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KEY MESSAGES

• Identification of chronic kidney disease in people with diabetes requires
screening for proteinuria, as well as an assessment of serum creatinine con-
verted into an estimated glomerular function rate (eGFR).

• All individuals with chronic kidney disease should be considered at high
risk for cardiovascular events and should be treated to reduce these risks.

• The development and progression of renal damage in diabetes can be
reduced and slowed through intensive glycemic control and optimization
of blood pressure. Progression of chronic kidney disease in diabetes can
also be slowed through the use of medications that disrupt the renin angio-
tensin aldosterone system.

KEY MESSAGES FOR PEOPLE WITH DIABETES

• The earlier that the signs and symptoms of chronic kidney disease in dia-
betes are detected, the better, as it will reduce the chance of progression
to advanced kidney disease and the need for dialysis or transplant.

• You should have your blood and urine tested annually for early signs of
chronic kidney disease in diabetes.

• If you are found to have signs of chronic kidney disease, your health-care
provider may recommend lifestyle or medication changes to help delay more
damage to your kidneys.

PRACTICAL TIPS
Management of Potassium and Creatinine During the Use of
Angiotensin Converting Enzyme (ACE) inhibitor or Angiotensin II Recep-
tor Blocker (ARB) or Direct Renin Inhibitor (DRI) Therapy

• Check serum potassium and creatinine at baseline and within 1 to 2 weeks
of initiation or titration of therapy AND during times of acute illness.

• If potassium becomes elevated or creatinine increases by more than 30%
from baseline, therapy should be reviewed and serum creatinine and potas-
sium levels should be rechecked.

• Mild-to-moderate stable hyperkalemia:
◦ Counsel on a low-potassium diet.
◦ If persistent, non-potassium-sparing diuretics and/or oral sodium bicar-

bonate (in those with a metabolic acidosis) should be considered.
◦ Consider temporarily reducing or holding RAAS blockade (i.e. ACE

inhibitor, ARB or DRI).
• Severe hyperkalemia:

◦ In addition to emergency management strategies, RAAS blockade
should be held or discontinued.

Introduction

Diseases of the kidney are a common finding in people with dia-
betes, with up to one-half demonstrating signs of renal damage in
their lifetime (1–3). Diabetes is the leading cause of kidney disease
in Canada (4). Kidney disease can be a devastating complication,
as it is associated with significant reductions in both length and
quality of life (5,6). A variety of forms of chronic kidney disease (CKD)
in diabetes can be seen, including diabetic nephropathy, ischemic
nephropathy related to vascular disease, hypertensive nephro-
sclerosis, as well as other renal diseases that are unrelated to dia-
betes (7,8) (Figure 1). This chapter discusses how to screen for
and diagnose CKD in people with diabetes, how to slow its pro-
gression, and the impact of CKD on other aspects of diabetes
management.

Conflict of interest statements can be found on page S207.
Figure 1. Causes of CKD in people with and without diabetes.
CKD, chronic kidney disease.
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Diabetic Nephropathy

The classical description of diabetic nephropathy is a slow and
progressive increase in albuminuria, followed later in the disease
by a decrease in estimated glomerular filtration rate (eGFR) below
60 mL/min/1.73 m2, which can, eventually, lead to end stage renal
disease (ESRD) (1,9,10) (Figure 2). Key risk factors include long dura-
tion of diabetes; non-optimal glycemic, blood pressure and plasma
lipid control; obesity (11); and cigarette smoking(12). Many of these
risk factors are modifiable.

