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ABSTRACT & COMMENTARY

Incidence of Cardiovascular Disease and 
All-Cause Mortality: Does the Type of Meat 
Consumed Matter?
By Seema Gupta, MD, MSPH
Clinical Assistant Professor, Department of Family and Community Health, Joan C. Edwards School of Medicine, 
Marshall University, Huntington, WV

Dr. Gupta reports no financial relationships relevant to this field of study.

SYNOPSIS: Investigators found consuming more processed meat, unprocessed red meat, or poultry (but not fish) was closely con-
nected to a higher risk for incident cardiovascular disease. Meanwhile, consuming processed meat or unprocessed red meat (but neither 
fish or poultry) was strongly associated with a higher risk of all-cause mortality.

SOURCE: Zhong VW, et al. Associations of processed meat, unprocessed red meat, poultry, or fish intake with incident cardiovascular 
disease and all-cause mortality. JAMA Intern Med 2020; Feb 3. doi: 10.1001/jamainternmed.2019.6969. [Epub ahead of print].

In the diet of U.S. adults, meat is a major source of 
protein and fat as well as minerals such as iron, zinc, 
and several vitamins (including B). As the meat and 

poultry industry is the largest segment of U.S. agricul-
ture, Americans eat more meat annually than any other 
nation.1

Processed red meat may be cured, salted, or smoked 
(e.g., ham or bacon). This allows an improvement in 
shelf life as well as color and taste. Therefore, eating 
too much processed meat could lead to an increased 

intake of salt, saturated fats, polycyclic aromatic 
hydrocarbons, and cholesterol. Growing evidence 
reveals eating more red meat may lead to premature 
death, including death from cardiovascular disease 
(CVD) and cancer, but the results are not consistent.2,3 
The authors of several of these studies argued that 
plausible mechanisms for poor outcomes are available 
linking processed meat consumption and risk of chronic 
diseases, such as stroke, heart failure, CVD, diabetes 
mellitus, and cancer at several sites, as well as mortality.4 
However, associations of poultry, fish, or unprocessed 
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[The potential effects 

on public health can be 

significant, since these findings 

highlight how modification 

of dietary preferences may 

lead to meaningful effects on 

individual health outcomes.]

red meat consumption with CVD and 
mortality remain uncertain.

In their cohort study, Zhong et al analyzed 
individual-level data for approximately 
30,000 U.S. adults from six prospective 
cohort studies. These included the Cardio-
vascular Health Study (CHS), the Ath-
erosclerosis Risk in Communities (ARIC) 
study, the Framingham Heart Study (FHS), 
the Coronary Artery Risk Development in 
Young Adults (CARDIA) study, the Multi-
Ethnic Study of Atherosclerosis (MESA), and 
Framingham Offspring Study (FOS).

The authors collected baseline diet data 
from 1985 to 2002. Study participants were 
followed up until mid-2016. The mean age 
of participants was 53.7 years, about 55% 
were women, and 69% of the total partici-
pants were non-Hispanic white (23% were 
non-Hispanic black). The researchers found 
that regular consumption of processed red 
meat (adjusted hazard ratio [HR], 1.07; 
95% confidence interval [CI], 1.04-1.11), 
unprocessed red meat (adjusted HR, 1.03; 
95% CI, 1.01-1.06), or poultry (adjusted 
HR, 1.04; 95% CI, 1.01-1.06) were signifi-
cantly associated with incident CVD while 
fish intake was not (adjusted HR, 1.00; 95% 
CI, 0.98-1.02). Incident CVD included all 
fatal and nonfatal coronary heart disease, 
fatal and nonfatal stroke, fatal and nonfatal 
heart failure, and other CVD deaths.

Additionally, intake of processed meat 
(adjusted HR, 1.03; 95% CI, 1.02-1.05) or 
unprocessed red meat (adjusted HR, 1.03; 
95% CI, 1.01-1.05) was associated with 
significantly increased all-cause mortality, 
while poultry and fish consumption was not. 
However, researchers also found the strength 
of the association between the intake of 
processed meat and CVD decreased with 
age, according to whether participants were 
younger than age 45 years, age 45-64 years, 
or age 65 years or older.

n COMMENTARY
Compared with previous research, Zhong 
et al harmonized diet and other data across 
six cohorts, which largely attenuated the het-
erogeneities from previous studies and found 
significant positive associations of processed 
meat or unprocessed red meat intake with 
incident CVD and all-cause mortality. Al-
though the observed effect sizes were small, 

the potential effects on public health can 
be significant, since these findings highlight 
how modification of dietary preferences 
may lead to meaningful effects on individual 
health outcomes. Interestingly, the authors 
identified a significant positive association 
between poultry intake and incident CVD. 
Although we cannot state conclusively, this 
finding could be related to the intake of fried 
chicken; thus, it may be more of an adverse 
effect from frying than the poultry itself. Re-
gardless, it is clear that certain meat choices 
are healthier than others.

