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ABSTRACT: Kidney disease's main risk factor is diabetes. Approximately one in
three patients with diabetes have chronic kidney disease (CKD). Hypertension
and smoking also increase risk and speed of its progression. Healthcare providers
have primarily directed prevention at strict blood pressure control, use of renin-
angiotensin-aldosterone-system blockers, adequate glycemic control, and cardio-
vascular risk factor control. Patients rarely exhibit symptoms until CKD is ad-
vanced, making diagnosis and treatment a challenge. Early screening for renal
disease prompts earlier intervention and delays progression. Pharmacists can ap-
ply guideline recommendations that intersect with their scope of practice and
recognize the advantage of renal protective medications. Seemingly harmless
over the counter medications, such as non-steroidal anti-inflammatory drugs
(NSAIDs), can cause acute kidney injury. Technicians can take advantage of fre-
quent patient interactions at the point of sale, screen for inappropriate NSAID
use, and refer patients for pharmacist consultation. Coronavirus also has implica-
tions for patients with diabetes.

INTRODUCTION
Type 2 diabetes mellitus (T2DM) is a progressive metabolic disorder resulting
from insulin resistance requiring lifelong management.1 Managing comorbidities
involves a multifaceted approach to care. Diabetic kidney disease (DKD) is a lead-
ing cause of morbidity and mortality.2

This home-study will use both terms, DKD and chronic kidney disease (CKD). The
Kidney Disease: Improving Global Outcomes (KDIGO) guideline avoids using DKD
because it implies all kidney disease is caused by diabetes pathophysiology. How-
ever, KDIGO also deems the term DKD appropriate when clinicians recognize the
limitation of diabetes causing kidney disease.3
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Epidemiology, Risk Factors, and Symptoms
Worldwide, more than 450 million people have diabetes. This
number is expected to exceed 700 million by 2045.4 Forty per-
cent of these patients develop DKD and may go on to develop
kidney failure requiring renal replacement therapy (RRT).4 Of
note, rap musician Freeway, comedian Tracy Morgan, and ac-
tress Lucy Davis all have diabetes—and kidney disease.5

Unfortunately, CKD may be present at diagnosis of T2DM.6 It
can markedly increase cardiovascular risk and health care
costs.6 Reducing DKD’s prevalence requires management ef-
forts and support for patients.7

Demographic factors associated with development and pro-
gression of CKD among patients with T2DM include7,8

● African American race
● Hispanic ethnicities
● Male sex
● Older age

Clinical factors include7,8

● Acute kidney injury (AKI)
● Cardiovascular disease (CVD)
● Family history of CKD, diabetes
● Hyperlipidemia
● Hypertension
● Obesity
● Smoking

Each kidney has about 1 million nephrons. Humans’ large phys-
iologic reserve make slow loss unnoticeable. Often patients are
asymptomatic until more than three quarters of kidney func-
tion is lost (usually stage 4 or 5), leading them to refrain from

taking measures to treat the disease.9,10 Eventually, CKD pro-
gresses to end stage renal disease (ESRD).11

Unfortunately, patients do not realize they have renal dysfunc-
tion until symptoms begin to present. Examples of symptoms
include 12

● Bleeding
● Cold intolerance
● Fatigue
● Itching
● Loss of appetite
● Mental confusion
● Nausea and vomiting
● Peripheral neuropathies
● Shortness of breath
● Weakness

Pathogenesis
Located below the rib cage in the middle of the back, each kid-
ney is about the size of a closed fist and shaped like a kidney
bean (Figure 1).13 The kidneys’ regulatory and excretory func-
tions maintain balance. Regulatory function controls the blood’s
composition and volume. The kidneys also maintain stable sodi-
um, potassium, and calcium concentrations, along with acid-
base balance. The excretory function removes metabolic wastes
(e.g., uremia) and produces urine.8 The tubule returns needed
and useful substances to blood, and waste and extra water be-
comes urine.14

The kidneys have other functions. Their hormonal function pro-
duces renin for blood pressure (BP) control, generates erythro-
poietin that stimulates marrow production of red blood cells,
and activates vitamin D needed for bone health. The kidneys al-
so have metabolic functions contributing to glucose generation
and metabolism of drugs and substances derived internally (e.g.,
insulin).8

DKD’s natural history starts with hyperglycemia. The kidneys be-
gin to filter too much blood and the glomerular filtration rate
(GFR) increases. The glomerulus acts as a filter and increased
permeability allows albumin to cross the glomerulus into the
urine. Higher albumin levels within the tubule may exacerbate
kidney damage by exceeding the tubules’ ability to reabsorb.10

After years of working hard to filter more blood, the kidneys
start to leak, and protein is lost in the urine (e.g., albumin-
uria).2,14 Albuminuria may be the first sign of DKD.8 Overtime,
GFR slowly declines. Ultimately, the kidneys fail at ESRD.2

Increased pressure and flow within the glomerulus may damage
nephrons and decrease nephron mass.8,12 The remaining
nephrons then compensate using autoregulation. Renin release
increases and converts angiotensin I to angiotensin II (ATII). ATII
is a potent vasoconstrictor of afferent (e.g., brings blood to the
glomerulus) and efferent (e.g., drains blood away from the glom-
erulus) arterioles – but preferentially affects efferent arterioles.
This increases pressure within the glomerulus. More fluid reach-

Figure 1. A Nephron and Its Place in the Kidney
Source: National Institute of Diabetes and Digestive and Kidney Dis-
eases, National Institutes of Health
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es the kidneys and passes into the tubules. Consequently, tubu-
lar reabsorption increases.12