The earliest stage of diabetic nephropathy is hyperfiltration,
where the glomerular filtration rate (GFR) is significantly higher than
normal. Identification of hyperfiltration is not clinically useful, as
it is difficult to determine from routine testing and is not present
in all people with early diabetic nephropathy. Persistent albumin-
uria is considered the earliest clinical sign of diabetic nephropa-
thy. Initially, small amounts of albumin are leaked, below the
detection threshold of a urine dipstick. This stage is referred to as
“microalbuminuria”. Over time, albuminuria can worsen so that
the urinary albumin excretion is sufficiently high to be detectable
by a urine dipstick, a stage known as “overt nephropathy”
(Table 1). The rate of progression from normoalbuminuria to
microalbuminuria, then to overt kidney disease, is usually slow, typi-
cally taking five years or longer to progress through each stage
(13,14). During the early stages of diabetic nephropathy, the rate
of loss of renal function is relatively slow (a decrease in eGFR of 1
to 2 mL/min/1.73 m2/year), and not impressively higher than what
is seen in the general population (0.5 to 1.0 mL/min/1.73 m2/year)
(15). However, late in the overt kidney disease phase, the rate of
decline of renal function can accelerate (5 to 10 mL/min/1.73 m2/
year). Thus, significant renal dysfunction is not usually seen until
late in the course of diabetic nephropathy (16).

It is important to note that the rate of progression can vary
between individuals, and that the clinical markers of the disease
(i.e. eGFR, urinary albumin levels) do not always correlate well with
the severity of renal disease seen on biopsy (17). Additionally, inten-
sive glycemic control, optimization of blood pressure (BP), and the
use of renal protective drugs, can slow or stop progression of dia-
betic nephropathy.

Other Kidney Diseases in People with Diabetes

Diabetic nephropathy is a major cause of CKD in diabetes;
however, people with diabetes can also get CKD from other causes,
including hypertensive nephrosclerosis or ischemic nephropathy
from atherosclerotic changes to small or large renal arteries. In addi-
tion, there can be significant overlap (Figure 1). Ischemic nephropa-
thy is characterized by a reduced GFR, usually with minimal or no
increase in albuminuria. Kidney biopsy series in people with type 2
diabetes have found that non-diabetic glomerular disease, particu-
larly ischemic kidney disease, is as common as CKD in diabetes in
people with diabetes (7). Clinical studies have suggested that one-
quarter to one-half of people with diabetes and significant kidney
function impairment do not have albuminuria (18–20). These studies
suggest that testing for albuminuria may be insufficient in identi-
fying all people with diabetes who have renal disease. In addition
to measurements of urinary albumin excretion, estimations of the
level of kidney function and urinalyses are required to identify people
with kidney disease other than diabetic nephropathy.

In most cases, the risk of ESRD in diabetes does not appear to
matter whether the renal diagnosis is one of diabetic nephropa-
thy or an alternative diagnosis, and the management is the same
(21). However, Table 2 lists some concerning clinical and labora-
tory features that would lead to suspicion of a kidney disease unre-
lated to diabetes and require additional testing or referral, and
possible renal biopsy (22–25).

Screening for Chronic Kidney Disease in People with Diabetes

Screening for CKD in people with diabetes involves an assess-
ment of urinary albumin excretion and a measurement of the overall
level of kidney function through an eGFR. Persistent abnormali-
ties (lasting >3 months) of either urinary albumin excretion or eGFR,
or significant urinalysis abnormalities lead to the diagnosis of CKD
in people with diabetes. People with type 1 diabetes are not expected
to have kidney disease at the time of onset of diabetes, so screen-
ing can be delayed until the duration of diabetes exceeds 5 years.
Significant renal disease can be present at the time of diagnosis of
type 2 diabetes (26,27), so screening should be initiated immedi-
ately at the time of diagnosis in this group.

Screening for Albuminuria

When screening for albuminuria, the test of choice is the random
urine albumin to creatinine ratio (urine ACR). The 24-hour urine
collection for protein/albumin remains the gold standard; however,
it is cumbersome to implement on a large scale, inconvenient for
people, and is often performed incorrectly (28–32). The random urine
for albumin is insufficient, as the urinary albumin concentration can

Figure 2. Level of urinary albumin by various test methods and stage of CKD in
diabetes.
ACR, albumin to creatinine ratio; CKD, chronic kidney disease.