It would be valuable to continue to advise 
patients to limit the intake of both processed 
and unprocessed red meats. Poultry, such as 
chicken and turkey, are leaner meats and are 
lower in saturated fats, which makes poultry 
a better protein choice than red meat. Of 
course, fish may be one of the healthiest op-
tions to recommend, since it is an excellent 
source of minerals, such as iron, zinc, iodine, 
magnesium, and potassium, as well as 
omega-3 fatty acids, vitamins, calcium, and 
phosphorus. The bottom line is that when 
fruits and vegetables are not sufficient, it may 
be poultry and fish that remain the healthiest 
options.  n
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ABSTRACT & COMMENTARY

Are Epidural Steroid Injections  
Cost-Effective?
By Michael Rubin, MD
Professor of Clinical Neurology, Weill Cornell Medical College

Dr. Rubin reports he is a consultant for Merck Sharp & Dohme Corp.

SYNOPSIS: In a retrospective review of patients treated for low back pain and lumbar radiculopathy at the Cleveland Clinic, at three- and six-
month follow-up, epidural steroid injections were no better than conservative therapies in quality of life measures or overall cost of medical care. 

SOURCE: Pennington Z, et al. Comparing the short-term cost-effectiveness of epidural steroid injections and medical management alone for 
discogenic lumbar radiculopathy. Clin Neurol Neurosurg 2020; Jan. 13. [Epub ahead of print].

Among the 85% of the population who will experi- 
 ence low back pain at some point in their lives, it 

will be nonspecific in 85% and not attributable to any 
specific pathology. Return to work will occur within a 
month, with further improvement by three months, after 
which pain and disability levels will remain constant. 
Nonsurgical treatment modalities, often recommended 
despite the absence of clinical evidence of benefit, include 
intradiscal glucocorticoid injection, local or trigger point 
injection using a local anesthetic with or without a corti-
costeroid, facet joint injection and medial branch block, 
sacroiliac joint injection, and electrodermal and radio-
frequency denervation. Despite the possibility of serious 
adverse events, including blindness, stroke, paralysis, and 
death, epidural steroid injection (ESI) is used for nonspe-
cific low back pain, spinal stenosis, and radiculopathy, 
with the best benefit, albeit short-term, demonstrated for 
radiculopathy due to disc herniation. Is ESI cost-effective 
and does it produce improvement in long-term quality of 
life (QOL)?

Pennington et al undertook a retrospective electronic 
medical record (EMR) review of patients seen between 
2009 and 2015 for low back pain and lumbar 
radiculopathy at the Cleveland Clinic Center for 
Spine Health. Exclusionary criteria included prior 
lumbar spine surgery or non-epidural steroid injection, 
such as facet-joint, medial branch block, or caudal 
injections; evidence of other neurologic disease, such as 
multiple sclerosis; non-spondylotic causes of radicular 
pain, such as infection or tumor; or concomitant 
workers’ compensation claim. QOL scores included 
the Pain Disability Questionnaire, the Patient Health 
Questionnaire-9, and the EuroQOL-5 Dimensions 
(EQ-5D), all obtained via the institutional Knowledge 
Program, an integral component of the EMR in which 
all patients had been enrolled prospectively. The authors 
defined direct costs as all hospital charges to the patient 
undergoing the procedure, with Medicare national 
payment amounts used to estimate all direct cost data, 
and Diagnosis Related Group and CPT code-associated 

