CKD Prognosis Consortium. ACR (in brackets) is expressed in milligrams
per millimole [30]. Hazard ratios and 95% CIs (shaded areas) according to ACR (B, D) adjusted for each other, age, sex, ethnic origin, history of cardiovascular disease, systolic BP,
diabetes, smoking, and total cholesterol. (B) Hazard ratios and 95% Cls for all-cause and cardiovascular mortality according to ACR for people with diabetes (red) and without (blue).
Hazard ratios and 95% Cls (shaded areas) according to ACR (A, C) adjusted for age, sex, ethnic origin, history of cardiovascular disease, systolic BP, smoking, and total cholesterol. ACR,
albumin-to-creatinine ratio; BP, blood pressure; CI, confidence interval. Adapted from Matsushita [30].

primary care providers in the absence of other indications for
nephrology referral [35,36].

The 5-year KFRE was developed and validated in Canada,
including for people with diabetes, and is widely available through
online resources and in standard lab reports in many regions
[37—43]. For example, the 5-year KFRE has also been recommended
by the National Institute for Health and Care Excellence Guideline
No. 203 [44]. The KFRE is derived from 4 variables (Figure 4) [45].

Use of risk prediction equations in earlier stages of disease

The working group also considered the need for early identifi-
cation and intervention in people with high-risk CKD and pre-
served eGFR (CKD stages G1 to G3) and suggests the use of
alternative equations that predict the risk of a 40% decline in eGFR
or for kidney failure in this population. The CKD Prognosis Con-
sortium (CKD-PC) model can be found on its website (www.CKDPC.
org), which was established by KDIGO and sponsored by the US
National Kidney Foundation. The Klinrisk score, an Al algorithm
based on results from routine blood and urine tests, generates a
score to predict the progression of CKD (website and partnership
with LifeLabs in Ontario; see Klinrisk.com).

Both of these highly accurate models have both been exter-
nally validated in Canadian populations and are available for
earlier risk stratification. In people with earlier stages of CKD,
these models can help identify those who may have the greatest
benefit from early health behaviour and drug therapy

combination interventions that could change the trajectory of
their fall in eGFR over time (Figure 5).

BP control

BP control is outlined in Hypertension Canada’s 2020
Comprehensive Guidelines for the Prevention, Diagnosis, Risk
Assessment, and Treatment of Hypertension in Adults and Chil-
dren [46] and the 2018 Diabetes Canada Clinical Practice Guide-
lines “Treatment of Hypertension” chapter. For people with
diabetes, the threshold for treatment and treatment target has
remained the same at the time of this publication and is <130/80
mmHg. Table 4 shows the dramatic impact of slowing loss of
eGFR by lowering vs not lowering BP in type 1 diabetes in an
early report by Mogensen [47].

Blockade of the RAAS (Role of ACEis and ARBs)

This information has not changed from the previous chapter on
kidney disease and diabetes [29]. Blockade of the RAAS with either
ACEis or ARBs can reduce the risk of developing CKD in diabetes
independent of their effect on BP [29]. Both ACEis and ARBs also
slow the progression of kidney disease and are cardioprotective in
people with diabetes [48]. Adding these 2 classes together is not
recommended as there is no cardiovascular or renal benefit from
dual therapy over monotherapy with either class, even in very
high-risk individuals, and dual therapy with an ACEi and an ARB
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Kidney Failure Risk Equation (KFRE)

- + +

(Urine Albumin : Creatinine Ratio)

|
|
| Urine Age
|
|
|

, Projected 2 or 5-Year

y S

+
|

Glomerular

Filtration Rate
(eGFR)

|
|
Sex Estimated I
|
|
|

Risk of Kidney Failure

Figure 4. Kidney failure risk equation (KFRE). Key variables within the 4- or 8-variable models [45]. eGFR, estimated glomerular filtration rate.

will increase the risk of hyperkalemia and acute kidney injury [49].
It is important to note that the new information described next
about the beneficial role of SGLT2is, GLP1-RAs, and nsMRAs all
comes from studies of individuals on the maximal recommended or
maximally tolerated dose of an ACEi or ARB. This recommendation
remains unchanged from 2003.

SGLT2is

The sodium-glucose—linked transporter (SGLT) plays an
important role in protecting the kidney. SGLTs resorb sodium and
glucose from the filtrate produced by the glomeruli, preventing
calorie loss from glucosuria, and help in the necessary process of
resorbing filtered salt and water. There are 6 SGLT family mem-
bers. In the kidney, SGLT2 is responsible for 90% of glucose
resorption, with the remainder being handled by SGLT1 [50].
There are currently 3 inhibitors of SGLT2 available in Canada at
the time of this publication (canagliflozin, dapagliflozin, and
empagliflozin).

When first developed, SGLT2is were shown to improve
glucose management in people with diabetes and eGFR >60 mL/
min per 1.73 m? by inducing glucosuria, and they were initially
marketed for this purpose. However, SGLT2is lose their effec-
tiveness for glucose lowering as the GFR falls below 60 mL/min
per 1.73 m? [51]. During the regulatory-required cardiovascular
outcome safety trials in individuals with diabetes and at high risk
for cardiovascular events, SGLT2is demonstrated powerful car-
diovascular and kidney protection beyond what could be
expected from improved glucose management alone [52,53].
Although these trials excluded people with diabetic nephropathy,

1001
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Figure 5. Display of the effect of early intervention on the trajectory of CKD compared
with normal aging [45]. CKD, chronic kidney disease; eGFR, estimated glomerular
filtration rate.

Time (years)

there was a consistent demonstration of protection of kidney
function. Like RAASis, after an initial reversible hemodynamic dip
in GFR, further loss of GFR was substantially reduced in the
SGLT2i group [54].

Three large randomized controlled clinical studies, 1 in people
with diabetes alone and 2 in people with or without diabetes,
tested whether SGLT2is retained their cardiorenal benefits in
people with proteinuria, including many with lower levels of
eGFR. All 3 studies demonstrated that, even at eGFR stage 3 or 4,
SGLT2is remained cardiac and kidney protective, with fewer
cardiovascular events, improved preservation of GFR, and a lower
incidence of ESKD requiring dialysis or transplantation [55—57].
A meta-analysis of 5 trials (n=20,387) estimated that SGLT2i use
in people with advanced diabetic kidney disease reduced the risk
of kidney failure by 31% (HR 0.69, 95% CI 0.57 to 0.83) [58] Note
that this is over and above the effect of both BP control and use
of RAASis. One study, EMPA-KIDNEY, was more broadly based,
and included people who were minimally proteinuric (ACR <3.4)
with low eGFR, similar in presentation to those with non-
albuminuric nephropathy [57]. These individuals accrued few
composite kidney events, so no significant difference was seen
on this metric by subgroup analysis, but they were included in
the results of the overall study. It is possible that some of these
people may have had a combined creatinine + cystatin C esti-
mate of eGFR that would have excluded them from the study,
diluting their subgroup and making the subanalysis insignificant.
Supporting this idea, an analysis of the eGFR slope over time
showed that the long-term rate of loss of GFR was 1 mL/min per
1.73 m? per year less for participants with G3A1 CKD with
SGLT2i than with placebo. For reference, this is similar to the
protective effect on GFR of ARBs in advanced diabetic nephrop-
athy seen in the pivotal RENAAL and Irbesartan Diabetic
Nephropathy Trial, which led to guidelines changing to support
the use of ACEis or ARBs for renal protection in diabetes [59,60].
It is important to re-emphasize that the EMPA-KIDNEY study
required individuals to undergo treatment with a RAASi with a
maximum labelled dose or maximum tolerated dose of an ACEi
or ARB.

Use of SGLT2is has been associated with an increased risk of
cutaneous genital mycotic infections, occurring more often in
women, particularly if they have had previous yeast infections
[61]. Table 1 of the Pharmacologic Glycemic Management of Type
2 Diabetes in Adults—2024 Update provides a list of adverse
events associated with SGLT2is. SGLT2i use more than doubled
the risk of diabetic ketoacidosis in people with type 2 diabetes,
although this remains a very rare event, and is typically associ-
ated with a concurrent severe infection. One meta-analysis of 12
trials (n=318,636) estimated an HR of 2.46 (95% CI 1.16 to 5.21),
but an event rate of only 0.6 to 4.9 per 1,000 person years [62].
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Overall, the benefits of SGLT2i use greatly outweigh the risks as
demonstrated by a large meta-analysis of SGLT2i trials [58]. In
addition to being cost-effective, treating 1,000 people with CKD
from diabetes with SGLT2is for 1 year prevented decreases in
eGFR by >50%, need for dialysis or transplantation, or death from
kidney failure in 11 people, and prevented 4 acute kidney injury
events [58].

Earlier use of SGLT2is in the first 5 years of diabetes treatment
may be of benefit, rather than waiting for diabetic nephropathy to
occur. A post hoc analysis of a pooled data set from the CANVAS and
CREDENCE studies demonstrated that initiating SGLT2is within the
first 5 years of type 2 diabetes slowed progression from normal, to
A2 and A3 albuminuria, with improved normalization from A3 to
A2, and A2 to A1 albuminuria with a number needed to treat of only
8 over 2.4 years [63].