Table 1
Stages of diabetic nephropathy by level of urinary albumin level
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vary due to urine concentration (29). A random urine ACR
predicts 24-hour urinary albumin excretion sufficiently well, and
is the test of choice for screening for albuminuria (28,30–32). There
is substantial day-to-day variability in albuminuria. In addition, tran-
sient and benign increases in albuminuria can be provoked by a
number of factors (33–37) (Table 3). When such conditions are
present, screening for kidney disease should be delayed to avoid
positive results that are not caused by renal damage. Furthermore,
diagnosing a person as having albuminuria requires the elevated
urinary albumin level to be persistent. At least 2 out of 3 urine samples
exhibiting elevations in urinary albumin levels over 3 months are
required before it is considered to be abnormal (Figure 3).

Estimation of Glomerular Filtration Rate

The serum creatinine is the most common measurement of kidney
function, however, it can inaccurately reflect renal function in many
scenarios, particularly in extremes of patient age or size (38,39).
Indeed, in people with diabetes, the GFR usually will be less than
half of normal before the serum creatinine exceeds the lab normal
range (40). As mentioned, measuring renal function using the
24-hour urine collection is cumbersome and can be difficult to
perform accurately, so methods have been developed to estimate
the glomerular filtration by combining the patient’s serum creati-
nine with factors, such as age, weight and gender. The eGFR (esti-
mated glomerular filtration rate) can be calculated using either the
four-variable Modification of Diet in Renal Disease (MDRD) equa-
tion or the newer Chronic Kidney Disease Epidemiology Collabo-
ration (CKD-EPI) formula (41,42). These equations require knowledge
of the person’s age, sex, serum creatinine and race and is auto-
matically computed and reported by many labs whenever a serum
creatinine is ordered. Both equations perform well when the GFR
is <60 ml/min/1.73 m2 (43), but as the CKD-EPI is more accurate at
higher levels of renal function (42), most medical laboratories across
Canada now use this formula. The eGFR is generally a better esti-
mate of glomerular filtration than the serum creatinine value alone,

but is less accurate at extremes of age and size. A 24-hour urine for
creatinine clearance can be used in individuals where there are con-
cerns regarding the accuracy of the eGFR. Kidney diseases of all forms
can be staged based on the degree of impairment of eGFR (Table 4).

Table 2
Clinical and laboratory factors favouring the diagnosis of classical diabetic kidney disease or an alternative renal diagnosis

Table 3
Conditions that can cause transient albuminuria. The presence of such conditions
should lead to a delay in screening for CKD

Figure 3. A flowchart for screening for CKD in people with diabetes.
ACR, albumin to creatinine ratio; CKD, chronic kidney disease; eGFR, estimated
glomerular filtration rate.
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The eGFR is useful for assessing chronic changes in renal func-
tion but should not be used in situations where kidney function is
changing rapidly. A rapid drop in renal function is referred to as an
acute kidney injury (AKI). An AKI can occur in association with
almost any acute systemic illness but, in particular, with condi-
tions leading to hypotension or intravascular volume contraction.
When such conditions are present, assessment of the level of kidney
function may be clinically necessary, but should not be used to assess
the stage of CKD. Because renal function can be transiently depressed,
a persistent reduction in eGFR is required before it is considered
to indicate the presence of CKD.

Other Clinical Features and Urinary Abnormalities—When to
Consider Additional Testing or Referral

Urinalysis findings of red or white blood cell casts or heme granu-
lar casts suggest a renal diagnosis other than diabetic kidney disease.
Although persistent microscopic hematuria can occur in people with
diabetic nephropathy, its presence should lead to the consider-
ation of other urologic or nephrologic conditions. Table 2 lists other
clinical clues that may point to a renal diagnosis other than kidney
disease due to diabetes. Such individuals should undergo an appro-
priate assessment for the cause of their disease. Table 2 also lists
some conditions whose presence would prompt a referral to a renal
specialist.

