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EPIDEMIOLOGY
Chronic kidney disease (CKD) occurs in 1 in 3 people with 
diabetes mellitus and 1 in 5 people with hypertension, 
with a prevalence of 30 million US adults (15% of the adult 
population).1 Forty-five percent of new cases of end-stage 
kidney disease (ESKD) are due to diabetes mellitus.2 While 
the incidence of ESKD has declined slightly over the past 
decade to 357 per million population in 2015,2 nearly half 
(48%) of those with severely reduced kidney function, but 

not on dialysis, are not aware of having CKD.1 Thus, it is no 
surprise that CKD is a common cause of all-cause mortality 
and cardiovascular (CV) mortality.3 In fact, evidence sug-
gests that CKD in people with diabetes mellitus, ie, diabetic 
kidney disease (DKD), may shorten a person’s life span by  
16 years.4 However, the good news is that intensive treat-
ment to achieve a glycated hemoglobin (A1c) <6.5% and 
fasting total cholesterol <175 mg/dL, combined with 
blood pressure control to levels <140/90 mmHg and  
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not identify all patients with kidney disease (FIGURE).6 For 
example, 10.1% of adults with diabetes and eGFR <60 mL/
min/1.73 m2 had an albumin-to-creatinine ratio (ACR) <30 
mg/g in 2007-2010.10

To screen for DKD, a spot urine sample for albumin is 
acceptable rather than timed or 24-hour collections (TABLE 

1),6 but is subject to false-negative and false-positive results. 
Two of three spot urine specimens collected within a 3- to 
6-month period should be abnormal before considering the 
patient to have albuminuria.6 The eGFR should be calculated 
from the serum creatinine using the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) equation or some 
other validated formula.6

CASE SCENARIO (CONT'D)
The patient’s eGFR of 62 mL/min/1.73 m2 indicates he has evi-

dence of kidney disease.3 However, subsequent measurement 

of his urinary ACR reveals a level of 200 mg/g. This coupled with 

his family history of kidney disease places him at moderate risk.3

Assessing the ACR is an important prognostic factor 
for disease progression. A recent meta-analysis involving 
675,904 people (80% with diabetes mellitus) and 7462 with 
ESKD showed that change in ACR was consistently associ-
ated with subsequent risk of ESKD across different eGFRs, 
presence or absence of diabetes, and sex.11 The risk for 
ESKD progression among those who had a sustained reduc-
tion >30% in albuminuria over 2 years was reduced by 22%. 
The association was somewhat stronger among patients 
with a higher baseline ACR than among those with a lower 
baseline ACR. 

Screening should also seek to identify other causes of 
CKD since diabetes mellitus is only one of several indepen-
dent risk factors for CKD. In addition to age >60 years, risk 
factors include uncontrolled hypertension, obesity, heart 
failure, tobacco use, family history, and prior history of acute 
kidney injury.12 

TREATMENT
Early identification of patients with or at risk for CKD allows 
for early intervention with the goal of preventing progres-
sion of kidney dysfunction. Comprehensive treatment of 
DKD requires a combination of nonpharmacologic and 
pharmacologic therapy to address hyperglycemia and other 
risk factors for DKD. In appropriate patients, treatment 
includes  smoking cessation and weight loss through dietary 
modification and increased physical activity. To alter dis-
ease progression, an angiotensin converting enzyme inhib-

renin-angiotensin-aldosterone system blockade, can reduce 
the incidence of DKD in patients with T2DM and persistent 
microalbuminuria at baseline.5 Over 7.8 years of treatment 
and 13.3 years of follow-up, the Steno-2 trial showed a sig-
nificantly lower risk of developing DKD in intensively vs 
conventionally treated patients (relative risk, 0.44; 95% con-
fidence interval [CI], 0.25 to 0.77; P=.004).5

CASE SCENARIO
A 63-year-old male is new to your practice several months ago. 

He reports that he had not seen a physician for many years. At 

the initial visit, he was diagnosed with type 2 diabetes mellitus 

(T2DM), hypertension, and low-density lipoprotein hypercholes-

terolemia. He has a family history of CKD.

•  Blood pressure (BP): 148/98 mm Hg

•  A1c: 8.8%

•  �Estimated glomerular filtration rate (eGFR): 59 mL/min/1.73 m2  

•  Low-density lipoprotein cholesterol (LDL-C): 146 mg/dL

Treatment was initiated with metformin 1000 mg twice daily and 

glimepiride 1 mg once daily since his A1c of 8.8% is ≥1.5% 

above his glycemic target of <7%. In addition, simvastatin  

40 mg daily and lisinopril/hydrochlorothiazide 40/12.5 mg daily 

also were started.

6-week follow up
•  BP: 136/86 mmHg

•  A1c: 7.4%

•  Fasting plasma glucose (FPG): 145 mg/dL

•  eGFR: 62 mL/min/1.73 m2

•  LDL-C: 90 mg/dL

Discussion
While the patient has had a good response to metformin and 

glimepiride, his A1c and FPG remain elevated (as would his post-

prandial glucose although not measured). As indicated in the 2019 

treatment guidelines for T2DM issued by the American Diabetes 

Association and the American Association of Clinical Endocrinolo-

gists/American College of Endocrinology, the selection of antidia-

betic medication to be added to metformin should include con-

sideration of established atherosclerotic CV disease, heart failure, 

and CKD, in addition to hypoglycemia and body weight.6,7 It is also 

important to screen patients for these diseases.3,8,9

SCREENING FOR CKD IN DIABETES
The identification of kidney disease in patients with T2DM 
requires assessing both glomerular function and urinary 
excretion of albumin since evaluation of either alone may 
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itor or angiotensin receptor blocker at maximum doses is 
recommended in all patients with DKD and ACR ≥30 mg/g, 
with the strongest evidence of benefit found in those with 
albuminuria >300 mg/day.6,13-15

The benefits of intensive therapy vs standard therapy for 
glycemic control on kidney function have been well estab-
lished. The United Kingdom Prospective Diabetes Study 
(UKPDS) showed significantly greater reduction in microal-
buminuria, proteinuria, and doubling of the serum creatinine 
at 9 years with intensive therapy (to achieve fasting plasma 
glucose <108 mg/dL) vs standard therapy (primarily diet).16 
The Action in Diabetes and Vascular Disease: Preterax and 
Diamicron Controlled Evaluation (ADVANCE) trial showed 
significantly greater reduction in new/worsening nephropa-
thy, development of macroalbuminuria, and development of 
microalbuminuria at a median of 5 years with intensive ther-
apy (to achieve A1c <6.5%) compared with standard therapy 
(to achieve A1c defined on the basis of local guidelines).17 
Similarly, the Veterans Affairs Diabetes Trial (VADT) showed 
significantly greater reduction in worsening of albuminuria 
and progression from normo- to microalbuminuria/macro-
albuminuria at a median of 5.6 years with intensive therapy 
(to achieve A1c <6.0%) compared with standard therapy (to 
achieve A1c defined on the basis of local guidelines).18

Cardiovascular safety of antidiabetic medications

CASE SCENARIO (CONT'D)
The patient has an A1c of 7.4% and FPG 145 mg/dL despite 

optimized metformin and glimepiride therapy. Based on his 

eGFR and ACR, he is at moderate risk of progression to ESKD. 

How would you modify his antidiabetic therapy?

The choice of pharmacologic therapy for intensifying 
antidiabetic therapy has become more challenging in recent 
years due to the availability of several new classes of medica-
tions. At the same time, these options provide greater oppor-
tunity for treatment individualization.

More than a decade ago, evidence emerged suggesting 
an elevated risk of myocardial infarction with rosiglitazone.19 
These concerns led the US Food and Drug Administration 
(FDA) in 2008 to require industry sponsors of new medica-
tions for T2DM to demonstrate in a clinical trial that a new 
medication is not associated with an unacceptable increase 
in CV risk relative to a control group at higher risk of a  
CV event.20

More than 15 CV outcome trials have been completed 
in accordance with the FDA requirements. All completed 

 TABLE 1  Screening recommendations  
for CKD in diabetes6

Adults Children/ 
adolescents

Who? T1DM: Duration ≥5 years

T2DM: All

Comorbid hypertension: All

At puberty or age  
>10 years, whichever 
is earlier, once the child 
has had diabetes  
≥5 years

How? Urinary albumin (eg, spot 
urinary albumin-to-creatinine 
ratio) and

Estimated glomerular 
filtration rate 

Urinary albumin 
(morning preferred) with 
spot urinary albumin-
to-creatinine ratio

When? At least once a year At least once a year

Abbreviations: CKD, chronic kidney disease; T1DM, type 1 diabetes mellitus; 
T2DM, type 2 diabetes mellitus. 

Albumin-to-creatinine ratio

A1 A2 A3

NL-Mildly Ó Moderately Ó Severely Ó

<30 mg/g 30-300 mg/g >300 mg/g

eG
FR

 (m
L/

m
in

/ 
1.

73
 m

2 )

G1 Normal/High ≥90 Low risk Moderate risk High risk

G2 Mildly Ô 60-89 Low risk Moderate risk High risk

G3a Mildly-Moderately Ô 45-59 Moderate risk High risk Very high risk

G3b Moderately-Severely Ô 30-44 High risk Very high risk Very high risk

G4 Severely Ô 15-29 Very high risk Very high risk Very high risk

G5 Kidney failure <15 Very high risk Very high risk Very high risk

 FIGURE  Prognosis of CKD by stage3

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate. 

Reprinted from Kidney International Supplements, volume 3/issue 1, KDIGO, KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney 
Disease, chapter 1: Definition and classification of CKD, pages 19-62, Copyright 2012, with permission from KDIGO
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TABLE 2  Renal outcomes from cardiovascular outcome trials
Renal outcomes Rate/100  

patient-years
Hazard 

ratio
(95% CI)

P Rate/100  
patient-years

Hazard ratio
(95% CI)

P Rate/100  
patient-years

Hazard ratio
(95% CI

P

Active Placebo Active Placebo Active Placebo

SGLT-2 inhibitors Canagliflozin24 Dapagliflozin25 Empagliflozin26

Doubling of SCr, ESKD, or renal death 0.15 0.28 0.53 0.63 1.15 0.54 <.001

Doubling of SCr, ESKD, or renal or CV 
death

1.32 1.58 0.82

Doubling of SCr and eGFR ≤45 mL/
min/1.73 m2

0.55 0.97 0.56

(0.39-0.79)

<.001

Doubling of SCr and eGFR ≤45 mL/
min/1.73 m2, initiation of renal-
replacement therapy, or renal death

0.63 1.15 0.54

(0.40-0.75)

<.001

Initiation of renal-replacement therapy 0.10 0.21 0.45

(0.21-0.97)

.04

≥40% reduction in eGFR, renal-
replacement therapy, or renal death

0.55 0.90 0.60

(0.47-0.77)

≥40% reduction in eGFR, renal death, 
ESKD, or renal or CV death

1.69 2.16 0.77 1.08 1.41 0.76

(0.67-0.87)

≥40% decrease in eGFR to <60 mL/
min/1.73 m2, ESKD, or renal death

3.7 7.0 0.53

(0.43-0.66)

Progression of albuminuria 8.94 12.87 0.73

(0.67-0.79)

Progression to macroalbuminuria 4.18 6.49 0.62

(0.54-0.72)

<.001

Incident or worsening nephropathy 4.78 7.60 0.61

(0.53-0.70)

<.001

GLP-1 receptor agonists Liraglutide21,22 Semaglutide23

New onset of persistent 
macroalbuminuria or a doubling of 
SCr and eGFR ≤45 mL/min/1.73 m2, 
need for continuous renal-replacement 
therapy, or death from renal diseases

1.5 1.9
0.78

(0.67-0.92)
0.003

New onset of persistent 
macroalbuminuria 0.9 1.21

0.74

(0.60-0.91)
0.004

New or worsening persistent 
macroalbuminuria, persistent doubling 
of SCr and eGFR <45 mL/min/1.73 
m2, or need for continuous renal-
replacement therapy

1.86 3.06 0.64

(0.46-0.88)

0.005

Abbreviations: CI, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; GLP-1, glucagon-like peptide-1;  
SCr, serum creatinine; SGLT-2, sodium glucose cotransporter-2.

trials have shown the dipeptidyl peptidase-4 inhibitors (DPP-
4is), glucagon-like peptide-1 receptor agonists (GLP-1RAs), 
and sodium glucose cotransporter-2 inhibitors (SGLT-2is) 
investigated to not increase the primary composite endpoint 
of CV death, nonfatal myocardial infarction, and nonfatal 
stroke (MACE) more than 30% compared to placebo as part 

of standard antidiabetic care. Moreover, some GLP-1RAs 
(albiglutide, dulaglutide, liraglutide, semaglutide) and SGLT-
2is (canagliflozin, dapagliflozin, empagliflozin) were shown 
to significantly reduce the primary MACE endpoint. Further-
more, significant improvement has been observed with the 
GLP-1RAs liraglutide21,22 and semaglutide23 and the SGLT-2is 
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TABLE 2  Renal outcomes from cardiovascular outcome trials
Renal outcomes Rate/100  

patient-years
Hazard 

ratio
(95% CI)

P Rate/100  
patient-years

Hazard ratio
(95% CI)

P Rate/100  
patient-years

Hazard ratio
(95% CI

P

Active Placebo Active Placebo Active Placebo

SGLT-2 inhibitors Canagliflozin24 Dapagliflozin25 Empagliflozin26

Doubling of SCr, ESKD, or renal death 0.15 0.28 0.53 0.63 1.15 0.54 <.001

Doubling of SCr, ESKD, or renal or CV 
death

1.32 1.58 0.82

Doubling of SCr and eGFR ≤45 mL/
min/1.73 m2

0.55 0.97 0.56

(0.39-0.79)

<.001

Doubling of SCr and eGFR ≤45 mL/
min/1.73 m2, initiation of renal-
replacement therapy, or renal death

0.63 1.15 0.54

(0.40-0.75)

<.001

Initiation of renal-replacement therapy 0.10 0.21 0.45

(0.21-0.97)

.04

≥40% reduction in eGFR, renal-
replacement therapy, or renal death

0.55 0.90 0.60

(0.47-0.77)

≥40% reduction in eGFR, renal death, 
ESKD, or renal or CV death

1.69 2.16 0.77 1.08 1.41 0.76

(0.67-0.87)

≥40% decrease in eGFR to <60 mL/
min/1.73 m2, ESKD, or renal death

3.7 7.0 0.53

(0.43-0.66)

Progression of albuminuria 8.94 12.87 0.73

(0.67-0.79)

Progression to macroalbuminuria 4.18 6.49 0.62

(0.54-0.72)

<.001

Incident or worsening nephropathy 4.78 7.60 0.61

(0.53-0.70)

<.001

GLP-1 receptor agonists Liraglutide21,22 Semaglutide23

New onset of persistent 
macroalbuminuria or a doubling of 
SCr and eGFR ≤45 mL/min/1.73 m2, 
need for continuous renal-replacement 
therapy, or death from renal diseases

1.5 1.9
0.78

(0.67-0.92)
0.003

New onset of persistent 
macroalbuminuria 0.9 1.21

0.74

(0.60-0.91)
0.004

New or worsening persistent 
macroalbuminuria, persistent doubling 
of SCr and eGFR <45 mL/min/1.73 
m2, or need for continuous renal-
replacement therapy

1.86 3.06 0.64

(0.46-0.88)

0.005

Abbreviations: CI, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; GLP-1, glucagon-like peptide-1;  
SCr, serum creatinine; SGLT-2, sodium glucose cotransporter-2.

It must be kept in mind that since these CV outcome 
trials were not head-to-head trials, comparison of results 
among the antidiabetic medications is not possible.  
However, a meta-analysis by Zelniker et al showed renal 
and CV benefits by all agents with different baseline levels 
of risk.28 In addition, primary and secondary endpoints, as 
well as inclusion and exclusion criteria, were often differ-
ent. Some trials were for primary and secondary preven-
tion (liraglutide, semaglutide; canagliflozin, dapagliflozin), 
while empagliflozin was investigated only for secondary 
prevention. In addition, these CV outcome trials included 
only a small percentage of patients with pre-existing DKD. 

In contrast, the CREDENCE trial included only 
patients with T2DM and established CKD.29 Among the 
inclusion criteria were: age ≥30 years, A1c 6.5% to 12%, 
eGFR 30 to <90 mL/min/1.73 m2, and ACR >300 to 500 
mg/g. Patients were required to be stabilized on an angio-
tensin converting enzyme inhibitor or angiotensin recep-
tor blocker. Glucose-lowering and use of all other therapies 
were at the discretion of the treating physician according to 
local guidelines. Treatment with canagliflozin or placebo 
was continued until the trial was stopped by the data safety 
monitoring board for overwhelming efficacy to reduce CV 
events and slow CKD progression in the absence of a clear 
safety signal.

CREDENCE was stopped early at a median follow 
up of 2.62 years (N=4401) after a planned interim analy-
sis showed the requisite number of primary outcome 
events had been reached.27 From a baseline of 8.3%, the 
mean A1c reduction at 42 months following randomiza-
tion was 0.43% with canagliflozin and 0.32% for placebo. 
The primary composite outcome, ie, ESKD, doubling of 
the serum creatinine, or renal or CV death, was signifi-
cantly lower in the canagliflozin group than the placebo 
group (4.32 vs 6.12 per 100 patient-years, respectively; 
hazard ratio 0.70, 95% CI 0.59-0.82, P=.00001) (TABLE 3).27 
The number needed to treat (NNT) was 22 for the pri-
mary MACE outcome and 16 for dialysis. In addition, a 
significant reduction in several individual kidney end-
points were observed. Rates of adverse events and seri-
ous adverse events were similar in the canagliflozin and 
placebo groups, as were the rates of lower-limb amputa-
tion and fracture. The results of CREDENCE indicate that 
canagliflozin may be an effective treatment option for CV, 
as well as kidney, protection in patients with T2DM and 
CKD. These benefits were observed in patients with DKD, 
99% of whom were on background ACE-I/ARB therapy, the 
only approved renoprotective medications in patients with 
T2DM, and in patients with eGFR well below 45 mL/min/ 
1.73 m2, the lower limit recommended for canagliflozin. 

canagliflozin,24 dapagliflozin,25 and empagliflozin26 in some 
kidney endpoints (TABLE 2). The Canagliflozin and Renal 
Events in Diabetes with Established Nephropathy Clinical 
Evaluation (CREDENCE) trial27 (discussed below), which 
investigated canagliflozin, is the only renal outcome trial that 
also had CV outcomes as prespecified secondary endpoints.
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IMPLICATIONS FOR PATIENT CARE
CKD is common in patients with T2DM and causes sub-
stantial morbidity and early death. The effectiveness of 
intensive antidiabetic therapy, as well as controlling other 
risk factors, in reducing the progression of kidney disease 
emphasizes the importance of early identification and 
intervention. Annual screening using both eGFR and ACR 
in patients with T2DM is, therefore, critical.

Recent data demonstrate reduced CV and renal events 
with several medications used for T2DM, including the 
GLP-1RAs liraglutide and semaglutide and the SGLT-2is 
canagliflozin, dapagliflozin, and empagliflozin. Only cana-
gliflozin has been prospectively investigated in a clinical 
trial limited to patients with T2DM and advanced CKD, 
showing significant reduction in several composite and 
individual kidney endpoints with a very safe profile. Use 
of medications shown to reduce kidney events is recom-
mended in the 2019 ADA and AACE/ACE guidelines. How-
ever, patient affordability may be a limiting factor. It is, 
therefore, important for healthcare providers to advocate 
for health care system changes that improve affordability of 
optimal treatment for patients.  l
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Canagliflozin Hazard ratioa 
(95% CI)

P

Doubling of SCr,  
ESKD, or renal or  
CV death

0.70

(0.59-0.82)

.00001

Doubling of SCr,  
ESKD, or renal death

0.66

(0.53-0.81)

<.001

Doubling of SCr 0.60

(0.48-0.76)

<.001

ESKD 0.68

(0.54-0.86)

.002

CV death or HF 
hospitalization

0.69

(0.57-0.83)

<.001

CV death, MI,  
or stroke

0.80

(0.67-0.95)

.01

CV death 0.78

(0.61-1.00)

.05

HF hospitalization 0.61

(0.47-0.80)

<.001

Abbreviations: CI, confidence interval; CV, cardiovascular; ESKD, end-stage 
kidney disease; HF, heart failure; MI, myocardial infarction; SCr, serum creatinine. 
aFavoring canagliflozin
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In fact, for every 1% increase in the A1c above 7.5%, there is 
a 15% increase in the risk of HF.4 Moreover, the United King-
dom Prospective Diabetes Study showed that a 1% decrease 
in A1c results in a significantly reduced risk of microvascular 
and other CV complications such as HF (-16%), myocardial 
infarction (MI) (-14%), and stroke (-12%).5 These data make 
it clear that, while lowering the blood glucose level is impor-
tant, lowering CV risk is also a key treatment goal in people 
with T2DM.1,6

When it comes to reducing CV events, the focus has typi-
cally been on MI and stroke, yet, in people with T2DM, HF 
is the most common CV complication.7,8 People with T2DM 
have more than twice the risk of HF than individuals without 
T2DM,3,9,10 and up to 40% of people with HF have DM.9,11-14 
The risk of death in people with DM has been shown to be 
nearly 9 times higher for those with HF compared to those 
without HF.15 Risk factors for HF and DM overlap and include 
obesity, hypertension, sleep apnea, advanced age, dyslipid-
emia, anemia, coronary heart disease, and chronic kidney 
disease.16

HF is a common initial presentation of CV 
disease in T2DM, yet is undiagnosed in 
one-quarter of people with T2DM.

Not surprisingly, HF in people with T2DM often 
results in hospitalization,17 with increasing mortality with 
repeated hospitalization.18 Of people hospitalized for 
acute HF, those with DM have a worse outcome (compos-
ite of all-cause mortality, heart transplantation, and left 
ventricular assist device implantation) than those without 
DM.19 In people with HF with preserved ejection fraction 
(HFpEF), ie, ejection fraction >40% (also called diastolic 
HF20), people with DM have significantly worse exercise 
capacity than those without DM.21 Moreover, in people 
with DM vs without DM, those with HFpEF have a signifi-
cantly higher risk of CV death or HF hospitalization com-
pared with those with HF with reduced ejection fraction 
(HFrEF), ie, ejection fraction ≤40% (also called systolic HF20)  
(FIGURE).22 
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CASE SCENARIO
A 62-year-old man was diagnosed with type 2 diabetes mellitus 

(T2DM) three years ago (glycated hemoglobin [A1c] 8.6%). He 

has been treated with lifestyle management + metformin (titrated 

to 2 g/day) + sulfonylurea. Currently: A1c 7.4% (7.2% 6 months 

ago); body mass index 31.4 kg/m2; blood pressure 134/85 

mmHg; estimated glomerular filtration rate 55 mL/min/1.73 m2; 

low-density lipoprotein cholesterol 114 mg/dL; triglycerides 320 

mg/dL. He now complains of occasional shortness of breath and 

feeling tired.