MRAs

After onset of diabetic nephropathy with abnormal albumin-
uria, BP control and treatment with an ACEi or ARB has been the
cornerstone of slowing disease progression [59,60]. Given the
multifactorial causes of kidney disease in people with diabetes
and the heterogeneity of the kidney pathology, coupled with
different mechanisms of actions of the newer pharmacologic
agents, it makes sense to evaluate additional add-on therapies
[64]. Before SGLT2is were used, attempts to improve outcomes in
diabetic nephropathy included adding MRAs and ACEis or ARBs
together, but long-term studies for kidney and cardiovascular
protection were not done. The steroidal MRAs spironolactone and
eplerenone are associated with improved BP and albuminuria,
but for diabetic nephropathy there is no evidence in support of
kidney or cardiovascular protection [65]. A meta-analysis of 7
randomized controlled trials of people with type 2 diabetes and
diabetic nephropathy compared the nsMRA finerenone vs pla-
cebo or eplerenone or spironolactone. The studies showed that
finerenone and eplerenone reduced proteinuria vs placebo, but
only finerenone was shown to slow the loss of GFR and improve
cardiovascular outcomes when compared with placebo or
eplerenone [G6].

nsMRAs

The FIGARO and FIDELIO studies assessed the impact of the
nsMRA finerenone on kidney and cardiovascular outcomes in
people with type 2 diabetes and diabetic nephropathy and A2 or
A3 albuminuria on maximally tolerated or maximally recom-
mended doses of an ACEi or ARB with potassium levels <4.8
mmol/L. The FIGARO study found a reduction of the composite
outcome of cardiovascular death, nonfatal myocardial infarction
(MI), nonfatal stroke, and hospitalized heart failure (HR 0.87,
95% CI 0.76 to 0.98) [67]. The FIDELIO study found a reduction of
the composite outcome of kidney failure (ESKD or eGFR <15 mL/
min per 1.73 m?) or a fall of eGFR of at least 40% from baseline or
renal death (HR 0.82, 95% CI 0.73 to 0.83) [68]. In a preplanned
analysis [69], both studies were combined into the FIDELITY
analysis [70]. The primary cardiovascular outcome was cardio-
vascular death, nonfatal MI, nonfatal stroke, or hospitalized heart
failure. The primary kidney outcome was a sustained >57% fall in
eGFR from baseline or renal death. In that study, there were
13,026 individuals, with a median follow-up of 3.0 years [74].
The composite cardiovascular outcome showed improvement (HR
0.86, 95% CI 0.78 to 0.95). The composite kidney outcome also
demonstrated improvement (HR 0.77, 95% CI 0.67 to 0.88) [70].
The main adverse outcome, hyperkalemia, leading to permanent
treatment discontinuation, was present in 1.7% of those given
finerenone and 0.6% of those given placebo, which was in

contrast to the 14% improvement in cardiovascular outcomes and
23% improvement in kidney outcomes.

For the secondary endpoint of doubling of creatinine (eGFR
fall by +57%), there was a significant improvement (HR 0.77,
95% CI 0.67 to 0.88) [70]. The study did not include people with
non-albuminuric CKD, and very few participants were treated
with an SGLT2i. The composite cardiovascular outcome (time to
first cardiovascular death, nonfatal MI, nonfatal stroke, and
hospitalized heart failure [HHF]) was significantly reduced. Of the
composite components, only reduction in HHF was significant on
its own [70].

A meta-analysis of finerenone vs placebo in 13,943 individuals
from 4 studies found a 16% reduction of the composite of ESKD, a
fall in eGFR from baseline by >40%, and a decrease in death from
kidney causes [71]. The relative risk of hyperkalemia was 2.22
(95% CI 1.93 to 2.24). The rate of all adverse events related to
hyperkalemia was 10.8% in finerenone-treated participants vs 5.0%
in those on placebo control; otherwise, the side-effect profile was
similar to placebo [71].

GLP1-RAs

The FLOW study (Effects of Semaglutide on Chronic Kidney
Disease in Individuals with Type 2 Diabetes) assessed 3,533 par-
ticipants with type 2 diabetes and eGFRs of 25 to 75 mL/min per
1.73 m? with A2 or A3 albuminuria. The study compared treatment
with 1 mg semaglutide given subcutaneously weekly vs placebo for
both kidney and cardiovascular outcomes [72]. The primary
outcome was a composite of dialysis or transplantation or eGFR
<15 mL/min per 1.73 m? a >50% fall in eGFR from baseline, or
death from kidney or cardiovascular causes. The study was stopped
early for efficacy with a median follow-up of 3.4 years. For the
primary kidney outcome, there was a 24% lower event rate vs
placebo (HR 0.76, 95% CI 0.66 to 0.88). The number of participants
needed to treat to prevent 1 primary outcome event over 3 years
was 20 [72].

A secondary outcome comparing the slope of loss of eGFR
demonstrated a reduced annual eGFR fall from baseline by
116 mL/min per 1.73 m? (95% CI 0.86 to 1.47) compared with
placebo [72]. There was an 18% lower risk of major cardiovas-
cular events (nonfatal MI, nonfatal stroke, or cardiovascular
death) (HR 0.82, 95% CI 0.68 to 0.98), and all-cause mortality was
20% lower than placebo (HR 0.80, 95% CI 0.67 to 0.95) [72]. There
were fewer adverse events in the semaglutide-treated
participants.

Participants were stratified by use of SGLT2is at baseline;
15.6% were on SGLT2is and 95.3% were taking RAASis. Most
participants were in CKD stage G3, A2, or A3. uACR fell by 40% in
the semaglutide group vs 12% in the placebo group [72]. The
mean body weight reduction was 4.10 kg greater than in the
placebo group; systolic BP was 2.23 mmHg lower in the sem-
aglutide group (95% CI 1.13 to 3.33) and diastolic BP was 0.78
mmHg lower. There were fewer overall adverse events with
semaglutide, 49.6% vs 53.8%, largely due to fewer infections and
cardiovascular disorders [72].

Subgroup analyses did not demonstrate a difference in out-
comes by sex, age <65 or >65 years, glycated hemoglobin (A1C)
<7% or >7%, baseline eGFR <30 or >30 mL/min per 1.73 m?, or
UACR <30 or >30 mg/mmol [72].

A prespecified subgroup analysis of the FLOW study assessed
the impact of concomitant use of an SGLT2i, showing no clear
heterogeneity by SGLT2i use for any of the primary or secondary
outcomes [73]. The number of participants on SGLT2is was low and
the study duration was likely not long enough to demonstrate
synergy between the 2 therapies.


esmon
Highlight

esmon
Highlight

esmon
Highlight

esmon
Highlight

esmon
Highlight

esmon
Highlight

esmon
Highlight

esmon
Highlight

esmon
Highlight

esmon
Highlight

esmon
Highlight

esmon
Highlight

esmon
Highlight

esmon
Highlight

esmon
Highlight


82 S.W. Tobe et al. / Can ] Diabetes 49 (2025) 73—86

Building on the Therapy of the Past to Protect the Kidney:
Combination of SGLT2i vs nsMRAs and GLP1-RAs for Diabetic
Nephropathy

There has been much improvement in slowing progressive loss
of kidney function over time (Table 4). Lowering BP to target cuts
the rate of loss of eGFR in half, and adding a RAASI, as done in the
Irbesartan Diabetic Nephropathy Trial, further reduced this rate
considerably (Table 4). However, the loss of eGFR was still in the
range of what we would now consider rapid progression [47].
Table 4 shows that SGLT2i treatment dramatically reduced the
slope of progressive loss of kidney function when combined with a
RAASiI and BP control. Studies with finerenone, and the GLP1-RA
semaglutide when given subcutaneously, also demonstrated
reduced loss of kidney function over time. It seems likely that these
therapies will be complementary to some degree, which would
provide further benefit to delaying progressive loss of kidney
function, but definitive data are not yet available. Importantly,
RAASis, SGLT2is, GLP1-RAs, and finerenone are all associated with a
reduced risk of ESKD.

Presently, there are no dedicated kidney outcome trials
comparing SGLT2is to nsMRAs as add-on therapy to RAASis for
nephroprotection in people with or without diabetes. One network
meta-analysis estimated the efficacy of SGLT2is, compared with
nsMRAs, and spironolactone or eplerenone. SGLT2i use reduced the
kidney outcome of a doubling in creatinine by 40% vs 30% for
nsMRA, whereas steroidal MRA (i.e. eplerenone) had no benefit
[78]. For the outcome of cardiovascular death, SGLT2i use reduced
the outcome by 20% vs 12% for finerenone, and for HHF there was a
reduction of 43% for SGLT2i vs 22% for finerenone. It is important to
emphasize that a network meta-analysis only estimates effects in a
study that has not been conducted in a real-world setting.

Another network meta-analysis using a Cochrane
Library—based web search found 16 randomized controlled trials
used to create a frequentist network meta-analysis for people
with type 2 diabetes to compare GLP1-RA (before the FLOW
study, described in what follows), SGLT2i, and MRA classes
compared with placebo on a background of good metabolic
management and RAASi. The main outcome was based on pro-
gression of kidney composite events. SGLT2i showed the largest
beneficial effect, followed by GLP1-RA, and then finerenone. The
analysis was weakened by significant heterogeneity of the
definition of progressive kidney disease and lack of access to
individual person data [79].

There are currently no controlled studies with outcome data
evaluating quadruple therapy for persistent diabetic nephropathy.
An estimate of the potential benefit of quadruple therapy suggests
an advantage for the kidney composite outcome of doubling of
serum creatinine, kidney failure, or death from kidney failure (HR
0.42, 95% CI 0.31 to 0.56) and improved cardiovascular survival
benefits [80].

The FIDELITY pooled analysis included an assessment of the
877 (6.7%) participants who were treated with an SGLT2i, and
randomized to either finerenone or placebo [68]. For the par-
ticipants not given an SGLT2i at baseline, the HR for finerenone
was 0.80 (95% CI 0.69 to 0.92), and for those given an SGLT2i
the HR was 0.42 (95% CI 0.16 to 1.08). This suggests possible
synergy between these classes, but the numbers are small.

The FIDELITY pooled analysis also included 944 (7.2%) partici-
pants treated with a GLP1-RA, randomized to finerenone or pla-
cebo. For participants not using a GLP1-RA at baseline or
throughout the study, the HR was 0.77 (95% CI 0.67 to 0.89), and
with GLP1-RA at baseline or any time throughout the study the HR
was 0.82 (95% CI 0.45 to 1.48) [64]. In this case, no synergy was
seen, but the numbers, although interesting, are too small to make
any inferences, and larger studies are needed.