Although 24-hour collections are not needed for routine screen-
ing in diabetes, they can be useful when there is doubt about the
accuracy of an eGFR, when screening for non-albumin urinary pro-
teins (e.g. multiple myeloma) or when estimating daily sodium intake
in an individual with refractory edema or hypertension. Individu-
als should be counseled to discard the first morning urine on the
day of collection, and then collect all subsequent urine for a 24-hour
period, including the first morning urine of the next day.

Screening for CKD

People with diabetes should undergo annual screening for the
presence of diabetes-related kidney disease when they are clini-
cally stable and not suspected to have non-diabetic kidney disease
or an AKI. Screening should be delayed in the presence of conditions

that can cause transient albuminuria or a transient fall in eGFR.
Screening for CKD in people with diabetes should be performed with
a random urine ACR and a serum creatinine that is then con-
verted into an eGFR. This can be delayed five years from the onset
of type 1 diabetes, but should begin immediately at the time of diag-
nosis of type 2 diabetes. An abnormal screening test should be con-
firmed by repeat testing of the eGFR in three months, and up to two
more random urine ACRs ordered during that interval. If either the
eGFR remains low or at least two of the three random urine ACRs
are abnormal, then a diagnosis of CKD is confirmed. The excep-
tion to this approach is when the random urine ACR indicates albu-
minuria in the overt kidney disease range (≥20.0 mg/mmol/L), as
this level of proteinuria rarely resolves spontaneously, and repeat
testing is usually unnecessary.

Once a diagnosis of CKD has been made, a urine sample for dip-
stick and microscopy for casts or hematuria should be performed.
In addition, serum electrolytes should be ordered along with any
other testing that is indicated. In the absence of any significant abnor-
malities other than proteinuria or an isolated low eGFR, a presump-
tive diagnosis of kidney disease due to diabetes is made. The
presence of clinical or laboratory abnormalities suggesting non-
diabetic kidney disease indicates the need for appropriate work-up
or referral (see Recommendation 9 for more details).

Prevention, Treatment and Follow Up

Glycemic control

Optimal glycemic control established as soon after diagnosis as
possible will reduce the risk of development of diabetic kidney
disease (44–48). The progression of renal damage in diabetes can
be slowed through intensive glycemic control (44,49). The optimal
target glycated hemoglobin (A1C) remains controversial. The major
studies supporting renal protection achieved an A1C of about 7%
in the intensively managed groups (Diabetes Control and Compli-
cations Trial [DCCT], Kumamoto, United Kingdom Prospective Dia-
betes Study [UKPDS], and Veterans Affairs Diabetes Trial [VADT])
(48,50–52). The Action in Diabetes and Vascular disease: PreterAx
and Diamicron MR Controlled Evaluation [ADVANCE] study dem-
onstrated a reduction of progression of nephropathy with a target
A1C <6.5% (53), as did the Action to Control Cardiovascular Risk in
Diabetes (ACCORD) trial with a target A1C of <6.0% (54,55). However,
none of these studies demonstrated a reduction in cardiovascular
(CV) events or mortality with intensive glycemic control and, indeed,
ACCORD was stopped early due to an increase in CV events in the
intensive group. This indicates that the optimal A1C may differ for
microvascular vs. CV events. Hypoglycemia is more common as pro-
gressively lower A1C levels are targeted (56), and people with CKD
are at an increased risk of hypoglycemia (57,58). For most adults
with diabetes, a target A1C of <7.0% is recommended for renal pro-
tection. For some people with early or no kidney disease and a low
risk of hypoglycemia, a lower A1C can be considered for renal pro-
tection, with consideration of the risks vs. benefits (see Targets for
Glycemic Control chapter, p. S42). It should be noted that these
studies examined people with early renal disease and diabetes. Evi-
dence supporting intensive glycemic control is lacking in people with
advanced renal dysfunction. The A1C can be falsely low in people
with advanced renal functional impairment, in particular those
receiving intravenous iron or an erythropoiesis stimulating agent
(59,60) (see Monitoring Glycemic Control chapter, p. S47).