This compensatory mechanism may be adaptive and beneficial,
but over time it can diminish the number of functioning
nephrons. High pressure in the glomerulus impairs the size-se-
lective function of the filter, resulting in more albumin in urine.
Furthermore, ATII may mediate CKD progression through nonhe-
modynamic effects which ultimately results in further inflamma-
tion and fibrosis.12 Hypertension and obesity also contribute to
high glomerular pressure and enlargement in T2DM.2 Metabolic
changes, such as hyperglycemia, alter kidney hemodynamics and
promote inflammation and fibrosis.2

Measuring Kidney Function
GFR is equal to the sum of the filtration rates in all functioning
nephrons. An estimation of GFR (eGFR) uses the serum creati-
nine (SCr) level to measure the number of functioning nephrons
roughly. eGFR does not actually measure the GFR. It estimates
the measured GFR within +/- 85%. Small fluctuations in GFR are
common and do not necessarily indicate disease progression.17

KDIGO guidelines consider progression at a minimal percentage
change of at least 25%.17 Creatinine-based kidney function esti-
mates have limitations. Results can be inaccurate with rapidly
changing creatinine levels (e.g., in AKI), extremes in muscle mass
or body size, or altered diet patterns, medications that interfere
with SCr measurement, and use of creatine supplements.8 Medi-
cations associated with a false increase in SCr include antibiotics
such as 9

● cefaclor
● cefazolin
● cefoxitin
● cephalexin
● clavulonic acid

Clinicians should measure SCr when antibiotic concentrations
are at the lowest (at the end of dosing interval) to minimize this
false increase.9 Additionally, medications can alter SCr through
inhibition of active tubular secretion of creatinine. These
include9

● amiodarone
● cimetidine
● cobicistat
● dolutegravir
● pyrimethamine
● rilpivirine
● trimethoprim

Approaches to estimate kidney function include Cockcroft-Gault,
Modification of Diet in Renal Disease (MDRD), and Chronic Kid-
ney Disease Epidemiology Collaboration (CKD-EPI).10 Equations
estimating renal function are less reliable if the patient has good
kidney function. Estimates of kidney function are difficult to in-
terpret in older patients because kidney function naturally de-
clines with age.8 “Normal” serum creatinine levels listed on lab
reports do not account for muscle mass, age, sex, and race.8

Each approach has limitations. Researchers developed the Cock-
croft-Gault formula based on only 249 men aged 18 to 92.10

Women tend to have less muscle mass, thus, the equation as-
sumes females would have a creatinine clearance 15% lower
than men with the same SCr.10 MDRD and CKD-EPI are most
widely used; the equations include adjustments for SCr, age,
race, sex, and body surface area (see Table 1).10 KDIGO recom-
mends using CKD-EPI for reporting eGFR in adults because the
equation is more precise and accurate than MDRD, especially at
GFR 60 mL/min/1.73m2 or greater.17

Table 1. Comparison of Equations Used to Estimate Kidney Function8,10,15-17,66

Name Equation Sex§ Race§

Cockcroft-Gault
(mL/min)

(140 – Age in years) * (IBW in kg)†

              (72 * SCr in mg/dL)
0.85 if female N/A

MDRD
(mL/min/1.73 m2)

  175*(Scr in mg/dL)-1.154*(Age in years)-0.203 0.742 if female 1.212 if Afri-
can American

CKD-EPI
(mL/min/1.73 m2)

141 * min (SCr in mg/dL /κ, 1)α * max (SCr in mg/dL /κ, 1)-1.209 * 0.993Age in

years

κ = 0.7 for females and 0.9 for males,
α = -0.329 for females, -0.411 for males,
min = minimum of Scr/κ or 1
max = maximum of Scr/κ or 1

1.018 if female 1.159 if Afri-
can American

§Multiplier; †Use ABW if ABW < IBW; use AdjBW when ABW > 130% IBW
ABW = actual body weight (in kg); AdjBW = adjusted body weight (in kg); IBW = ideal body weight; CKD-EPI = Chronic Kidney Dis-
ease Epidemiology Collaboration; MDRD = Modification of Diet in Renal Disease
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Unjustly, applying a racial multiplier delays recognition of CKD.
The multiplier can falsely increase eGFR by as much as 21%, even
in patients identical in every other way.18 Race is not a biologic
characteristic, and application of a racial multiplier delays neces-
sary treatments (e.g., dialysis or renal transplantation) and pro-
motes inappropriate medication dosing.18,19 The National Kidney
Foundation and the American Society of Nephrology Task Force
now recommend the immediate removal of race as a variable in
eGFR estimations because of its potential adverse
consequences.19,20

Measuring kidney function is also vital when using medications
that require renal dose adjustments. Clinicians should adjust
doses of renally cleared drugs as described in their package
inserts.21 The National Institute of Diabetes and Digestive and
Kidney Diseases (NIDDK) Laboratory Working Group recom-
mends using eGFR (mL/min/1.73m2) or creatinine clearance
(mL/min) for drug dosing.22 The NIDDK suggests performing a
dosing conversion equation for very large or very small
patients.22 This equation converts eGFR to units of mL/min.22

eGFR (mL/min) for drug dosing = eGFR (mL/min/1.73m2) x
BSA/1.73

Criteria for CKD
The KDIGO guidelines define CKD as abnormalities of kidney
structure or function, present for more than three months, with
implications for health.17 KDIGO classifies CKD (see Figure 2)
based on cause, GFR category (G1-G4), and albuminuria category
(A1-A3).23 A patient lacking evidence of kidney damage could not
be classified as having CKD.24 Markers of kidney damage
include23

● albuminuria (albumin excretion rate greater than or
equal to 30 mg/24 hours)

● electrolyte and other abnormalities due to tubular dis-
orders

● histologic abnormalities detected by histology
● history of kidney transplantation
● structural abnormalities detected by imaging
● urinary sediment abnormalities

Screening/Monitoring & Diagnosis
DKD’s typical presentation includes retinopathy (which is often the first
microvascular complication from long-standing of diabetes), albuminu-
ria without visualized blood in the urine, and gradually progressive eGFR
decline.6