When considering adding an nsMRA for an individual with
diabetic nephropathy and persistently elevated albuminuria, the
risk of hyperkalemia must be considered with finerenone. The
management of hyperkalemia is reviewed in what follows (see also
the supplementary material dedicated to the management of
hyperkalemia). Participants in the FIDELIO and FIGARO studies had
to have potassium levels of <4.8 mmol/L to reduce risk of devel-
oping significant hyperkalemia. As an nsMRA, finerenone does not
appear to cause gynecomastia.

Approach to Managing People With CKD From Diabetes
A graphical summary of an approach based on the recommen-

dations from the working group adapted from the 2022 KDIGO
clinical practice guideline for the management of CKD is shown in
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(Figure 6).

Management of Hyperkalemia in People With Diabetes and
KD

(@)

People with diabetes and CKD are at high risk for hyperkalemia
[82,83]. Initiation and titration of RAAS blockers can also lead to
hyperkalemia. The incidence of hyperkalemia has ranged from 3%
to 7% in clinical trials with RAAS blockage monotherapy and was
higher overall in trials with MRAs [87]. An episode of hyperkalemia
increases the risk for a second episode [84]. In individuals with CKD
and/or chronic heart failure receiving RAAS blockers, predictors of
recurrent hyperkalemia within 6 months of the first episode
include initial hyperkalemia with a potassium (K) level of >5.6
mmol/L, an eGFR of <60 mL/min per 1.73 m?, diabetes, and use of
spironolactone [85].

Hyperkalemia is associated with an increased risk for mortal-
ity, cardiovascular events, hospitalizations, and intensive care unit
admissions [8G]. Therefore, potassium (K) level should be checked
between 1 and 2 weeks after initiation or titration of RAASis [87]
and after 4 weeks for nsMRAs [17] in people with diabetes and
CKD. In people with a rise in potassium (K) level of >30%, follow-
up testing should be performed. Because of the cardiorenal ben-
efits of RAASis, if these medications must be temporarily reduced
or withheld due to hyperkalemia, a retrial of RAASi should be
considered, potentially at a lower dose once hyperkalemia is
resolved.

Individuals on RAASi treatment should receive education on
appropriate dietary K intake and supplements, medications that
affect K levels, and the importance of adhering to scheduled
blood tests after initiation or titration of these medications. Mild
hyperkalemia can be managed with dietary counselling by
eliminating foods that contribute to acute hyperkalemia, such as
bananas, oranges or orange juice, tomatoes or tomato juice, and
highly refined foods. For moderate hyperkalemia, urinary K
excretion should be increased by administration of diuretics, such
as furosemide, and sodium bicarbonate in individuals with
metabolic acidosis. In addition, increasing elimination of K
through the gastrointestinal tract can be achieved with K
binders. Sodium polystyrene sulfonate is an older binder with
limited supportive evidence [88]. This medication has been
associated with risk of acute bowel necrosis, hypernatremia,
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SGLT2i
nsMRA
GLP1-RA

RAASI

LDL
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5

Movement

® B

Diabetes with Chronic Kidney Disease

- Management of individuals with diabetic kidney disease with an emphasis on blood pressure, blood glucose, and dyslipidemia management, in addition to RAASis and
newer recommended therapies. RAASi, renin-angiotensin-aldosterone system inhibitor. Adapted from KDIGO 2022 [81].

diarrhea, and gastrointestinal toxicity [89]. The newer binders,
sodium zirconium cyclosilicate, and patiromer, facilitate optimi-
zation of RAAS blockage therapy and have supportive evidence.
These medications have demonstrated safety and are generally
better tolerated [84]. For hyperkalemia, despite the measures just
noted, referral to a nephrologist is suggested. For severe hyper-
kalemia, it is recommended to hold RAAS blockers and MRAs
[90], and an emergency room referral or an emergency medical
service call, depending on the individual clinical situation, is
suggested (Table 8). Further information is presented in the
supplementary material.

Values and Preferences

The kidney and cardiovascular benefits of additional therapy
with RAASi, SGLT2i, GLP1-RA, and nsMRA, including additional
testing and visits, must be balanced against the need for additional
medications, as well as associated lab testing for individuals with
residual risk due to persistent nephropathy with A3 albuminuria. If
possible, decision support tools should be used to help individuals
understand the risk and benefits and assist with decision-making.
We recognize that financial considerations will limit access to
therapy and encourage health-care providers to advocate for the
individuals in their care until these agents are funded. We believe
that all people at risk of kidney disease from diabetes should be
made aware of the latest therapies to allow for shared decision-
making.

Multiple drug therapy and the concept of goal-directed medical
therapy, as in the management of heart failure, should now be
considered for management of people with diabetes and persistent

Table 8
Classification of hyperkalemia

Severity of hyperkalemia Serum K level (mmol/L)

nephropathy. Combining drug therapies has been shown to be of
benefit. The use of risk prediction equations in clinical practice can
enhance shared decision-making about the use of multiple thera-
pies, and allow providers and individuals to balance risk, cost, and
side effects, rather than relying on summary effects from clinical
trials and meta-analyses.

Recommendations

1. Individuals with diabetes and no history of kidney disease
should be screened annually with both eGFR and random urine
ACR to identify individuals with CKD. For individuals with type
1 diabetes, CKD screening should begin 5 years after onset or, if
onset is at an early age, screening should start after puberty. For
type 2 diabetes, CKD screening should begin at diagnosis and
annually thereafter (see screening algorithm in Figure 1)
[Grade D, Consensus].

2. For individuals with diabetes, the ACR threshold for diagnosing
A2 albuminuria is 2.0 mg/mmol [30,31,34] [Grade C, Level 3].

3. Individuals with diabetes and CKD should have their eGFR and
spot UACR assessed at least annually with more frequent
testing (every 3 to 6 months) when eGFR is <60 mL/min per
1.73 m? or if uACR is >20 mg/mmol [22—24,58,75,76] [Grade
1A, Level 2].

4. For individuals with diabetes, a combined creatinine/cystatin C
estimate of eGFR should be considered in settings where the
creatinine-based eGFR may be unreliable for an individual (see
Table 6) [21] [Grade D, Consensus].

5. The KFRE is suggested for individuals with diabetes and CKD
stages G3 to G5 for predicting the risk of end-stage kidney
disease over 5 years [17,42,43] [Grade C, Level 3].

6. Individuals with diabetes should be treated to meet a target
systolic BP of <130 mmHg and a diastolic BP of <80 mmHg.
These target BP levels are the same as the BP treatment
thresholds [46] [Grade A, Level 1].

Mild Over the upper limit of normal: 5.4 7. Adults with diabetes and CKD with either hypertension or
Moderate 5.5-59 albuminuria should be recommended a RAASi (an ACEi or
Severe >6.0

K, potassium.

ARB) to delay progression of CKD [Grade A, Level 1A for ACEi
use in type 1 and type 2 diabetes, and for ARB use in type 2
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diabetes [91—95]; Grade D, Consensus for ARB use in type 1
diabetes] [15].

8. Adults with type 2 diabetes and CKD defined by eGFR between
20 and 45 mL/min per 1.73 m? regardless of uACR, or eGFR
between 45 and 90 mL/min per 1.73 m? with uACR >20 mg/
mmol, on maximally tolerated, or maximally prescribed doses
of RAASis, should be recommended an SGLT2i to delay pro-
gression of CKD and progression to dialysis, and to reduce
likelihood of cardiovascular events [57,58,75,76] [Grade A,
Level 1A].

9. Adults with type 2 diabetic nephropathy defined by eGFR
between 25 and 50 mL/min per 1.73 m? with uACR between 10
and 500 mg/mmol, or if eGFR is >50 mL/min per 1.73 m? with
UACR between 30 and 500 mg/mmol, on maximally tolerated,
or maximally prescribed doses of RAASi, should be recom-
mended a GLP1-RA with proven kidney benefit to reduce
proteinuria and risk of worsening kidney function [72] [Grade
A, Level 1A for subcutaneous semaglutide].

10. Adults with type 2 diabetic nephropathy defined by eGFR
between 25 and 90 mL/min per 1.73 m? with uACR between 3
and 30 mg/mmol with or without diabetic retinopathy, for
those with eGFR between 25 and 60 mL/min per 1.73 m?, or if
eGFR is >25 mL/min per 1.73 m? with uACR between 30 and
500 mg/mmol, on maximally tolerated, or maximally pre-
scribed doses of RAASI, with serum potassium <4.8 mmol/L,
should be recommended a nsMRA with proven efficacy
alongside potassium monitoring to improve kidney and car-
diovascular outcomes [64,66,70,71] [Grade A, Level 1A for
finerenone].

11. For adults with diabetes, mild hyperkalemia (defined by
potassium levels between the upper limit of normal and 5.4
mmol/L) can be managed with dietary intervention. For mod-
erate hyperkalemia (defined by K levels between 5.4 and 5.9
mmol/L), it is recommended to initiate medical therapy to
increase K excretion through the gastrointestinal tract or in the
urine. For severe hyperkalemia (defined by potassium >6.0
mmol/L), it is suggested to hold RAASi and nsMRA medications
and refer to an emergency room for management [Grade D,
Consensus].

Supplementary Material

To access the supplementary material accompanying this article,
visit the online version of the Canadian Journal of Diabetes at www.
canadianjournalofdiabetes.com.
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Hyperkalemia
Introduction

In clinical practice, hyperkalemia is one of the most important
electrolyte disorders [1]. This disorder is associated with an
increased risk for mortality, cardiovascular events, hospitalizations,
and intensive care unit admissions [2], and is more common in
individuals with chronic kidney disease (CKD) and diabetes treated
with guideline-directed medical therapy [3]. One of these therapies
is renin—angiotensin—aldosterone system inhibition (RAASI),
which has been shown to increase hyperkalemia risk [4].