Blood pressure control

Optimal BP control also appears to be important in the preven-
tion and progression of CKD in diabetes, although the results have

Table 4
Stages of CKD of all types
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been less consistent (47,51,61–63). The UKPDS study suggested that
a target BP of <150/85 mmHg was associated with a reduction in
microvascular events, including renal outcomes (51). The Systolic
Hypertension in Europe (Syst-Eur) trial also found that a target
systolic BP of <150 mmHg was associated with fewer people
developing proteinuria among those with diabetes, and in the
overall study group was associated with fewer people developing
a creatinine >177 mmol/L (64). The Appropriate Blood Pressure
Control in Diabetes (ABCD) normotensive study found that
achieving a systolic BP of <130 mmHg was associated with
fewer people developing microalbuminuria and, among those
starting with microalbuminuria, a reduced risk of progressing to
macroalbuminuria (65). The Lewis study in type 1 diabetes found
that a target mean arterial pressure of 92 mmHg (125/75) was asso-
ciated with a reduction in proteinuria (66). The ACCORD BP study
also found less progression of proteinuria when targeting a sys-
tolic BP <120 mmHg (67). However, none of these studies demon-
strated a meaningful impact on loss of renal function or ESRD and,
indeed, ACCORD suggested that there were more acute kidney injury
events in the intensive control group. We recommend that, for most
people with diabetes, a target BP <130/80 mmHg is sufficient for
renal protection (see Treatment of Hypertension chapter, p. S186).

Blockade of the renin angiotensin aldosterone system

Blockade of the renin angiotensin aldosterone system (RAAS) with
either an angiotensin converting enzyme (ACE) inhibitor or an angio-
tensin receptor blocker (ARB) can reduce the risk of developing CKD
in diabetes independent of their effect on BP. This protective effect
has been demonstrated in people with diabetes and hypertension
(68,69), but not in normotensive people with diabetes (70–72). Addi-
tionally, progression of CKD in diabetes can be slowed through the
use of an ACE inhibitor or ARB (72), independent of their effect on
BP, and these two medication classes appear to be equally effec-
tive for cardiorenal protection (73,74). In type 1 diabetes, ACE inhibi-
tors have been shown to decrease albuminuria and prevent
worsening of nephropathy (75), and ARBs have been shown to
reduce albuminuria (76). In type 2 diabetes, ACE inhibitors and ARBs
have been shown to decrease albuminuria and prevent worsening
of kidney disease, and ARBs have been shown to delay the time to
dialysis in those with renal dysfunction at baseline (69,77–80). These
renal-protective effects also appear to be present in proteinuric indi-
viduals with diabetes and normal or near-normal BP. ACE inhibi-
tors have been shown to reduce progression of diabetic kidney
disease in albuminuric normotensive individuals with both type 1
(81–84) and type 2 diabetes (85,86).

In CKD from causes other than diabetic kidney disease, ACE inhi-
bition has been shown to reduce albuminuria, slow progression of
renal disease, and delay the need for dialysis (87,88). The effec-
tiveness of ACE inhibitors and ARB on loss of renal function appear
to be similar in non-diabetic CKD (89,90).

A variety of strategies to more aggressively block the RAAS
have been studied in kidney disease, including combining RAAS
blockers or using very high doses of a single RAAS blocker. These
strategies reduce albuminuria, but have not been proven to improve
patient outcomes in diabetic nephropathy (91–96), and come at a
risk of increased acute renal failure, typically when a patient
develops intravascular volume contraction (97,98) and hyperkale-
mia. The lack of meaningful impact on loss of renal function
through dual RAAS blockade was demonstrated in three random-
ized controlled trials, including the Ongoing Telmisartan Alone
and in Combination with Ramipril Global Endpoint Trial (ONTARGET)
which examined a low renal risk population (97); and the Aliskiren
Trial in Type 2 Diabetes Using Cardio-Renal Endpoints (ALTITUDE)
study (98) and Veterans Affairs Nephropathy in Diabetes (VA
NEPHRON-D) study (99) which examined people with CKD in