costs recorded in the year of surgery adjusted for 
inflation to 2015 dollars. Pharmaceutical costs were 
estimated from the 2007 Red Book for Medications. 
Statistical analysis used the mean and standard deviation 
for continuous variables and proportions for categorical 
or dichotomous variables, student’s t-test for continuous 
variables, and Fisher’s exact tests, with 0.05 used as 
the threshold for statistical significance. Among 810 
patients screened, 141 met inclusion criteria, of which 
52 underwent conservative management alone, and 
89 received, in addition, ESI. Overall, 61% were male, 
average age was 68.5 years, mean body mass index 
was 29.7 kg/m2, and the most common diagnoses were 
spinal stenosis (41.8%), spondylosis (24.1%), and 
degenerative disc disease (21.3%). At three months, 
relative to baseline, both groups showed significant 
improvements on only the EQ-5D but not on any other 
patient-related outcomes (PROs), and no differences 
were found between cohorts with respect to any of 
the PROs. At six-months follow-up, no significant 
differences were detected on any collected PROs between 
groups or within groups, and a subanalysis of the ESI 
group failed to demonstrate any significant differences 
in the three- or six-month outcomes between patients 
receiving transforaminal ESI and those receiving 
interlaminar ESI. At three months, total costs incurred 
by the ESI cohort patients were $2,190.39, compared to 
$1,772.22 for the conservative cohort. At three and six 
months, no significant differences were noted between 
groups in terms of direct, indirect, or total costs. The 
number of missed days was similar in both groups. The 
authors noted significant increases in quality-adjusted 
life years (QALY) for the conservative groups and the 
ESI, but they observed no differences between the two 
groups. All QALY improvement was lost by the six-
month follow-up relative to baseline. The investigators 
concluded that ESI is not cost-effective at either the 
three- or six-month follow-up period, it is not better 
than medical management at three months, and neither 
ESI nor medical management provides significant QOL 
improvement over baseline at six months.
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n COMMENTARY
Chronic low back pain persisting for more than 12 
weeks is best treated conservatively. For patients without 
disabling symptoms, participation in an independent 
or structured regular exercise program is central. When 

symptoms are disabling, the goals of care comprise pain 
management, functional improvement, and maximizing 
coping skills, for which multiple modalities, including ex-
ercise therapy, psychological and/or mind-body interven-
tions, and pharmacologic therapy, often are required.  n

ABSTRACT & COMMENTARY

Using Apple Cider Vinegar for Weight  
Management on a Restricted Diet
By Jessica Orner, MD
Family Medicine Physician, Lebanon, PA

Dr. Orner reports no financial relationships relevant to this field of study.

SYNOPSIS: Supplementation with 30 mL of apple cider vinegar combined with a restricted calorie diet may lower body weight, body mass 
index, and serum triglyceride levels in people with obesity. 

SOURCE: Khezri SS, et al. Beneficial effects of apple cider vinegar on weight management, visceral adiposity index and lipid profile in 
overweight or obese subjects receiving restricted calorie diet: A randomized clinical trial. J Funct Foods 2018;43:95-102.

Apple cider vinegar (ACV) has many uses in today’s  
 society. An online search of ACV will yield more 

than 17 million results, with articles ranging from food 
preparation to weight loss to facial toning.1 Although 
vinegar has been used for centuries as a home remedy, 
there is a paucity of research supporting many of the 
claims for ACV.

In a 2009 randomized, controlled trial from Japan, 
researchers demonstrated that body weight, body 
mass index (BMI), and serum triglycerides declined 
significantly in participants with obesity who ingested 
15-30 mL of ACV vs. a placebo group.2 The weight 
management benefits of vinegar are postulated to be due 
to acetic acid suppressing fat accumulation and appetite 
suppression due to nausea.

In this randomized clinical trial conducted from 
October to December 2014, Khezri et al compared 
the effects of a restricted calorie diet (RCD) combined 
with 30 mL per day of ACV to a control group who 
ate only an RCD. The RCD included a 250 kcal/
day energy deficit. The primary outcome was dietary 
modification in response to ACV ingestion.3 Secondary 
outcomes were anthropometric changes: plasma 
triglyceride, total cholesterol, high-density lipoprotein 
cholesterol (HDL-C), and low-density lipoprotein 
cholesterol (LDL-C). The researchers assessed plasma 
concentrations of neuropeptide-Y (NPY), which is 
known to stimulate the appetite,4 to determine the 
effects of ACV on NPY. 