Unfortunately, clinicians often react to an episode of hyper-
kalemia by reducing or discontinuing RAASi [5]. Studies have
demonstrated that both discontinuation and submaximal doses of
RAAS:I are associated with an elevated risk of cardiorenal morbidity
and mortality [6]. Therefore, our goal is to continue RAASi as part of
guideline-directed medical therapy and to protect individuals at
risk from hyperkalemia. This supplementary section provides
clinicians with practical tools, strategies, and recommendations for
interprofessional management of hyperkalemia of adult outpatients
with CKD and diabetes who have a compelling indication for RAASi
therapy. In what follows, RAASi refers to angiotensin-converting
enzyme inhibitors (ACEis), angiotensin receptor blockers (ARBs),
and mineralocorticoid receptor antagonists (MRAS).

Definition of Hyperkalemia

There is no universally agreed-upon definition for hyper-
kalemia. The most common definition is a potassium (K) level
EXCERaiREISIOImGIL. However, due to the variability of the upper

limit of normal (ULN) for potassium levels reported by the different
laboratories (labs) in Canada, we define hyperkalemia as a potas-
sium level above the ULN as recorded in an individual’s lab report.

Hyperkalemia is a K level above the ULN as recorded in an
individual’s lab report.

Note: Potassium levels are measured in serum or in plasma. In our
review, we found that many studies and reviewed articles did not
clearly state whether serum or plasma potassium was measured.
For simplicity, we use the general expression “K level” in this
document. The symbol 'K’ for potassium comes from the Latin word
Kalium.

Classification of Hyperkalemia

Potassium thresholds for mild, moderate, and severe hyper-
kalemia differ among guidelines and in studies. We suggest the
following definitions for our classification:

Practice Pearl

Mild hyperkalemia: K>ULN to 5.4 mmol/L
Moderate hyperkalemia: K=5.5 to 5.9 mmol/L
Severe hyperkalemia: K=6 mmol/L

Our classification aligns with the Canadian Cardiovascular
Society (CCS) Heart Failure classification [7] and the European
Society of Cardiology classification (ESC) [8]. This classification
differs from Alfonzo’s NICE (National Institute for Health and

Care Excellence) guideline from the UK, where severe only starts
at K = 6.5 mmol/L [9]. Our consensus conference’s choice of
severe hyperkalemia starting at 6 mmol/L in 2024 was in part
due to the arrival of new agents for treating hyperkalemia that
are safe and effective, in contrast to the more complex legacy
treatments with many side effects and a paucity of data to
support them.

Overview of Potassium Homeostasis

In normal human physiology, potassium plays a key role in
maintaining the ion concentration between the intra- and
extracellular spaces, and the membrane potential of the cells [10].
Adults are typically composed of 60% water, two thirds inside
cells and one third in the extracellular space, giving our skin
turgor and allowing nutrients to flow from our blood vessels into
cells. Ninety-eight percent of potassium is present inside our
cells, and only 2% in the extracellular fluid space [11]. The
extracellular fraction is essential for keeping the body in
homeostasis or balance [10]. The addition of small amounts of
potassium to the extracellular fluid over a short time can greatly
increase the potassium concentration in the blood, resulting in
electrophysiologic disturbances [1].

Maintaining normal potassium levels (Supplementary
Figure 1) is the responsibility of several mechanisms, with the
kidneys being of primary importance and responsible for
excreting the daily dietary potassium intake minus what is lost
through the gut [12]. Normally functioning kidneys also have a
remarkable capacity to increase potassium excretion in the
setting of excess potassium intake [13]. The process is relatively
slow, and takes hours, and is also affected by diurnal variation,
with less excretion overnight when urine flows tend to be low to
allow sleep, and higher during the day [13]. If our recommended
daily potassium intake ended up in our extracellular fluid all at
once, potassium levels would more than double causing our cir-
culatory system to fail. To prevent this, we have evolved to slowly
move potassium from our digestive system through the extra-
cellular fluid and into our cells. After a meal, catecholamines (the
“fight-or-flight” hormones) and insulin are released and together
promote potassium entry into cells, particularly the muscles and
liver [12]. Potassium is then slowly released from the cells into
the bloodstream, filtered by the kidneys, and excreted over many
hours [12]. This process requires normally functioning kidneys
making sufficient urine to transport all the potassium that needs
to be excreted. Our bodies are highly regulated to ensure just the
right amount of potassium is excreted.

Potassium excretion is regulated in large part by the RAAS, with
aldosterone playing a major role in the kidney’s ability to excrete
more potassium. It is, therefore, not surprising that blood pressure
(BP)—lowering drugs that inhibit the RAAS system will slow
potassium excretion, increasing potassium levels. The gastrointes-
tinal (GI) system accounts for about 10% of total potassium excre-
tion [12]. In CKD, the kidney’s ability to filter is reduced, lowering
the amount of potassium that can be excreted, and, when urine
flow is further reduced due to volume depletion or dehydration,
potassium excretion is further limited. Also, the ability of insulin to
stimulate potassium uptake into cells is also reduced in CKD from
diabetes [14]. Over time, when excretion from the kidneys becomes
limited, GI excretion of potassium is significantly enhanced,
particularly in individuals undergoing dialysis [15], becoming an
important potassium homeostatic mechanism that can also lead to
high potassium levels if constipation occurs. It also presents an
opportunity to increase potassium excretion with potassium
binders that pass right through the GI system [16].
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Supplementary Figure 1. Regulation of potassium homeostasis [47].

Prevalence, Incidence, and Risk of Hyperkalemia

The prevalence of hyperkalemia is variable depending on the
population studied and the threshold at which hyperkalemia is
diagnosed. A systematic review and meta-analysis of the incidence
and prevalence of hyperkalemia in 527 observational studies of
different populations from 63 countries reported the pooled mean
prevalence of hyperkalemia (K>5.0 mmol/L) for adult populations
with nondialysis CKD was 14.6% and with diabetes was 8.4%,
respectively [17]. Very high potassium levels cause potentially fatal
cardiac dysrhythmias. In a retrospective cohort study from Man-
itoba, hyperkalemia was associated with an increased risk for
mortality, cardiovascular events, hospitalizations, and intensive
care unit admissions [2]. Hyperkalemia was significantly associated
with a 15% increased risk for all-cause mortality, a 71% hospitali-
zation increase, and a more than tripled risk of admission to the
intensive care unit [2]. Observational studies also found that new
onset of chronic mild-to-moderate hyperkalemia (K=5.0 to 6.0
mmol/L) was associated with an increased risk of end-stage kidney
disease by 30% [18,19]. It is, therefore, important to be aware of
hyperkalemia and how to manage the condition.

A matched case-control study by Bakris et al of individuals with
stage 3 or 4 CKD compared individuals with recurrent hyperkalemia
over 12 months vs those who remained normokalemic after 5 years
[20]. Over the 5-year follow-up, there was an all-cause increased
mortality risk of 1.29-fold vs the normokalemia cohort (45% vs 37%),
a 1.40-fold increased risk for major adverse cardiac events (MACEs)
(60% vs 45%), a risk of 1.72 (34% vs 19%) for RAASI discontinuation,
and a 1.94-fold higher risk of hospitalization with arrhythmia
compared with the matched normokalemia cohort [20].

The fear that hyperkalemia will cause cardiac arrhythmias often
prompts clinicians to stop or reduce kidney-protective therapy,
including ACEis, or ARBs or MRAs, and if these drugs are not
restarted, then people miss out on their kidney- and heart-
protective benefits. In the hyperkalemia algorithm presented in
this work, these drugs are not stopped unless K>6 mmol/L. Data

from a large retrospective US clinical care cohort study of 1,772,900
people with CKD (either low estimated glomerular filtration rate
[eGFR] or abnormal albuminuria) representative of the general
population was able to provide rates of hyperkalemia per 100
person years for different levels of eGFR and albuminuria, as well as
by certain comorbidities (Supplementary Table 1) [21].

The median age of this cohort was 75 years, 57.7% were female, and
34% had diabetes. By comorbidity, including CKD, incident rates for
hyperkalemia per 100 person years was 5.43 for people with type 2
diabetes, 8.7 for heart failure, 4.03 for people taking an ACEi or ARB,
and 7.66 taking a steroidal MRA [21]. By comorbidity, hyperkalemia
rises from 1 per 100 person years for people with normal eGFR and
normal albuminuria to 19 per 100 person years, or almost 1in 5 people
per year for those with both stage G4 (severely decreased kidney
function) and severe nephropathy (abnormal urine albumin levels).

These data show that the people who need treatment that
causes hyperkalemia the most are those most likely to get hyper-
kalemia. This reinforces the message that they should be screened
regularly—annually for very stable individuals and every 3 or 6
months if they are at higher risk. If, due to hyperkalemia, ACEi, ARB,
or MRA must be held, it should be restarted again when potassium
levels have fallen sufficiently.

Risk Factors for Hyperkalemia and Strategies for Management

An extensive review of all factors contributing to hyperkalemia
is beyond the scope of this work. A brief discussion of common
causes of hyperkalemia related to CKD and diabetes and their
mechanisms is presented in what follows.

1. Common medical conditions

Two mechanisms contributing to hyperkalemia are abnormal
transcellular shift of potassium and decreased/impaired potassium
excretion (Supplementary Table 2). Metabolic acidosis causes
potassium to shift from the intracellular space to the extracellular
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space [14]. With insulin deficiency or resistance, individuals may
have difficulty moving potassium from the extracellular compart-
ment to the intracellular space [1].

Individuals with CKD and diabetes often have additional medi-
cal conditions that increase their risk for hyperkalemia. Comor-
bidities such as heart failure and cardiovascular disease, prevalent
in individuals with CKD and diabetes, increase the risk for hyper-
kalemia, usually due to associated medications. Chronic hyper-
kalemia is typically caused by reduced kidney clearance of
potassium with more severe CKD. It is also worsened by reduced
bowel motility and constipation, reducing the excretion of potas-
sium by the GI tract, which becomes a larger share of total body
excretion with CKD [22]. In diabetes, endocrine factors also increase
potassium levels. Insulin resistance in type 2 diabetes and insulin
deficiency in type 1 diabetes slow the movement of extracellular
potassium into cells. Also, after many years of diabetes, the ability
to increase kidney potassium excretion with aldosterone is reduced
due to damage of the nerves innervating the kidneys, reducing
renin and thus aldosterone levels [22—24].