Healthcare providers diagnose DKD based on the presence of albuminu-
ria and/or reduced eGFR in the absence of signs or symptoms of other
primary causes of kidney damage.6 Urine albumin-to-creatinine ratio
(UACR) is a test to estimate 24-hour albumin excretion. UACR is a con-
tinuous variable and can increase temporarily from heart failure, epi-
sodic hyperglycemia, exercise within 24 hours, fever, infection,
menstruation, and serious hypertension.6 Normal UACR is less than 30
mg/g.8 eGFR less than 60 mL/min/1.73m2 is considered kidney disease,
and less than 15 mL/min/1.73m2 is kidney failure.8

Clinicians should assess patients with T2DM at least annually for CKD.
Depending on the disease severity and progression, assessing more
than four times annually may be necessary. The American Diabetes As-
sociation (ADA) recommends screening for urine albumin with
UACR (on a spot urine specimen) and eGFR at least annually.6

Providers need to monitor patients with diabetes and urinary
albumin exceeding 300 mg/g creatinine and/or an estimated
glomerular filtration rate 30 to 60 mL/min/1.73m2 twice annual-
ly to guide therapy.6 Diagnosis of kidney injury requires confir-
mation with a second test within a three-to-six-month period.6,8

Pharmacists should closely monitor patients with eGFR less than
60 mL/min/1.73m2 to verify appropriate medication dosing, min-
imize exposure to nephrotoxins (e.g., NSAIDs and iodinated con-
trast), and evaluate potential CKD complications.6 Complications
become prevalent at stage 3 and become more common and se-
vere as CKD progresses. Elevated BP, volume overload, electro-
lyte abnormalities, metabolic acidosis, anemia, and metabolic
bone disease are possible complications.6 At every clinical con-
tact, clinicians should assess BP and volume status if possible.
The ADA guidelines encourage clinicians to evaluate laboratory
results every six to 12 months for stage 3 CKD, and more fre-
quently for progressive stages, or as indicated to reassess symp-
toms or changes in therapy.6

Nephrology Referral
Physicians should refer patients to a nephrologist to assist with
diagnostic or therapeutic challenges related to CKD complica-
tions (e.g., resistant hypertension, anemia, abnormal mineral
metabolism and bone disorders, electrolyte disturbances).6

Nephrologists can help manage AKI, rapidly increasing albuminu-
ria or nephrotic syndrome, and rapidly decreasing eGFR.6,8 Diag-
nosis of advanced kidney disease (eGFR less than 30
mL/min/1.73m2) warrants a referral to discuss RRT for ESRD.6

At CKD stage 5, dialysis or kidney transplantation become essen-
tial for survival.25 The first human was dialyzed in 1924. Eventu-
ally, dialysis became more common and in addition to the
growing number of patients initiating treatment, a significant
number of patients required ongoing therapy. By the early
1960s, a finite number of nephrologists and facilities offering di-
alysis led to dialysis rationing (restricting the number of patients
who could receive it).26 The federal government established an
ESRD Medicare program in 1972 in response. Before that year,
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an anonymous committee selected patients for dialysis partly
based on their social worth. The committee judged applicants
based on their potential to remain, or become, productive com-
munity members. Determinants of social worth included level of
education, marital status, net worth of patients, work perfor-
mance and history, and number of dependents.27

Managing Renal Disease
Treatment’s goal is to delay or prevent progression of CKD and
its associated complications.12 Early detection and early inter-
vention minimizes adverse outcomes.11 Reaching blood glucose
(BG) and BP goals are the best ways to slow and prevent DKD.28

When interpreting glucose parameters, clinicians should remem-
ber that hemoglobin A1C (HbA1C) values may be falsely low in
patients with CKD. HbA1C is measured based on assumed red
blood cell life span of 90 days. However, in patients with CKD,
the red blood cell life span is shorter.12

Interventions for reducing urine albumin—controlling BP, reduc-
ing sodium intake, reducing weight if obese, reducing protein
intake if excessive, and achieving tobacco cessation—may lower
risk of progression.8

CVD Risk Reduction
To reduce cardiovascular risk, statins, beta blockers (BB), angio-
tensin converting enzyme inhibitors (ACEi) or angiotensin II re-
ceptor blockers (ARB), and antiplatelet drugs are standard of
care.12 The following section provides information on ACEi/ARB.
Statins do not appear to slow CKD, but they may reduce urine
protein and significantly reduce all-cause CVD mortality.29

PAUSE AND PONDER: What are the patients’
most significant challenges when they have DKD?

© Can Stock Photo/AlexLMX



Inhibition of RAAS
In 1934, Harry Goldblatt brought recognition to kidneys’ impor-
tance in BP control with his experiment in dogs. Goldblatt
clamped the renal arteries, which precipitated chronic hyper-
tension. This discovery led to investigation of the pressor sub-
stance. Two separate research groups in Argentina and
America simultaneously identified the pressor substance that
increases BP in response to renin. The pressor identified was
later named “angiotensin.”30 Key trials helped scientists ac-
knowledge that renin-angiotensin-aldosterone-system (RAAS)
antagonists slow kidney disease progression independent of
their effects on BP.4,31-34 The Ramipril Efficacy In Nephropathy
trial demonstrated a renoprotective effect that exceeds the
protection expected for the degree of BP lowering.31 Ramipril
was well tolerated in advanced renal disease, continuing to
prevent additional renal impairment.31 A study conducted in
China found patients with SCr levels exceeding 3 mg/dL toler-
ate benazepril.34 The Irbesartan Diabetic Nephropathy Trial
noted the mechanism responsible for renoprotection of ARB
includes restriction of intrarenal angiotensin activity.32 The Re-
duction of Endpoints in NIDDM with the Angiotensin II Antago-
nist Losartan study extrapolated observed data, estimating
losartan delayed dialysis or transplantation by about two
years.33