diabetes and high renal risk. As a result of these studies, combination
of agents that block the RAAS (ACE inhibitor, ARB, direct renin
inhibitor [DRI]) should not be used in the management of diabe-
tes and CKD. The impact of adding a mineralocorticoid receptor
antagonist to background standard of care including an ACE
inhibitor or ARB is being evaluated in the Efficacy and Safety of
Finerenone in Subjects With Type 2 Diabetes Mellitus and Dia-
betic Kidney Disease (FIDELIO-DKD) (ClinicalTrials.gov Identifier
NCT02540993) and Efficacy and Safety of Finerenone in Subjects
With Type 2 Diabetes Mellitus and the Clinical Diagnosis of
Diabetic Kidney Disease (FIGARO-DKD) (ClinicalTrials.gov Identi-
fier NCT02545049) trials and with further evaluate the role of
dual RAAS inhibition.

Other interventions

All people with CKD are at risk for CV events, and should be
treated to reduce these risks (100–103) (see Cardiovascular Pro-
tection in People with Diabetes chapter, p. S162). The degree of
risk of CV events or progression to ESRD increases as albuminuria
levels rise, and as eGFR falls, with the combination of albumin-
uria and low eGFR predicting a very high level of risk (104,105).

Three recent CV trials of antihyperglycemic agents in partici-
pants with type 2 diabetes with high CV risk have shown renal ben-
efits. The Empagliflozin Cardiovascular Outcome Event (EMPA-
REG OUTCOME) Trial examined an SGLT2 inhibitor in people with
CVD and generally well preserved eGFR (one-third had eGFR
30–60 mL/min/1.73 m2, and one-third had albuminuria) and found
a 39% reduction in worsening kidney disease (secondary end-
point: macroalbuminuria, doubling of creatinine, dialysis or renal
death) and a slower rate of eGFR decline vs. placebo (106). The
Canagliflozin Cardiovascular Assessment Study (CANVAS) Program
trial examined an SGLT2 inhibitor in high CV risk type 2 diabetes.
The average eGFR was 76.5 mL/min/1.73 m2 and the median ACR
was 1.4 mg/mmol. Again, there was a 40% reduction in worsening
kidney disease (secondary endpoint: 40% reduction in GFR, renal
replacement therapy or renal death) (107). The Liraglutide Effect
and Action in Diabetes: Evaluation of Cardiovascular Outcome Results
(LEADER) trial examined a GLP-1 receptor agonist in people with
CV disease, CKD or CV risk factors (one-quarter had eGFR 30 to
60 mL/min/1.73 m2) and showed a 22% reduction in worsening
kidney disease (in particular, reducing the new onset of persis-
tent macroalbuminuria) vs. placebo, but this result was explained
by reduction in the new onset of persistent macroalbuminuria rather
than effect on doubling of the serum creatinine level, ESRD inci-
dence, or death due to renal disease (108,109). In contrast to the
GLP-1 receptor agonist trial in which hard renal outcomes were not
improved, results from the two independent SGLT2 inhibitor trials
showed significant hard renal outcome benefit. Of note, the pres-
ence of CKD (stage 3 or lower) should not preclude the use of either
of these beneficial therapies, although the glucose-lowering effi-
cacy of SGLT2 inhibitors is attenuated (as the A1C reduction is pro-
portional to the level of GFR).