Hyperkalemia also occurs rapidly. After an acute kidney injury
(AKI) event, when kidney function suddenly falls close to or
below the level necessary to sustain life, acute hyperkalemia
results, worsened by metabolic acidosis. With metabolic acidosis
(a reduction of the serum bicarbonate level), protons (acid) enter
the cells and, to maintain electrical neutrality, potassium shifts
from within the cells into the extracellular space. Acute increases
in potassium are also commonly caused by ingestion of
potassium-rich fruits and vegetables, particularly during the
summer months when grocery stores are full of local tomatoes
and other produce. Less commonly, hyperkalemia results from a
Gl bleed, where the red cells in the gut are digested, releasing
their potassium, which is then quickly absorbed into the blood-
stream. Concurrent volume depletion from the bleeding impairs
potassium excretion from the kidney.

Practice Pearl

For the management of hyperkalemia, use all possible
interventions to lower potassium level before discontinu-
ing or dose reducing RAAS inhibitors.

2. Medications

Individuals with CKD and diabetes are often treated with
various medications that increase the risk for hyperkalemia
(Supplementary Table 3). Among these medications, RAAS

Supplementary Table 1

Supplementary Table 2
Medical conditions and associated mechanisms contributing to hyperkalemia

Mechanism Medical condition

e Acidosis

Insulin deficiency
Hyperglycemia/Hypertonicity

AKI

CKD

CVD

Heart failure

Renal artery stenosis

Diabetes

Hyporeninemic hypoaldosteronism
Primary or secondary adrenal
insufficiency

Volume depletion
Constipation/reduced bowel motility

Transcellular shift of K

Decreased/impaired K excretion

AKI, acute kidney injury; CKD, chronic kidney disease; CVD, cardiovascular disease.
Data adapted from Larivee et al [25].

inhibitors (ACEis and ARBs) provide cardiorenal benefit, but they
also commonly contribute to hyperkalemia. After an episode of
hyperkalemia, discontinuation or dose reduction of RAAS inhibi-
tors is common [5]. An analysis of a large US database showed
that, in individuals on RAASi therapy who developed hyper-
kalemia, the dose was titrated down in 1 of 5 hyperkalemic
events and was discontinued in another 1 of 5 hyperkalemic
events [26]. A Canadian population-based cohort study by Leon
et al showed that, in Ontario, stopping RAASi therapy increased
the risks of both overall death and need for dialysis [5].

3. Herbal products containing potassium

To our knowledge, authoritative information on herbal products
with potassium is sparse. Numerous products have been known to
affect both kidney function and electrolytes. Products such as alfalfa
(Medicago sativa), dandelion (Taraxacum officinale), horse tail
(Equisetum arvense), and nettle (Urticadioica) contain significant
amounts of potassium and have been known to induce hyper-
kalemia in individuals with underlying risk factors [27]. Herbal
products with a digitalis-like effect, including milkweed, lily of the
valley, Siberian ginseng, and Hawthorn berries, reduce Na-K-
ATPase activity, leading to elevated extracellular potassium [28].
In addition to inducing hyperkalemia, there is a concern that many
herbal products have not been evaluated in individuals with CKD
and may cause serious adverse effects [30]. Herbal products and
their pharmacologically active ingredients can potentially cause
nephrotoxicity, especially during volume depletion and acute

Heatmap of incidence rates of hyperkalemia per 100 person years by estimated glomerular filtration rate and urine albumin-to-creatinine ratio [21]

Persistent Albuminuria Category

Description and Range

Al A2a AZb A3a A3b
Normal to Mildly Increased Moderately Increased Severely Increased

eGFR Category <30 mg/g 30-200 mg/g 200-300 mg/g 300-3,500 mg/g >3,500 mg/g

(mL/min/1.73 m9) Incidence Rate (95% CI) per 100 Person-years

G1 Naormal or high =80 o 1.03 (0.97-1.11) 1.41 (1.18-1.67) 2.97 (2.07-2.48)

G2 Mildly decreased 60-69 —_ 2.05 (1.97-2.13) 2.47 (2.22-2.75) 3.99 (3.78-4.21)

G3a zﬁildfy-lo-lsoderaleby 45-59 2.08 (2.04-2.19) 345 (3.37-3.53) 4.81 (4.50-5.13) 6.45 (6.24-6.65)

ST eas e
G3b Moderately to severely 30-44 3.24 (3.15-3.32) 5.08 (4.93-5.23) 6.29 (5.82-6.79)
decreased
G4 Severely decreased 15-29 5.51 (5.23-5.80) B.49 (755-9.51)
G5 Kidney failure <15 — 6.05(3.39-0.98) @53 (2.832-2184)
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Supplemenatry Table 3

Common medications associated with increased risk for hyperkalemia
Mechanisms Class Examples
Increased K load Potassium supplements Slow K, K Dur

[29]
Decreased renal K
excretion [11]

Impaired cellular K
homeostasis [29]

Angiotensin-converting
enzyme inhibitor (ACEi)
Angiotensin receptor
inhibitor (ARB)
Angiotensin receptor
neprilysin inhibitor (ARNI)
Direct renin inhibitor
(DRI)

Aldosterone antagonist/
mineralocorticoid
receptor antagonist
(MRA)/nsMRA
Beta-adrenergic receptor
blocker

Heparin

Nonsteroidal anti-
inflammatory drug
(NSAID)
Potassium-sparing
diuretic

Calcineurin inhibitor (CNI)
Antimicrobials

Digitalis glycoside (impair
cellular uptake of K)
Nonselective beta-
adrenergic receptor
blocker (decrease cellular
uptake of K)

Perindopril, ramipril, etc

Candesartan, irbesartan,
etc
Sacubitril/valsartan

Aliskiren
Spironolactone,
eplerenone, finerenone
Metoprolol, atenolol, etc
Unfractionated heparin,
low-molecular-weight
heparin

Ibuprofen, celecoxib, etc
Amiloride, triamterene
Cyclosporine, tacrolimus
Trimethoprim,
pentamidine

Digoxin (overdose)

Carvedilol, labetalol, etc

Data adapted from Perazella [29] and Palmer [11].

illnesses and harmful drug interactions [31]. One review on plants
and herbal components with antiarrhythmic activities and their
interaction with cardiac medications reported multiple interac-
tions, including effects on drugs known to impact potassium levels

(Supplementary Figure 2), potentially enhancing the pro-
arrhythmogenic effect of cardiovascular medications [32].

Practice Pearl

o Review medications/over-the-counter products with
individuals regularly.

o Advise individuals to avoid herbal products to prevent
risk of hyperkalemia and drug interactions.

o Monitor kidney function and volume status regularly
in individuals who are using herbal products.

The National Kidney Foundation (NKF) recommends caution for a
number of herbal supplements known to include potassium
(National Kidney Foundation, https://www.kidney.org/atoz/
content/herbalsupp#which-herbal-supplements-have-potassium,
accessed November 11, 2025) (Supplementary Table 4).

4. Nutrition

Dietary potassium is mostly absorbed in the duodenum and
jejunum, with a net intestinal absorption of approximately 90%
[22]. There are 3 main factors contributing to daily dietary potas-
sium intake: dietary potassium, potassium-enriched salt sub-
stitutes, and potassium additives. The following subsections
address their management.

(a). Diet: Dietary potassium restriction in individuals with CKD
has been a core strategy since the 1960s [23,33]. However, this
strategy is supported by limited data [24,34]. Study data for the
safety of increased potassium intake or liberalization of
potassium restrictions in individuals with advanced CKD is also
lacking. Nephrology programs are good resources for information
about dietary potassium intake with hyperkalemia [24].

For the early stages of CKD, a recent systematic review of
dietary potassium intake and risk of CKD progression suggested

Plants and components with anti arrhythmic activities:

Saffron, Ginger, Hawthorn, Sophora flavescens, lemon bailm,

Stephania tetrandra, Garlic, motherwort, Magnolia officinalis,

Aloe vera, Ginseng, Hawthorn,
Sanchi, Licorice, Night-blooming

cereus and Strophanthus

Aconitwn, Bitter orange, Echinacea,
Ginkgo biloba, Guarana, Horny goat
weed, Lily of the valley, Night-blooming
cereus, Oleander, Rhodiola

Arctium lappa, Barberry, Moldavian balm or dragonhead,
Scuteliariabaicalensis, Aloe vera, Cirmamomum genus, Bergamot,
Danshen, Moonseed, Grape, Gynostenvma pentaphyliwm, Evodia

rutaecarpa, Licorice, sanchi, Potentilla rep

Interaction with digitals

St. John's wort (Hypericum
perforatum)

hulari
, Scrop ia

Jfrigid, Cynodon dactylon, Camel's foot, Ligusticwm wallichii,

[ ‘" Risk of arrhythmia

Fissistigma glaucescens, Marrubiwncrassidens, Camellia oleifera,

Danshen, Garlic, Ginger,

Tinospora cordifolia, Corydalis yanhusuo, Fluggea virosa, Tea,
Hespenidin, Resvenatrol, Choerospordias axillaris, Vitamin P4

J Effectiveness of Beta blockers,
Digoxin, Calciumblockers and Statins

Ginkgo, Licorice, Aloe vera
and Bitter orange

LI R

[ “ bleeding risks

Interactionwith
Anticoagulant/antiplatelet drugs

M Effects of Beta blockers, digitals, Calcium
blockers, and (1 Effects angiotensin-converting
enzyme only for Night-blooming cereus)

Lily of the valley, Night-
blooming cereus

Supplementary Figure 2. Plants and herbal components with anti-arrhythmic activities and plants —cardiac medications interactions [32].
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https://www.kidney.org/atoz/content/herbalsupp#which-herbal-supplements-have-potassium
esmon
Highlight

esmon
Highlight

esmon
Highlight


S.W. Tobe et al. / Can ] Diabetes 49 (2025) 73—86 86.e5

Supplementary Table 4
Herbal supplements with potassium

Alfalfa

American Ginseng

Bai Zhi (root)