HEART FAILURE IN DIABETES MELLITUS
The treatment of patients with T2DM has generally focused 
on lowering the blood glucose, specifically the A1c, to 7% or 
lower (or some other individualized goal).1 This focus is based 
on data such as those from the Framingham Heart Study 
showing that DM is an independent risk factor for several 
cardiovascular (CV) events, including heart failure (HF).2,3  



S8 OCTOBER 2019

[MANAGING HEART FAILURE IN T2DM]

eases that may be the cause 
of the patient’s symptoms. 
A 2-dimensional echocar-
diogram with Doppler is the 
most useful diagnostic test 
and should be performed 
to assess ventricular func-
tion, size, wall thickness, 
wall motion, and valve func-
tion. Noninvasive imaging to 
detect myocardial ischemia 
and viability is reasonable 
in patients with known coro-
nary artery disease and no 
angina.

FDA 2008 GUIDANCE
In 2008, the US Food and 
Drug Administration (FDA) 
issued its guidance Diabe-
tes Mellitus—Evaluating 
Cardiovascular Risk in New 
Antidiabetic Therapies to 
Treat Type 2 Diabetes, which 

required pharmaceutical sponsors to demonstrate that a 
new antihyperglycemic therapy for T2DM is not associated 
with an unacceptable increase in CV risk compared to pla-
cebo as part of standard care.23 The guidance established 
requirements for assessing CV risk by conducting a random-
ized, double-blind, parallel, placebo-controlled, multicenter 
clinical trial. The trial is to assess CV risk using a composite of 
CV death, nonfatal MI, and nonfatal stroke, so-called major 
adverse CV events (MACE). 

CARDIOVASCULAR OUTCOME TRIALS
The 2008 FDA guidance applies to all new antidiabetic thera-
pies to treat T2DM and thus, includes dipeptidyl peptidase-4 
inhibitors (DPP-4 inhibitors), glucagon-like peptide-1 recep-
tor agonists (GLP-1R agonists) except exenatide twice-daily, 
and sodium glucose cotransporter-2 inhibitors (SGLT-2 
inhibitors).

Cardiovascular safety
CV outcome trials conducted in accord with the FDA guid-
ance have been completed for 13 medications (TABLE 1).24-36 
The CV outcome trial for ertugliflozin is ongoing.37 All trials 
involved people with established CV disease (2° prevention), 
while some also included patients at high CV risk (1° preven-
tion). These and other differences in study design and patient 
population preclude direct comparison of these trials. All 

Stool-Based (Noninvasive) Screening Test

Direct Visualization Screening Test

Among people with HFpEF, those with vs 
without DM have a more severe disease  
phenotype, more extensive comorbidities 
(obesity, hypertension, renal dysfunction,  
pulmonary disease, vascular disease),  
greater left ventricular hypertrophy, and  
higher circulating markers of vasoconstriction, 
oxidative stress, inflammation, and fibrosis.

INITIAL EVALUATION
Patients who present with dyspnea, fatigue, fluid retention, 
or other signs or symptoms suggesting HF should initially be 
evaluated by a thorough history and physical examination to 
identify cardiac and noncardiac disorders or behaviors that 
might cause or accelerate the development or progression of 
HF.20 Initial diagnostic testing should include complete blood 
count, urinalysis, serum electrolytes (including calcium and 
magnesium), blood urea nitrogen, serum creatinine, blood 
glucose, fasting lipid profile, liver function tests, and thyroid-
stimulating hormone. B-type natriuretic peptide (BNP) or 
N-terminal proBNP is useful. In addition to a 12-lead elec-
trocardiogram, a chest X-ray should be done to assess heart 
size and pulmonary congestion and to rule out other dis-

 FIGURE   Cardiovascular outcomes in people with type 2 diabetes mellitus 
and heart failure with preserved ejection fraction vs heart failure with  
reduced ejection fraction (HFpEF vs HFrEF)22
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have provided reassurance that the specific DPP-4 inhibitors, 
GLP-1R agonists, and SGLT-2 inhibitors investigated cause no 
increased risk in CV safety compared to placebo as part of stan-
dard care.24-36

Cardiovascular benefit
The FDA guidance also provided standards whereby an 
antidiabetic medication could demonstrate superiority to 
placebo as part of standard care. Some of the antidiabetic 
medications have demonstrated superiority to placebo, 
thereby reducing CV risk (TABLE 1).28,29,31,33-36 These are the 
GLP-1R agonists albiglutide, dulaglutide, liraglutide, and 
semaglutide, and the SGLT-2 inhibitors canagliflozin, dapa-
gliflozin, and empagliflozin. These results have contributed 
to updated recommendations in the 2019 American Diabe-
tes Standards of Care and the 2019 American Association of 
Clinical Endocrinologists/American College of Endocrinol-
ogy type 2 diabetes algorithm, as well as in the 2019 Ameri-
can College of Cardiology/American Heart Association pri-
mary prevention of CV disease guideline, to consider the 
use of antidiabetic medications with a CV benefit in appro-
priate patients earlier in the treatment algorithm.1,6,38 Such 
patients include those with established atherosclerotic CV 

disease, HF, or chronic kidney disease.1 Differences among 
these medications with respect to their effects on CV events 
provide an opportunity to go beyond reducing CV risk to 
also selecting individualized therapy based on patient med-
ical history, such as HF. 

Hospitalization for heart failure
Of the 13 medications that have completed a CV outcome 
trial, empagliflozin has been reported to significantly reduce 
HF hospitalization (0.94 vs 1.45 events/100 patient-years; 
hazard ratio [HR], 0.65; 95% confidence interval [CI], 0.50-
0.85; P=.002) (TABLE 2).28,29,31,33-36 In EMPA-REG OUTCOME, 
the significant reduction in HF hospitalization with empa-
gliflozin was independent of history of prior MI and/or stroke 
and did not differ between women and men.39-41

Other SGLT-2 inhibitors also reduce HF hospitalization. 
In the DECLARE-TIMI 58 trial comparing dapagliflozin with 
placebo, dapagliflozin significantly reduced the composite 
endpoint of CV death or HF hospitalization (HR, 0.83; 95% 
CI, 0.73-0.95; P=.005).35 This reduction was due to a lower 
rate of HF hospitalization in the dapagliflozin group (HR, 
0.73; 95% CI, 0.61-0.88) as there was no difference between 
the groups in the rate of CV death (HR, 0.98; 95% CI, 0.82-

 TABLE 1  Cardiovascular outcome trials of antidiabetic medications for type 2 diabetes mellitus
CV outcome trial(s) Use/prevention CV safety* CV benefit

Dipeptidyl peptidase-4 inhibitors

Alogliptin24 EXAMINE 2° 

Linagliptin25 CARMELINA 1° & 2° 

Saxagliptin26 SAVOR-TIMI 53 1° & 2° 

Sitagliptin27 TECOS 1° & 2° 

Glucagon-like peptide-1 receptor agonists

Albiglutide28 HARMONY 2°  

Dulaglutide29 REWIND 1° & 2°  

Exenatide once-weekly30 EXSCEL 1° & 2° 

Liraglutide31 LEADER 1° & 2°  

Lixisenatide32 ELIXA 2° 

Semaglutide33 SUSTAIN 6 1° & 2°  

Sodium glucose cotransporter-2 inhibitors

Canagliflozin34 CANVAS, CANVAS-R, CREDENCE 1° & 2°  

Dapagliflozin35 DECLARE-TIMI 58 1° & 2°  

Empagliflozin36 EMPA-REG OUTCOME 2°  

Ertugliflozin VERTIS CV 2° NC

Abbreviations: CV, cardiovascular; MI, myocardial infraction; NC, not completed.

*Non-inferior to placebo as part of standard care for the composite endpoint of CV death, non-fatal MI, and non-fatal stroke.

1°, primary prevention (ie, person who has not suffered a cardiac event) 2°, secondary prevention (ie, person who has suffered a cardiac event).
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1.17). The significant reduction in the composite of CV death 
or HF hospitalization with dapagliflozin was consistent 
across several subgroups, including patients with estab-
lished atherosclerotic CV disease, as well as history of HF 
at baseline.35 Additional analysis showed that dapagliflozin 
reduced HF hospitalization both in those with and in those 
without HFrEF, whereas it reduced CV death only in those 
with HFrEF but not in those without HFrEF.42 With respect to 
canagliflozin, combined analysis of CANVAS and CANVAS-R 
showed a similar benefit in the MACE endpoint for patients 
with HFrEF and HFpEF. Canagliflozin significantly lowered 
the risk of HF hospitalization (HR, 0.67; 95% CI, 0.52-0.87).34,43  
The reduction in HF hospitalization with canagliflozin vs pla-
cebo was significantly greater in those with a history of HF 
(HR 0.51, 95% CI 0.33-0.78), but not in those with no history 
of HF (HR,0.79; 95% CI, 0.57-1.09).43 Further analysis of the 
CANVAS program showed that canagliflozin also signifi-
cantly reduced the composite of fatal HF or HF hospitaliza-
tion (HR, 0.70; 95% CI, 0.55-0.89).43 

Results of the LEADER and SUSTAIN-6 trials showed 
liraglutide and semaglutide, respectively, did not signifi-
cantly reduce the rate of HF hospitalization compared with 
placebo (TABLE 2).31,33

The effects of the DPP-4 inhibitor saxagliptin on HF hos-
pitalization are also notable. Results of the SAVOR-TIMI 53 

trial showed that saxagliptin was associated with a significant 
increase in HF hospitalization vs placebo (HR, 1.27; 95% CI, 
1.07-1.51; P=.007).26

OTHER HEART FAILURE TRIALS
Other investigations outside of the CV outcome trials 
required by the FDA have been conducted in patients with 
or without DM and with or at risk of HF, many focusing on 
HF biomarkers. Regarding SGLT-2 inhibitors, a prospective, 
multicenter, open-label trial involving 58 patients with T2DM 
showed significant reduction in mitral inflow E and mitral e’ 
annular velocities, indicating improved diastolic function, 
following 6 months of treatment with dapagliflozin.44 Other 
evidence suggesting improved cardiac function with dapa-
gliflozin includes significant reductions in the left atrial vol-
ume index and left ventricular mass index, as well as a sig-
nificant reduction in B-type natriuretic peptide in patients 
whose level was ≥100 pg/mL at baseline. With respect to 
canagliflozin, another trial showed that it delays the rise in 
N-terminal-proB-type natriuretic peptide and high-sensitiv-
ity troponin I in 666 older adults with T2DM over 2 years.45

The HF effects of the GLP-1R agonists albiglutide and 
liraglutide have been investigated in randomized, placebo-
controlled trials. Albiglutide provided no detectable effect on 
cardiac function or myocardial glucose use, although there 

 TABLE 2   Effect on heart failure hospitalization of antidiabetic medications for type 2 diabetes mellitus 
shown to reduce cardiovascular risk

Rate of heart failure hospitalization/ 
100 patient-years

Hazard ratio 
(95% CI)

P

Active Placebo

Glucagon-like peptide-1 receptor agonists

Albiglutide28 NR NR NR NR

Dulaglutidea,29 0.83 0.89 0.93

(0.77-1.12)

.46

Liraglutide31 1.2 1.4 0.87

(0.73-1.05)

.14

Semaglutide33 1.76 1.61 1.11

(0.77-1.61)

.57

Sodium glucose cotransporter-2 inhibitors

Canagliflozin43 0.55 0.87 0.67

(0.52-0.87)

.02

Dapagliflozin35 0.62 0.85 0.73

(0.61-0.88)

NR

Empagliflozin36 0.94 1.45 0.65

(0.50-0.85)

.002

Abbreviations: CI, confidence intervals; NR, not reported.
aHeart failure hospitalization or urgent visit.
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was a modest increase in peak oxygen consumption over  
12 weeks in patients with stable HFrEF.46 

Several trials involving liraglutide have been con-
ducted, providing conflicting results. One trial involving 
32 patients with T2DM and New York Heart Association 
class II/III HF or left ventricular ejection fraction (LVEF) 
≤45% showed significant improvement in LVEF and other 
measures of cardiac function in patients treated with lira-
glutide for 52 weeks.47 In contrast, another trial involving 
241 patients (30% with T2DM, 60% with ischemic heart 
disease) with stable chronic HF (LVEF ≤45%) on optimal 
HF treatment showed liraglutide had no effect on left ven-
tricular systolic function.48 Moreover, liraglutide was associ-
ated with serious cardiac events (notably atrial fibrillation, 
ventricular tachycardia, and acute coronary syndrome) in 
10% of patients. These events were not assessed in the CV 
outcome trial for liraglutide and merit further investiga-
tion. Another trial of patients (N=300) with or without DM 
recently hospitalized with HF showed the use of liraglutide 
for 6 months following discharge resulted in a similar per-
centage of patients who experienced death or HF rehospi-
talization as placebo.49 In addition, the changes from base-
line in LVEF, as well as left ventricular end-diastolic and 
-systolic volume index were similar in the 2 groups.

IMPLICATIONS FOR PRIMARY CARE
Reducing CV risk is the key treatment objective for patients 
with DM. To reduce the risk of HF in patients with T2DM, 
several steps can be taken: (1) early recognition of HF and 
people at increased risk of HF; (2) optimize glycemic control; 

and (3) utilize and optimize medications shown to reduce HF 
risk, including selected medications for T2DM.

Available evidence from CV outcome trials shows that 
13 of the 15 DPP-4 inhibitors, GLP-1R agonists, and SGLT-2  
inhibitors currently available do not pose an increased 
risk of major adverse cardiovascular events. Moreover, 4 of 
the GLP-1R agonists (albiglutide, dulaglutide, liraglutide, 
semaglutide) and 3 of the SGLT-2 inhibitors (canagliflozin, 
dapagliflozin, empagliflozin) are superior to placebo and 
significantly reduce CV risk. Of these seven medications, 
canagliflozin, dapagliflozin, and empagliflozin significantly 
reduce the occurrence of HF hospitalization. Albiglutide, 
liraglutide, and semaglutide provide no detectable benefit on 
measures of HF. Beyond individualizing treatment based on 
factors such as hypoglycemia and body weight, impact on CV 
events is now an important consideration.

CASE SCENARIO (CONT'D)
Following complete evaluation, the 62-year-old male patient 
was diagnosed with HFpEF. In addition to starting guideline-
recommended therapy for HFpEF (diuretic, angiotensin re-
ceptor blocker),20 the decision is made to discontinue the 
sulfonylurea (due to increasing A1c and frequent hypoglyce-
mia) and replace with a medication shown to reduce HF hos-
pitalization. The American Diabetes Association prefers the 
use of an SGLT-2 inhibitor with evidence of reducing HF, not-
ing that empagliflozin, canagliflozin, and dapagliflozin have 
shown reduction in HF-related events in a CV outcome trial.1 
If an SGLT-2 inhibitor is not tolerated or is contraindicated, a 
GLP-1R agonist with proven CV benefit is recommended.1  l
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CASE SCENARIO 
April is a 69-year-old African American woman diagnosed with 

type 2 diabetes mellitus (T2DM) 11 years ago. Initial treatment with 

lifestyle intervention and metformin reduced her glycated hemo-

globin (A1c) from 8.4% to 6.9% and her body mass index (BMI) 

from 32.6 kg/m2 to 27.9 kg/m2, which she was able to maintain for 

approximately 5 years. Her A1c remained at approximately 7% 

during this time, but began to rise as her BMI increased. Inten-

sified lifestyle intervention resulted in no further weight loss; her 

BMI stabilized at 33.8 kg/m2. Pharmacotherapy was intensified to 

lower and maintain her A1C at 7.1% to 7.3% over the next several 

years. Over the past 3 years, her A1c has again increased and 

is now 7.9%. April experiences frequent symptomatic hypoglyce-

mia, which has required treatment at the local emergency depart-

ment twice in the past 4 years. April also experiences occasional 

symptoms of angina, which combined with her T2DM, obesity, 
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prevalence of adults with estimated glomerular filtration rate 
(eGFR) <60 mL/min/1.73 m2 and albumin-to-creatinine ratio 
<30 mg/g nearly tripled from 1988-1994 to 2007-2010.26 This 
was associated with a 50% increase in the mortality rate.26 In 
2015, 124,000 people in the United States started treatment 
for end-stage renal disease22 and approximately 325 persons 
began treatment for kidney failure every day.20,22

THE CHANGING PARADIGM OF TYPE 2  
DIABETES MANAGEMENT
Over the past decade, there have been 2 important shifts in the 
management of patients with T2DM as reflected in treatment 
guidelines such as those developed by the American Diabetes 
Association. The first is a focus on the importance of individu-
alizing glycemic treatment.27,28 This shift in focus results from 
the availability of several new classes of medications for T2DM 
with different mechanisms of glucose-lowering and very good 
safety profiles, particularly low incidences of hypoglycemia and 
weight neutrality or weight loss effects.29 There has also been 
improved recognition that T2DM is a largely self-managed dis-
ease that is impacted by the patient’s willingness and ability to 
adhere to the treatment plan.28,30,31 To better understand these 
issues, a collaborative relationship between patient and pro-
vider has become essential (see below).32

The other shift has been a heightened concern about 
the CV safety of medications for T2DM following publica-
tion of several clinical trials and a meta-analysis related to 
the thiazolidinediones in 2005 to 2007. Results of the clini-
cal trials indicated an increased risk for heart failure with 
rosiglitazone33 and pioglitazone.34,35 The subsequent meta-
analysis of 42 clinical trials demonstrated rosiglitazone was 
associated with a significant increase in the risk for myocar-
dial infarction (MI) (odds ratio [OR], 1.43; 95% confidence 
interval [CI], 1.03-1.98; P=.03) and a nonsignificant increase 
in the risk for CV death (OR, 1.64; 95% CI, 0.98-2.74; P=.06).36 
Shortly after, the Rosiglitazone Evaluated for Cardiovascu-
lar Outcomes in Oral Agent Combination Therapy for Type 
2 Diabetes (RECORD) trial found no significant increase in 
the risk for MI with rosiglitazone, but confirmed a significant 
increase in risk for HF.37,38

CARDIOVASCULAR OUTCOME TRIALS
Regulatory requirements
In 2008, prior to publication of the final RECORD results in 
2009, the US Food and Drug Administration (FDA) took steps 
to assure the safety of medications for T2DM. This included 
issuing a guidance requiring industry sponsors to conduct a 
clinical trial demonstrating that a new medication for T2DM 
is not associated with an unacceptable increase in CV risk 
compared to placebo as part of standard care.39 The guid-

hypertension, and dyslipidemia, has contributed to declining treat-

ment adherence. 

April is being seen by her primary care provider following 

hospital discharge for a cardiovascular event. Current medica-

tions: metformin 1000 mg twice daily, pioglitazone 45 mg once 

daily, sitagliptin 100 mg once daily, enalapril/hydrochlorothiazide 

20 mg/50 mg once daily, atorvastatin 40 mg once daily, and low-

dose aspirin.

What modifications would you make to her diabetes treat-

ment plan? Does her history of cardiovascular disease impact 

treatment?

CARDIOVASCULAR DISEASE  
IN TYPE 2 DIABETES MELLITUS
Cardiovascular (CV) disease is common in the United States, 
with approximately 11% of US adults having been diagnosed 
with heart disease and nearly 3% with stroke.1 Type 2 diabe-
tes mellitus is an independent risk factor for CV disease, con-
ferring about a two-fold excess risk for CV disease.2 Moreover, 
in 2016, high fasting plasma glucose was among the top 5 risk 
factors contributing to disability-adjusted life-years in the 
United States.3

Peripheral arterial disease is the most common initial 
presentation of CV disease in patients with T2DM, followed 
by stroke and coronary heart disease.4 Beyond vascular 
events, persons with diabetes mellitus (DM) are at high risk 
for heart failure (HF) and HF-related death, as well as chronic 
kidney disease (CKD). People with T2DM have more than 
twice the risk of HF than those without T2DM,5-8 while up to 
40% of people with HF have diabetes.4,7,9-13 There is a linear 
relationship between glycemic control and the incidence of 
HF with a risk ratio for HF of approximately 1.2 for each 1% 
increase in the A1c.14,15 Patients with T2DM and HF have a 
worse prognosis than those with T2DM without HF.16 The risk 
of death in persons with DM has been shown to be nearly 9 
times higher for those with vs without HF.17 Of individuals 
hospitalized for acute HF, those with vs without DM have 
a worse outcome (composite of all-cause mortality, heart 
transplantation, and left ventricular assist device implanta-
tion).18 HF hospitalization is also more common in patients 
with T2DM.19 

CKD also is common in patients with DM as approxi-
mately 1 in 3 US adults with DM is thought to have CKD.20,21 
Nearly half (45%) of new cases of end-stage renal disease in 
the United States are due to DM.22 While the prevalence of 
stages 3-4 CKD has remained stable over the past decade or 
so,23,24 the increasing prevalence of DM in the United States 
has been followed by a proportional increase in the preva-
lence of diabetic kidney disease (DKD).25 Moreover, the 
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ance applies to the dipeptidyl peptidase-4 inhibitor (DPP-4i), 
glucagon-like peptide-1 receptor agonist (GLP-1RA) (except 
exenatide twice-daily), and sodium glucose cotransporter-2 
inhibitor (SGLT-2i) classes of medications. 

Key recommendations in the FDA guidance included (1) 
assessment of major adverse CV events (MACE), a compos-
ite of CV death, nonfatal MI, and nonfatal stroke; (2) enroll-
ment of patients with T2DM at higher risk of CV events, eg, 
those with advanced CV disease, advanced age, or renal 
impairment; and (3) study duration of at least 2 years to allow 
assessment of longer-term risks.39

The guidance also identified that for initial FDA approval, 
a finding of no increase in CV risk compared to placebo as 
part of standard care is observed if the upper limit of the two-
sided 95% confidence interval (CI) for the estimated risk ratio 
for MACE is less than 1.8. If the upper limit for the estimated 
risk ratio is found to be between 1.3 and 1.8 and the overall 
risk-benefit analysis is favorable, the medication is generally 
approved. However, a postmarketing trial is usually required 
to clearly demonstrate that the upper limit of the two-sided 
95% CI for the estimated risk ratio is less than 1.3, in which 
case, a definitive finding of noninferiority regarding the CV 
safety of the new medication compared to placebo as part of 
standard care is reached. Put differently, the medication for 
T2DM is found to pose no increase in CV risk compared to 
placebo as part of standard care.