Treating Kidney Disease Safely

The “sick-day” medication list

Several classes of medications used commonly in people with
diabetes can reduce kidney function during periods of intercur-
rent illness, and should be discontinued when a person is unwell,
in particular, when they develop significant intravascular volume
contraction due to reduced oral intake or excessive losses due to
vomiting or diarrhea. Diuretics can exacerbate intravascular volume
contraction during periods of intercurrent illness. Blockers of the
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RAAS interfere with the kidney’s response to intravascular volume
contraction, namely the ability of angiotensin II to contract the
efferent arteriole to support glomerular filtration during these
periods. Non-steroidal anti-inflammatories (NSAIDs) cause con-
striction of the afferent arterioles, which can further reduce blood
flow into the glomerulus, especially in people who are volume con-
tracted. For these reasons, all of these drugs can reduce kidney func-
tion during times of intercurrent illness. Consideration should be
given to providing people with a “sick-day” medication list, instruct-
ing the patient to hold these medications if they feel that they are
becoming dehydrated for any reason. A number of additional medi-
cations need to be dose-adjusted in people with renal dysfunc-
tion, and their usage and dosage should be re-evaluated during
periods where kidney function changes (see Appendix 8. Sick-Day
Medication List).

The safe use of RAAS blockers [ACEIs, ARBs, Aldosterone Antagonists
(AAs) and Direct Renin Inhibitors (DRIs)]

Drugs that block the RAAS reduce intraglomerular pressure
which, in turn, leads to a rise in serum creatinine of up to 30% which
then stabilizes (110). Although these drugs can be used safely in
people with ischemic nephropathy, these people may have an even
larger rise in serum creatinine when these drugs are used (111–113).
In the case of severe renal artery stenosis that is bilateral (or uni-
lateral in a person with a single functioning kidney), RAAS block-
ade can precipitate renal failure. In addition, RAAS blockade can lead
to hyperkalemia. People with diabetes and CKD are at a particu-
larly high risk for this complication (114,115). This risk is highest
with aldosterone antagonists (AAs), and the use of AAs without
careful monitoring of potassium has been associated with an increase
in hospitalization and death associated with hyperkalemia (116).

For these reasons, the serum creatinine and potassium should
be checked between one and two weeks after initiation or titra-
tion of a RAAS blocker (113). In people where a significant change
in creatinine (decrease in eGFR >30%) or potassium are seen, further
testing should be performed to ensure that these tests have stabi-
lized. Mild to moderate hyperkalemia can be managed through
dietary counseling. Diuretics, in particular furosemide, can increase
urinary potassium excretion. Sodium bicarbonate (500 to 1,300 mg
orally twice a day) can also increase urinary potassium excretion,
especially amongst individuals with a metabolic acidosis as dem-
onstrated by a low serum bicarbonate level. If hyperkalemia is severe,
RAAS blockade would need to be held or discontinued (117) and
advice should be sought from a renal specialist.

As the use during pregnancy of RAAS blockers has been asso-
ciated with congenital malformations (118), women with diabe-
tes of childbearing age should avoid pregnancy if drugs from these
classes are required. If a woman with diabetes receiving such medi-
cations wishes to become pregnant, then these medications should
be discontinued prior to conception (see Diabetes and Pregnancy
chapter, p. S255).

Antihyperglycemic Medication Selection and Dosing in CKD

Many antihyperglycemic medications need to have their dose
adjusted in the presence of low renal function, and some are con-
traindicated in people with significant disease. See Figure 1 in Phar-
macologic Glycemic Management of Type 2 Diabetes in Adults
chapter, p. S88 and Appendix 7. Therapeutic Considerations for Renal
Impairment.

Referral to a Specialized Renal Clinic

Most people with CKD and diabetes will not require referral to
a specialist in renal disease and can be managed in primary care.

However, specialist care may be necessary when renal dysfunction
is severe, when there are difficulties implementing renal-protective
strategies or when there are problems managing the sequelae of
renal disease (119) (see Recommendation 8 for more details).

RECOMMENDATIONS

1. To prevent the onset and delay the progression of CKD, people with dia-
betes should be treated to achieve optimal control of BG [Grade A, Level
1A (45,46) (see Recommendations 2 and 3, Targets for Glycemic Control
chapter, p. S42) and BP [Grade A, Level 1A (61,65,96)].