Bitter Melon (fruit, leaf)

Black Mustard (leaf)

Blessed Thistle

Chervit (leaf) Chicory (leaf) Chinese Boxthorn (leaf)
Coriander (leaf) Dandelion (root, leaf) Dulse

Evening Primrose Feverfew Garlic (leaf)

Genipap (fruit) Goto Kola Japanese Honeysuckle (flower)
Kelp Kudzu (shoot) Lemongrass

Mugwort Noni Papaya (leaf, fruit)

Purslane Sage (leaf)

Safflower (flower)

Sassafras

Scullcap

Shepherd's Purse

Stinging Nettle (leaf)

Turmeric (rhizome)

Water Lotus

that higher dietary potassium intake was protective against dis-
ease progression, and that dietary restriction of foods naturally
containing potassium may be harmful to cardiac health [35].
Although well-designed clinical trials are required to ascertain
the risk/benefit of plant-based diets, emerging evidence has
questioned the practices of severely limiting potassium intake
from fruits and vegetables over the years to reduce the risk of
and treatment of hyperkalemia [23]. Furthermore, dietary
potassium from animal sources (dairy, meats, and soups), highly
processed foods, and foods with potassium additives are more
likely to have greater impact on potassium level than the
potassium from plant-based foods. This is due to greater
bioavailability and faster potassium absorption rates from highly
processed foods (Supplementary Figure 3) [36]. The 2024 KDIGO
guidelines recommend limiting the intake of foods rich in
bioavailable potassium for individuals with stage 3 to 5 CKD
who have a history of hyperkalemia or as a preventive strategy
during periods in which hyperkalemia risk may be a concern
[30].

The diets prescribed for people with CKD, diabetes, and hyper-
kalemia are quite complex and challenging to adhere to as these
individuals often have additional dietary restrictions from concur-
rent comorbidities (e.g. low-sodium diet and reduced fluid intake
for heart failure, or carbohydrate limits for diabetes, fat limits for
heart disease, and protein limits for kidney disease). Healthy
nutritional plans should include factors such as potassium and
other nutrient bioavailability, cooking methods, portion sizes, food
combinations, fibre content, dietary acid load, and comorbidities
[34], and should reflect each individual's cultural values/beliefs
and preferences for better adherence. Dietitians are therefore
well-positioned and necessary to provide individualized dietary
recommendations.

Practice Pearl

For prevention of or management of hyperkalemia, refer
to the renal dietitian.

Practice Pearl

When a diet consultation with a registered dietitian is not
immediately available, following Supplementary Figures 4
and 5 and Supplementary Table 5 may be helpful for a
quick review of nutrition/education with the individual.

(b). Potassium-enriched salt substitutes: In potassium-enriched
salt substitutes, potassium chloride (KCl) is used to partially
replace sodium chloride (NaCl) [38]. These salt substitutes
replace sodium during food processing or are added to food
during home cooking or at the dining table. Evidence
regarding the effects of salt substitutes on potassium levels
and the occurrence of hyperkalemia in individuals with CKD is
limited [38]. Hyperkalemia is a concern with potassium-
enriched salt substitutes for individuals with CKD [22,38].
These products can be sources of significant potassium loads,
probably because changes in potassium concentration of food
related to the replacement of Na have only been studied in
limited food groups (Supplementary Table 6) [36]. Numerous
cases of life-threatening hyperkalemia in individuals with one
or more risk factors for hyperkalemia have been reported [38].
The current major hypertension guidelines, Hypertension
Canada [39] and KDIGO [30], and the Ontario Renal Network
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Plant-based foods

Absorption rate
50%-60%

Plant-based foods may have
low absorption rate, net alkalizing effect,
and carbohydrate content encourages K*
shifts into intracellular space, minimizing
impacts on serum K*

Animal-based foods

Absorption rate
70%-90% 90%

Animal-based protein has higher
absorption and net acid effect results
in higher amounts of K* remaining
in serum

Processed foods
Absorption rate
Potassium salts (often found in

processed foods) absorption rate
has been reported to be 90%

Supplementary Figure 3. Potassium absorption rates of different food groups [37].

(CKD Nutrition Fact Sheet—Potassium) advise individuals at risk
for hyperkalemia to avoid using salt substitutes (www.
ontariorenalnetwork.ca/sites/renalnetwork/files/assets/fnimfact
sheet-potassium-metis-english.pdf).

Advise individuals to avoid salt substitutes with potassium.

In Canada, popular salt substitutes include Salt-Free, Half-Salt,
and NoSalt (or NuSalt) (personal communication with Kelly
Picard, November 16, 2024).

(c). Potassium-containing food additives: Food additives are sub-
stances not normally consumed as a food by itself and not normally
used as a characteristic ingredient of a food [41]. They are added to foods
for technical purposes (e.g. preservation, sweetening) during food
preparation. Potassium-containing food additives are considered
hidden dietary potassium sources [36]. Limited evidence currently
suggests a similar behaviour of additives and salts with potassium,
and the bioavailability of which is probably close to 100% [41,42].

Interest is growing regarding the impact of potassium additives
on the potassium content of foods and their potential to cause
excessive dietary potassium consumption and hyperkalemia. At
present, there are 4 potassium-containing food additives that
individuals with CKD may need to monitor; these include potas-
sium chloride, potassium phosphate, potassium lactate, and
potassium citrate [36].

Advise individuals to read ingredient lists to identify
potassium-containing food additives.

Factors and Mechanisms Affecting Potassium Measurements
Factors to consider when interpreting K levels are:

1. Pseudohyperkalemia. Pseudohyperkalemia, an artificially high
potassium level, occurs due to a mechanical release of intra-
cellular potassium during sample collection or processing due
to hemolysis [11,43]. The diagnosis of pseudohyperkalemia is
confirmed when serum potassium exceeds plasma potassium
by >0.5 mmol/L [11].

The main causes of pseudohyperkalemia include tight tourni-
quet application in combination with excessive arm exercise prior

to venipuncture, mechanical trauma during venipuncture, centri-
fugation of the blood sample before complete clot formation,
leukocytosis, thrombocytosis, familial pseudohyperkalemia, and
hereditary spherocytosis [44]. Other factors are fist clenching dur-
ing sample collection, keeping the sample on ice for too long, and
delayed centrifugation [43].

Repeat potassium level if pseudohyperkalemia/hemolysis
is highly suspected.

2. Serum potassium level vs plasma potassium level. Potassium
levels can be measured in serum or plasma. Serum requires
clotting before analysis, whereas plasma can be measured
immediately as the samples are collected in heparinized tubes
[45]. Serum sampling may be more prone to factitious hyper-
kalemia because potassium is released during the clotting
process in addition to delayed processing [43]. Serum potas-
sium levels are therefore generally higher (0.1 to 0.4 mmol/L)
than plasma potassium levels [45].

3. Postprandial hyperkalemia. Postprandial hyperkalemia occurs
when dietary potassium is absorbed at a rate exceeding cellular
uptake and body excretion, causing potassium to temporarily
accumulate in the extracellular space [33]. Individuals with
CKD also have impaired potassium tolerance, making them
susceptible to postprandial hyperkalemia [33]. As kidney
function declines, there is a decline in the ability of the kidney
to increase potassium urine excretion after meals, eventually
leading to chronic hyperkalemia. These foods are often asso-
ciated with acute hyperkalemia due to dietary indiscretions
(Supplementary Figure 6).

4. Circadian rhythm of potassium excretion. The function of the
circadian rhythm of potassium excretion is to minimize the
change in the potassium content in the extracellular fluid.
Potassium excretion is lower at night and in the early morning
hours, and increases in the afternoon [12]. The clinical rele-
vance of the circadian rhythm in the setting of CKD is not yet
fully understood.

Pharmacologic Management

1. Sodium bicarbonate. Sodium bicarbonate lowers potassium
through transcellular shift of potassium into cells [9]. Evidence


https://www.ontariorenalnetwork.ca/sites/renalnetwork/files/assets/fnimfactsheet-potassium-metis-english.pdf
https://www.ontariorenalnetwork.ca/sites/renalnetwork/files/assets/fnimfactsheet-potassium-metis-english.pdf
https://www.ontariorenalnetwork.ca/sites/renalnetwork/files/assets/fnimfactsheet-potassium-metis-english.pdf
esmon
Highlight

esmon
Highlight

esmon
Highlight

esmon
Highlight

esmon
Highlight

esmon
Highlight


S.W. Tobe et al. / Can ] Diabetes 49 (2025) 73—86 86.e7

Minimally processed Processed with
or whole foods Processed potassium additives
Potatoes {unless double boiled) Chocolate bars Salt substitutes
Tomato sauce Tomato-based soups Processed meats/ Ham / Hot dogs

Dried fruits

Fruit/vegetable juices Low sodium dill pickles

5

Chocolate milk Low sodium canned soups

——

Dairy products/ Soy milk
(Limit to 1 cup/day)

Coffee (Limit to 2 cups/day) French fries Breaded strips/ Nuggets

N Y,

Supplementary Figure 4. Examples of processed/whole foods and processed with additives with high potassium contents. From BC Renal Dietitians Practice Group (http://www.
bcrenal.ca/resource-gallery/documents/potassium_management_in_kidney_disease.pdf, accessed November 11, 2024).

Potato chips Low Sodium V8 Juice



http://www.bcrenal.ca/resource-gallery/Documents/Potassium_Management_in_Kidney_Disease.pdf
http://www.bcrenal.ca/resource-gallery/Documents/Potassium_Management_in_Kidney_Disease.pdf
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Low Potassium Diet

Potassium is a mineral found in many foods. It helps your heart, muscles and nerves work well. If your kidneys are not working well, too much
potassium may lead to muscle weakness or cause heart problems. Eating less potassium in your diet can help keep your potassium normal.

Juices: Apricot nectar, cranberry juice, lemon juice,
lime juice, papaya nectar, peach nectar, pear nectar

@ o .