The researchers selected participants using convenience 
sampling from a population at the Specialized Clinic of 

Nutrition and Diet Therapy in Tehran, Iran. Forty-four 
overweight or obese adults with BMIs ranging from 
27-40 kg/m2 were eligible. Of the eligible participants, 
two in the ACV group and three in the control group 
were excluded because of their inability to cooperate or 
because of conflicts with ongoing medical treatments. 
Patients also were excluded for regular consumption of 
ACV within one month prior to the start of the study. 
The researchers noted that the enrolled subjects did 
not present with infectious diseases, thyroid disorders, 
diabetes, or gastrointestinal diseases.3

The intervention was conducted over 12 weeks. The test 
group received 30 mL of ACV divided into 15 mL at 
lunch with salad and 15 mL at dinner. Both the control 
group and the group receiving ACV followed an RCD. 
The RCD was determined by subtracting 250 kcal from 
the participant’s estimated energy requirements per day 
based on the Mifflin-St. Jeor equation, and was designed 
to provide 55% carbohydrates, 30% fats, and 15% 
protein. This equation estimates the resting metabolic 
rate using mass, height, and age. The authors of a 
2005 systematic review that compared four predictive 
equations for resting metabolic rate noted the Mifflin-
St. Jeor equation was more likely than other equations 
to estimate resting metabolic rate to within 10% of 
measured rates.5

Several measurements were taken at baseline, six 
weeks, and 12 weeks. These included anthropometric 
data, physical activity, and an appetite score using the 
Simplified Nutritional Appetite Questionnaire (SNAQ). 
A three-day dietary recall was completed at baseline, 
week 6, and week 12 to estimate caloric intake. This 
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dietary recall provided information about any dietary 
adjustments that participants made during the trial. 
Fasting blood samples were collected at baseline and 
at the end of week 12, measuring triglycerides, total 
cholesterol, HDL-C, and plasma NPY concentrations. 
There was no information on adverse events during the 
study.

There were no significant differences between groups 
regarding energy intake or physical activity. Both groups 
reduced their energy intake at the end of the 12 weeks 
when compared to baseline. However, the reduction for 
the control group was not significant (P = 0.12). The 
ACV group significantly reduced dietary energy intake 
at 12 weeks when compared to baseline (P = 0.01), 
with a significant decrease in intake of saturated fatty 
acids and monounsaturated fatty acids (P = 0.03). There 
was not a significant difference between the groups in 
protein, carbohydrate, or cholesterol intake. 

Both the ACV and control group exhibited a significant 
reduction in body fat and BMI from baseline (P = 
0.001). When comparing the ACV and control groups, 
there was a significant reduction in hip circumference 
and body weight, with the ACV group losing an average 
of 4 kg and the control group losing an average of 
2.3 kg. The ACV group had a reduction in plasma 
triglycerides at week 12 when compared to baseline 
and the control group (P = 0.001). Concurrently, 
the control group recorded a significant increase in 
triglycerides compared to baseline (P = 0.035). There 
were no statistically significant changes in LDL-C or 
NPY. Compared to the control group, the ACV group 
recorded a reduced SNAQ score at the end of 12 weeks 
(P = 0.04), suggesting a decrease in appetite.

n COMMENTARY
As the popularity of ACV increases, additional research 
on its effectiveness in weight management is helpful. 
Khezri et al showed the group consuming ACV and 
following an RCD reduced body weight, limited 
saturated fatty acid intake, and recorded lower plasma 
triglycerides levels compared to the control group 
following only an RCD. The authors also showed that 
while the SNAQ score of the control group stayed at 
approximately 14.5, the ACV SNAQ score decreased to 
an average of approximately 12.9.

However, there are several concerns. The researchers 
could not blind the study subjects because of the strong 
taste and odor of ACV. This introduces the potential 
for bias related to participants knowing they are in the 
study group. Also, ACV is postulated to produce health 
effects from both acetic acid and antioxidation from 
polyphenolic compounds.6 In this study, the ACV was 
sourced from traditional medicine stores in Tehran and 
was prepared by combining 3 kg of apples with 1 kg 

of white vinegar and storing for 30 days. This differs 
from other methods, which involve combining apples 
with sugar and water and allowing them to ferment 
for six to eight weeks. This difference in processing 
could lead to changes in polyphenol composition.7 It is 
unclear if this would affect the overall effects on weight 
management. Another factor to consider was the sample 

size and sampling method. The researchers selected 
participants using convenience sampling. Although 
this type of sampling is cost-effective and easier than 
other options, it increases the risk of sampling error and 
underrepresentation of subgroups in a population. It 
limits our ability to generalize these results to larger or 
more diverse populations.

Regarding adverse events, the risk of adding ACV to the 
diet is likely lower than other weight loss interventions, 
such as pharmaceutical medication. However, the 
authors did not provide information on adverse events. 
ACV can affect tooth enamel and lead to nausea. It 
would be useful to note the adverse effects in future 
studies so clinicians can offer patients comprehensive 
counseling on the risks and benefits of the treatment. 
Overall, studies addressing these concerns are needed 
before changing clinical practice to recommend ACV 
with a restricted diet as a weight management option.  n
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ABSTRACT & COMMENTARY

Heart Rate and Diastolic Blood Pressure  
in Chronic Aortic Regurgitation Patients
By Michael H. Crawford, MD
Professor of Medicine, Associate Chief for Education, Division of Cardiology, University of California, San Francisco

Dr. Crawford reports no financial relationships relevant to this field of study.