2. In adults with diabetes, screening for CKD should be conducted using a
random urine ACR and a serum creatinine converted into an eGFR [Grade
D, Consensus]. Screening should commence at diagnosis of diabetes in indi-
viduals with type 2 diabetes and 5 years after diagnosis in adults with type 1
diabetes and repeated yearly thereafter [Grade D, Consensus].

3. A diagnosis of CKD should be made in people with an eGFR <60 mL/min/
1.73 m2 and/or random urine ACR ≥2.0 mg/mmol on at least 2 of 3 samples
over a 3-month period [Grade D, Consensus].

4. All people with diabetes and CKD should receive a comprehensive, mul-
tifaceted approach to reduce CV risk [Grade A, Level 1A (101,103)] (see
Cardiovascular Protection in People with Diabetes chapter, p. S162).

5. Adults with diabetes and CKD with either hypertension or albuminuria
should receive an ACE inhibitor or an ARB to delay progression of CKD
[Grade A, Level 1A for ACE inhibitor use in type 1 and type 2 diabetes, and
for ARB use in type 2 diabetes (69,75,77–81,84–86); Grade D, Consensus
for ARB use in type 1 diabetes].

6. People with diabetes on an ACE inhibitor or an ARB should have their serum
creatinine and potassium levels checked at baseline and within 1 to 2 weeks
of initiation or titration of therapy and during times of acute illness [Grade
D, Consensus].

7. Adults with diabetes and CKD should be given a “sick-day” medication list
that outlines which medications should be held during times of acute illness
(see Appendix 8. Sick-Day Medication List) [Grade D, Consensus].

8. Combinations of ACE inhibitor, ARB or DRI should not be used in the man-
agement of diabetes and CKD [Grade A, Level 1 (95,98)].

9. People with diabetes should be referred to a specialist with expertise in
CKD in the following situations [Grade D, Consensus for each of the
following]:

a. Chronic, progressive loss of kidney function
b. Urine ACR persistently >60 mg/mmol
c. eGFR <30 mL/min
d. Unable to remain on renal-protective therapies due to adverse effects,

such as hyperkalemia or a >30% increase in serum creatinine within
3 months of starting an ACE inhibitor or ARB

e. Unable to achieve target BP.

10. In adults with type 2 diabetes with clinical CVD in whom glycemic targets
are not achieved with existing antihyperglycemic medication(s) and with
an eGFR >30 mL/min/1.73 m2, an SGLT2 inhibitor with proven renal benefit
may be considered to reduce the risk of progression of nephropathy [Grade
B, Level 2 (106) for empagliflozin; Grade C, Level 3 (107) for canagliflozin].

Abbreviations:
A1C, glycated hemoglobin; ACE, angiotensin converting enzyme; AA;
aldosterone antagonists; ARB, angiotensinogen receptor blocker; ACR,
albumin creatinine ratio; BP, blood pressure; CV, cardiovascular; CVD, car-
diovascular disease; DRI; direct renin inhibitor; eGFR, estimated glomerular
filtration rate; ESRD, end stage renal disease; GFR; glomerular filtration rate;
NSAIDs; non-steroidal anti-inflammatories; RAAS; renin angiotensin aldoste-
rone system.

Other Relevant Guidelines

Targets for Glycemic Control, p. S42
Monitoring Glycemic Control, p. S47
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Pharmacologic Glycemic Management of Type 2 Diabetes in
Adults, p. S88

Treatment of Hypertension, p. S186
Diabetes and Pregnancy, p. S255

Relevant Appendices

Appendix 7. Therapeutic Considerations for Renal Impairment
Appendix 8. Sick-Day Medication List

Related Websites

Alberta Chronic Kidney Disease (CKD) Clinical Pathway (available
at http://www.renalnetwork.on.ca/hcpinfo/guidelines_and
_resources/kidneywisetoolkit/)
Ontario Renal Network: KidneyWise Clinical Toolkit (available at
http://www.renalnetwork.on.ca/hcpinfo/guidelines_and_resources/
kidneywisetoolkit/)
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