If noninferiority is demonstrated, a finding of superiority 
can be investigated. A finding of superiority is reached if the 
two-sided 95% CI for the estimated risk ratio is less than 1.0. 
Should this be the case, the new medication for T2DM is deter-
mined to significantly reduce CV risk compared to placebo as 
part of standard care and, therefore, offer a CV benefit. Medi-
cations offering a CV benefit have the potential to change the 
treatment paradigm for T2DM, as will be discussed below.

Results
Nearly all of the CV outcome trials required by the FDA for 
new medications for T2DM have been completed; note that 
the CV outcome trial for ertugliflozin is ongoing. Most trials 
have been for both primary and secondary prevention. All 
completed CV outcome trials have demonstrated that each 
new medication for T2DM poses no increased CV risk com-
pared to placebo as part of standard care, thereby providing 
reassurance about the CV safety of DPP-4is, GLP-1RAs, and 
SGLT-2is. It is also worth noting that the CV safety of insulin 
glargine U-100 and insulin degludec have been assessed in 
clinical trials and shown to pose no increase in CV risk com-
pared to standard care.40,41 In addition, the FDA judged there 
to be no safety concern regarding CV risk for glargine U-300 
compared to glargine U-100.42

In addition to CV safety, the CV outcome trials of the 
DPP-4is, GLP-1RAs, and SGLT-2is showed that some of these 
medications provide a CV benefit, ie, reduce the risk for MACE 
(the composite of CV death, nonfatal MI, and nonfatal stroke) 
compared to placebo as part of standard care. These include 
the GLP-1RAs albiglutide,43,44 dulaglutide,45 liraglutide,46,47 
and semaglutide,48 and the SGLT-2is canagliflozin,49,50 dapa-
gliflozin,51,52 and empagliflozin53,54 (TABLE).

The results of these trials provide an opportunity to include 
consideration of CV risk reduction when selecting medica-
tions for T2DM. Moreover, differences among the GLP-1RAs 
and SGLT-2is with respect to their effects on CV events, eg, MI, 
stroke, HF, and renal outcomes, provide an opportunity to fur-
ther individualize therapy as recommended in the 2019 ADA 
Standards of Medical Care (FIGURE).28

CASE SCENARIO 
The rise in April’s A1c to 7.9% despite treatment with optimized 

metformin, pioglitazone, and sitagliptin indicates the need to mod-

ify her diabetes treatment plan. Sitagliptin should be discontinued 

since there is no CV, HF, or CKD reduction benefit. Pioglitazone 

might be continued if April has established atherosclerotic cardio-

vascular disease (ASCVD) since there is a potential benefit, but 

should not be continued if April has HF or renal impairment due to 

fluid retention.55 Since she has experienced a CV event, selecting a 

medication shown to lower CV risk is recommended.28

If April had experienced a MI or stroke, a GLP-1RA is pre-

ferred with the strongest evidence for liraglutide, dulaglutide, and 

semaglutide. Alternatively, an SGLT-2i can be considered, with 

the strongest evidence for empagliflozin > canagliflozin.

If April had experienced acute heart failure or had CKD, 

an SGLT-2i shown to reduce HF or CKD (empagliflozin, cana-

gliflozin, dapagliflozin) is preferred. Alternatively, a GLP-1RA 

(liraglutide, dulaglutide, and semaglutide) can be consid-

ered if SGLT-2i therapy is not tolerated or contraindicated or 

if the eGFR is below the recommended threshold for SGLT-2i  

therapy. 

In selecting therapy, other general factors to consider 

include hypoglycemia, weight effects, and patient affordability. In 

addition, prior to initiating a GLP-1RA, a history of pancreatitis, 

multiple endocrine neoplasia type 2, thyroid cancer, as well as 

the ability to tolerate transient nausea are to be considered. Prior 

to initiating an SGLT-2i, the patient’s eGFR must be determined 

and treatment not initiated if the eGFR is <45 mL/min/1.73 m2  

(canagliflozin, dapagliflozin, empagliflozin) or if the eGFR is 30 

to <60 mL/min/1.73 m2 (ertugliflozin). A comprehensive foot 

examination should be performed with emphasis on peripheral 

vascular disease and a history of amputations. Other factors to 

consider related to SGLT-2i therapy are the risk of urinary tract 

infection, genital mycotic infection, and volume depletion with all 
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SGLT-2is, as well as amputation (canagliflozin and ertugliflozin), 

bone fracture (canagliflozin), and bladder cancer (dapagliflozin).

PATIENT SELF-MANAGEMENT
As noted earlier, HF is a largely self-managed disease; thus, it 
is essential that the patient is willing and able to implement an 
individualized treatment plan. This requires a collaborative rela-
tionship between patient and provider built on effective patient-
provider communication and shared decision-making.56 A 

recent systematic review suggests that utilization of several 
techniques lead to improved patient-provider communication. 
These include: (1) asking open-ended questions; (2) utilizing 
active listening skills; (3) employing motivational interviewing 
techniques; (4) discussing the most important information first 
and using the phrase “This is important…” when discussing key 
points; (5) delivering simple, clear, concrete instructions sup-
ported by a written action plan that is appropriate for a patient’s 
culture and health literacy and numeracy; and (6) asking 
patients to write a list of questions prior to the visit.

TABLE   Effects on key endpoints of medications shown to offer a cardiovascular benefit vs placebo

Hazard ratioa

(95% CI)

MACEb CV death Nonfatal MI Nonfatal 
stroke

Heart failure  
hospitalization

Renal

Glucagon-like peptide-1 receptor agonists

Albiglutide 0.78

(0.68-0.90)

0.93

(0.73-1.19)

Dulaglutide 0.88

(0.79-0.99)

P=.026

0.76

(0.61-0.95)

P=.017

0.85c

(0.77-0.93)

P=.0004

Liraglutide 0.87

(0.78-0.97)

P=.01

0.78

(0.66-0.93)

P=.007

0.88

(0.75-1.03)

P=.11

0.89

(0.72-1.11)

P=.30

0.87

(0.73-1.05)

P=.14

0.78d

(0.67-0.92)

P=.003

Semaglutide 0.74

(0.58-0.95)

P=.02

0.98

(0.65-1.48)

P=.92

0.74

(0.51-1.08)

P=.12

0.61

(0.38-0.99)

P=.04

1.11

(0.77-1.61)

P=.57

0.64e

(0.46-0.88)

P=.005

Sodium glucose cotransporter-2 inhibitors

Canagliflozin 0.86

(0.75-0.97)

P=.02

0.87

(0.72-1.06)

0.85

(0.69-1.05)

0.90

(0.71-1.15)

0.67

(0.52-0.87)

0.60f

(0.47-0.77)

Dapagliflozin 0.93

(0.84-1.03)

P=.17

0.98

(0.82-1.17)

0.73

(0.61-0.88)

0.53g

(0.43-0.66)

Empagliflozin 0.86

(0.74-0.99)

P=.04

0.62

(0.49-0.77)

P<.001

0.87

(0.70-1.09)

P=.22

1.24

(0.92-1.67)

P=.16

0.65

(0.50-0.85)

P=.002

0.54h

(0.40-0.75)

P<.001

Abbreviations: CI, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; MI, myocardial infarction.
aHazard ratio of active medication vs placebo.
bMACE is a composite of cardiovascular death, nonfatal myocardial infarction, nonfatal stroke.
cNew macroalbuminuria, sustained decline in eGFR ≥30% or chronic renal replacement therapy.
dNephropathy defined as new onset of macroalbuminuria or a doubling of the serum creatinine and an eGFR ≤45 mL/min/1.73 m2, the need for continuous renal- 
replacement therapy, or death from renal disease.
eNew or worsening nephropathy including persistent macroalbuminuria, persistent doubling of the serum creatinine and an eGFR <45 mL/min/1.73 m2, or the need for 
continuous renal-replacement therapy.
f≥40% reduction in eGFR, renal-replacement therapy, or renal death.
g≥40% decrease in eGFR to <60 mL/min/1.73 m2, end-stage renal disease, or death from renal cause.
hDoubling of serum creatinine accompanied by eGFR ≤45 mL/min/1.73 m2, initiation of renal-replacement therapy, or death from renal disease.

Boxes shaded in green indicate the medication significantly reduces the risk of the specified endpoint vs placebo as part of standard care.
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 FIGURE  Recommended therapy for patients with type 2 diabetes mellitus and established  
atherosclerotic cardiovascular disease, heart failure, or chronic kidney disease who have  
inadequate glycemic control with metformin and comprehensive lifestyle management

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; CV, cardiovascular; CVD, cardiovascular disease; CVOTs, cardiovascular 
outcome trials; DPP-4i, dipeptidyl peptidase-4 inhibitor; FDA, US Food and Drug Administration; eGFR, estimated glomerular filtration rate; GLP-1 RA, glucagon-like peptide-1 
receptor agonist; HbA1c, hemoglobin A1c; HF, heart failure; SGLT-2i, sodium glucose cotransporter-2 inhibitor; SU, sulfonylurea; TZD, thiazolidinedione.
a Proven CVD benefit means it has label indication of reducing CVD events. For GLP-1RA, liraglutide is FDA approved to reduce the risk of MACE in adults with type 2 diabetes 
and established CVD; liraglutide and dulaglutide showed superiority for MACE outcomes in large CVOTs; semaglutide showed superiority for MACE outcomes in a safety 
CVOT. These results were primarily in patients with known ASCVD although there was consistent benefit in the dulaglutide trial in patients with and without established ASCVD. 
For SGLT-2i, evidence modestly stronger for empagliflozin > canagliflozin.
bBe aware that SGLT-2i vary by region and individual agent with regard to indicated level of eGFR for initiation and continued use.
cEmpagliflozin, canagliflozin, and dapagliflozin have shown reduction in HF and reduction in CKD progression in CV outcome trials.
dDegludec or glargine U-100 have demonstrated CV safety.
eLow dose may be better tolerated though less well studied for CVD effects.
fChoose later generation sulfonylurea with lower risk of hypoglycemia.

Source: American Diabetes Association. Standards of medical care in diabetes-2019, American Diabetes Association, 2019. Copyright and all rights reserved. Material from 
this publication has been used with the permission of American Diabetes Association.
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with proven  
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EITHER/ 
OR

HF OR CKD PREDOMINATES
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If SGLT-2i not tolerated or contraindicated  
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GLP-1RA with proven CVD benefita

•  Avoid TZD in the setting of HF
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•  SUf

If further intensification is required  
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•  �Consider adding the other class  
(GLP-1 RA or SGLT-2i) with proven  
CVD benefit

•  DPP-4i if not on GLP-1RA

•  Basal insulind

•  TZDe

•  SUf

A shared decision-making process provides a mecha-
nism to identify patient concerns and develop a treatment 
plan that addresses those concerns. To accomplish this, the 

Agency for Healthcare Utilization and Review has outlined 
the 5-step SHARE process: (1) seek your patient participa-
tion; (2) help your patient explore and compare treatment 

OR
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options; (3) assess your patient’s values and preferences; 
(4) reach a decision with your patient; and (5) evaluate your 
patient’s decision.32 This approach is applicable to both initi-
ating as well as modifying treatment.

SUMMARY
The rapid evolution in medications available for the treat-
ment of patients with T2DM allows for a more individualized 
approach to treatment that includes a low incidence of hypo-
glycemia and weight-neutral or weight-loss effects. Beyond 
these benefits, evidence now demonstrates that reducing 
CV events with some GLP-1RAs and SGLT-2is is achievable, 
thereby enabling greater focus on reducing CV risk as a key 
treatment objective. For patients with ASCVD alone, a GLP-
1RA shown to reduce CV risk is preferred; an SGLT-2i can be 
considered. For patients with HF or CKD, an SGLT-2i shown 
to reduce related events is preferred; a GLP-1RA shown to 
reduce CV risk can be considered. This is a real paradigm 
shift in our approach to managing patients with T2DM. 
Finally, the large self-managed nature of HF underscores the 
importance of individualized treatment through effective 
communication and the use of shared decision-making. l

REFERENCES
	 1.	� Benjamin EJ, Virani SS, Callaway CW, et al. Heart Disease and Stroke Statis-

tics-2018 Update: A Report From the American Heart Association. Circulation. 
2018;137:e67-e492.

	 2.	� Di Angelantonio E, Kaptoge S, Wormser D, et al. Association of cardiometabolic 
multimorbidity with mortality. JAMA. 2015;314(1):52-60.

	 3.	� Mokdad AH, Ballestros K, Echko M, et al. The state of US health, 1990-2016: burden 
of diseases, injuries, and risk factors among US states. JAMA. 2018;319(14):1444-
1472.

	 4.	� Shah AD, Langenberg C, Rapsomaniki E, et al. Type 2 diabetes and incidence of 
cardiovascular diseases: a cohort study in 1.9 million people. Lancet Diabetes En-
docrinol. 2015;3(2):105-113.

	� 5.	� Kannel WB, Hjortland M, Castelli WP. Role of diabetes in congestive heart failure: 
the Framingham study. Am J Cardiol. 1974;34(1):29-34.

	 6.	� Thrainsdottir IS, Aspelund T, Thorgeirsson G, et al. The association between glu-
cose abnormalities and heart failure in the population-based Reykjavik study. Dia-
betes Care. 2005;28(3):612-616.

	 7.	� Dei Cas A, Khan SS, Butler J, et al. Impact of diabetes on epidemiology, treatment, 
and outcomes of patients with heart failure. JACC Heart Fail. 2015;3(2):136-145.

	 8.	� Komanduri S, Jadhao Y, Guduru SS, Cheriyath P, Wert Y. Prevalence and risk factors 
of heart failure in the USA: NHANES 2013 - 2014 epidemiological follow-up study. J  
Community Hosp Intern Med Perspect. 2017;7(1):15-20.

	 9.	� McAlister FA, Teo KK, Taher M, et al. Insights into the contemporary epidemiology 
and outpatient management of congestive heart failure. Am Heart J. 1999;138(1 Pt 1): 
87-94.

	 10.	� Nichols GA, Hillier TA, Erbey JR, Brown JB. Congestive heart failure in type 2 diabe-
tes: prevalence, incidence, and risk factors. Diabetes Care. 2001;24(9):1614-1619.

	 11.	� de Simone G, Devereux RB, Chinali M, et al. Diabetes and incident heart failure in 
hypertensive and normotensive participants of the Strong Heart Study. J Hyper-
tens. 2010;28(2):353-360.

	 12.	� Boonman-de Winter LJ, Rutten FH, Cramer MJ, et al. High prevalence of previously 
unknown heart failure and left ventricular dysfunction in patients with type 2 dia-
betes. Diabetologia. 2012;55(8):2154-2162.

	 13.	� Timmermans I, Denollet J, Pedersen SS, Meine M, Versteeg H. Patient-reported 
causes of heart failure in a large European sample. Int J Cardiol. 2018;258:179-184.

	 14.	� Erqou S, Lee CT, Suffoletto M, et al. Association between glycated haemoglobin 
and the risk of congestive heart failure in diabetes mellitus: systematic review and 
meta-analysis. Eur J Heart Fail. 2013;15(2):185-193.

	 15.	� Nichols GA, Gullion CM, Koro CE, Ephross SA, Brown JB. The incidence of con-
gestive heart failure in type 2 diabetes: an update. Diabetes Care. 2004;27(8):1879-
1884.

	 16.	� MacDonald MR, Petrie MC, Varyani F, et al. Impact of diabetes on outcomes in 
patients with low and preserved ejection fraction heart failure: an analysis of the 
Candesartan in Heart failure: Assessment of Reduction in Mortality and morbidity 
(CHARM) programme. Eur Heart J. 2008;29(11):1377-1385.

	 17.	� Bertoni AG, Hundley WG, Massing MW, Bonds DE, Burke GL, Goff DC, Jr. Heart 
failure prevalence, incidence, and mortality in the elderly with diabetes. Diabetes 
Care. 2004;27(3):699-703.

	 18.	� van den Berge JC, Constantinescu AA, Boiten HJ, van Domburg RT, Deckers JW, Ak-
kerhuis KM. Short- and long-term prognosis of patients with acute heart failure with 
and without diabetes: Changes over the last three decades. Diabetes Care. 2018;41(1): 
143-149.

	 19.	� Cavender MA, Steg PG, Smith SC, Jr., et al. Impact of diabetes mellitus on hospi-
talization for heart failure, cardiovascular events, and death: Outcomes at 4 years 
from the Reduction of Atherothrombosis for Continued Health (REACH) Registry. 
Circulation. 2015;132(10):923-931.

	 20.	� Centers for Disease Control and Prevention. National chronic kidney disease fact 
sheet, 2017. Published 2017. https://www.cdc.gov/diabetes/pubs/pdf/kidney_
factsheet.pdf. Accessed July 26, 2018.

	 21.	� Bailey RA, Wang Y, Zhu V, Rupnow MF. Chronic kidney disease in US adults with 
type 2 diabetes: an updated national estimate of prevalence based on Kidney Dis-
ease: Improving Global Outcomes (KDIGO) staging. BMC Res Notes. 2014;7:415.

	 22.	� United States Renal Data System. 2017 USRDS Annual Data Report/Volume 2- 
ESRD in the United States. Published 2017. https://www.usrds.org/2017/down-
load/2017_Volume_2_ESRD_in_the_US.pdf. Accessed August 17, 2018.

	 23.	� Murphy D, McCulloch CE, Lin F, et al. Trends in prevalence of chronic kidney dis-
ease in the United States. Ann Intern Med. 2016;165(7):473-481.

	 24.	� Afkarian M, Zelnick LR, Hall YN, et al. Clinical manifestations of kidney disease 
among US adults with diabetes, 1988-2014. JAMA. 2016;316(6):602-610.

	 25.	� de Boer IH, Rue TC, Hall YN, Heagerty PJ, Weiss NS, Himmelfarb J. Temporal 
trends in the prevalence of diabetic kidney disease in the United States. JAMA. 
2011;305(24):2532-2539.

	 26.	� Kramer H, Boucher RE, Leehey D, et al. Increasing mortality in adults with diabetes 
and low estimated glomerular filtration rate in the absence of albuminuria. Diabe-
tes Care. 2018;41(4):775-781.

	 27.	� Nathan DM, Buse JB, Davidson MB, et al. Management of hyperglycemia in type 
2 diabetes: A consensus algorithm for the initiation and adjustment of therapy: a 
consensus statement from the American Diabetes Association and the European 
Association for the Study of Diabetes. Diabetes Care. 2006;29(8):1963-1972.

	 28.	� American Diabetes Association. Standards of Medical Care in Diabetes-2019. Dia-
betes Care. 2019;42(Suppl 1):S1-S193.

	 29.	� Bolen S, Tseng E, Hutfless S, et al. AHRQ Comparative Effectiveness Reviews. In: 
Diabetes Medications for Adults With Type 2 Diabetes: An Update. Rockville (MD): 
Agency for Healthcare Research and Quality (US); 2016: https://effectivehealth-
care.ahrq.gov/topics/diabetes-update-2015/research/. Accessed February 2, 
2018.

	 30.	� Gordon J, McEwan P, Idris I, Evans M, Puelles J. Treatment choice, medication ad-
herence and glycemic efficacy in people with type 2 diabetes: a UK clinical practice 
database study. BMJ Open Diabetes Res Care. 2018;6(1):e000512.

	 31.	� Wimmer BC, Cross AJ, Jokanovic N, et al. Clinical outcomes associated with medi-
cation regimen complexity in older people: A systematic review. J Am Geriatr Soc. 
2017;65(4):747-753.

	 32.	� Agency for Healthcare Research and Quality. The SHARE approach. Essential 
steps of shared decisionmaking: Expanded reference guide with sample conversa-
tion starters. Published 2014. https://www.ahrq.gov/sites/default/files/wysiwyg/
professionals/education/curriculum-tools/shareddecisionmaking/tools/tool-2/
share-tool2.pdf. Accessed April 30, 2019.

	 33.	� Kahn SE, Haffner SM, Heise MA, et al. Glycemic durability of rosiglitazone, metfor-
min, or glyburide monotherapy. N Engl J Med. 2006;355(23):2427-2443.

	 34.	� Dormandy JA, Charbonnel B, Eckland DJ, et al. Secondary prevention of macro-
vascular events in patients with type 2 diabetes in the PROactive Study (PROspec-
tive pioglitAzone Clinical Trial In macroVascular Events): a randomised controlled 
trial. Lancet. 2005;366(9493):1279-1289.

	 35.	� Lincoff AM, Wolski K, Nicholls SJ, Nissen SE. Pioglitazone and risk of cardiovascu-
lar events in patients with type 2 diabetes mellitus: a meta-analysis of randomized 
trials. JAMA. 2007;298(10):1180-1188.

	 36.	� Nissen SE, Wolski K. Effect of rosiglitazone on the risk of myocardial infarction and 
death from cardiovascular causes. N Engl J Med. 2007;356(24):2457-2471.

	 37.	� Home PD, Pocock SJ, Beck-Nielsen H, et al. Rosiglitazone evaluated for cardiovas-
cular outcomes--an interim analysis. N Engl J Med. 2007;357(1):28-38.

	 38.	� Home PD, Pocock SJ, Beck-Nielsen H, et al. Rosiglitazone evaluated for cardiovas-
cular outcomes in oral agent combination therapy for type 2 diabetes (RECORD): a 
multicentre, randomised, open-label trial. Lancet. 2009;373(9681):2125-2135.

	 39.	� US Food and Drug Administration. Guidance for Industry. Diabetes Mellitus- Eval-
uating Cardiovascular Risk in New Antidiabetic Therapies to Treat Type 2 Diabetes. 
Published 2008. https://www.fda.gov/downloads/Drugs/GuidanceCompliance-
Regulatory Information/Guiddances/ucm071627.pdf. Accessed February 6, 2018.

	 40.	� Gerstein HC, Bosch J, Dagenais GR, et al. Basal insulin and cardiovascular and 
other outcomes in dysglycemia. N Engl J Med. 2012;367(4):319-328.

	 41.	� Marso SP, McGuire DK, Zinman B, et al. Efficacy and safety of degludec versus 
glargine in type 2 diabetes. N Engl J Med. 2017;377(8):723-732.

	 42.	� U.S. Food and Drug Administration. Center for Drug Evaluation and Research. Ap-
plication number: 206538Orig1s000. Medical review(s). http://www.accessdata.
fda.gov/drugsatfda_docs/nda/2015/206538Orig1s000MedR.pdf. Accessed May 
17, 2017.