Antihypertensive medications such as ACEi and ARB block the
RAAS and lower urine albumin. ACEi have names ending with
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“-pril” and may have a side effect of dry cough. ARB have names
ending with “-sartan.” KDIGO guidelines suggest physicians
titrate ACEi or ARB to the highest approved dose tolerated.4 The
NIDDK recommends monitoring patients closely using ACEi or
ARB for hyperkalemia and increases in SCr.10,12 KDIGO advises
monitoring serum potassium and SCr levels within two to four
weeks of initiation or when doses change.4 If hyperkalemia de-
velops, clinicians may consider moderating patient potassium
intake or introducing a loop diuretic to increase urinary potassi-
um excretion.4,29 NIDKK emphasizes individualizing dietary potas-
sium restriction for each patient to achieve and maintain a safe
serum potassium (less than 5 mEq/L).29 Practice guidelines rec-
ommend continuing therapy despite minor increases in SCr (less
than 30%).4 Guidelines encourage dose reductions or discontinu-
ation for symptomatic hypotension, uncontrolled hyperkalemia,
and AKI.4

SGLT-2i
Phlorizin, a natural product derived from the root bark of apple
trees, provided the chemical starting point for modification and
achievement of selective sodium-glucose transporter 2 inhibitors
(SGLT-2i).35 Currently, four SGLT-2i are approved: canagliflozin,
dapagliflozin, empagliflozin, and ertugliflozin (Table 2).39,40 SGLT-
2i, along with metformin, are the recommended therapy for pa-
tients with T2DM, CKD, and eGFR greater than or equal to 30
mL/min/1.73m2.4 Trials have reported consistent reductions in
cardiovascular events and CKD progression.4 SGLT-2i provide an

Table 2. Available SGLT-2i 36-40

Medication Dosing Renal Considerations

canagliflozin • 100 mg daily, titrated to 300 mg daily taken before first
meal of the day
• Patients with eGFR 30-59 mL/min/1.73m2 should receive
maximum 100 mg daily
• Dose adjustment required when taken concomitantly
with UGT inducers (rifampin, phenytoin, phenobarbital,
ritonavir)

• Initiation not recommended, and likely ineffective
for glycemic control with eGFR < 30 mL/min/1.73m2

• Contraindicated in dialysis

dapagliflozin • 5 mg daily, titrated to 10 mg daily • Likely ineffective for glycemic control with eGFR <
45 mL/min/1.73m2

• Initiation not recommended with eGFR < 25
mL/min/1.73m2

• Contraindicated in dialysis

empagliflozin • 10 mg daily, titrated to 25 mg daily as tolerated
• Taken in the morning with or without food

• Do not use when eGFR < 30 mL/min/1.73m2

• Contraindicated in dialysis

ertugliflozin • 5 mg daily, titrated to 15 mg daily as tolerated
• Taken in the morning with or without food

• Initiation not recommended in patients with an
eGFR 30-59 mL/min/1.73m2

• Continued use not recommended in patients with
an eGFR consistently < 60 mL/min/1.73m2

• Contraindicated in eGFR < 30 mL/min/1.73m2,
ESRD, or dialysis

eGFR = estimated glomerular filtration rate; ESRD = end stage renal disease; SGLT-2i = sodium glucose co-transporter 2 inhibitors;
UGT = uridine 5’-diphosphate glucuronosyltransferase
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HbA1C reduction of 0.5-1% and 1 to 5 kg of weight loss from vis-
ceral fat (not muscle mass loss).39 They also reduce systolic BP by
3 to 4 mmHg and diastolic BP by 1 to 2 mmHg.39

The Canagliflozin and Renal Events in Diabetes with Established
Nephropathy Clinical Evaluation (CREDENCE) trial showed cana-
gliflozin, in addition to RAAS blockade, preserves renal function
and improves cardiovascular outcomes.41,42 SGLT-2i benefits ap-
pear independent of their BG decrease.41 Their effects may be
mediated by natriuresis and glucose-induced osmotic diuresis,
reducing intraglomerular pressure.42 The Dapagliflozin and Pre-
vention of Adverse Outcomes in Chronic Kidney Disease (DAPA-
CKD) trial was designed to assess dapagliflozin’s long-term effica-
cy and safety.42 Researchers found a sustained decline in eGFR.42

In contrast to the CREDENCE trial, the DAPA-CKD trial included
patients without T2DM and an eGFR below 30 mL/min/1.73m2.42

Patients treated with SGLT-2i, as expected, experience an initial
dip in eGFR, followed by a stabilization of kidney-function
decline.42

SGLT-2i reduce tubular glucose reabsorption.6,39 An insulin-inde-
pendent mechanism lowers BG.39 As renal impairment contin-
ues, the efficacy of SGLT-2i decreases because the amount of
glucose that reaches the proximal tubules declines as GFR
declines.39

SGLT-2i are second line therapy in the ADA algorithm, and third
line in the American Association of Clinical Endocrinology/Amer-
ican College of Endocrinology (AACE/ACE), guideline.6,39 Older
adults with stage 4 or 5 CKD are poor candidates because of
their typically diminished renal function and poor thirst response
when dehydrated.39

Pharmacists have an opportunity to educate patients starting
SGLT-2i about the secondary effects of modest volume contrac-

tion, BP reduction, and weight loss.4 Patients who are on diuret-
ics are already at risk for hypovolemia.4 Lowering the diuretic
dose and monitoring for orthostatic hypotension is
recommended.4,39 The most common adverse effect is genitouri-
nary infection, which is not dose dependent.39 Another side ef-
fect, symptomatic hypotension, occurs more frequently in
patients with eGFR less than 60 mL/min/1.73m2.39