Applesauce Blackberries Blueberries

e o B &

mem

& o e

Lemon/lime Loganberries Pineapple Raspberries

$w e

&puvs (thm;uuu)

m(s (Im s)

Limit to 2 servings per day
(1 serving = 1/2 cup or 1 small fruit)

MEDIUM (Limit)

Juices: Apple juice, grape juice, grapefruit juice,
pineapple juice, tangerine juice

Q@ O a &

Appueuabamdonch«mm

& g

Elderberries  Grapes

o
andnnmmquas

(IM 15)
™ < & J‘
Lychees Peach Pear

(6mit 10)

« @8 of

Pomelo  PricklyPear  Tangelo

Limit to 1 serving per day
(1 serving = 1/2 cup or 1 small fruit)

Juices: Coconut water, guava juice, mango juice, orange

juice, p uit juice, pomeg; juice, prune juice
1]

" @ %0 ¥
Apricot Banana Breadfruit Cantaloupe

N Dried Fruit (apricots, cherries, cranberries,
+® currants, dates, figs, mango, prunes, raisins)

Dairy

All milk products This includes:

L4

Buttermilk, custard, cream, cream soup, eggnog, kefir,

Limit all milk products to % cup/day (125 mL)

milk (cow, goat, soya),

mmnwa\ummm,m'@ g .\ ‘
~

Creoted by Renol Distitions ot yg Slmn) brook

THOACIENCRA CENTES

MEDIUM (Limit)

Canned items: Asparagus, bamboo shoots, water
chestnuts (drain liquid)

& =% @ 9

Alfalfa sprouts  Arugula  Broccoli (raw) Cabbage

o N Jd

Chayote Collards  Cucumber

" w=

Belgian Green & yellow

= G

Dandelion Eggplant

greens Endive string beans
.
Ko o . . Q
yellow wax beans Leeks Lettuce Mushrooms

(alltypes)  (raw)

Canned items: Artichoke hearts, beets, mushrooms

WVt

Beetgreens Broccoli Burdock root Chinese broccoli
(raw) (coohd) (Gai lan)

ﬂ?&b—

Greenpeas Snow peas Spinach  Summer squash
(raw)  (zucchini, crookneck,
straightneck, scaloppini)

Limit to 1 serving per day
(1 serving = 1/2 cup or 1 small fruit)

Juice: Carrot juice, tomato juice, V8 juice, vegetable juice

. ©

Avocado  Bamboo shoots

sl & @

Beets & cooked beet greens Bitter melon Brussels sprouts

2 e T gl

& > . & do

L&w &

Onion  Peppers  Radicchio  Radish

Ay b

Rhubarb Spaghetti Turnip &  Watercress
squash turnip greens

Limit to 2 servings per day
(1 serving = 1/2 cup or 1 small fruit)

Double boiled potato® Tomato sauce Tomato paste
(serving =Y:cup) (serving =¥ cup) (serving =1 Tbsp)

Limit to 3 servings per week

thod for reducing p

1. Peel and cut potatoes into small pieces
2. Place potatoes in water & bring to a boil
3. Boil for 10 minutes

4. Change the water and bod again until cooked
S. Throw away the water

* Double-boil

in potatoes:

(dried/cooked) (Gumbo)

® <84 @

Pumpkin  All Potatoes: dnps,fnes microwaved, baked or

"01.0 o

Rutabaga caohd Sweet potato Swass cnard

S ¥

Taro Tomato & wnvdmn Winter squash
tomato products (acorn, butternut, hubbard)

Supplementary Figure 5. Multicultural food groups stratified by low- and high-potassium contents.
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ot | g "’.»‘i m..,,..? NS

Ught Rye  SOUrdough (gase), english muffin, French, Itaian)

RVRELETPOW@

wholecninmads - Dark rye, multigrain,  Whole wheat bagel, pita, roti, tortilla
pumpernickel, raisin, whole wheat

Combran Corn  Creamof Puffed wheat Rice Rice

Special K*  Corn Pops®
squares~ flakes wheat orrice or rice Chex® krispies® Original Frosted flakes®

Cereals made with bran, chocolate, dried fn.lt, ;nnola, nuts, oats,
seeds, wheat, whole grains

'b
3
-t

i e
=| e
Couscous

noodle  noodle

Rice Soba  White flour wn«pasta White rice

Y T T PN

Barley Brown/Wild Rice Bulgur Kasha Quinoa Brown pasta wholewheaot

noodle
{..'.'-'. X oty . % 55t
Crackers %3\\_*)@‘&\ & A N
Corn

Water crackers Matzo Melba toast Rice crackers Rice cakes Soda crackers

BOR ."

aa:hrsmadewmmmmm peets, dark rye, potatoes,

seeds.Midemat,whoiem
A T Y g
Nuttu.mer Maple syrup, molasses

Beans, peas Allnuts

Spices  Margarine Syrup sd)stmns & lentils & spread &hromnmpr
), @ f) S 2
l FSEU 29 ANz-sitveESas
Drinks Coffee, tea, & water i —
v - . Almond or rice beverage Cob& Cappuccino, espresso, latte, iced coffee  Chocolate milk, hot chocol
Clubsoda  Soda without | ) without potassium additives Turkish coffee, frappuccino Mio®, Ovaltine®, Postum®,
Tonic water additives (check ingredient list) (check ingredient list) coconut water or milk

cah(Angﬂfood pound, sponge, white) Cookie (A h
shonh'ud,sooalna sqar vandlawahf)

‘IE" ® v O&ﬁt&

Jello Popsicle Sorbet  Candy (such as gummy bears, jelly beans, Life Savers, skittles)

Z

Sweets made with coconut, chocolate, dried fruits, nuts,
peanut butter, pumpkin, seeds, whole grains

S e 4oy

Potato chips High fiber or nut muffins ice cream desserts

about any food, please check with your dietitian.

Unsaited popcorn or pretzels Com based tortillas Rice cereal treats
MADE WITH
PATIENT & FAMILY
INPUT
PLEASE NOTE: This list is not an endor or nor of any particular product. The organization along with gg Sunnyl)r()()k

the dietitians who made this list take no responsibility if food products, ingredients or labels change. If you have questions

HEALTH MUIENCFS CENTHRY
PR 47128 (Potassium Pictures; upcated 2018-Oct)

Supplementary Figure 5. (continued).
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Supplementary Table 5
Potassium content of animal-origin foods, beverages, sweets, and fats

Potassium (mg) Potassium (mg)

100g  Serving 100 kcal 100g  Serving 100 kcal
Meat Milk and dairy
Chicken breast 370 370 370 Milk 150 188 234
Chicken thigh 355 355 332 Yogurt 150 188 170
Duck 290 290 182 Brie 100 50 31
Lamb 350 350 220 Cheddar 120 60 31
Liver 320 320 225 Cottage cheese 89 89 77
Pork 290 290 185 Cream cheese 150 150 84
Rabbit 360 360 261 Emmenthal cheese 107 54 27
Turkey breast 320 320 221 Gouda cheese 89 45 26
Turkey thigh 310 310 167 Parmesan cheese 120 60 30
Beef 330 330 206 Pecorino cheese 94 47 24
Veal 360 360 391 Ricotta cheese 119 119 82
Preserved meat Spreadable cheese 108 54 35
Bresaola 505 253 334 Stracchino cheese 62 62 21
Canned meat 140 140 226 Fats
Cooked ham 227 114 106 Butter 15 2 2
Ham 454 227 203 Cream 91 9 -+
Mortadella 130 65 41 Margarine 5 1 1
Salami 473 237 123 Olive oil 0 0 0
Sausage 130 65 33 Sugar and Sweets sand
Waurstel 140 70 52 Dark chocolate 300 30 55
Fish Fruit ice cream 180 72 101
Anchovies 278 417 290 Honey 51 3 17
Carpa 286 429 204 Marmalade 100 5 45
Hake 320 480 451 Milk chocolate 420 42 74
Herring 320 480 148 Milk ice cream 110 44 46
Mussel 320 480 381 Sugar 2 0 1
Salmon 310 465 168 Beverages
Shrimp 266 399 375 Beer 35 116 78
Sole 280 420 326 Cola 1 3 3
Trout 429 644 364 Orange juice 150 300 417
Egg Red wine 110 138 145
Egg white 135 95 314 Tea 0 0 0
Whole egg 133 67 104 Wine 61 76 86
Yolk 90 31 28

Note: 1 mmol of K = 39 mg [22].

from clinical trials on the efficacy and safety of bicarbonate 2. Diuretics. Diuretics, especially loop diuretics, are commonly

therapy is sparse [9]. The KDIGO 2024 CKD guideline suggests
optimization of serum HCOs3 as one of the strategies for man-
agement of hyperkalemia [30]. Treatment is recommended
when the bicarbonate level is <18 mmol/L. Sodium bicarbonate
should be avoided in individuals with volume overload or
severe hypertension.

In individuals with HCO; <18 mmol/L, treat with sodium
bicarbonate.

used to prevent a rise in potassium and to control volume
overload in individuals with CKD. After a hyperkalemic event in
ambulatory care, 5.6% of individuals were prescribed a new
diuretic (non—potassium-sparing) to help excrete potassium,
such as a thiazide or thiazide-like diuretic or loop diuretic, and
0.7% were treated with sodium polystyrene sulfonate (Kayex-
alate), a sodium-based resin for gastrointestinal removal of
potassium [46]. Data from Ontario residents >66 years of age
with 1 outpatient hyperkalemia measurement showed that 7%
of individuals had an increased diuretic dose and 3% started on
a new diuretic, whereas 1% were treated with sodium poly-
styrene sulfonate [46]. Compared with no intervention over a
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Supplementary Table 6
Examples of potassium-enriched salt substitutes [40]

Sodium Potassium
Salt and Salt Substitutes (mg/quarter teaspoon) (mg/quarter teaspoon)
Diamond Crystal Salt Sense 390 0
Lawry’s Seasoned Salt 380 0
Morton Table Salt 590 0
Papa Dash 240 0
Morton Sea Salt 560 0
Sterling Lo-Salt Mixture 115 150
Morton Salt Balance 440 200
Morton Lite Salt 290 350
AlsoSalt 0 300
Morton Salt Substitute 0 610
NoSalt 0 650
Nu-Salt 0 795
Herbal Blends
Mrs. Dash salt-free seasoning blends 0 5-15
Benson’s Gourmet Salt Free Seasonings* <5 Minimal
Durkee Smart Seasons varieties 0 0-15
McCormick Salt-Free seasoning blends 0 2040

*‘Benson’s is working with a new spice blender, and updated nutrition facts are not yet available. Table Tasty is their herbal
salt-substitute blend. This company is focusing primarily on dialysis centers.