	 43.	� Hernandez AF, Green JB, Janmohamed S, et al. Albiglutide and cardiovascu-
lar outcomes in patients with type 2 diabetes and cardiovascular disease (Har-
mony Outcomes): a double-blind, randomised placebo-controlled trial. Lancet. 
2018;392(10157):1519-1529.



S19OCTOBER 2019

[DIABETES MANAGEMENT UPDATE]

	 44.	� Lepore JJ, Olson E, Demopoulos L, et al. Effects of the novel long-acting GLP-1 ago-
nist, albiglutide, on cardiac function, cardiac metabolism, and exercise capacity in 
patients with chronic heart failure and reduced ejection fraction. JACC Heart Fail. 
2016;4(7):559-566.

	 45.	� Gerstein HC, Colhoun HM, Dagenais GR, et al. Dulaglutide and cardiovascular 
outcomes in type 2 diabetes (REWIND): a double-blind, randomised placebo-
controlled trial. Lancet. 2019;394(10193):121-130.

	 46.	� Marso SP, Daniels GH, Brown-Frandsen K, et al. Liraglutide and cardiovascular 
outcomes in type 2 diabetes. N Engl J Med. 2016;375(4):311-322.

	 47.	� Mann JFE, Orsted DD, Brown-Frandsen K, et al. Liraglutide and renal outcomes in 
type 2 diabetes. N Engl J Med. 2017;377(9):839-848.

	 48.	� Marso SP, Bain SC, Consoli A, et al. Semaglutide and cardiovascular outcomes in 
patients with type 2 diabetes. N Engl J Med. 2016;375(19):1834-1844.

	 49.	� Neal B, Perkovic V, Mahaffey KW, et al. Canagliflozin and cardiovascular and renal 
events in type 2 diabetes. N Engl J Med. 2017;377(7):644-657.

	 50.	� Davies MJ, Merton K, Vijapurkar U, Yee J, Qiu R. Efficacy and safety of canagliflozin 
in patients with type 2 diabetes based on history of cardiovascular disease or car-

diovascular risk factors: a post hoc analysis of pooled data. Cardiovasc Diabetol. 
2017;16(1):40.

	 51.	� Wiviott SD, Raz I, Bonaca MP, et al. Dapagliflozin and cardiovascular outcomes in 
type 2 diabetes. N Engl J Med. 2019;380(4):347-357.

	 52.	� Heerspink HJ, Johnsson E, Gause-Nilsson I, Cain VA, Sjostrom CD. Dapagliflozin 
reduces albuminuria in patients with diabetes and hypertension receiving renin-
angiotensin blockers. Diabetes Obes Metab. 2016;18(6):590-597.

	 53.	� Zinman B, Wanner C, Lachin JM, et al. Empagliflozin, cardiovascular outcomes, 
and mortality in type 2 diabetes. N Engl J Med. 2015;373(22):2117-2128.

	 54.	� Wanner C, Inzucchi SE, Lachin JM, et al. Empagliflozin and progression of kidney 
disease in type 2 diabetes. N Engl J Med. 2016;375(4):323-334.

	 55.	� American Diabetes Association. 9. Pharmacologic Approaches to Glycemic Treat-
ment: Standards of Medical Care in Diabetes-2019. Diabetes Care. 2019;42(Suppl 
1):S90-S102.

	 56.	� Beverly EA, Worley MF, Court AB, Prokopakis KE, Ivanov NN. Patient-physi-
cian communication and diabetes self-care. J Clin Outcomes Manag. 2016; 
23(11).



OCTOBER 2019

Efficacy and Safety of Naproxen vs Opioids 
for the Treatment of Musculoskeletal Pain
Stephen Brunton, MD, FAAFP; Steven M. Weisman, PhD

Stephen Brunton, MD, FAAFP, Adjunct Associate Professor, 
Touro University California, College of Osteopathic Medicine, 
Vallejo, CA; Executive Vice President for Education, Primary Care 
Education Consortium, Palm Springs, CA

Steven M. Weisman, PhD, Innovative Science Solutions, LLC, 
Morristown, NJ

DISCLOSURES
Stephen Brunton reports no conflicts of interest relative to this 
topic. 

Steven M. Weisman is Head of Clinical and Regulatory Support at 
Innovative Science Solutions, a consultancy to the pharmaceutical 
industry, and has received consultancy fees from Bayer related to 
the topic of this manuscript.

SPONSORSHIP
This activity is sponsored by PCEC and supported by funding from 
Bayer. 

and prescription analgesics. Prescription opioids are com-
monly used to treat musculoskeletal pain, although there is 
increasing awareness of the potential harm of opioid-related 
adverse events and misuse.12 Importantly, most muscu-
loskeletal aches and pains are acute in nature and self- 
treatable with OTC analgesics, and flares associated with 
chronic conditions may also be appropriate for OTC manage-
ment. Nonsteroidal anti-inflammatory drugs (NSAIDs) are 
commonly used to treat musculoskeletal pain and are among 
the world’s most consumed prescription and OTC medica-
tions. Every day, approximately 30 million people worldwide 
use NSAIDs.13  In the United States, there are an estimated 
30 billion doses of NSAIDs consumed annually,14 with over 
100 million prescriptions written every year.15 In the United 
States, an OTC analgesic usage rate of 76% was reported, with 
more women self-medicating than men.16

Consumers with musculoskeletal pain need a variety 
of options to reduce or alleviate that pain. In many cases, 
naproxen represents an effective, long-lasting option based 
on its 14-hour half-life. All day pain relief is possible with 
naproxen, and clinical trials demonstrate greater overall pain 
relief and duration of pain relief compared to acetamino-
phen (APAP). 

The opioid crisis
Overprescribing and the availability of inexpensive street 
drugs have fueled a public health crisis, resulting in opioid 
dependence, misuse, and addiction in epidemic propor-
tions.17 Despite having only 4.6% of the world’s population, 
the United States consumes 80% of the world’s prescrip-
tion opioids and 99% of the world’s hydrocodone supply.18 
The misuse of prescription pain medication is responsible 
for almost half a million emergency department (ED) visits 
per year.19 Greater than 75% of those visits are the result of 
diversion, which occurs when people are using drugs that 
were prescribed to another.20 Data from the US Centers for 
Disease Control and Prevention indicate that in 2017 there 
were about 48,000 opioid overdose deaths. The number of 
overdose deaths involving opioids in 2017 was 6 times higher 
than in 1999. On average, 130 Americans die every day from 
an opioid overdose.

INTRODUCTION
Epidemiology & treatment of musculoskeletal pain
Musculoskeletal pain affects 1 in 4 adults globally and 
is one of the most common medical complaints in the 
world. Musculoskeletal pain is one of the primary rea-
sons for self-medication and entry into the health care sys-
tem,1 while also responsible for serious long-term pain and 
physical disability. Musculoskeletal pains are the second 
most frequent cause for an individual to consult a physi-
cian, accounting for upwards of 20% of a typical primary 
care practice.2 Furthermore, there are data suggesting that 
musculoskeletal pain is more common today than it was  
40 years ago,3 but whether this is due to heightened aware-
ness of symptoms or increased reporting remains unclear.

Successful management of pain in the acute phase is 
essential to prevent transition to chronic pain.4-6 Unfortu-
nately, the prognosis for musculoskeletal pain is often poor, 
with many patients reporting continued symptoms for 6 to 
12 months after first consulting with their primary care phy-
sician.7,8 Musculoskeletal pain can also lead to unhealthy 
behaviors, including overeating, alcohol/drug abuse, as well 
as the use of more potent than needed drugs.9-11 

Fortunately, many types of acute musculoskeletal pain 
can be appropriately managed and stopped from progressing 
into chronic conditions with both over-the-counter (OTC) 

S20 OCTOBER 2019



S21OCTOBER 2019

[NAPROXEN VS OPIOIDS]

targeted search for randomized clinical trials comparing opi-
oids and NSAIDs supplemented the main search. Abstracts of 
all search results were reviewed and the full articles reviewed 
for any relevant results. Citations in the relevant articles were 
also reviewed to ensure thoroughness.

EFFICACY OF NAPROXEN AND OPIOIDS  
IN TREATING MUSCULOSKELETAL PAIN
Opioids to treat musculoskeletal pain
A systematic review with meta-analysis by Megale et al37 that 
included 23 randomized placebo-controlled trials in older 
adults (over 60 years of age) found that opioid analgesics had 
only small effects on decreasing pain intensity (standard-
ized mean difference [SMD] of -0.27; 95% CI, -0.33 to -0.20) 
and improving function (SMD, -0.27; 95% CI, -0.36 to -0.18), 
which were not associated with daily dose or treatment dura-
tion. Furthermore, the authors found that the odds of adverse 
events with opioids were 3 times higher (odds ratio [OR], 
2.94; 95% CI, 2.33-3.72), while treatment discontinuation due 
to adverse events had odds 4 times higher (OR, 4.04; 95% CI, 
3.10-5.25) when treating patients with opioids. The authors 
concluded that in this older population, opioid-related risks 
may outweigh the benefits.

Comparative efficacy of opioids and naproxen
A comprehensive report by the Swedish Council on Health 
Technology determined that weak opioids reduce mild-to-
moderate osteoarthritis (OA) and low back pain by approxi-
mately 40%, and are “just as effective as NSAIDs for OA pain."38

Fathi et al conducted a randomized clinical trial to com-
pare the efficacy and safety of oral oxycodone with naproxen 
to control acute pain in adult patients with soft tissue injury 
(n=150). The study also evaluated whether patients needed 
additional doses of analgesics during the first 24 hours after 
discharge from the ED. The study found that pain scores were 
similar in the oxycodone and naproxen groups before medi-
cation (6.21±0.9 vs 6.0±1.0), 30 minutes after medication 
(4.5±1.4 vs 4.4±1.2), and 60 minutes after medication (2.5±1.3 
vs 2.6±1.3). Twelve (16.0%) patients in the oxycodone group 
and 5 (6.6%) patients in the naproxen group required more 
analgesic during the first 24 hours after ED discharge, 
although this was not statistically significant. Patients in the 
oxycodone group experienced a statistically significant dif-
ference in adverse effects, with the most common being nau-
sea (13.3%), vomiting (8.0%), dizziness (5.3%), drowsiness 
(4.0%), and pruritis (2.7%). The authors concluded that oral 
oxycodone is as effective as naproxen in pain control for soft 
tissue injury but has a less favorable safety profile.39

Several other studies have demonstrated hydrocodone 
and oxycodone to be noninferior to nonopioids in reducing 

Broader use of nonopioid pharmacotherapy, including 
the appropriate use of OTC options, is critical to addressing 
the opioid crisis by preventing addiction resulting from valid 
prescriptions. Often the initial use of opioids starts through 
the valid treatment of a medical condition (pain) and, 
whether the initial medical condition is resolved or not, can 
lead to addiction. According to the World Health Organiza-
tion analgesic ladder, APAP or NSAIDs should be used prior 
to weak opioids (eg, tramadol, codeine). If weak opioids are 
inadequate to provide effective pain relief, then strong opi-
oids (eg, morphine, oxycodone, fentanyl) are indicated.12 
Nonetheless, it is not uncommon for physicians and den-
tists to prescribe opioids to treat pain conditions that could 
be adequately managed with nonopioid medications. For 
example, 6.4% to 8.0% of opioids dispensed annually by out-
patient retail pharmacies in the United States are the result 
of prescriptions from dentists. Dentists are also the highest 
percentage prescribers for patients ages 10 to 19 years.21-23

Despite the issue of opioid-related adverse events and 
the fact that opioids are not indicated as a primary treatment 
for a majority of acute pain conditions,24,25 they are still pre-
scribed too often as first line treatment.26 In fact, guidelines 
by the American College of Rheumatology,27 American Acad-
emy of Family Physicians (AAFP),28 American Academy of 
Orthopaedic Surgeons,29 and Osteoarthritis Research Society 
International30 all recommend NSAIDs as first-line treatment 
for various osteoarthritic conditions. Additionally, guidelines 
by AAFP31 and the American College of Physicians and the 
American Pain Society32 recommend NSAIDs as first-line 
treatment for the short-term treatment of low back pain. 
Acute musculoskeletal injury guidelines by the Orthopaedic 
Trauma Association recommend NSAIDs as first-line treat-
ment,33 and a guideline for ankle sprains by the National 
Athletic Trainers' Association34 only recommends NSAIDs. 
Furthermore, the American Dental Association also recom-
mends that dentists consider NSAID analgesics as the first-
line therapy for acute pain management.35

Younger consumers are especially at risk: 80% of high 
school students who reported medical use of opioids prior to 
misuse acquired the substance from their own previous pre-
scription,36 signifying that even a medically necessary opioid 
prescription carries the risk for misuse. As OTC NSAIDs are 
indicated for use for 12 years and up, they are the recom-
mended first-line therapy for this vulnerable population.

Literature search methodology
A comprehensive and broad literature search for all clinical 
trials comparing opioids and naproxen was conducted utiliz-
ing the National Center for Biotechnology Information and 
the National Library of Medicine’s PubMed database. A more 
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pain. One study found that neither 5 mg oxycodone/325 mg 
APAP nor 5 mg hydrocodone/300 mg APAP were superior to 
400 mg ibuprofen/1000 mg APAP in the treatment of acute 
extremity pain in emergency departments.24 Similarly, add-
ing APAP/oxycodone to 500 mg by mouth naproxen (twice 
daily) for acute lower back pain did not increase efficacy 
when compared to naproxen alone.40,41 Further, the use 
of oxycodone- or hydrocodone-APAP combination pills 
increases the risk of under-dosing APAP when attempting 
to minimize opioid dosing or, conversely, over-dosing APAP 
when attempting to reach a sufficient opioid effect.42 These 
studies support the notion that naproxen and oxycodone/
APAP have a similar magnitude of effect, yet differential 
degrees of adverse effects.

Naproxen to treat musculoskeletal pain
Not all NSAIDs have demonstrated equivalent efficacy in 
treating musculoskeletal pain. Unlike APAP, NSAIDs are 
potent inhibitors of prostaglandin synthesis and target the 
inflammatory pain encountered with acute infection, tissue 
injury, and surgical trauma. Therefore it is not surprising that 
when treating inflammatory pain, NSAIDs have consistently 
been shown to be more effective than APAP.43,44

Jevsevar et al recently conducted a network meta-anal-
ysis of data from multiple trials to determine the relative 
effectiveness of nonsurgical treatments for knee OA, includ-
ing APAP, ibuprofen, intra-articular (IA) or joint injections of 
cortisone, platelet-rich plasma, hyaluronic acid, and several 
NSAIDs (eg, naproxen, celecoxib, and diclofenac). The analy-
sis included 53 randomized controlled knee OA  trials, requir-
ing at least 30 participants per treatment group and durations 
of at least 28 days. The authors found that naproxen has the 
highest probability for improving function and naproxen was 
the only treatment showing clinical significance for improv-
ing function compared with placebo. Cumulative probabili-
ties revealed that naproxen is also the most effective individ-
ual knee OA treatment for improving both pain and function, 
and when combined with IA corticosteroids, it is the most 
probable to improve pain and function.45

There are numerous guidelines for the treatment of vari-
ous musculoskeletal conditions that were put forth by medi-
cal organizations and associations using publicly available 
literature and weighting recommendations using level of 
evidence. The majority of guidelines recommend the use of 
NSAIDs, including naproxen, for first-line treatment, often 
over opioids. The TABLE summarizes some of these guidelines.

Additionally, it should be noted that naproxen has been 
shown to be more cost-effective in managing joint pain than 
opioids, celecoxib, or the standard of care.46 Finally, treating 
pain with NSAID analgesics rather than opioids helps fight 

the ongoing prescription opioid abuse epidemic.

SAFETY IN MUSCULOSKELETAL  
PAIN POPULATIONS
Safety of opioids in musculoskeletal  
pain populations
Opioid treatment is associated with many adverse effects, 
some of them serious and life-threatening. Gastrointesti-
nal adverse effects including nausea, vomiting, cramping, 
and constipation are notable risks associated with chronic 
opioid use.47,48 Opioid-induced constipation is sometimes 
refractory to treatment49 and could, in serious cases, lead to 
bowel obstruction and possibly hospitalization or death.50 
Dry mouth and miosis are other common adverse reactions. 
Less frequent adverse effects include hypothermia, cardio-
vascular depression (hypotension, bradycardia), headache, 
urinary retention, ureteric or biliary spasm, muscle rigidity, 
myoclonus (with higher doses), and flushing.51,52 Another 
possible adverse effect is opioid-induced hyperalgesia, which 
results in more pain instead of less.53,54 Opioid neurotoxicity 
can result in dizziness, confusion, hallucinations, delirium, 
and/or sedation, leading to accidents and unintended con-
sequences, including falls and fractures.55 Opioids also have 
an effect on respiratory physiology, which may lead to unpro-
ductive ventilation and obstruction of the upper airway as a 
result of decreased central respiratory drive, respiratory rate, 
and tidal volume.56 

A commonly cited statistic regarding the misuse of opi-
oids is “a 1% risk of addiction."11,57,58 This statistic comes from a 
single paragraph letter to the editor of The New England Jour-
nal of Medicine based on limited exposure with inpatients. 
There was no description of study methods.59 Subsequent 
published studies have demonstrated a risk of addiction to 
prescription opioids of 3% to 45%, when used as part of long-
term treatment. Furthermore, if prescription opioids are used 
beyond 12 weeks, 50% of patients will continue to use them 
after 5 years.60 Other studies have verified that conversion to 
long-term use after 90 days increases risk of addiction.61-64

Zeng et al examined the association of tramadol pre-
scription within a population of patients with OA with all-
cause mortality, compared with 5 other analgesic medica-
tions, in a sequential, propensity score–matched cohort 
study in the United Kingdom. The patients in the cohort 
study had initial prescriptions of tramadol (n=44,451), 
naproxen (n=12,397), diclofenac (n=6,512), celecoxib 
(n=5,674), etoricoxib (n=2,946), or codeine (n=16,922). The 
authors found that during the 1-year follow-up, 278 deaths 
(23.5/1000 person-years) occurred in the tramadol cohort 
and 164 (13.8/1000 person-years) occurred in the naproxen 
cohort (rate difference, 9.7 deaths/1000 person-years [95% 
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 TABLE   Guidelines for musculoskeletal pain

Condition/indication Recommendations 
(Excerpted/adapted from citations, with strength/level of evidence 
where available)

Supporting guidelines

Arthritis Oral NSAIDs are conditionally recommendeda as first-line pharmacologic 
management of knee, hand, and hip OA. 

ACR 2012 Recommendations for 
the Use of Nonpharmacologic and 
Pharmacologic Therapies in OA of 
the Hand, Hip, and Knee27

NSAIDs are superior to acetaminophen for treating moderate to severe OA 
(Evidence rating Ab).

AAFP 2012: Osteoarthritis: 
Diagnosis and Treatment28

Oral or topical NSAIDs or tramadol (Ultram) should be used in people with 
symptomatic knee OA (SOR: strongc). No recommendation can be made 
for or against the use of acetaminophen, opioids, or pain patches (SOR: 
inconclusivec).

AAOS 2013 Evidence-Based 
Guideline for Treatment of OA of the 
Knee (2nd Edition)29

Oral nonselective NSAIDs are recommended as a first-line pharmacologic 
therapy for knee only OA or for multi-joint OA in people without 
comorbidities (Quality of evidence: goodd).

OARSI 2014 Guidelines for the 
Non-Surgical Management of Knee 
Osteoarthritis30

Low back pain NSAIDs, opioids, and topiramate (Topamax) are more effective than 
placebo in the short-term treatment of nonspecific chronic low back pain. 
(Evidence rating Ab) There is no difference between different types of 
NSAIDs, and no evidence that acetaminophen is better than placebo.

AAFP 2018 Recommendations for 
Mechanical Low Back Pain31

For patients with low back pain, clinicians should consider the use 
of medications with proven benefits in conjunction with back care 
information and self-care. Clinicians should assess severity of baseline 
pain and functional deficits, potential benefits, risks, and relative lack 
of long-term efficacy and safety data before initiating therapy (strong 
recommendation, moderate-quality evidencee). For most patients, first-line 
medication options are acetaminophen or NSAIDs.

NSAIDs are recommended for acute (<4 weeks) and sub-acute or chronic 
(>4 weeks) treatment of low back pain.

American College of Physicians and 
American Pain Society Joint 2001 
Guidelines for Low Back Pain32

Acute musculoskeletal 
injury

The panel recommends for the routine use of NSAIDs as part of a 
comprehensive analgesic plan for operative and nonoperative fracture 
care (strong recommendation, low-quality evidencef). Because of the 
potential for misuse of all opioids, the panel recommends that the 
prescriber should use the lowest effective dose for the shortest period 
possible (strong recommendation, high-quality evidence).

OTA 2019 Clinical Practice 
Guidelines for Pain Management in 
Acute Musculoskeletal Injury33

Nonsteroidal anti-inflammatory drugs, administered orally or topically, 
reduce pain and swelling and improve short-term function after ankle 
sprains (evidence category: A).g

NATA 2013 Position Statement: 
Conservative Management and 
Prevention of Ankle Sprains in 
Athletes34

Dental pain NSAIDs have been shown to be more effective at reducing pain than 
opioid analgesics and are therefore recommended as the first-line therapy 
for acute pain management.