Post-marketing research has linked SGLT-2i and euglycemic dia-
betic ketoacidosis in case reports.39 Risk factors are dehydration,
long standing T2DM, and serious illness.39 Ensuring patients are
well hydrated before starting therapy and temporarily stopping
if serious illness occurs is important.39 Patients using insulin
should not decrease the dose when initiating SGLT-2i.39 Hypogly-
cemia is uncommon with SGLT-2i unless used in combination
with sulfonylureas, meglitinides, or insulin.39

GLP-1RA
Glucagon-like peptide-1 receptor agonists (GLP-1RA) have posi-
tive effects on cardiovascular and renal events in DKD.43 They
also offer potential adequate glycemic control in multiple stages
of DKD, without increased hypoglycemic risk.43 GLP-1RA prevent
macroalbuminuria’s onset and slows GFR decline.43 Additional
benefits include weight reduction (1 to 2 kg) and lower HbA1C
0.5 to 1.5% when used as monotherapy.1,39,43

GLP-1RA increase insulin secretion in response to nutrients, par-
ticularly glucose (incretin effect), and suppress inappropriately
high postprandial glucagon secretion from the pancreas. Re-
duced postprandial glucose levels follow.43 Weight loss results
from increased satiety signals, slowed gastric emptying, and ap-
petite reduction.39

The incretin effect is an increased insulin secretion in response
to an oral glucose stimulus that promotes the pancreas to se-
crete insulin. Patients with T2DM have an incretin effect approxi-
mately half of that seen in nondiabetic patients.39

Hypoglycemia is an uncommon side effect because GLP-1RA en-
hance insulin secretion in a glucose dependent manner. Low BG
is more common when combined with a sulfonylurea or insulin.1

GLP-1RA have beneficial direct and indirect effects. Reducing hy-
perfiltration, inflammation, oxidative stress, glomerular athero-
sclerosis, and ATII and renin concentrations are the direct
effects.43 Improved glycemic control, increased insulin sensitivi-
ty, decreased plasma insulin levels, weight loss, and improved BP
(1-2 mmHg) are the indirect effects.43

KDIGO recommends long-acting GLP-1RA for patients not reach-
ing glycemic targets or those unable to use SGLT-2i.4 The
AACE/ACE and ADA guidelines recommend GLP-1RA as second
line therapy.39



Researchers took almost 20 years from identification of endoge-
nous glucagon-like-peptide-1 to the first therapeutic GLP-1RA
approval. Surprisingly, the first GLP-1RA approved was a peptide
originally isolated from lizard venom (exenatide).44 GLP-1RA con-
sists of two groups: incretin mimetics (exedin-4 analogs) and hu-
man GLP-1RA.43 Daily exenatide, weekly exenatide, and
lixisenatide are approved exedin-4 analogs.43 Liraglutide, sema-
glutide (oral and subcutaneous), and dulaglutide are approved
human GLP-1RA.43

Human GLP-1RA and weekly exenatide are long acting. The lon-
ger half-life contributes to suppressing glucagon overnight and
improves fasting glucose.39 Patients taking long acting GLP-1RA
experience less nausea due to a lower impact on gastric
emptying.39 Nausea upon initiation appears to be dose-related
and prescribers should titrate doses (Table 3).39 Gastrointestinal
adverse effects decrease over time.39 Longer acting GLP-1RA are
contraindicated in patients with a history of medullary thyroid
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carcinoma or multiple endocrine neoplasia type 2 (higher risk of
C-cell tumors).39

Daily exenatide and lixisenatide are short acting and demon-
strate a more pronounced decrease in postprandial glycemia.43

More nausea is associated with shorter acting GLP-1RA.39 Pa-
tients can limit nausea by eating slowly and stopping when full.39

Potentially, protein and peptide medications are immunogenic,
meaning they can trigger an unwanted immune response against
themselves. Thus, antibody formation may occur in patients tak-
ing GLP-1RA. The incidence of antibodies cannot be directly
compared between products. Antibody formation has not been
associated with reduced efficacy or increased side effects from
GLP-1RA.39 The exception is extended release exenatide: pa-

Table 3.  Available GLP-1 RA39,45-51

Medication Dosing and Administration Renal
Considerations

dulaglutide 0.75 mg SC once weekly; increase to 1.5 mg once weekly
Maximum 4.5 mg after at least 4 weeks on previous dose
Administer with or without food
Administer a missed dose as soon as possible if at least 3 days (72 hours) until
next scheduled dose

None

exenatide 5 mcg SC twice daily and titrate to 10 mcg twice daily in 1 month
Inject up to 60 minutes before morning and evening meals. If patient does not
eat breakfast, administer first injection of the day at lunch (at least 6 hours be-
tween doses).
Skip missed dose and resume with the next scheduled dose

Avoid if CrCl < 30 mL/min;
caution when initiating or
escalating doses if CrCl 30-
50 mL/min

exenatide extend-
ed release

2 mg SC every 7 days without regards to meals
Administer missed dose as soon as possible if there are at least 3 days (72
hours) until the next scheduled dose

Not recommended if eGRF <
45 mL/min/1.73m2

liraglutide 0.6 mg SC daily (nontherapeutic to minimize side effects), then increase to 1.2
mg daily
Maximum dose 1.8 mg/day
Skip missed dose and resume with next scheduled dose. If more than 3 days
elapsed since last dose, reinitiate, and titrate per prescriber

None

lixisenatide 10 mcg SC once daily for 14 days, then increase to 20 mcg daily
Administer 1 hour before first meal
Missed dose administered 1 hour prior to next meal

Avoid in patients with ESRD

semaglutide
(injectable)

0.25 mg SC once weekly without regards to meals; increase to 0.5 mg after 4
weeks. May increase to 1 mg 4 weeks later
Administer within 5 days of missed dose; if more than 5 days have passed, skip
missed dose and administer on the next regularly scheduled day

None

semaglutide
(oral)

3 mg PO daily for 30 days, then increase to 7 mg daily. Maximum 14 mg daily at
least 30 days after 7 mg dose
Take 30 minutes before first food, beverage, or other oral medications with no
more than 4 oz plain water
Skip missed dose and resume taking the following day

None

CrCl = creatinine clearance; eGFR = estimated glomerular filtration rate; ESRD = end stage renal disease;
GLP-1 RA = glucagon-like peptide-1 receptor agonists; PO = by mouth; SC = subcutaneously

Pause and Ponder: What would you tell a patient con-
cerned about experiencing nausea upon starting GLP-1RA?