1-year period, a new diuretic or increase in diuretic dose
reduced the risk of recurrent hyperkalemia nonsignificantly by
32% and 38%, respectively [46]. Of interest, increasing the
diuretic dose was associated with an increase in cardiovascular

events by 70%, whereas reducing RAASi was associated with an
increase of 35%; however, stopping RAASi was not associated
with an increase, nor was starting a new diuretic [46]. For
individuals with an eGFR <30 mlL/min, loop diuretics are

Banana

6 mmol (240 mg)/1 medium (6-inch) banana

4
J
Orange/orange juice /‘
a

6 mmol (240 mg)/1 medium orange
12 mmol (496 mg)/1 cup orange juice

Tomato/tomato juice l

7 mmol (290 mg)/1 medium tomato
14 mmol (556 mg)/cup tomato juice

Turkey deli meat 390 mg/56 g
G
Vitamin water Q 881 mg/591 mL
.s:i
—
Greek yogurt >4 6 mmol (240 mg)/170 g

Supplementary Figure 6. Quick checklist of foods often associated with acute hyperkalemia and their typical potassium content.
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Supplementary Table 7
A comparison of potassium binders
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Potassium binders

Sodium polystyrene sulfonate (Kayexalate)

Sodium zirconium cyclosilicate (Lokelma)

Patiromer (Veltassa)

Site of action Colon Small and large intestines Colon

Exchange ion for K Sodium Sodium Calcium

Onset of action Variable, hours to days 1 hour 4—7 hours

Duration of effect ~ Variable; 6—24 hours Not studied 24 hours

Recommended 15—30 g, 1—4 times per day orally, maximum 60 g/day 10 g 1—3 times per day x 24—48 hours 8.4 g once per day orally, titrate up to
dose orally, maintenance therapy 5-10 g once ~ maximum 25.2 g once per day

per day
GI symptoms (constipation, diarrhea, nausea, vomiting), GI symptoms (nausea, diarrhea, flatulence) GI symptoms (constipation, diarrhea,
e Hypokalemia
e Hypomagnesemia

Adverse effects
serious Gl effects (intestinal necrosis, bleeding, ischemic
colitis, perforation)

e Hypokalemia
e Hypocalcemia
e Hypomagnesemia

Should no longer be used with sorbitol
Provincial coverage https://prescribesmart.com

nausea)
e Edema

GI, gastrointestinal; K, potassium.
Note: Data adapted from Weinstein et al [30,54].

believed to be more effective at promoting urinary potassium
excretion [47]. Diuretics should be avoided in individuals with
volume depletion.

3. Potassium binders. Binding potassium in the gut and increasing
gastrointestinal potassium excretion has long been a mecha-
nism for treating hyperkalemia. However, it is only with the
recent introduction of new agents that proper clinical trials
have been conducted. The 2 legacy cation exchange resins,
sodium and calcium polystyrene sulfonate, in theory remove 1
or 2 mmol of potassium per gram of resin given. Because these
agents cause constipation they are given with a laxative, typi-
cally lactulose, which, as an osmotic agent, also increases
potassium excretion and may be responsible for much of the
increase in potassium excretion from these agents [9]. There
has been only one randomized study of sodium polystyrene
sulfonate. This single-centre study of people with hyper-
kalemia 5.0 to 5.9 treated with 30 g/day over 7 days, reported a
reduction of potassium by 1.25 mmol/L, but the proportion of
individuals achieving normokalemia was not statistically sig-
nificant [48]. Serious GI adverse events have been reported,
including colonic necrosis [49,50].

One of the new agents for management of hyperkalemia is
patiromer, a nonabsorbed, sodium-free, potassium-binding poly-
mer that uses calcium to exchange with potassium. The onset is
over 4 to 7 hours, and it has been used largely to supplement
dietary potassium restriction for chronic hyperkalemia, often in the
setting of congestive heart failure [9]. In the OPAL-HK study, indi-
viduals with hyperkalemia and heart failure received patiromer
(4.2 or 8.4 g/day), with 76% achieving target potassium levels and
3% actually becoming hypokalemic [51]. During a withdrawal
phase, 94% of individuals remaining on patiromer were able to
continue with RAASi, whereas only 44% could remain on RAASi in
the withdrawal group [51].

Sodium zirconium cyclosilicate is also a nonabsorbed potassium
binder that exchanges protons and sodium for potassium in the
gastrointestinal system. Its potassium binding capacity is over 9-
fold greater than SPS [9]. It is well tolerated and its most com-
mon adverse effect is edema in <6% of cases. Efficacy has been
shown with onset of action within 1 hour, and time to normaliza-
tion of potassium typically 2.2 hours [52]. In the HARMONIZE-

Global study in individuals with hyperkalemia at up to 6.5 mmol/
L, 58.6% normalized potassium with 5 g and 77.3% with 10 g, as
compared with 24% with placebo over 28 days [53].

In summary, the newer agents, patiromer and sodium zirconium
cyclosilicate, are effective and safe in managing acute and chronic
hyperkalemia and are major improvements over legacy therapies.
However, coverage and cost limit their widespread use in Canada.

Potassium Monitoring

Elevations in potassium above the upper limit of normal are
more common in individuals with CKD and lower eGFR (e.g. CKD
stage G4 > G3) on RAASI, and comorbidities including diabetes and
heart failure. The NICE guideline recommends routine potassium
measurements, including kidney function with serum creatinine,
every 6 months and as often as every 3 months for individuals with
lower eGFR and more comorbidities [9]. Because individuals who
have had a hyperkalemic event are more likely to have another
event, it is reasonable to repeat testing within 6 months if the
individual has normal kidney function and no comorbidities,
particularly those individuals on RAASi. However, hyperkalemia
can occur many months afterward [4,55].

For individuals with diabetes on RAAS, we recommend that
potassium be measured according to the schedule presented in
Supplementary Table 8.

Supplementary Table 8
Potassium measurement after medication changes for individuals with CKD and
diabetes

Medication change Suggested time frame for K

recheck
Initiation or doubling of dose of:
e ARB, ACEi, MRA 1—-2 weeks
e nsMRA 4 weeks
After K-binder therapy/ER visit for Within 1 week
hyperkalemia

Regular follow-up 3—6 months

ARB, angiotensin receptor blocker; ACEi, angiotensin-converting enzyme inhibitor;
CKD, chronic kidney disease; ER, emergency room; K, potassium; MRA, mineralo-
corticoid receptor antagonist; nsMRA, nonsteroidal mineralocorticoid receptor
antagonist.
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Patient Education

An individual’s engagement is crucial for successful imple-
mentation of interventions. Clinicians can empower individuals by
providing education and by incorporating an individual’s values,
beliefs, and preferences into their treatment plans. Education topics
may include adherence to medications, dietary potassium intake,
and scheduled blood tests (for potassium monitoring) and discus-
sions on:

e Sick-day management advice

o Importance of informing health-care team about any changes
in medical conditions and medications

e Avoidance of excessive fist clenching during blood collection
and doing blood tests immediately after potassium ingestion, if
possible

Conclusion

Hyperkalemia is common in individuals with CKD and diabetes,
and is associated with increased risk for mortality, cardiovascular
events, hospitalizations, and intensive care unit admissions. The
prevention and management of hyperkalemia in this population
requires an interprofessional approach. It is hoped that this work
provides clinicians with the current knowledge and helps to facil-
itate confidence to manage hyperkalemia in individuals with the
evidenced-based RAASI therapy.

!

Key Messages

1. Hyperkalemia is common in individuals with CKD and dia-
betes, and is associated with increased risk for mortality,
cardiovascular events, hospitalizations, and intensive care
unit admissions.

2. RAAS inhibitors lower risk of CKD progression and cardio-
vascular events. If RAASi therapy needs to be interrupted due
to hyperkalemia and illness, restart once resolved.

3. By implementing recommendations in practice, clinicians
can successfully mitigate the risk of and manage hyper-
kalemia, optimizing the use of RAASi in individuals with a
compelling indication.

Summary of Recommendations for Moderate to High
Potassium (see Supplementary Figure 7)

e Increase potassium excretion with diuretics

e Correct metabolic acidosis (HCO3 < 18 mmol/L) with sodium

bicarbonate
e Start gastrointestinal tract potassium binders
o Sodium polystyrene sulfonate
o Sodium zirconium cyclosilicate
o Patiromer

Pseudohyperkalemia/ SN YES SN epeat K
Hemolysis?
NO
-Refer to RD
-Adjust medication(s) affecting K (see

After ER visit or on K
binder therapy, check K
within 1 week

Hold RAASI
& to ER

-Consider long-term K binder
-Hold/Reduce RAASi

-Follow lab monitoring schedule
(see Table 8)

-Follow lab monitoring
schedule (see Table 8)

Table 3)

-Treat metabolic acidosis for CO2 <
18 mmol/L with Sodium Bicarbonate
-Treat volume overload (Loop
diuretics or Thiazides)

-Manage medical condition(s)
contributing to K (see Table 2)
-Continue with RAASi

- Start K binder

I  Wild hyperkalemia
Moderate hyperkalemia

-Restart RAASI

Severe hyperkalemia

Supplementary Figure 7. Algorithm summarizing recommendations.
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