ADA 2019 Oral Health Topics: Oral 
Analgesics for Acute Dental Pain35

Abbreviations: AAFP, American Academy of Family Physicians; AAOS, American Academy of Orthopaedic Surgeons; ACR, American College of Rheumatology; ADA, 
American Dental Association; NATA, National Athletic Trainers’ Association; NSAID, nonsteroidal anti-inflammatory drug; OA, osteoarthritis; OARSI, Osteoarthritis Research 
Society International; OTA, Orthopaedic Trauma Association. 
a ACR Conditional recommendations mean that the majority of informed patients would choose the recommended management but many would not, so clinicians must 
ensure that patients’ care is in keeping with their values and preferences.
b AAFP evidence rating A- Consistent, good-quality patient-oriented evidence
c AAOS Recommendations- Strong: benefits of the approach clearly exceed the potential harm, and/or the quality of the supporting evidence is high. Inconclusive: lack of 
compelling evidence, resulting in an unclear balance between benefits and potential harm.
d OARSI quality of evidence: The methodological rigor of the highest level of evidence used. Meta-analyses and systematic reviews were assigned a quality rating of “Good”, 
“Fair”, or “Poor” using the Assessment of Multiple Systematic Reviews Tool (AMSTAR). The Cochrane Risk of Bias Assessment Method was used to rate randomized clinical 
trials.
e The panel strongly recommends that clinicians consider offering the intervention to eligible patients based on benefits clearly outweighing risks.
f OTA recommendations and quality of evidence: The grading of the evidence was based on the study designs, number of studies, sample sizes, and consistency of results 
among different studies. “Strong” = practices in which benefits are sure to outweigh potential harms.
g NATA evidence category A: Recommendation based on consistent and good-quality patient-oriented evidence.
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CI, 6.3-13.2]; hazard ratio, 1.71 [95% CI, 1.41-2.07]), and mor-
tality was also higher for tramadol compared with diclofenac, 
celecoxib, and etoricoxib. Compared to codeine, no statistically 
significant difference in all-cause mortality was observed.65

Safety of naproxen in musculoskeletal  
pain populations
The safety profile of naproxen is well characterized, and much 
has been written on this topic. Like all NSAIDs, naproxen 
presents small, but important, increased CV risk, and partic-
ularly an increased GI bleeding risk, both of which are associ-
ated with dose and duration of use. However, short-term use 
has not demonstrated the same safety signals. A review of the 
clinical pharmacology and cardiovascular safety of naproxen 
by Angiolillo and Weisman (2017) found that the balance of 
evidence indicates that the low cyclooxygenase-2 (COX-2) 
selectivity of naproxen results in a lower cardiovascular risk 
than that of other NSAIDs, as cardiovascular risk is associated 
with COX-2 selectivity. The authors concluded that “the over-
the-counter use of naproxen is expected to pose minimal car-
diovascular risk."66

White et al (2018) recently published a comprehensive 
review of the cardiorenal safety of the most commonly used 
NSAIDs, including naproxen, in the context of historical regu-
latory concerns over COX-2 selective drugs and revised labels 
and the completion of the PRECISION trial. The thorough 
review by the authors of the published literature suggests that 
cardiovascular risk is low when OTC formulations are used as 
directed by the labels. Data from randomized trials with OTC 
doses do demonstrate lower rates of CV events compared 
with higher doses used in studies examining prescription 
strength NSAIDs. Furthermore, the results of PRECISION 
demonstrate absolute cardiovascular event rates that were 
lower than expected with the long-term use of prescription-
strength NSAIDs in a population enriched for CV disease. The 
authors conclude that observational data support the notion 
of low CV risk for NSAIDs used at OTC doses and durations.67

A recent publication by Kyeremateng et al compared the 
rates of adverse events reported with nonprescription doses 
of naproxen, ibuprofen, APAP, and placebo in multiple dose, 
multi-day (7 to 10 days) clinical trials. Retrospective collection 
of safety data from 8 randomized, controlled trials included 
patients who consumed a fixed-dose regimen of 220 to 750 
mg naproxen per day for 7 to 10 days (n=1494). The authors 
found that the safety profile of naproxen closely resembles 
that of placebo, with similar rates of adverse events as ibupro-
fen and APAP. The most frequently reported adverse events 
were mild-to-moderate in severity and related to the gastro-
intestinal system, with no differences between groups.68

Of course, the benefit-risk ratio of naproxen for the treat-

ment of musculoskeletal pain should be considered at the 
individual patient level, with particular regard for any under-
lying conditions that may increase cardiovascular risk. Lastly, 
naproxen is nonaddictive, and therefore could help physicians 
and patients avoid the harm associated with opioid addiction.

CONCLUSIONS
The balance of evidence suggests that naproxen has a favor-
able adverse event profile compared to opioids. Naproxen 
can be used in many types of musculoskeletal pain besides 
OA and is safe for use by minors aged 12 years and up to 
effectively treat musculoskeletal pain, with wider safety mar-
gins and advantages over other NSAIDs and APAP. Naproxen 
has the most consistent and demonstrably favorable throm-
boembolic, and overall cardiovascular, safety profile among 
the most commonly used non-aspirin NSAIDs.69-72 All pain 
guidelines recommend exploring and exhausting nonopioid 
pharmacotherapy options prior to opioid pharmacotherapy, 
including the use of NSAIDs such as naproxen. Lastly, even 
though self-medication with OTC naproxen is an effective 
and appropriate pain relief option for treating minor aches 
and pains, health care providers and patients should be prop-
erly educated regarding the benefits and risks of naproxen 
compared to opioids, particularly for those who are, or may 
be, at risk of adverse effects.  l
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risk and include common conditions such as chronic kidney 
disease (CKD), MetS, and chronic inflammatory conditions.1

2018 ACC/AHA CHOLESTEROL GUIDELINES
Diabetes-specific risk enhancers
Diabetes mellitus has long been established as a major, inde-
pendent risk factor for ASCVD, although the spectrum of CV 
risk can vary considerably. Clearly, a young patient newly 
diagnosed with type 1 diabetes mellitus (T1DM) has less CV 
risk compared to an older patient with longstanding type 2 
DM (T2DM) and additional CV risk factors. A key guideline 
message specifically notes that among patients 40 to 75 years 
of age with DM and LDL-C ≥70 mg/dL  (≥1.8 mmol/L), a 
moderate-intensity statin should be initiated without calculat-
ing 10-year ASCVD risk. Further, additional risk stratification 
may be necessary.1 Notably, the 2018 ACC/AHA Cholesterol 
Guidelines highlight important DM-specific risk-enhancers 
that increase ASCVD risk beyond DM and are independent 
of traditional CV risk factors.1 These are: (1) disease duration 
≥20 years for T1DM and ≥10 years for T2DM; (2) albumin to 
creatinine ratio ≥30 mcg/mg; (3) estimated glomerular filtra-
tion rate <60 mL/min/1.73 m2; (4) retinopathy; (5) neuropa-
thy; and (6) ankle-brachial index <0.9.  Evaluating the patient 
for duration of DM and the presence of common long-term 
complications associated with DM will provide further risk 
stratification and help determine intensity of treatment.   

Metabolic syndrome—impact  
on individualizing therapy
MetS is a clustering of conditions that markedly increases 
the risk of ASCVD, DM, and all-cause mortality (TABLE 1).1 
Thereby, MetS is a risk-enhancing factor for ASCVD. Insulin 
resistance is considered an underlying cause of MetS and is 
strongly associated with prediabetes, DM, obesity, visceral 
adiposity, nonalcoholic steatohepatitis, and systemic inflam-
mation.4, 5 Rates of MetS closely parallel those of obesity in the 
United States, having increased dramatically in the past few 
decades. Currently, the prevalence of MetS is approximately 
one-third of US adults, although this may be an underestima-
tion given insufficient screening rates.1 

MetS is also closely linked with other conditions includ-
ing autoimmune diseases (eg, systemic lupus erythematosus, 
rheumatoid arthritis), CKD, and human immunodeficiency 

INTRODUCTION
Statin therapy is the pharmacologic cornerstone for reducing 
low-density lipoprotein cholesterol (LDL-C) and preventing 
or slowing progression of atherosclerotic cardiovascular dis-
ease (ASCVD).1 Results from meta-analyses have indicated 
that statins reduce all-cause and cardiovascular (CV) mor-
tality among patients with risk, including both primary and 
secondary populations.2, 3 Statins also have an overall favor-
able safety profile, although numerous factors can negatively 
impact statin safety and tolerability.1

Despite the overall safety and advances in ASCVD pre-
vention with statin therapy, the primary care clinician is faced 
with optimally managing dyslipidemia among numerous 
patient populations. This is particularly true in primary pre-
vention patients in which the initiation or intensity of statin 
therapy is uncertain. Others include those with metabolic syn-
drome (MetS) or patients on complex medication regimens 
who are prone to drug-drug interactions and statin-related 
adverse effects. To aid the clinician, the 2018 American Col-
lege of Cardiology/American Heart Association Multisociety 
Guideline on the Management of Blood Cholesterol (2018 
ACC/AHA Cholesterol Guideline) provides recommenda-
tions on appropriate statin selection and improved patient risk 
stratification.1 One such method to better risk stratify patients 
is the identification of factors that independently increase the 
risk of ASCVD, so-called risk-enhancing factors. These are sup-
ported by epidemiologic data indicating higher overall ASCVD 
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risk of an ASCVD event, the presence of risk-enhancing fac-
tors indicates greater risk. In this scenario, it is recommended 
to acknowledge the risk-enhancing factors and engage in a 
clinician-patient discussion to reduce CV risk through life-
style management and possible initiation or intensification 
of statin therapy.1 	

Risk-enhancing factors that have been identified pri-
marily from epidemiologic data elevate ASCVD risk by vary-
ing levels. The degree of lifetime risk is typically proportional 
to the magnitude of the risk-enhancing factor. For example, 
patients with vs without MetS have a relative risk (RR) for CV 
events of 1.78, while patients with both MetS and DM have 
a RR of 2.35.9,10 Similar data reported with chronic inflam-
matory conditions show the RR for major cardiometabolic 
diseases is 1.25 for psoriasis, 1.7 for rheumatoid arthritis and 
6.4 for systemic lupus erythematosus.11 Finally, CV mortal-
ity follows the progression of CKD. The RR for CV events is 
1.38 in patients with an estimated glomerular filtration rate 
(eGFR) of 45-59 mL/min/1.73 m2 compared to 3.29 for an 
eGFR of 15-29 mL/min/1.73 m2.12 Other notable conditions 
and RR for CV events include early menopause (1.32),13 a his-
tory of preeclampsia/eclampsia (2.28),14 and a family history 
of premature ASCVD (~2-fold),15 while the presence of HIV 
is associated with a nearly 3-fold increase in coronary heart 

virus (HIV).6-8 For autoimmune diseases, the link may be the 
result of shared inflammatory mediators.8  The etiology for 
CKD is less clear, but renal injury may be secondary to insulin 
resistance, oxidative stress, and the proinflammatory state 
characteristic of MetS.6  The chronic inflammatory burden 
and insulin resistance inherent with HIV likely explain the 
association.7 The multiple metabolic abnormalities and the 
chronic inflammatory state observed with MetS predis-
pose patients to atherothrombotic events. Such individuals, 
especially those that are older, commonly have an ASCVD 
risk score between 7.5% and 20% (intermediate risk), with 
the likelihood of additional risk-enhancing factors (eg, 
elevated high-sensitivity C-reactive protein) in addition to 
MetS. The initiation of moderate-intensity statin therapy, 
along with lifestyle changes, is reasonably justified in this 
patient type.1 

Risk-enhancing factors for clinician-patient  
risk discussion
Risk-enhancing factors can aid in risk stratification and 
should trigger discussion with the patient (TABLE 1).1 A com-
mon scenario involves evaluating a complex  patient who has 
not had a CV event, but who has risk-enhancing factors. While 
the ASCVD risk score indicates the patient is at intermediate 

 TABLE 1  General risk-enhancing factors for additional risk stratification1

•  Family history of premature ASVCD (males, age <55 years; females, age <65 years)

•  Primary hypercholesterolemia (LDL-C 160-189 mg/dL; non-HDL 190-219 mg/dL)*

•  �Metabolic syndrome (increased waist circumference, elevated triglycerides [≥150 mg/dL], elevated blood pressure, elevated fasting 
blood glucose, and low HDL-C [<40 mg/dL in men; <50 mg/dL in women] are factors; tally of 3 makes the diagnosis)

•  Chronic kidney disease (eGFR 15-59 mL/min/1.73 m2, with or without albuminuria; not treated with dialysis or kidney transplant)

•  Chronic inflammatory conditions such as psoriasis, RA, HIV/AIDS

•  �History of premature menopause (before age 40 years) and history of pregnancy-associated conditions that increase later 
ASCVD risk such as preeclampsia

•  High-risk race/ethnicities (eg, South Asian ancestry)

•  Lipid/biomarkers: associated with increased ASVCD risk

•  Persistently* elevated, primary hypertriglyceridemia (≥175 mg/dL)

•  If measured:

•  Elevated high-sensitivity C-reactive protein (≥2.0 mg/L)

•  �Elevated Lp(a): A relative indication for its measurement is family history of premature ASCVD. An Lp(a) ≥50 mg/dL constitutes a 
risk-enhancing factor especially at higher levels of Lp(a)

•  �Elevated apolipoprotein B ≥130 mg/dL: A relative indication for its measurement would be triglyceride ≥200 mg/dL. A level  
≥130 mg/dL corresponds to an LDL-C >160 mg/dL and constitutes a risk-enhancing factor

•  Ankle-brachial index <0.9

Abbreviations: AIDS, acquired immunodeficiency syndrome; ASCVD, atherosclerotic cardiovascular disease; DM, diabetes mellitus; eGFR, estimated glomerular filtration 
rate; HDL-C, high-density lipoprotein cholesterol; HIV, human immunodeficiency virus; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein a; RA, rheumatoid 
arthritis.

*Optimally, 3 determinations.

Republished with permission of The American Heart Association and the American College of Cardiology Foundation, from 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/
ADA/AGS/APhA/ASPC/NLA/PCNA Guideline on the Management of Blood Cholesterol, Grundy SM, et al, volume 73, issue 24 ©2019; permission conveyed through Copy-
right Clearance Center, Inc.
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disease.16 These findings stress the importance of a compre-
hensive patient evaluation and incorporating risk-enhancing 
factors into clinical practice. 

Top 10 take-home messages
An important section of the 2018 ACC/AHA Cholesterol 
Guidelines is a summary of 10 major take-home messages to 
reduce the risk of ASCVD through cholesterol management 
(TABLE 2).1 The first message emphasizes a heart healthy 
lifestyle across the life course. The next 3 messages focus on 
those with ASCVD or severe hypercholesterolemia and the 
importance of a high-intensity or maximally tolerated statin 
to lower LDL-C by ≥50%. The addition of non-statin therapies 
(eg, ezetimibe, proprotein convertase subtilisin/kexin type 
9 inhibitors) may be considered when LDL-C is ≥70 mg/dL  
in very high-risk patients or those with high baseline LDL-C. 
Another major point is that for most patients with DM, a 
moderate-intensity statin is appropriate unless multiple risk 
factors are present, in which case a high-intensity statin can 
be implemented to reduce LDL-C by ≥50%. 

The remaining take-home messages involve patients 
for primary prevention and illustrate populations where 
clinicians often struggle to accurately identify ASCVD risk 
and the appropriate therapy. Tools such as the ACC/AHA 
ASCVD risk estimator can identify 10-year risk (http://tools.
acc.org/ASCVD-Risk-Estimator-Plus/#!/calculate/esti-
mate/). However, further risk stratification is often neces-
sary to enhance ASVCD risk estimates and guide therapy. 
The ASCVD risk estimator is a robust tool that predicts  

population risk, but is limited when estimating individual 
risk.1 Conversely, identifying risk-enhancing factors (TABLE 1) 
can influence individual risk, and confirms a higher risk 
state. The final take home message is to assess adherence to 
lifestyle/medications and optimal percentage response for 
LDL-C goal achievements in 4 to 12 weeks, then every 3 to 
12 months as needed.

CONTRIBUTION OF STATIN THERAPY  
TO DIABETES MELLITUS
New-onset vs newly diagnosed
In 2012, the US Food and Drug Administration (FDA) released 
a statement indicating an association with statin therapy and 
reports of increased glycated hemoglobin (A1c) and fasting 
serum glucose.17 That same year, the European Medicines 
Agency (EMA) reported an increased risk of new onset dia-
betes (NOD) in patients already at risk for DM and receiving 
statin therapy.18 Multiple studies have since confirmed this 
relationship and provided additional data to guide practice. 

Screening patients to determine baseline glycemic val-
ues is recommended prior to initiating a statin.19 This is par-
ticularly important among patients at risk for DM, such as 
those with MetS since, if baseline values are not established 
and glucose elevations are observed poststatin initiation, the 
patient and practitioner may inherently assume the impaired 
values are statin-related. Screening is further supported by 
population data, as approximately 25% of US adults with 
T2DM and 90% of those with prediabetes are not aware of 
their glucose impairment.20, 21 

 TABLE 2  Key take-home messages to reduce ASCVD through cholesterol management1

  1.  In all individuals, emphasize a heart-healthy lifestyle across the life course.

  2.  In patients with clinical ASCVD, reduce LDL-C with high-intensity statin therapy or maximally tolerated statin therapy.

  3.  In very high-risk ASCVD, use a LDL-C threshold of 70 mg/dL to consider addition of nonstatins to statin therapy.

  4.  �In patients with severe primary hypercholesterolemia (LDL-C ≥190 mg/dL), without calculating 10-year ASCVD risk, begin high-
intensity statin therapy

  5.  �In patients 40 to 75 years of age with DM and LDL-C ≥70 mg/dL, start moderate-intensity statin therapy without calculating 10-year 
ASCVD risk.

  6.  �In adults 40 to 75 years of age evaluated for primary ASCVD prevention, have a clinician-patient risk discussion before starting statin 
therapy.

  7.  �In adults 40 to 75 years of age without DM and with LDL-C levels ≥70 mg/dL, at a 10-year ASVCD risk of ≥7.5%, start a moderate-
intensity statin if a discussion of treatment options favors statin therapy. 

  8.  In adults 40 to 75 years of age without DM and 10-year risk of 7.5% to 19.9%, risk-enhancing factors favor initiation of statin therapy. 

  9.  �In adults 40 to 75 years of age without DM and with LDL-C ≥70 mg/dL to 189 mg/dL, at a 10-year ASCVD risk of ≥7.5% to 19.9%, if a 
decision about statin therapy is uncertain, consider measuring CAC.

10.  �Assess adherence and percentage response to LDL-C–lowering medications and lifestyle changes with repeat lipid measurement 4 to 
12 weeks after statin initiation or dose adjustment, repeated every 3 to 12 months as needed.

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; CAC, coronary artery calcium; DM, diabetes mellitus; LDL-C, low-density lipoprotein cholesterol. 

Republished with permission of The American Heart Association and the American College of Cardiology Foundation, from 2018 AHA/ACC/AACVPR/AAPA/ABC/ACPM/
ADA/AGS/APhA/ASPC/NLA/PCNA Guideline on the Management of Blood Cholesterol, Grundy SM, et al, volume 73, issue 24 ©2019; permission conveyed through Copy-
right Clearance Center, Inc.
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Statin-associated diabetes mellitus via unclear 
mechanism(s)
A host of mechanisms have been proposed to explain the 
association between statin therapy and NOD. Those dis-
cussed most commonly include decreased glucose trans-
porter 4 (GLUT 4) expression, diminished levels of coenzyme 
Q10 (CoQ10), blocking calcium channels in pancreatic β cells, 
altering adiponectin concentrations, and single nucleotide 
polymorphisms (SNPs) resulting in inhibition of 3-hydroxy-
3-methylglutaryl-coenzyme A reductase (HMGCR).22-24 
Statin therapy can impact these processes, which prevent 
cellular glucose uptake (CoQ10 and GLUT 4), limit insulin 
secretion (blocking calcium channel), and mitigate insulin 
sensitivity by reducing adiponectin levels.22-24 Genetic analy-
ses have also demonstrated certain HMGCR SNPs are associ-
ated with glucose impairment.23 Overall, the mechanism(s) 
responsible for the dysglycemic effects of statins are likely 
multifactorial, and vary among individual statins.

Modest increase in risk and populations  
more likely affected
The overall increase in NOD with statin therapy is generally 
considered to be modest, but data are mixed. Numerous 
studies have also been performed identifying the associated 
risk factors. Individuals with multiple features of MetS may 
be more prone to developing NOD with statin use.19 Other 
potential risk factors include female gender, older adults 
(~65-75 years), Asian ethnicity, extended duration of statin 
use, and those with a family history of DM.22  

In 2010, a meta-analysis was performed of 13 major 
randomized controlled trials (RCTs) comparing statin or 
placebo and incident DM.25 Overall, a 9% increased risk for 
incident DM was noted with statin therapy. This study, and 
other similar analyses, concluded that statin therapy is asso-
ciated with a small but significant risk of NOD.19 Conversely, 
a 2015 meta-analysis of observational studies demonstrated 
a stronger association of statin therapy with NOD (RR, 1.44; 
95% confidence interval [CI], 1.31-1.58) than that observed 
from RCT data.26 The authors of the meta-analysis empha-
sized rigorous monitoring for NOD with those prescribed 
statins, especially among patients with risk factors for DM. 
Limitations of the meta-analysis based on RCTs include a 
short follow-up period, underpowered sample size, and lack 
of prespecified diagnostic criteria for DM.

Differences among individual statins
Statin-associated NOD is considered a class effect by the 
FDA.17 Most data indicate that statin dose and potency play 
a role with NOD, whereas other data indicate certain agents 
may be less diabetogenic and demonstrate no dose depen-

dency.22, 27 One analysis noted an increased risk of NOD with 
rosuvastatin (hazard ratio [HR]=1.41; 95% CI, 1.31-1.52), 
atorvastatin (HR=1.23; 95% CI, 1.19-1.27), and simvastatin 
(HR=1.15; 95% CI, 1.05-1.25), but only minimal association 
with fluvastatin (HR=1.04; 95% CI, 0.91-1.18).28 Similarly, 
another meta-analysis noted the following odd ratios of 
statin associated NOD: rosuvastatin: (1.17; 95% CI, 1.02-1.35), 
simvastatin (1.13; 95% CI. 0.99-1.29), atorvastatin (1.13; 95% 
CI, 0.94-1.34), pravastatin (1.04; 95% CI, 0.93-1.16), lovastatin 
(0.98; 95% CI, 0.69-1.38), and pitavastatin (0.74; 95% CI, 0.31-
1.77), with atorvastatin 80 mg having the highest associated 
risk (1.34; 95% CI, 1.14-1.57).29 Another study analyzed rates 
of NOD among Asian patients with a recent acute myocardial 
infarction and no DM at baseline, who were subsequently 
prescribed moderate-intensity statin therapy.30 After a fol-
low up period of up to 3 years, significantly more patients 
receiving rosuvastatin (10.4%) and atorvastatin (8.4%) had 
experienced NOD compared to pitavastatin (3%). Finally, the 
efficacy and safety of pravastatin and pitavastatin were com-
pared in a RCT involving subjects with HIV.31 These specific 
agents were evaluated due to the challenge of treating dyslip-
idemia in the HIV population because of drug interactions. 
Neither pravastatin or pitavastatin are dependent upon the 
cytochrome P450 system for primary metabolism. The trial 
demonstrated that both treatments had neutral effects on 
glycemic indices in a population that is at greater risk for gly-
cemic abnormalities and NOD. 