The ACC/AHA recommends introducing medication at a systolic
BP greater than or equal to 130 mmHg or diastolic BP greater
than or equal to 80 mmHg.54 Patients often require multiple
medications to control BP.29,54 Drugs that reduce cardiovascular
events include ACEi, ARB, thiazide-like diuretics, and calcium
channel blockers (CCB).43 Combination of ACEi with ARB is harm-
ful and should be avoided.4 The ACC/AHA advises initial antihy-
pertensive treatment with a thiazide diuretic, CCB, and ACEi or
ARB.54 In the Black population, ACC/AHA recommend initial
treatment with a thiazide diuretic (especially chlorthalidone) or
CCB.54 Physicians should assess patients one month after starting
therapy to optimize medication adherence and consider treat-
ment intensification.54 Physicians can reassess patients who
have met their BP goal in three to six months.4,54 Here’s a
PRO TIP: Pharmacy technicians can ask patients if they are inter-
ested in having their blood pressure checked at the pharmacy.

Diet
Weight loss reduces urine protein significantly and rapidly.43

Limiting salt and sodium is the first step to improve diet and en-
hances RAAS antagonists’ effects on lowering urine albumin.28,29

Even small reductions in sodium intake lowers BP.29 Less than
2300 mg of sodium each day can help control BP.14 For refer-
ence, about one teaspoon of salt has roughly 2300 mg of
sodium.29

How can patients achieve such a seemingly difficult goal? 29

● Buy fresh. Prepared and packaged foods usually have
added sodium.

● Cook food at home instead of eating frozen dinners or
restaurant prepared food – control what goes into
meals.

● Use spices, herbs, and sodium-free seasonings to add
flavor instead of salt.

● Minimize salt by rinsing canned foods with water.

tients may have an attenuated HbA1C response.51 Local injection
site reactions are prominent in antibody positive patients. Pre-
scribers can consider alternative therapy if patients experience
worsening glycemic control or failure to achieve target glycemic
control.39

Glycemic Control
Hyperglycemia is T2DM’s hallmark feature. Glycemic control is
fundamental to disease management.6 Glomeruli filter glucose
which is then almost completely reabsorbed by proximal
tubules.29 Glucose in the urine (glucosuria) occurs when the tu-
bules’ ability to reabsorb glucose is exceeded. The renal thresh-
old for glucose is 180-200 mg/dL.29

A lag time of at least two years exists between intensive glucose
control and attenuated renal function decline.52 Intensive con-
trol early in diabetes offers a long-lasting, favorable effect on the
risk of DKD development. Irreversible damage from hyperglyce-
mia can be prevented.2

The AACE/ACE recommend targeting more stringent goals for
glycemic control (HbA1C less than 6.5%) in younger patients with
a shorter duration of diabetes, absence of complications, and
longer life expectancy.53 The AACE/ACE encourages less strin-
gent goals (H1A1C less than 8%) for older patients with long-
standing diabetes, micro- and macrovascular complications, and
limited life expectancy.2,29,53 KDIGO guidelines recommend pre-
venting or delaying progression of diabetes’ microvascular com-
plications by targeting HbA1C to about 7%. Providers should
avoid treating patients at risk for hypoglycemia, such as those
with DKD, to HbA1C less than 7%.2 The ADA agrees that tightfist-
ed goals are inappropriate for patients at risk for hypoglycemia.6

Tight glucose control does not slow progression once patients
have established DKD since circulating levels of insulin are higher
due to reduced catabolism.29 Hypoglycemia risk increases as CKD
advances: physicians should discontinue or adjust medications
accordingly.29 For example, they should discontinue metformin
at eGFR less than 30 mL/min/1.73m2.29 Renal function status
does not restrict insulin doses, allowing titration upwards to
reach glycemic goals.7 Unexplained eGFR improvement or in-
creased hypoglycemia may indicate CKD is progressing.29

BP Control
Controlling BP is key to slowing progression of CKD, breaking a
potentially vicious cycle associating hypertension and CKD.17 The
ADA endorse a target BP less than 140/90 mmHg.6 A baseline
systolic BP greater than 140 mmHg in patients with T2DM has
been associated with higher risk of ESRD and death.2 The Ameri-
can College of Cardiology/American Heart Association
(ACC/AHA) 2017 guidelines recommend a BP goal of 130/80
mmHg for all patients.54 Uncontrolled hypertension (systolic BP
greater than 160 mmHg) is a major challenge and becomes an
issue when elevated albuminuria goes unresolved.29
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Heart-healthy foods (lean meats, fish, beans, vegetables, low-fat
milk/yogurt/cheese, poultry without skin) minimize fat accumu-
lation in the blood vessels, heart, and kidneys.14,29 Individuals
should strive to keep both saturated fats and added sugar at less
than 10% of total calories. Patients can grill, broil, or roast in-
stead of frying. Using nonstick cooking spray minimizes the fat
from using butter.29 Alcohol consumption should be in modera-
tion (up to one drink/day for women and two for men).29 One
drink is 12 ounces beer, 5 ounces wine, or 1.5 ounces liquor.29

As kidney function declines, patients may need to eat food with
less phosphorus and potassium.14 In CKD, phosphorus accumu-
lates in blood and pulls calcium from bones.14 Bones become
thin, weak, and more likely to break.14 High levels of phosphorus
cause noticeable symptoms, namely itchy skin, and bone and
joint pain.14 Healthcare providers may add a prescription phos-
phate binder with meals to help remove excess phosphorus.14

How can patients limit phosphorus and potassium intake?14

● Ask a butcher to help choose fresh meats without add-
ed phosphorus.

● Choose food lower in phosphorus: fresh fruits and vege-
tables, breads, pasta, rice, rice milk (not enriched), corn
and rice cereals, light-colored sodas.

● Stay away from food higher in phosphorus: meat, poul-
try, fish; bran cereals and oatmeal, dairy foods, beans,
lentils, nuts, dark-colored soda.

● Read the label – salt substitutes may be high in potassi-
um.

● Choose foods lower in potassium: apples, peaches, car-
rots, green beans, white bread and pasta, white rice,
rice milk (not enriched), cooked rice and wheat cereals,
grits, apple/grape/cranberry juice.

● Avoid food higher in potassium: oranges, bananas, or-
ange juice, potatoes, tomatoes, brown and wild rice,
bran cereals, dairy foods, whole-wheat bread and pas-
ta, beans, and nuts.

Patients may find it beneficial to visit a registered dietician for
medical nutrition therapy.8 Registered dieticians can assist with
HbA1C lowering.8

Uncommonly known, any juice treats hypoglycemia.29 If patients
are taking ACEi or ARB, discuss using glucose tabs or low-potassi-
um juice to treat low BG.29 Juices with lower potassium content
than the typically recommended orange juice include grapefruit,
pineapple, grape, apple, cherry, and cranberry cocktail (from
most to least potassium).29

Exercise
Physical inactivity is associated with increased mortality in
CKD.29 Researchers agree that although data is limited, recom-
mending activity may be beneficial. Since the risk of hypoglyce-
mia is amplified during and after exercise, counseling patients on
how to best manage hypoglycemia symptoms is necessary.29

Avoiding Nephrotoxins, OTC Recommendations
All patients with CKD have an increased AKI risk.17

Frequently, patients take ACEi or ARB, a diuretic, and start a
non-steroidal anti-inflammatory drug (NSAID). This is known as a
“triple whammy.” 55 This combination causes a problem because
the ACEi or ARB vasodilate the efferent arteriole and diuretics
decrease blood volume, limiting perfusion.55 Adding an NSAID
prevents vasodilation of the afferent arteriole, so very little per-
fusion within the glomerulus causes reduced glomerular pres-
sure, reduced filtration, and AKI.55

NSAIDs are universally accessible and disrupt blood flow to the
kidneys.55 Upon discontinuation of NSAIDs, SCr may decrease
and eGFR may increase.29 Pharmacy technicians have an oppor-
tunity to identify patients purchasing over the counter (OTC)
NSAIDs and refer them to the pharmacist for consultation. Phar-
macists can identify patients with advanced kidney disease
based on their medication profile. Typically, patients are taking
ACEi or ARB, phosphate binders (calcium acetate, sevelamer car-
bonate, lanthanum carbonate), vitamin D analogues (calcitriol,
paricalcitol, doxercalciferol), calcimimetics (cinacalet), and eryth-
ropoiesis stimulating agents (epoetin alfa, darbepoetin alfa).55

Patients seeking relief for their headaches, pain, fever, or colds
may unknowingly be taking NSAIDs because products are sold
under many different brand names. Technicians can monitor
purchasing of AKI inducing products containing naproxen, ibu-
profen, and aspirin.14 A technician PRO TIP: call the pharmacist
over for patients purchasing OTC pain and cold medications. This
quick and easy intervention can have a meaningful impact on
clinical outcomes. It is an opportunity to counsel on self-care
products and direct the patient to safer alternatives.55 Pharma-
cists can direct patients to cold medications without NSAIDs. The
National Kidney Foundation supports using oral acetaminophen
for fever or pain.56 Pharmacists can suggest patients try OTC top-
ical analgesics such as lidocaine or capsaicin (available as cream
or patches) for pain.57 Patients may wish to try nonpharmacolog-
ic interventions such as transcutaneous electrical stimulation,
topical heat and cryotherapy (warm and cold compresses), mas-
sage, acupuncture, and exercise.57

Healthcare providers can remember additional nephrotoxic
medications by the acronym CARNIVAL CAMP; calcineurin inhibi-
tors, ACEi/ARB, radiocontrast, NSAIDs, ifosfamide, vancomycin,
aminoglycosides, lithium, cisplatin, amphotericin B, methotrex-
ate, and penicillins.58 Although ACEi and ARB can be nephrotoxic,
they are proven to be renoprotective for patients with DKD and
urine albumin excretion greater than 30 mg/24 hr.58 They lower
albuminuria.58

PAUSE AND PONDER: What OTC medications
would you suggest for patients who cannot take NSAIDs?
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Patients feeling unwell or dehydrated need medical advice to
develop a sick plan. Dehydration, in combination with some
medications, worsens kidney function.59 The sick plan temporari-
ly discontinues drugs excreted by the kidneys.12,59 These include
digoxin, diuretics, lithium, metformin, NSAIDs/COX II inhibitors,
RAAS blockers, SGLT-2i, and sulfonylureas.12,59

Empowering Patients and Improving Adherence
CKD remains under diagnosed.10 The Centers for Disease Control
and Prevention reports as many as 90% of adults with CKD do
not know they have CKD.60 Patients report feeling “fine” and
symptoms may not be obvious until disease is advanced.29 Self-
management of diabetes and hypertension can slow kidney dis-
ease progression, making patient awareness important. Guide-
lines for CKD and national programs recommend patient
education as a critical component of care.61 Pharmacist counsel-
ing empowers patients in self-management of their CKD risks,
improves well-being, and optimizes quality of life.61,62 Patients
with CKD must understand their condition to participate in care
decisions and planning.61 Pharmacists can provide education to
minimize long-term complications.