Although data are accumulating regarding the association 
of statins with NOD, findings remain inconclusive. Nonethe-
less, statements from the FDA and EMA both indicate the risk-
benefit ratio highly favors the utilization of statin therapy in 
at-risk patients.17, 18 Further, the National Lipid Association rec-
ommends no changes to clinical practice, except to monitor 
glycemic indices before and after statin initiation.19 Finally, the 
Diabetes Prevention Program demonstrated the importance 
of modest weight loss and physical activity on glucose metabo-
lism, as those with prediabetes were nearly 60% less likely to 
develop T2DM with a structured lifestyle program.32 These 
findings further support the importance of diet and exercise as 
the foundation for ASCVD risk reduction and the likelihood of 
limiting NOD when utilizing statin therapy.1

EFFECT OF STATIN THERAPY ON BODY WEIGHT
Genetic variants in population studies have suggested that 
certain HMGCR SNPs are associated with an increase in 
body weight and risk of T2DM. Since statins pharmacologi-
cally inhibit HMGCR, they, too, may have similar metabolic 
effects. Swerdlow et al investigated this relationship both 
from observational data (genetic analysis) and among statin 
users from RCTs.23 The investigators found that the HMGCR 
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SNPs and statin treatment were each associated with higher 
body weight and risk of T2DM. A second study utilized a dif-
ferent approach and evaluated the impact of atorvastatin and 
pitavastatin on non-HDL-C and the influence of body size.33 
Similar reductions (P=.456) in non-HDL-C were noted for 
atorvastatin (40.3%) and pitavastatin (39%), but atorvastatin 
was most efficient among those with lower weight (correla-
tion coefficient [r]=0.32, P=.006), body mass index (r=0.279, 
P=.022), and waist circumference (r=0.33, P=.034), whereas 
pitavastatin demonstrated a consistent reduction in non-
HDL-C regardless of weight (r=0.04, P=.762), waist circumfer-
ence (r=0.04, P=.822), and body mass index (r=0.05, P=.736). 
Collectively, these data suggest further analyses are needed 
to better elucidate the relationship between individual statins 
and body weight, and response to therapy. 

STATIN-ASSOCIATED MUSCLE SYMPTOMS
Patient-reported musculoskeletal complaints are the major 
barrier to maintaining statin therapy.34 Approximately 10% 
of those prescribed statins in the United States stop therapy 
because of such complaints.35 The incidence of muscle symp-
toms without elevated creatine kinase in major RCTs is nearly 
identical between subjects receiving a statin and placebo.35 
This strongly suggests that reported muscle symptoms are 
typically not statin-related. Although challenging, the AHA 
stresses the importance of restarting statin therapy, espe-
cially in those at high risk for ASCVD.

A thorough patient evaluation is essential to identify true 
intolerance prior to reinitiating a statin. Unexplained muscle 
symptoms with symmetric distribution occurring shortly after 
initiation are more likely statin-related.34 In such cases, sev-
eral approaches can be implemented, including utilization 
of a different statin and alternative dosing strategies using a 
statin with a long elimination half-life (ie, atorvastatin, rosuv-
astatin, pitavastatin), with gradual titration from once weekly 
to every other day dosing.36 Other strategies include serum 
vitamin D repletion and CoQ10 supplementation. Although 
support for each is limited, anecdotal reports indicate a pos-
sible role in practice.36 Supplementation with CoQ10 may 
possibly reverse or prevent statin-associated muscle symp-
toms since statins reduce plasma levels of CoQ10,37 with defi-
ciencies of CoQ10 resulting in myalgia.38 The choice of statin 
may matter since individual statins appear to have different 
effects on plasma CoQ10 levels. Although not designed to 
evaluate muscle symptoms, a 12-week RCT demonstrated 
that, despite comparable LDL-C reductions, pitavastatin 
lowered CoQ10 plasma levels significantly less than atorv-
astatin and rosuvastatin.39 These data are consistent with an 
earlier study, noting significant reductions in CoQ10 plasma 
levels with atorvastatin, but not pitavastatin, even though 

LDL-C reductions were similar.40 Finally, regardless of the 
approach or statin utilized, direct conversations and incorpo-
rating shared decision-making when rechallenging patients  
are essential. 

SUMMARY 
Statin therapy continues to be the pharmacologic founda-
tion for LDL-C reduction and ASCVD prevention. However, 
challenges remain with accurately identifying and stratifying 
ASCVD risk, especially in primary prevention populations. 
Clinicians must be aware of and incorporate risk-enhancing 
factors into practice for each individual patient to further 
guide treatment. Statin selection is also critical. For most 
patients, moderate- to high-intensity statin therapy is rec-
ommended. Further, understanding differences among 
individual statins is essential for proper selection. Utilizing a 
statin with minimal drug interactions and properties that do 
not aggravate risk-enhancing factors, or more importantly, 
effectively addressing such factors on an individual patient 
basis, will likely result in improved safety and patient toler-
ability. Monitoring adherence to lifestyle and medication use 
as well as LDL-C response is crucial. Most importantly, clini-
cians must engage the patient when discussing these factors 
to appropriately risk stratify and individualize statin therapy 
for optimal therapeutic responses.  l
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THE BURDEN OF ALZHEIMER'S DISEASE
Alzheimer's disease (AD) is the most common cause of 
dementia, affecting an estimated 5.7 million Americans; 
nearly two-thirds are women.1 The vast majority of people 

with AD are aged ≥65 years.1 After age 85 years, 34% of people 
have AD or related dementia.2 Most people with AD survive 
an average of 4 to 8 years following diagnosis, although some 
live as long as 20 years. AD is the only top 10 cause of death 
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ASSOCIATION OF INSOMNIA  
WITH ALZHEIMER'S DISEASE
While a person is awake, extracellular levels of metabolites 
produced by neuronal activity, such as amyloid-β and tau 
proteins, increase in the brain. During restorative sleep, these 
metabolites are cleared from the brain through the glym-
phatic system.22 When the sleep-wake cycle is disrupted, 
clearance of these metabolites is diminished.23,24 Accumula-
tion of amyloid-β and tau proteins hastens the formation of 
the characteristic amyloid plaques and neurofibrillary tan-
gles observed in people with AD.

Accumulating evidence supports the view that a bidi-
rectional association exists between sleep disorders (eg, 
insomnia) and AD, beginning before the clinical onset of 
AD.24-26 Increased deposition of amyloid-β causes disruption 
of the sleep-wake cycle,25 including poorer sleep quality and 
shorter sleep duration.27 

Poor sleep quality, as evidenced by decreased non-
rapid eye movement (non-REM) sleep slow wave activity, 
is associated with amyloid-β deposition, as well as intracel-
lular aggregation of tau in the neocortex.28 Sleep depriva-
tion and sleep fragmentation also increase the accumula-
tion of amyloid-β and tau proteins in the brain.29 In fact, a 
positive association between levels of sleep fragmentation 
at baseline and rate of cognitive decline has been demon-
strated (hazard ratio 1.22; 95% confidence interval [CI], 
1.03-1.44; P=.02 per 1 standard deviation increase in sleep  
fragmentation).30

Disruptions in the circadian system appear to interact 
with sleep disruption, possibly via orexin and melatonin, 
to increase progression of AD.29 Disruption of the sleep-
wake cycle is characterized by increased levels of orexin, 
a wake-promoting neuropeptide. Animal studies in which 
the orexin gene is knocked out show marked decrease in 
amyloid-β deposition in the brain and an increase in sleep 
time.31,32

Other factors thought to serve as mediators between 
sleep deprivation and AD include reactive oxygen 
species and glymphatic system dysfunction, among  
others.25 

Further evidence supporting an association between 
insomnia and dementia is provided by a meta-analysis 
of 5 community-based prospective cohort studies. The 
analysis showed an increased risk (relative risk 1.53; 95% 
CI, 1.07-2.18) of developing dementia in people with a 
preexisting diagnosis of insomnia.33 More recently, a case-
control study of 51,734 individuals diagnosed with pri-
mary insomnia without a dementia diagnosis at baseline 
showed a 2.14-fold (95% CI, 2.01-2.29) increase in dementia  
risk.34

that cannot be prevented or cured.1 In 2017, AD was the 15th 
leading cause of disability-adjusted life years worldwide.3

Beyond progressive cognitive impairment, people with 
AD are at increased risk of neuropsychiatric symptoms such 
as delusions and hallucinations, depressive symptoms, wan-
dering, anxiety, disturbances in diurnal rhythm, and agita-
tion with or without aggression.4,5 Apathy is more common in 
those with AD onset before age 65 years.4 Neuropsychiatric 
symptoms, particularly delusions, may be associated with a 
more severe course of AD.6

Bodily injury, particularly related to falls, is common in 
people with AD, often resulting in fractures.7,8 Falls are often 
observed during the nighttime hours, in part because indi-
viduals with AD commonly suffer from insomnia, sometimes 
resulting in reversal of their sleep-wake periods.9,10 Insomnia 
has been shown to contribute to cognitive decline, as well as 
early nursing home placement.1 

The chronic nature of the illness contributes significantly 
to the public health impact of AD because much of that time 
is spent in a state of disability and dependence. Thus, the 
burden is not only the patient’s, but is shared with society in 
general and the family and caregivers in particular. AD rose 
from the 12th most burdensome disease or injury in 1990 
to the 6th in 2016, in part due to its rising mortality rate.11 In 
terms of years lived with disability, AD rose from the 23rd to 
the 19th during the same period. In 2017, caregivers provided 
an estimated 18.4 billion hours of unpaid care, valued at 
$232 billion.12 The total lifetime cost of care for a person with 
dementia was estimated at $341,840 in 2017, 70% of which is 
borne by the family, largely through providing unpaid care.13 

Families and caregivers also experience emotional stress and 
depression, new or exacerbated health problems, including 
physical difficulties and financial challenges.14-19 Insomnia 
often emerges among caregivers when the need to provide 
nighttime care becomes frequent.20,21 One-third of family 
caregivers report that their own health deteriorated since 
becoming a caregiver.1

CASE SCENARIO #1
A 63-year-old woman was seen by her primary care provider for 

a 1 month follow up visit for her mild obstructive sleep apnea 

(OSA). While she reports overall better sleep using her continu-

ous positive airway pressure (CPAP) machine, she experiences 

disrupted sleep and daytime fatigue; she also reports feeling less 

motivated with her daily routine. Her history reveals frequent dif-

ficulty falling asleep as well as falling back to sleep. Her daughter 

has accompanied her and reports that her mother has increasing 

difficulty ‘finding her words’.
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THE BURDEN OF INSOMNIA  
IN ALZHEIMER'S DISEASE

CASE SCENARIO #2
A 71-year-old man is seen for his annual physical. Although he 

reports that he feels fine and his health has not changed over the 

past year, his wife reports that ‘he doesn’t seem like his old self’. 

He does admit to waking up at night several nights per week, but 

attributes this to a need to urinate. He further reports difficulty 

falling back to sleep after these events.

Sleep changes are more common in later stages of AD, 
although they are observed in early stages.35 People with AD 
often experience a shift in their sleep-wake cycle, experienc-
ing insomnia during the night, ie, waking up more often and 
staying awake longer, while napping during the daytime. In 
the late stages of AD, people spend about 40% of their time in 
bed at night awake and a significant part of their day napping. 
In extreme cases, people may have a complete reversal of the 
usual daytime wakefulness-nighttime sleep pattern. Restless-
ness or agitation is common, particularly in late afternoon or 
early evening, called sundowning. Those who cannot sleep 
at night may wander, be unable to lie still, or yell or call out. 
Falling during the night is common and contributes to an 
increased risk for bodily injury, particularly fractures. The 
health consequences of insomnia to the person with AD—
and the caregiver’s inability to provide the needed care—can 
contribute to early nursing home placement.36

Overall, family caregivers generally experience a sig-
nificant physical and psychological burden, as well as a 
financial burden.1 In addition to negatively impacting the 
family caregiver’s sleep,20,21 the stress of providing demen-
tia care increases the caregiver’s susceptibility to disease 
and health complications.17 According to the Alzheimer’s 
Association, 74% of caregivers of people with AD or other 
dementia reported that they were “somewhat concerned” 
or “very concerned” about their own health.1 Nearly half 
of dementia caregivers are in a high-burden situation, 
which is less than cancer caregivers. However, where can-
cer caregivers often provide care for short periods of time, 
dementia caregivers tend to provide care for a long period 
of time.37

ASSESSING COMORBIDITIES IN PEOPLE  
WITH ALZHEIMER'S DISEASE
The high prevalence and consequences of insomnia in 
people with AD necessitate a thorough medical examina-
tion, including sleep history. It is suggested to include the 
caregiver or family member so that an accurate history can 

be obtained. Questions should be asked to identify sleep pat-
terns such as:

•  When do you go to sleep?
•  When do you arise?
•  How many times a night do you awaken?
•  �When you awaken, how long does it take you to fall 

asleep?
•  �What percent of the time you spend in bed intending to 

sleep do you actually sleep?

In addition, questions should be asked about conditions 
that may make sleep problems worse, such as:

•  Do you snore?
•  �Has anyone observed that you have episodes where 

you stop breathing?
•  Do you feel a need to move your legs when at rest?
•  Do you move around in bed a lot?
•  Are you depressed?

Obstructive sleep apnea (OSA) occurs in half of patients 
with AD, with the OSA severity associated with dementia 
severity.38-40 Restless leg syndrome is thought to occur in about 
5% of patients with AD41 and can have a profound impact on 
sleep. Depression occurs in up to 40% of people with AD, par-
ticularly in the early to middle stages of the disease.1

Treatment of other conditions that affect sleep should be 
optimized, including chronic obstructive pulmonary disease, 
allergies, a pain disorder, and anxiety, as this may reduce the 
symptoms of insomnia, thereby lessening the disease burden 
for both patient and caregiver.

TREATMENT OF INSOMNIA
Given the absence of effective disease-modifying treatment 
options for AD and the long duration of symptoms and dis-
ability, safety for the patient, as well as the caregivers, is a 
consideration for overall patient management. This par-
ticularly relates to the management of other conditions, eg, 
insomnia, so as to avoid the use of medications that might 
result in complications, such as falls or further cognitive 
impairment.

As a first step, conditions that may contribute to insom-
nia should be identified and appropriate action taken.42 Eat-
ing or drinking, particularly alcohol, several hours before 
sleep should be avoided. A daily schedule with similar daily 
wake and sleep times and quiet time should be established. 
Light exposure in the pre-sleep period and during the night 
needs to be avoided. In contrast, morning sunlight exposure 
and exercise are important. Bright light therapy is thought 
to be helpful, but benefits may be affected by treatment  
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intensity and duration, as well as time of year.43 Poor sleep 
habits, such as irregular sleep hours, should be corrected.35 
If possible, medications should be avoided that might impair 
sleep, eg, alpha-blockers, beta-blockers, corticosteroids, 
serotonin selective reuptake inhibitors, and angiotensin 
converting enzyme inhibitors. Diseases that contribute to 
insomnia should be treated initially with nonpharmacologic 
options, if possible. For example, acute or subacute low back 
pain should be managed initially with superficial heat, mas-
sage, acupuncture, or spinal manipulation.44

When these initial strategies are ineffective in improv-
ing sleep, further intervention may be warranted. In patients 
without AD, cognitive behavioral therapy (CBT) is recom-
mended as the first-line approach for insomnia due to its 
effectiveness and safety.42 The major interventions in terms 
of mediating efficacy, ie, decreasing wake time in bed, are 
sleep restriction therapy (limiting time in bed) and stimu-
lus control (getting out of bed when not sleeping). Both of 
these may increase sleepiness while awake, which can fur-
ther exacerbate compromised alertness in patients with AD. 
Moreover, stimulus control, getting out of bed repeatedly in 
patients with AD, may increase the risk of falls. Therefore, 
while CBT is generally an effective treatment for insomnia, 
its efficacy and safety in people with AD has not been estab-
lished and should, therefore, be used with caution in this 
population.

Pharmacotherapy
When CBT does not achieve its goals, short-term pharmaco-
therapy should be considered to reestablish a regular sleep 
pattern. However, there is little evidence from clinical trials 
to guide the selection of pharmacotherapy for insomnia in 
people with AD.42 A 2016 Cochrane Review found only 6 ran-
domized clinical trials that had the primary aim of improv-
ing sleep in people with dementia who had insomnia.45 The 
reviewers found no evidence to support the use of melatonin 
≤10 mg/day or ramelteon 8 mg/day in insomnia associated 
with AD, with some evidence to support the use of trazodone 
50 mg/day. There were no reports of serious adverse effects 
with melatonin, ramelteon, or trazodone in the trials ana-
lyzed. As noted by the reviewers, uncertainty remains about 
the balance of benefits and risks associated with benzodi-
azepine and most “non-benzodiazepine” hypnotics such as 
eszopiclone, zaleplon, and zolpidem, which are commonly 
used for insomnia in people with dementia, including AD.

In 2012, the American Geriatrics Society sought to pro-
vide guidance regarding the use of medications in older 
adults.46 To do this, a systematic review of clinical trials, 
observational studies, and systematic reviews and meta- 
analyses involving adults aged ≥65 years was conducted. The 

guidance, called the Beers Criteria for Potentially Inappropri-
ate Medication Use in Older Adults, was updated in 201547 

and again in 2019.48 According to the 2019 Beers Criteria, sev-
eral of the medication classes commonly used to treat insom-
nia should be avoided in older adults, many because of their 
anticholinergic properties and/or prolonged sedation. These 
include first-generation antihistamines, some antidepres-
sants, barbiturates, benzodiazepines, and other benzodiaz-
epine receptor agonists (TABLE).48

According to the Beers Criteria, these same classes of 
medications (except barbiturates) should be avoided in 
older adults with dementia or cognitive impairment. First-
generation antihistamines (including those found in OTC 
sleep aids) and many antidepressants should be avoided due 
to their anticholinergic and central nervous system effects. 
Benzodiazepines are to be avoided because they cause diz-
ziness and prolonged sedation. Moreover, their use in people 
with AD is associated with an increased risk of falling, result-
ing in fractures.49-51 There is a black box warning for benzo-
diazepines regarding the risk of profound sedation, respira-
tory depression, coma, and death with concomitant opioid 
therapy. Antipsychotics are associated with greater risk of 
stroke and mortality in older people with dementia.48 One 
case series of 6790 people with at least one prescription for 
an antipsychotic and a stroke found that the rate ratio for 
stroke was 3.5 for those with dementia and 1.41 for those 
without dementia.52 There is a black box warning of increased 
mortality in elderly patients with dementia-related psycho-
sis treated with antipsychotics. The benzodiazepine receptor 
agonists eszopiclone, zaleplon, and zolpidem also should be 
avoided due to adverse events similar to classical benzodiaz-
epines; in addition, they provide minimal improvement in 
sleep latency and duration in the AD popultion.48

Not included in the Beers list of medications to avoid 
in older adults, including those with dementia or cognitive 
impairment, are doxepin ≤6 mg/day, the melatonin receptor 
agonist ramelteon, and the orexin receptor agonist suvorex-
ant. According to the Beers Criteria, the safety profile of dox-
epin ≤6 mg/day is comparable to placebo.

Ramelteon has not been prospectively investigated for 
the treatment of insomnia in patients with AD, but there are 
5 case reports in this setting. Each showed improvement in 
behavioral and psychological symptoms, primarily delirium, 
with ramelteon 8 mg once daily at bedtime in patients with 
AD and disrupted sleep-wake cycle.53-55 Ramelteon is not  
recommended in people with severe sleep apnea since it has 
not been studied in this population.56

Suvorexant is the first medication to be systematically 
investigated in a phase 3 randomized, double blind clini-
cal trial for the treatment of insomnia in people with mild-
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TABLE  Potentially inappropriate medications that are often used for insomnia in older adults48

Class/medications Explanation

Antihistamines, first-generation

   Brompheniramine

   Carbinoxamine

   Chlorpheniramine

   Clemastine

   Cyproheptadine

   Dexbrompheniramine

   Dexchlorpheniramine

   Dimenhydrinate

  

   Diphenhydramine (oral)

   Doxylamine

   Hydroxyzine

   Meclizine

   Promethazine

   Pyrilamine

   Triprolidine

Highly anticholinergic; clearance reduced with advanced age, and tolerance 
develops when used as hypnotic; risk of confusion, dry mouth, constipation, 
and other anticholinergic effects or toxicity. [Use of diphenhydramine 
in situations such as acute treatment of severe allergic reaction may be 
appropriate.]

Antidepressants

   Amitriptyline

   Amoxapine

   Clomipramine

   Desipramine

   Doxepin >6 mg/d

  

   Imipramine

   Nortriptyline

   Paroxetine

   Protriptyline

   Trimipramine

�Highly anticholinergic, sedating, and cause orthostatic hypotension; safety 
profile of low-dose doxepin (≤6 mg/day) comparable with that of placebo.

Antipsychotics, first- and  
second-generation

�Increased risk of cerebrovascular accident (stroke) and greater  
rate of cognitive decline and mortality in people with dementia.  
Avoid antipsychotics for behavioral problems of dementia or delirium unless 
nonpharmacological options (eg, behavioral interventions) have failed or are 
not possible and the older adult is threatening substantial harm to self or 
others.

Barbiturates

   Amobarbital

   Butabarbital

   Butalbital

   Mephobarbital

   

   Pentobarbital

   Phenobarbital

   Secobarbital

High rate of physical dependence, tolerance to sleep benefits, greater risk of 
overdose at low dosages.

Benzodiazepines, short- and 
intermediate-acting

   Alprazolam

   Estazolam

   Lorazepam

 

   Oxazepam

   Temazepam

   Triazolam

Older adults have increased sensitivity to benzodiazepines and decreased 
metabolism of long-acting agents; in general, all benzodiazepines increase 
risk of cognitive impairment, delirium, falls, fractures, and motor vehicle 
crashes in older adults.

May be appropriate for seizure disorders, rapid eye movement sleep 
behavior disorder, benzodiazepine withdrawal, ethanol withdrawal, severe 
generalized anxiety disorder, and periprocedural anesthesia.

Benzodiazepines, long-acting

   Chlordiazepoxide

   Clonazepam

   Clorazepate

   Diazepam

   Flurazepam

   Quazepam

Non-benzodiazepine, benzodiazepine  
receptor agonists

   Eszopiclone

   Zaleplon

   Zolpidem

Have adverse events similar to benzodiazepines in older adults (eg, delirium, 
falls, fractures); increased emergency room visits/hospitalizations; motor 
vehicle crashes; minimal improvement in sleep latency and duration.