Pharmacists can also play a part in diagnosis by discussing risk
with T2DM patients and communicating the importance of test-
ing for CKD. Pharmacists can identify these patients by scanning
their medication profile for metformin (first line medication).39

PRO TIP: Use the pharmacy’s technology, or even a sticky note,
to flag metformin prescriptions that are ready for pick-up for pa-
tient counseling. Many patients have little to no knowledge of
diagnosis or dialysis. This poses a challenge when initiating treat-
ment to delay disease progression. Pharmacists can educate pa-
tients regarding complications (e.g., heart disease), CKD’s
progressive nature, treatment basics, and terminology (e.g.,
GFR).10,29 Patients require repetition to integrate the information
learned.63 Fortunately, pharmacists are accessible to provide the
repeated emphasis patients desire.

As CKD advances, prevalence of medication-related problems
and significant costs to the healthcare system increase because
medication use increases. Clinicians prescribe six to eight medi-
cations, on average, for patients with stage 3 and 4 CKD. Patients
with stage 5 are prescribed about 12 medications to treat five or
six chronic medical conditions.10 Pharmacists can identify and
resolve drug therapy problems between visits with providers.2

Failure to do so could accelerate disease progression.64 Pharma-
cists can monitor medication profiles for interactions and adjust
doses based on kidney function.12 Additionally, pharmacists and
patients need to discuss hypoglycemia risk, cost, and side
effects.65 Communication ensures treatment satisfaction when
patients are weighing their options and buying into adherence of
their chosen regimen to help manage CKD.64,66

COVID-19 and T2DM
The relationship between coronavirus disease 2019 (COVID-19)
and diabetes has been described as “the interaction of two
pandemics.”67 Diabetes is the most common non-communicable
chronic disease globally, and, one of the major comorbidities in
patients with COVID-19.67 As many as 40% of the COVID fatali-
ties–120,000 Americans–have been people with diabetes.68 Even
if patients are not affected by infection, they still face challenges
introduced by the virus. A new nationwide survey conducted by
the ADA in partnership with Thrivable and the Diabetes Daily
community uncovered the crisis Americans with diabetes are
facing during the pandemic. The results of the survey acknowl-
edge COVID-19 has created dangerous hurdles to accessing
health care such as 68

● delaying routine medical care because patients fear ex-
posure to COVID-19

● financial constraints limiting technology and insulin sup-
plies

● disruptions in health insurance resulting from lost jobs
● reduced food access

Living with T2DM is a risk factor associated with developing
more severe COVID-19 and increased risk of death.69 It is also
associated with neurological complications.70 Furthermore,
these patients are at increased risk for multi-organ dysfunction.
Amid the burden on healthcare systems, clinicians must recog-
nize these risks and focus on individualized treatment to avoid
poor prognosis.69
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PAUSE AND PONDER: What other health
conditions present with minimal symptoms until they
have advanced?



Best
❶ BE COMMUNITY CHAMPIONS. Offer your services to local organiza-
tions that see underserved patients who have diabetes.
❷ Don’t be afraid to say, “I don’t know!”  If you are unsure about the an-
swer to any clinical dilemma, consult the ADA and KDIGO guidelines.
❸ Talk about potential side effects from medications! It’s critical to ad-
dress hypovolemia and hypoglycemia.

Better
❶ Know that many studies support aggressive control of
HgA1c, and know when they recommending loosening the limits.
❷ Be familiar with the symptoms of renal dysfunction and ac-
tively ask patients about them.
❸ Avoid using a race multiplier for eGFR; it can falsely increase
eGFR by as much as 21%, even in patients identical in every other
way

Good
❶ Know that DKD and CKD are similar but differ-
ent.
❷ Remind your patients who have diabetes that
kidney disease is a silent killer.
❸ Always ask patients who take medications for
diabetes if they’d like to have their blood pressure
taken.

Figure 3. Summing Up Key Points about Diabetic Kidney Disease

© Can Stock Photo / ymgerman
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Experts mostly consider COVID-19 a respiratory illness, but the
kidneys may be one of its targets. The virus enters cells through
angiotensin-converting enzyme 2 receptors, found abundantly in
the kidney. Information on kidney involvement in COVID-19 is
limited but evolving rapidly.71 COVID-19 directly attacks pancre-
atic islets and deteriorates glycemic control in patients with
diabetes.67 Tight glucose monitoring and careful considerations
of potential drug interactions are paramount to optimize out-
comes for critically ill and hospitalized patients.67 Insulin is the
safest choice for antihyperglycemic treatment because of the
uncertainty of using some oral medications with COVID-19
infection.69

Continuing ACEi, statins, and oral or inhaled and intranasal corti-
costeroids prescribed for comorbid conditions after diagnosis of
COVID-19 is crucial.70

Conclusion
Pharmacy teams can benefit from advanced knowledge to man-
age patients with DKD. The more routinely healthcare profes-
sionals screen patients for renal disease, the earlier progression
can be delayed. Pharmacists can recommend renoprotective
medications such as ACEI, ARB, SGLT-2i, and GLP-1RA to patients
when appropriate. Technicians can take advantage of frequent
patient interactions and advise them to consult with the phar-
macist. Screening at the point of sale can discourage use of
nephrotoxic OTC medications. Recurrent patient engagement
translates into self-awareness, allowing for earlier intervention.
Ultimately, clinicians can enhance patient care with better ad-
herence, satisfaction of treatment, and improved quality of life.

Figure 3 summarize’s this CE’s key points.
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