Source: Fick DM, Semla TP, Steinman M, et al. American Geriatrics Society 2019 Updated AGS Beers Criteria® for Potentially Inappropriate Medication Use in Older Adults.  
J Am Geriatr Soc. 2019;67(4):674-694; John Wiley & Sons Inc. © 2019 The American Geriatrics Society.

to-moderate AD (N=284).57 Following screening and run-in 
periods, patients were randomized to suvorexant 10 mg or 
placebo daily for 4 weeks. Suvorexant could be increased to 

20 mg daily based on clinical response. From a mean base-
line of 278 minutes and 274 minutes, mean total sleep time 
increased 73.4 minutes and 45.2 minutes in patients treated 
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with suvorexant and placebo, respectively (P<.005). The mean 
wake after persistent sleep onset time decreased 41.8 minutes 
with suvorexant and 32.5 minutes with placebo (P=.01). An 
adverse event was experienced by 22.5% of patients treated 
with suvorexant and 16.1% of patients treated with placebo. 
One patient in each group discontinued treatment due to an 
adverse event. Mild-to-moderate somnolence was the most 
common adverse event and was observed in 4.2% and 1.4% of 
suvorexant and placebo patients, respectively. Other adverse 
events included headache (3.5% vs 4.2%), dry mouth (2.1% 
vs 0.7%), and falls (2.1% vs 0%). Prior to initiating suvorex-
ant, the effect on respiratory function should be considered 
in those with compromised respiratory function.58

SUMMARY
Alzheimer's disease is an increasingly common, highly bur-
densome, and ultimately fatal disease. In addition to neuro-
psychiatric disorders, disruption of the sleep-wake cycle is 
common in people with AD, and may be caused by as well 
as contribute to AD itself. Assessing for the presence and 
consequences of insomnia and other sleep-related disorders 
is important. Little investigation in clinical trials has been 
undertaken to evaluate the safety and efficacy of medications 
for insomnia in people with AD, although the results of a trial 
of suvorexant in this setting have recently been reported at 
a national meeting but not yet published. The Beers Criteria 
for Potentially Inappropriate Medication Use in Older Adults 
recommends that many classes of medications used to treat 
insomnia not be used in older adults with dementia or cog-
nitive impairment. These are first-generation antihistamines 
(including OTC sleep aids), some antidepressants, benzodi-
azepines, and “non-benzodiazepines.”  l
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five to 90% of patients with CH meet the definition for epi-
sodic CH.1 

In contrast, approximately 10% to 15% of patients with 
CH have chronic CH.1 Chronic CH attacks occur without a 
remission period, or with remissions lasting <3 months, for 
at least one year.1 Chronic CH may arise de novo or evolve 
from episodic CH. In some patients, chronic CH changes into 
episodic CH.1

EPIDEMIOLOGY
CH is a rare headache disorder with a lifetime prevalence of 
approximately 0.12%.6 The age at first occurrence of CH is 
typically between 20 and 40 years, although onset has been 
observed earlier.1,7,8 In addition, a second, smaller peak in the 
incidence of onset has been shown in later decades of life in 
some studies.9,10 CH predominantly affects men with a men 
to women ratio of approximately 3 or 4 to 1.1,3,6 This ratio has 
decreased over the past few decades for reasons that remain 
unclear.4 Some evidence indicates a lower men to women 
ratio in cases of familial CH.11 

RISK FACTORS
Smoking
Cigarette smoking is strongly associated with CH. A review of 
the medical records of 374 men with CH showed that 88.8% 
of patients with episodic CH had a positive smoking his-
tory, with 78.9% of patients with episodic CH being current 
smokers. For chronic CH, 95.1% had a positive smoking his-
tory, with 87.8% smoking at the time they developed chronic 
CH.12 Findings from the US Cluster Headache Survey showed 
that 73% had a positive smoking history, with 51% indicating 
smoking at the time they developed CH.5

Genetics
First- and second-degree relatives of people with CH are 
more likely to have CH than the general population. Epi-
demiologic evidence indicates the risk for CH is five to 18 
times higher than the general population for first-degree 
relatives, and one to three times higher for second-degree 
relatives.13 For families in which several members have CH, 
the disorder can vary among them with respect to episodic 
or chronic presentation and the presence of autonomic 
symptoms.13
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DEFINITION OF CLUSTER HEADACHE
The International Classification of Headache Disorders, 3rd 
edition (ICHD-3) describes cluster headache (CH) as attacks 
of severe, strictly unilateral pain which is orbital, supraor-
bital, temporal, or in any combination of these sites, lasting 
15 to 180 minutes and occurring from once every other day 
to eight times a day (TABLE 1).1 The pain is associated with 
one or more autonomic signs or symptoms ipsilateral to the 
headache and the intensity is often described as excruciat-
ing. Patients are usually unable to lie down and characteristi-
cally pace the floor.1

CH attacks occur in series lasting for weeks or months 
(so-called cluster periods or bouts) and are usually sepa-
rated by remission periods lasting months or years.1 One-
quarter of patients are reported to have only a single cluster 
period in their lifetime.1 Attacks tend to exhibit a circadian 
as well as circannual pattern, that is, occur at the same 
time(s) each year, particularly during the spring and fall.2-4 
During a cluster period, attacks occur regularly and may 
be provoked by alcohol, histamine, or nitroglycerin.1 Other 
possible triggers include weather changes, smells, and 
bright or flashing lights.5

CH is classified as either episodic or chronic. Episodic 
CH attacks occur in periods lasting from seven days to one 
year, although they usually last between two weeks and 
three months. In episodic CH, cluster periods are separated 
by pain-free periods lasting at least three months. Eighty-
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CH, as well as areas that may be responsible for the rest-
lessness observed with CH.15 Molecules modulated by the 
hypothalamus, such as melatonin, are altered in patients  
with CH.15

The trigeminovascular system is responsible for the pain 
observed in CH.15 Pain input is first received through the oph-
thalmic branch from the forehead, eye, dura, and large cra-
nial vessels. These inputs are projected to several nociceptive 
nuclei in the brainstem and upper cervical cord, then to the 
thalamus, and finally to the pain neuromatrix. The trigemi-
novascular system has several signaling molecules including 
calcitonin gene-related peptide and substance P, which are 
elevated during a CH attack.15,16

Areas of the autonomic system involved in CH stem from 
the superior salivatory nucleus to the sphenopalatine gan-
glion.15 Autonomic features such as lacrimation, conjunctival 
injection, and other cranial autonomic features of CH involve 
either parasympathetic overactivation or sympathetic inacti-
vation. Among several signaling molecules in the autonomic 
system, the levels of vasoactive intestinal peptide and pitu-
itary adenylate cyclase-activating peptide are elevated dur-
ing a CH attack.15-17

DIAGNOSIS

CASE SCENARIO
MJ is a 31-year-old man seen in the office complaining of epi-

sodes of excruciating left-sided head pain. The headaches tend 

to occur at night and last a couple of hours. During the headache 

attacks, he has tearing and redness of his left eye and is very 

restless/agitated.

The diagnosis of CH is primarily a clinical one based on his-
tory and detailed neurological examination.7,18 A concomi-
tant headache disorder may be observed since some patients 
with CH also experience another headache disorder.1 Labo-
ratory evaluation is not useful in diagnosing CH except when 
needed to exclude a secondary headache disorder. Magnetic 
resonance imaging (MRI) of the brain can be used to rule out 
other etiologies.7 In patients with CH, MRI reveals significant 
enlargement of the anterior hypothalamic gray matter ipsi-
lateral to the headache side compared with controls.19 More-
over, functional MRI has demonstrated significant cerebral 
activation in the ipsilateral hypothalamic gray matter during 
an attack.20

Clinical features
CH attacks are unilateral, affecting the peri- and retro-orbital 
regions and the temple, sometimes involving the teeth  

Head trauma
Some evidence suggests there may be an association between 
head trauma and CH.14 Results of the US Cluster Headache 
Survey showed a history of head trauma in 18% of patients who 
subsequently developed CH.5 Another investigation involving 
retrospective review of the medical records of all men with CH 
referred to one headache center over a 20-year period (N=374) 
showed that 35.9% of patients with episodic CH and 54.7% 
of patients with chronic CH had a history of head trauma.12 
In more than 75% of men whose head trauma preceded CH 
onset, the average time interval between the two events was 
10.1 years, suggesting no association between the two.12

PATHOPHYSIOLOGY
CH is a primary headache disorder that involves interaction 
of three key structures within the central nervous system. 
These include the trigeminovascular system, autonomic ner-
vous system (trigeminal autonomic reflex), and hypothala-
mus.2,4,15 The trigeminovascular system consists of neurons 
of the trigeminal nerve that innervate cerebral blood vessels 
and dura mater.2 The hypothalamus appears to play a large 
role in CH and is activated first, followed by the trigemino-
vascular and autonomic nervous systems.15 

The hypothalamus includes the circadian system 
thought to be responsible for the clocklike regularity of 

 TABLE 1.  ICHD-3 diagnostic criteria  
for cluster headache.1

A.  At least five attacks fulfilling criteria B-D

B.  �Severe or very severe unilateral orbital, supraorbital and/or 
temporal pain lasting 15-180 minutes (when untreated)1

C.  �Either or both of the following:

 1.   �at least one of the following symptoms or signs, ipsilateral 
to the headache:

       �a) conjunctival injection and/or lacrimation

       b) nasal congestion and/or rhinorrhea

       c) eyelid edema

       d) forehead and facial sweating

       e) miosis and/or ptosis

2.    �a sense of restlessness or agitation

D.  �Occurring with a frequency between one every other day and 
eight per day2

E.  �Not better accounted for by another ICHD-3 diagnosis.

[Headache Classification Committee of the International Headache Society. The 
International Classification of Headache Disorders, 3rd edition. Cephalalgia 38(1), 
pp. 1-211. Copyright © 2018 by the International Headache Society. Reprinted by 
permission of SAGE Publications, Ltd.]
1During part, but less than half, of the active time-course of cluster headache, 
attacks may be less severe and/or of shorter or longer duration.
2During part, but less than half, of the active time-course of cluster headache, 
attacks may be less frequent.
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(TABLE 2).1-4,18,21 The pain is excruciating, often described as 
severe, intense, sharp, and burning, with a clear onset and 
resolution.2 The pain may be compared to poking the eye 
with a white-hot needle or knife.18 During an attack, patients 
experience one or more cranial autonomic symptoms ipsi-
lateral to the pain, including lacrimation, eye redness, eye 
discomfort such as grittiness, ptosis, nasal congestion, rhi-
norrhea, aural fullness, throat swelling, and flushing.2 Rest-
lessness and agitation are prominent features during an 
attack and are highly sensitive and specific for CH.2 Patients 
are cognitively alert, but may be irritable and aggressive.18 
Once an attack terminates, patients are usually symptom-
free until their next attack.2,18

Attacks tend to exhibit a circadian pattern, often occur-
ring at night during sleep.2,3 For unknown reasons, recurrent 
cluster attacks or bouts also exhibit a circannual rhythm, 
often occurring in the spring and autumn.4,5,18 Similar to rest-
lessness and agitation, circadian and circannual cyclicity are 
not observed in all patients with CH, but when present, they 
are very suggestive of CH.18

MISDIAGNOSIS AND DIAGNOSTIC DELAY
CH is often a debilitating disorder that, during the worst 
attacks, causes excruciating pain.1 Patients with CH often 
experience a delay in diagnosis resulting in prolonged mor-
bidity and exposure to unnecessary diagnostic procedures 
and treatments. A systematic review showed that the mean 

time to correct diagnosis in the United 
States ranged from 6.6 to 8.5 years, with one 
study showing that 42% of patients waited 
more than 5 years to receive a correct diag-
nosis of CH.22 A systematic literature review 
of US and non-US studies reported that 
diagnoses received prior to a CH diagnosis 
included a wide variety of headache and 
non-headache disorders.22 In the US, the 
number of diagnoses received prior to CH 
was 3.9. In addition to various investiga-
tions to diagnose a secondary headache 
such as radiologic procedures, patients 
received a wide spectrum of pharmaco-
logic, surgical, and alternative medicine 
treatments.22

Several factors may contribute to 
diagnostic delay including the nonspe-
cific nature of many signs and symptoms. 
One study involving 1163 patients with 
CH found a diagnostic delay more likely 
in those with an episodic attack pattern, 
presence of nausea and/or vomiting dur-

ing attacks, photophobia or phonophobia, nocturnal onset, 
and alternating attack side.23 Another study found that lower 
age at onset and pain that does not reach its peak intensity 
within the first five minutes were significant causes of diag-
nostic delay.24

RESOURCES
The following are resources that may be helpful in diagnosing 
CH, as well as providing education to patients with CH.

•  American Headache Society
- �Case vignette, including signs/symptoms, diagno-

sis, and treatment 
	� https://americanheadachesociety.org/wp- 

content/uploads/2018/05/AHSProfilesIssue4.pdf
•  American Migraine Foundation

- �Epidemiology, pathophysiology, symptoms and 
comorbidities 

	� https://americanmigrainefoundation.org/
resource-library/cluster-headache-and-other-
medical-conditions/

- �Symptoms and treatment 
	� https://americanmigrainefoundation.org/

resource-library/what-to-know-about-cluster-
headache/

•  Clusterbusters
- �Symptoms, diagnosis, terms 
	 https://clusterbusters.org/about-cluster-headache/

TABLE 2.  Common features of cluster headache1-4,18,21

Typical age of onset 20-40 years

Sex ratio M>F

Quality of pain Stabbing, piercing, sharp, burning

Pain intensity Severe or very severe

Localization

Unilateral around the eye, above the eye, or near the 
temple

Duration of attacks 15-180 minutes

Frequency of attacks Every one or two days up to 8 times per day

Periodicity Attacks occur during cluster bouts; cluster bouts 
can follow circannual periodicity; attacks can follow 
circadian periodicity

Autonomic manifestations Yes

Behavior Restlessness, agitation

Triggers Alcohol, histamine, nitroglycerin
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•  Cluster Headache Support Group
- �Patient experience 
	� https://chsg.org/2011/02/14/cluster-headache-

attack/
- Coping strategies
	 https://chsg.org/guides/coping-strategies/
- �Disability laws, insurance, and employment rights
	 https://chsg.org/guides/disability/

•  International Classification of Headache Disorders
- Diagnostic criteria for cluster headache
	� https://www.ichd-3.org/3-trigeminal-autonomic 

-cephalalgias/3-1-cluster-headache/
•  National Headache Foundation

- Headache diary
	� https://headaches.org/wp-content/uploads/2018 

/08/HEADACHE-DIARY.pdf
- Headache Impact Test
	� https://headaches.org/wp-content/uploads/2018 

/02/HIT-6.pdf
•  National Organization for Rare Disorders

- �Description, signs/symptoms, causes, comorbidi-
ties, diagnosis, treatment 

	� https://rarediseases.org/rare-diseases/cluster-
headache/ l
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CONTINUING MEDICAL EDUCATION

LEARNING OBJECTIVES

After reading the review article on diarrhea-
predominant irritable bowel syndrome 
(IBS-D), participants should be able to:

•  �Describe the evidence indicating that 
irritable bowel syndrome (IBS) is both a 
brain-gut and a gut-brain disorder

•  �Describe the role of the Rome IV crite-
ria, colonoscopy, and other tests used 
to diagnose IBS

•  �Implement strategies to facilitate pro-
vider understanding of patient con-
cerns and disease burden

•  �Individualize treatment for IBS-D based 
on current evidence-based guidelines 
to address patient concerns and im-
prove quality of life

TARGET AUDIENCE

Family physicians and clinicians who wish 
to gain increased knowledge and greater 
competency regarding primary care man-
agement of irritable bowel syndrome –  
diarrhea predominant.

DISCLOSURES 

As a continuing medical education pro-
vider accredited by the Accreditation 
Council for Continuing Medical Education 
(ACCME), Primary Care Education Con-
sortium (PCEC) requires any individual in 
a position to influence educational content 
to disclose any financial interest or other 
personal relationship with any commercial 

interest. This includes any entity produc-
ing, marketing, re-selling or distributing 
health care goods or services consumed 
by, or used on, patients. Mechanisms are 
in place to identify and resolve any poten-
tial conflict of interest prior to the start of 
the activity. In addition, any discussion of 
off-label, experimental, or investigational 
use of drugs or devices will be disclosed 
by the faculty.

Dr. Lacy discloses that he serves on the 
advisory boards for Salix Pharmaceuticals 
and Allergan.

Gregory Scott, PharmD, RPh, editorial 
support, discloses he has no real or appar-
ent conflicts of interest to report. Additional 
PCEC staff report no conflicts of interest.

SPONSORSHIP 

This activity is sponsored by Primary Care 
Education Consortium.

ACCREDITATION 

The Primary Care Education Consortium is 
accredited by the Accreditation Council for 
Continuing Medical Education (ACCME) to 
provide continuing medical education for 
physicians.

CREDIT DESIGNATION 

AMA PRA Category 1 – Primary Care Edu-
cation Consortium designates this activity 
for a maximum of 1 AMA PRA Category 1 

credit(s)™. Physicians should claim only 
the credit commensurate with the extent of 
their participation in the activity. 

CME is available October 1, 2019 to Sep-
tember 30, 2020.

METHOD OF PARTICIPATION

PHYSICIANS: To receive CME credit, 
please read the journal article and, on 
completion, go to www.pceconsortium.
org/IBSD to complete the online post-test 
and receive your certificate of credit.
PHYSICIAN ASSISTANTS: AAPA accepts 
certificates of participation of educational 
activities certified for AMA PRA Category 
1 Credit™ from organizations accredited 
by ACCME or a recognized state medical 
society.

FACULTY 

Brian E. Lacy, MD, PhD, FACG, Co-Editor 
in Chief, American Journal of Gastroenter-
ology, Senior Associate Consultant, Mayo 
Clinic, Jacksonville, FL

ACKNOWLEDGEMENT 

Editorial support was provided by Gregory 
Scott, PharmD, RPh, at the Primary Care 
Education Consortium (PCEC).

SUPPORTER 

This article is supported by an educational 
grant from Salix Pharmaceuticals, Inc.

“With IBS-D, there’s always that sense of 
dread. I know it’s going to happen again, but 
I don’t really know when or where it’s going 
to happen again. When it does, I could end 
up in the bathroom for a good long while 
doubled over in agony. And after a flare, I 
suffer from extreme lethargy. It leaves my 
body so drained that I literally can’t do any-

thing. If I’m at work, I have to go home. If I’m 
at home, I go straight to bed.”

JO C.
IBS-D SUFFERER

 
PATIENT BURDEN RELATED TO IBS
The quote from Jo, a patient with irritable bowel syn-
drome (IBS) and diarrhea symptoms, nicely illustrates the 
often-overlooked fact that health-related quality of life is 
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vey, 53% tolerated the symptoms at first and went on with 
their life.9 Twenty-six percent thought the symptoms were 
not serious enough to seek medical care, while 43% tried 
to treat their symptoms with over-the-counter treatments. 
Twenty-nine percent weren’t aware that their symptoms 
were the result of a medical condition.

The IBS in America 2017 survey also showed that half 
were relieved to receive a diagnosis for their symptoms high-
lighting the importance of educating patients to their condi-
tion. Unfortunately, one-third felt their health care provider 
was dismissive of their symptoms.9 At diagnosis, the major-
ity of patients wish they had received education about: (1) 
how IBS relates to diet (71%); (2) symptoms of IBS (69%); (3) 
the effect of IBS on lifestyle (63%); (4) the impact of IBS on 
mental health (62%); and (5) different types of medication 
options and how they work (60%).

Additional barriers to care include patient misconcep-
tions regarding normal bowel function and difficulty commu-
nicating with health care providers, including being afraid to 
misspeak, not using the right language, and embarrassment. 
Patients often have limited understanding of treatment goals 
and options, particularly related to treatment safety. Being 
able to afford treatment is also a common barrier, resulting in 
suboptimal adherence.

Half of the patients responding to the IBS in America 
2017 survey were upset that there is no cure for IBS and 
nearly two-thirds were frustrated that they might never 
find a way to manage their symptoms. While nearly one-
quarter of patients were satisfied with self-management of 
symptoms, nearly half were not satisfied with the care they 
receive from their health care provider.

Providers may not always inquire about bowel function 
and habits, and when they do, competing care agendas may 
result in less attention to the patient’s gastrointestinal (GI) 
symptoms. Consequently, providers often underestimate the 
disease burden imposed on patients by IBS.12 A recent analy-
sis of over 200,000 patients with IBS found that there are wide 
geographic variations in IBS care.13

These barriers to care can be ameliorated through 
patient-provider communication and building a mutually 
respectful therapeutic relationship. A good patient-provider 
relationship fosters mutual understanding and helps the 
patient with IBS make sense of their symptoms, leading to 
an improved ability to self-manage IBS and maintain a bet-
ter quality of life.14 Patients want more information about 
their condition so that they can understand and apply self-
management techniques to treat their IBS symptoms.12 Edu-
cational points that have been found to benefit most patients 
with IBS are listed in TABLE 1.12 An empathetic approach is 
invaluable as well. 

diminished in patients with IBS. Patients with diarrhea-
predominant irritable bowel syndrome (IBS-D) have signifi-
cantly lower self-esteem compared to both healthy controls1 
and patients with constipation-predominant IBS (IBS-C).2 
Although surprising to many health care providers, patients 
with IBS-C, IBS-D, or IBS-mixed (IBS-M) report significantly 
greater symptom severity than patients with inflammatory 
bowel disease.3 A survey involving 1102 people with IBS-D 
showed that one-third experience mild symptoms, 50% 
moderate symptoms, and 13% severe symptoms.4 Approxi-
mately one-quarter experience daily or near daily symptoms, 
while more than one-quarter report their symptoms as very 
or extremely bothersome.

For patients with IBS-D, symptoms that most affect qual-
ity of life are urgency (64%), gas (41%), bloating (39%), fatigue 
(33%), gastroesophageal reflux disease (14%), and nausea 
(10%).5 In contrast, patients with IBS-C report the most bother-
some symptoms are abdominal pain/bloating (32%), sensation 
of incomplete evacuation (23%), straining during bowel move-
ments (19%), sensation of anorectal obstruction/blockage 
(16%), and infrequent stools (10%).6 Psychological symptoms 
such as depression, anxiety, and panic disorder also contribute 
to the diminished quality of life in patients with IBS.7,8 The eco-
nomic impact of IBS can be substantial due to work absentee-
ism, presenteeism (ie, working while sick, often resulting in a 
loss in productivity), and decreased productivity.4 

Comorbidities
Unfortunately, patients with IBS frequently have to cope with 
a variety of other health conditions as well. The IBS in Amer-
ica 2017 survey of 1337 people with an IBS diagnosis showed 
that 51% also suffer from allergies, 50% from anxiety or panic 
disorders, 47% from being  overweight or obese, 40% from 
gastroesophageal reflux disease (GERD), 39% from arthritis, 
and 22% from hypertension.9

Analysis of the 2013 Truven Health MarketScan research 
database (n=19,653 each for IBS-D and matched controls) 
showed that one-quarter of patients with IBS-D suffer from 
GERD, while one-in-five suffer from anxiety, functional/
chronic pain, depression, and/or malaise/fatigue.10

Barriers to care
An estimated 11% of people worldwide suffer from IBS, yet 
the diagnosis of IBS in the United States is often delayed, with 
one estimate indicating it may take an average of nearly 3 
years from the onset of symptoms.11 Another survey of 1094 
individuals meeting criteria for IBS-D found that 43.1% had 
not received a formal diagnosis of IBS.5 One reason for this 
is that patients with IBS often initially ignore or self-manage 
their symptoms. According to the IBS in America 2017 sur-
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One approach to improve patient-provider commu-
nication and strengthen the therapeutic relationship is the 
technique of shared decision-making. The SHARE approach, 
recommended by the Agency for Healthcare Research and 
Quality, is a five-step process that includes exploring and 
comparing the benefits, harms, and risks of each option 
through meaningful dialogue about what matters most to 
the patient. A variety of tools and guides to implement the 
SHARE approach are available at: https://www.ahrq.gov/
professionals/education/curriculum-tools/shareddecision 
making/tools/index.html. 

PATHOPHYSIOLOGY
The precise etiology of IBS remains unclear, but a combina-
tion of psychological factors and GI dysfunction appears to be 
central to its pathophysiology. These include changes in the 
gut microbiota, low-grade mucosal inflammation, epithelial 
dysfunction, genetic polymorphisms, and environmental fac-
tors such as diet and enteric infections.15 Identification of these 
factors and their interaction with the brain has resulted in the 
current concept that IBS is a disorder of gut-brain interactions.16

Increasing evidence implicates the GI microbiota as a 
key factor in the pathogenesis of IBS.17,18 Various studies have 
compared the gut microbiota in patients with IBS to healthy 
volunteers.  No consistent alteration in specific microbes has 
been identified, likely due to the heterogeneous nature of 
IBS. A recent systematic review showed a decrease in Clos-
tridium, Faecalibacterium, and Bifidobacterium species and 
an increase in Enterobacteriaceae, Lactobacillus, and Bacte-
roides species.19 Notably, the diversity of the gut microbiota 
was either decreased or not different in patients with IBS 
compared with controls.

Additional evidence supporting the importance of the gut 
microbiota in IBS symptoms is that a prior acute infectious gas-
troenteritis is the strongest risk factor for IBS. The prevalence 
of postinfectious IBS among those who experience infectious 
enteritis is thought to range from 4% to 36%,20-22 although some 
experts believe it may be higher.15 Postinfectious IBS is thought 
to arise due to an interaction between central and peripheral 
factors; it is unknown if there are unique pathophysiologic 
mechanisms contributing to postinfectious IBS.15 The main 
risk factors include female sex, younger age, psychological fac-
tors (eg, anxiety, depression, somatization, neuroticism, nega-
tive illness beliefs) before or during the acute gastroenteritis, 
and severity of the acute episode. Evidence suggests that post-
infectious IBS symptoms decrease over time and the progno-
sis may be better than for patients with IBS who do not have a 
preceding infection.15

The role of infectious gastroenteritis as a risk factor for 
IBS suggests that systemic inflammation in concert with an 

altered gut microbiome may lead to a cycle of chronic, low-
grade, subclinical inflammation. In addition to mucosal 
inflammation, neuroinflammation may be involved via the 
gut-brain axis leading to altered neuroendocrine pathways 
and glucocorticoid receptor genes, resulting in an overall 
proinflammatory phenotype and dysregulated hypotha-
lamic-pituitary-adrenal axis and serotonergic functioning.23

PATIENT MANAGEMENT
Recently, Lacy et al proposed 7 pillars of quality care for 
patients with IBS that align with quality indicators described 
by The National Academy of Medicine (TABLE 2).24 Noting that 
IBS is a highly prevalent, chronic disorder, they suggest that 
implementation of these quality metrics will help to ensure that 
all patients are evaluated fairly and similarly and provided with 
an adequate level of care. Moreover, they note the importance 
of quality metrics in determining reimbursement.

Diagnosis
The diagnosis of IBS can be confidently made based on a 
thoughtful history, physical examination, limited labora-
tory testing, and the use of the Rome IV criteria.17,24 Abdomi-
nal bloating and distension are often present, but neither is 
required for the diagnosis of IBS. Patients should be asked 
about their most troublesome symptom and possible warn-
ing signs or ‘red flags’, such as presence of overt GI bleed-
ing, nocturnal passage of stool, unintentional weight loss,  
age >45 years without prior colon cancer screening, and fam-
ily history of IBD or colorectal cancer. If a red flag symptom is 
identified, further assessment is appropriate.

In the absence of red flags, limited testing is recom-

 TABLE 1   Educational points that benefit  
most patients with IBS
• IBS is a real GI condition; it is not ‘in your head’.

• IBS can significantly affect one’s quality of life.

• �IBS is a chronic medical condition for most patients, although 
the symptoms can fluctuate over time.

• �IBS does not cause cancer, colitis, or any other problems. It 
does not shorten your life.

• �There are many things we can do to help you better manage 
your IBS symptoms.

• There is no ‘magic pill’ that can cure all IBS symptoms.

• �For some people with IBS, stress can trigger symptoms or 
make them worse.

• We need to work together to help you manage your IBS.

Abbreviations: GI, gastrointestinal; IBS, irritable bowel syndrome. 

Copyright © 2018 Albena Halpert. Irritable bowel syndrome: Patient-provider 
interaction and patient education. J Clin Med. Volume 7, Issue1: https://www.mdpi.
com/2077-0383/7/1/3 with modification under the Creative Commons Attribution 
License 4.0.
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mended to include: (1) complete blood count to ensure 
the absence of anemia; (2) C-reactive protein and/or fecal 
calprotectin to lower the suspicion for IBD and to prevent 
indiscriminate use of colonoscopy; and (3) serologic testing 
to rule out celiac disease.17,25 In those without red flag symp-
toms, further testing does not increase the sensitivity of the 
diagnosis.26,27 A colonoscopy should be limited to patients 
with persistent diarrhea with suspected IBD, those who have 
failed empiric therapy, or age-appropriate patients with wor-
risome changes in bowel habits.24 Consideration should be 
given to additional conditions that mimic IBS, such as lac-
tose or fructose intolerance, small intestine bacterial over-
growth, microscopic colitis, and functional constipation or 
diarrhea.28,29 Stool studies are not routinely recommended; 
these should be performed based on the patient’s history of 
travel, antibiotic use, and possible exposure. The presence 
of comorbidities that increase the likelihood of a functional 
GI disorder should be investigated as well. Examples include 
fibromyalgia, temporomandibular joint syndrome, migraine 
headaches, and interstitial cystitis.

Utilization of the Rome IV criteria (https://theromefoun 
dation.org/rome-iv/whats-new-for-rome-iv/) is encour-
aged to facilitate making a positive diagnosis as opposed to 
a diagnosis of exclusion. Rome IV criteria require recurrent 
abdominal pain at least 1 day/week (on average) in the last  
3 months associated with at least 2 of the following: (1) related 
to defecation; (2) associated with a change in stool frequency; 
and (3) associated with a change in form of stool. Symptom 

onset should be at least 6 months prior to diagnosis. A key 
feature of the Rome IV criteria is that IBS subtype is based on 
the proportion of days per month with symptomatic bowel 
movements rather than measuring all days.

The Rome IV criteria are also useful to categorize IBS 
sub-type, ie, IBS-C, IBS-D, or IBS-M, based on the predomi-
nant symptom.25 The estimated proportion of patients with 
IBS-D, IBS-C, and IBS-M is 40%, 35%, and 23%, respectively.30 
Women with IBS are more likely to experience abdominal 
pain and constipation-related symptoms, while men with IBS 
are more likely to experience diarrhea-related symptoms.31

Treatment
The treatment of patients with IBS-D can be approached 
based on symptom severity (FIGURE).17 For patients with 
severe IBS-D symptoms, the goal is to improve function and 
quality of life, rather than completely eliminating all symp-
toms. Nonpharmacologic therapy plays a role at all sever-
ity stages, while the importance of pharmacologic therapy 
increases with severity. A key principle of treatment is to focus 
on the IBS subtype and predominant symptom (TABLE 2).24

In 2018, the American College of Gastroenterology (ACG) 
updated their 2014 guidelines providing evidence-based rec-
ommendations regarding the nonpharmacologic and phar-
macologic management of patients with IBS.32 For IBS-D, the 
2018 review recommends several nonpharmacologic options 
for overall symptom improvement. These include exercise, 
soluble fiber, a low fermentable oligo-, di-, mono-saccharides 

TABLE 2   Seven pillars of quality care in IBS

Positive diagnosis •  Make a positive diagnosis as soon as possible

•  Use Rome IV criteria to accurately categorize each patient based on bowel symptoms (IBS-C, IBS-D, IBS-M)

Limited testing •  Perform limited diagnostic testing at the first visit

•  CBC, CRP, and fecal calprotectin and celiac serologies, if clinically indicated

Limited colonoscopy •  Not required in all patients with suspected IBS symptoms

•  �Perform in patients with suspected IBD, those with persistent symptoms of diarrhea who have failed standard 
therapy, and age-appropriate patients with a change in bowel habits or who require colorectal cancer screening

Patient education •  �Counsel on the diagnosis of IBS; review treatment options and expectations; discuss fears and concerns 
about diagnosis and management

Treatment •  �Initiate treatment at the initial visit or follow-up visit after limited diagnostic testing, based on guidelines, 
consensus statements, and large RCTs

•  Focus on the predominant symptom

Dietary consultation •  �Request in those with persistent symptoms thought to be related, in part, to diet who have failed empiric 
therapy

Referral as needed •  �Refer patients with persistent psychological distress, eg, anxiety, depression, somatization, catastrophization, 
affecting quality of life for appropriate evaluation and treatment

Abbreviations: CBC, complete blood count; CRP, C-reactive protein; IBD, inflammatory bowel disease; IBS, irritable bowel syndrome; IBS-C, constipation-predominant 
irritable bowel syndrome; IBS-D, diarrhea-predominant irritable bowel syndrome; IBS-M, irritable bowel syndrome with mixed symptoms of constipation and diarrhea; RCTs, 
randomized clinical trials.

Source: Lacy BE, Ford AC, Talley NJ. Quality of care and the irritable bowel syndrome: Is now the time to set standards? Am J Gastroenterol. 2018;113(2):167-169; https://
journals.lww.com/ajg/Citation/2018/02000/Quality_of_Care_and_the_Irritable_Bowel_Syndrome_.3.aspx. ©2018 by the American College of Gastroenterology.
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and polyols (FODMAP) diet, and probiotics. Soluble fiber 
should be in the form of psyllium rather than wheat bran. 
Probiotics may help some patients, although the best dose 
and strain of probiotic are unknown. The ACG panel recom-
mended against the use of a gluten-free or exclusion diet, as 
well as prebiotics and synbiotics, due to the lack of data.32 
Psychological therapies such as cognitive behavioral therapy, 
relaxation therapy, hypnotherapy, and multicomponent psy-
chological therapy are also recommended for overall symp-
tom improvement.32

Regarding pharmacotherapy options for IBS-D, alos-
etron, eluxadoline, rifaximin, some antidepressants, and 
antispasmodics are recommended for overall symptom 
improvement (TABLE 3).32 Alosetron is a selective serotonin 
antagonist that is recommended only for women with severe 
IBS-D who have failed standard therapy. Its use is limited due 
to the possibility of severe constipation and ischemic colitis. 
Eluxadoline is a mixed opioid agonist-antagonist that may be 
particularly useful to improve stool consistency. Eluxadoline 
should not be used in those with prior cholecystectomy or in 
patients who abuse alcohol or who have a history of pancre-
atitis, due to an increased risk of pancreatitis. Rifaximin is a 
nonabsorbable antibiotic that can help global IBS-D symp-
toms, especially bloating in some patients. Research has 
shown that rifaximin may cause modest changes in the gut 
microbiota, although these changes are not sustained. Tricy-
clic antidepressants improve IBS-D symptoms through both 

TABLE 3   Therapies recommended for IBS-D

Intervention Relative risk of  
remaining symptomatic 

vs placebo (95% CI)

Number needed to 
treat (95% CI)

Strength of  
recommendation

Level of evidence

Alosetron .79

(.69-.90)

7.5

(5-16)

Weak Low

Eluxadoline .91

(.85-.97)

12.5

(8-33)

Weak Moderate

Rifaximin .86

(.81-.91)

10.5

(8-16)

Weak Moderate

Tricyclic antidepressants .65

(.55-.77)

4

(3.5-7)

Strong High

Selective serotonin 
reuptake inhibitors

.68

(.51-.91)

5

(3-16.5)

Weak Low

Antispasmodic, eg, 
dicyclomine

.65

(.45-.95)

4

(2-25)

Weak Very low

Peppermint oil .54

(.39-.76)

4

(3-6)

Weak Low

Abbreviations: CI, confidence interval; IBS, irritable bowel syndrome.

Adapted with permission from Wolters Kluwer Health, Inc.: Ford AC, Moayyedi P, Chey WD, et al. American College of Gastroenterology Monograph on Management of 
Irritable Bowel Syndrome. Am J Gastroenterol. 2018;113(Suppl 2):1-18; https://journals.lww.com/ajg/toc/2018/06002. ©2018 by the American College of Gastroenterology. 

• Education, reassurance

• Diet, lifestyle advice

• �Loperamide as needed for diarrhea 
symptoms

• Stress management

• Pharmacological therapy

• �Goal is improved function vs 
complete resolution of symptoms

• Pharmacological therapy

• �Psychological therapy

 FIGURE   Severity-based treatment of IBS-D 

Abbreviation: IBS-D, diarrhea-predominant irritable bowel syndrome.

Mild

Moderate

Severe
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central and visceral effects, and while pain-modifying effects 
are observed, their use may be limited by adverse events, 
such as dry mouth. The antispasmodics dicyclomine and 
peppermint oil may provide short-term improvement in over-
all symptoms. The use of enteric coated peppermint oil may 
reduce the occurrence of heartburn sometimes experienced 
with other peppermint oil preparations.

Dietary consultation may be considered for patients who 
have failed empiric therapy and have persistent symptoms 
thought to be related, in part, to diet. Sub-specialty referral 
may be considered for patients with persistent psychological 
distress, eg, anxiety, depression, somatization, or catastroph-
ization, that affects quality of life.24

SUMMARY
IBS is a common disorder that causes substantial patient mor-
bidity; however, health care providers may underestimate 
the patient’s disease burden. Greater understanding of the 
pathophysiology indicates that IBS is both a brain-gut and gut-
brain disorder, with the gut microbiota playing a key role. The 
diagnosis of IBS is primarily based on the history and physical 
examination that includes fulfilment of the Rome IV criteria, 
supplemented by limited testing to rule out disorders that may 
mimic IBS. Treatment is individualized based on the patient’s 
predominant symptom and concerns. Treatment usually 
begins with dietary modifications, increased exercise, and 
stress reduction. Evidence-based pharmacologic options for 
IBS-D include alosetron, eluxadoline, rifaximin, tricyclic anti-
depressants, diet, and smooth muscle antispasmodics, with 
the choice based on benefits, risks, and costs. l

REFERENCES
	 1.	� Grodzinsky E, Walter S, Viktorsson L, Carlsson AK, Jones MP, Faresjo A. More nega-

tive self-esteem and inferior coping strategies among patients diagnosed with IBS 
compared with patients without IBS—a case-control study in primary care. BMC Fam 
Pract. 2015;16:6.

	 2.	� Singh P, Staller K, Barshop K, et al. Patients with irritable bowel syndrome-diarrhea 
have lower disease-specific quality of life than irritable bowel syndrome-constipation. 
World J Gastroenterol. 2015;21(26):8103-8109.

	 3.	� Lee AD, Spiegel BM, Hays RD, et al. Gastrointestinal symptom severity in irritable 
bowel syndrome, inflammatory bowel disease and the general population. Neurogas-
troenterol Motil. 2017;29(5).

	 4.	� Buono JL, Carson RT, Flores NM. Health-related quality of life, work productivity, and 
indirect costs among patients with irritable bowel syndrome with diarrhea. Health 
Qual Life Outcomes. 2017;15(1):35.

	 5.	� Sayuk GS, Wolf R, Chang L. Comparison of symptoms, healthcare utilization, and treat-
ment in diagnosed and undiagnosed individuals with diarrhea-predominant irritable 

bowel syndrome. Am J Gastroenterol. 2017;112(6):892-899.
	 6.	� Tse Y, Armstrong D, Andrews CN, et al. Treatment algorithm for chronic idiopathic 

constipation and constipation-predominant irritable bowel syndrome derived from a 
Canadian national survey and needs assessment on choices of therapeutic agents. Can 
J Gastroenterol Hepatol. 2017;2017:8612189.

	 7.	� Zhu L, Huang D, Shi L, et al. Intestinal symptoms and psychological factors jointly af-
fect quality of life of patients with irritable bowel syndrome with diarrhea. Health Qual 
Life Outcomes. 2015;13:49.

	 8.	� Ballou S, Keefer L. The impact of irritable bowel syndrome on daily functioning: Char-
acterizing and understanding daily consequences of IBS. Neurogastroenterol Motil. 
2017;29(4).

	 9.	� Health Union LLC. The long and dificult journey to an IBS diagnosis. https://irritable 
bowelsyndrome.net/infographic/long-difficult-journey-diagnosis/. Accessed April 
30, 2019.

	 10.	� Buono JL, Mathur K, Averitt AJ, Andrae DA. Economic burden of irritable bowel syn-
drome with diarrhea: Retrospective analysis of a U.S. commercially insured popula-
tion. J Manag Care Spec Pharm. 2017;23(4):453-460.

	 11.	� American Academy of Family Physicians. Irritable bowel syndrome evaluation and 
treatment in primary care pilot project. Published 2018. https://www.aafp.org/patient-
care/nrn/studies/all/ibs.html. Accessed May 2, 2018.

	 12.	� Halpert A. Irritable bowel syndrome: Patient-provider interaction and patient educa-
tion. J Clin Med. 2018;7(1).

	 13.	� Lacy BE, Patel H, Guerin A, et al. Variation in care for patients with irritable bowel syn-
drome in the United States. PLoS One. 2016;11(4):e0154258.

	 14.	� Hulme K, Chilcot J, Smith MA. Doctor-patient relationship and quality of life in Irri-
table Bowel Syndrome: an exploratory study of the potential mediating role of illness 
perceptions and acceptance. Psychol Health Med. 2018;23(6):674-684.

	 15.	� Barbara G, Grover M, Bercik P, et al. Rome Foundation Working Team Report on Post-
Infection Irritable Bowel Syndrome. Gastroenterology. 2019;156(1):46-58.e47.

	 16.	� Drossman DA, Hasler WL. Rome IV-Functional GI Disorders: Disorders of Gut-Brain 
Interaction. Gastroenterology. 2016;150(6):1257-1261.

	 17.	� Ford AC, Lacy BE, Talley NJ. Irritable bowel syndrome. N Engl J Med. 2017;376(26):2566-
2578.

	 18.	� Bhattarai Y, Muniz Pedrogo DA, Kashyap PC. Irritable bowel syndrome: a gut microbiota- 
related disorder? Am J Physiol Gastrointest Liver Physiol. 2017;312(1):G52-G62.

	 19.	� Pittayanon R, Lau JT, Yuan Y, et al. Gut microbiota in patients with irritable bowel syn-
drome-a systematic review. Gastroenterology. 2019;157(1):97-108.

	 20.	� Shah ED, Riddle MS, Chang C, Pimentel M. Estimating the contribution of acute gas-
troenteritis to the overall prevalence of irritable bowel syndrome. J Neurogastroenterol 
Motil. 2012;18(2):200-204.

	 21.	� Wensaas KA, Langeland N, Hanevik K, Morch K, Eide GE, Rortveit G. Irritable bowel 
syndrome and chronic fatigue 3 years after acute giardiasis: historic cohort study. Gut. 
2012;61(2):214-219.

	 22.	� Marshall JK, Thabane M, Garg AX, Clark WF, Salvadori M, Collins SM. Incidence and 
epidemiology of irritable bowel syndrome after a large waterborne outbreak of bacte-
rial dysentery. Gastroenterology. 2006;131(2):445-450; quiz 660.

	 23.	� Ng QX, Soh AYS, Loke W, Lim DY, Yeo WS. The role of inflammation in irritable bowel 
syndrome (IBS). J Inflamm Res. 2018;11:345-349.

	 24.	� Lacy BE, Ford AC, Talley NJ. Quality of care and the irritable bowel syndrome: Is now 
the time to set standards? Am J Gastroenterol. 2018;113(2):167-169.

	 25.	� Lacy BE, Mearin F, Chang L, et al. Bowel disorders. Gastroenterology. 2016;150:1393-
1407.

	 26.	� Begtrup LM, Engsbro AL, Kjeldsen J, et al. A positive diagnostic strategy is noninferior 
to a strategy of exclusion for patients with irritable bowel syndrome. Clin Gastroenterol 
Hepatol. 2013;11(8):956-962.e951.

	 27.	� Engsbro AL, Begtrup LM, Kjeldsen J, et al. Patients suspected of irritable bowel syn-
drome—cross-sectional study exploring the sensitivity of Rome III criteria in primary 
care. Am J Gastroenterol. 2013;108(6):972-980.

	 28.	� Lacy BE, Patel NK. Rome criteria and a diagnostic approach to irritable bowel syn-
drome. J Clin Med. 2017;6(11).

	 29.	� Lacy BE. Diagnosis and treatment of diarrhea-predominant irritable bowel syndrome. 
Int J Gen Med. 2016;9:7-17.

	 30.	� Lovell RM, Ford AC. Global prevalence of and risk factors for irritable bowel syndrome: 
a meta-analysis. Clin Gastroenterol Hepatol. 2012;10(7):712-721.e714.

	 31.	� Adeyemo MA, Spiegel BM, Chang L. Meta-analysis: do irritable bowel syndrome 
symptoms vary between men and women? Aliment Pharmacol Ther. 2010;32(6):738-
755.

	 32.	� Ford AC, Moayyedi P, Chey WD, et al. American College of Gastroenterology Mono-
graph on Management of Irritable Bowel Syndrome. Am J Gastroenterol. 2018;113(Sup-
pl 2):1-18.