SYNOPSIS: A retrospective observational study of patients with moderate to severe aortic regurgitation showed the independent 
predictive value of diastolic blood pressure and resting heart rate for all-cause mortality under medical management.

SOURCES: Yang LT, et al. Diastolic blood pressure and heart rate are independently associated with mortality in chronic aortic 
regurgitation. J Am Coll Cardiol 2020;75:29-39.

Chambers J. Aortic regurgitation: The value of clinical signs. J Am Coll Cardiol 2020;75:40-41.

Current guidelines caution against using drugs that 
lower heart rate or diastolic blood pressure (DBP) in 

patients with chronic aortic regurgitation (AR). However, 
these cautions are hypotheses since there are few data to 
support them. Investigators from the Mayo Clinic retro-
spectively identified 820 patients with chronic moderate 
to severe AR without significant concomitant valve or 
myocardial disease from 2006 to 2017. Routine follow-
up echocardiograms included measurement of heart rate 
and BP. The severity of AR was determined by a com-
bination of parameters approach on echocardiography. 
The primary endpoint was all-cause mortality under 
medical management. Aortic valve surgery was a second-
ary endpoint. For their multivariate logistic regression 
analysis, the hazard ratios (HR) were plotted using a rest-
ing heart rate (RHR) of 60 beats per minute (bpm) and 
a DBP of 70 mmHg as the reference points. The mean 
age of patients was 59 years, and 82% were men. The 
mechanisms of AR were annular or aortic root dilation 
in 26%, cusp prolapse in 13%, and cusp restriction in 
10%. In 43% of patients, there was a mixed mechanism, 
and it was indeterminate in 7%. Baseline characteristics 
showed those with lower DBP and higher heart rates 
often were more symptomatic and had more severe AR. 
During the mean follow-up of 5.5 years, 49% under-
went aortic valve surgery (AVS) and 19% died, about 
one-third of the latter after AVS. Survival under medical 
management was 94% at one year, 79% at five years, 
and 63% at 10 years. A multivariate model adjusting 
for baseline characteristics and the presence of guideline 
triggers for AVS demonstrated the independent predic-
tive value of DBP and RHR for all-cause death under 
medical management: DBP HR, 0.79; 95% confidence 
interval (CI), 0.66-0.94 per 10 mmHg increase; P < 0.01, 
and RHR HR, 1.23; 95% CI, 1.03-1.45 per 10 beat 
increase; P = 0.01. These results persisted after further 
adjustment for hypertension, medications, and timing 
of AVS. Systolic BP was not predictive, but pulse pres-
sure per 10 mmHg increase was weakly predictive: HR, 
1.1; 95% CI, 1.01-1.24; P = 0.02. Additional analysis 

of DBP showed a J-shaped curve with mortality starting 
to increase at < 70 mmHg and peaking at 55 mmHg. 
For RHR, there was a linear relationship to mortal-
ity, increasing after RHR was > 60 bpm. The authors 
concluded that in patients with chronic moderate to 
severe AR, DBP and RHR are robustly associated with 
all-cause death independent of comorbidities, guideline-
based surgical triggers, hypertension, and medications. 
These measures should be considered in decision-making 
for AVS.

n COMMENTARY
In patients without heart valve disease, a rapid pulse 
has been associated with mortality. This finding in AR 
patients is unsurprising, but the lack of a J-shaped curve 
perhaps is. In this observational study, there was no 
discernable adverse effects of pulses down to 40 bpm, 
although the number of patients with RHR < 50 bpm 
was small. The authors advanced the theory that the 
large stroke volume associated with chronic stable AR 
activates baroreceptors, resulting in increased vagal 
tone. Investigators observed about 40% of patients 
who recorded heart rates > 60 bpm. As the left ventricle 
begins to fail and stroke volume drops, sympathetic 
tone increases, leading to an acceleration in RHR. The 
concept that a slower heart rate increases diastolic filling 
and makes AR worse may not be correct. Thus, avoid-
ing drugs to slow the heart rate may not be necessary 
unless they also decrease the contractile state of the left 
ventricle. Significant AR will lower the aortic diastolic 
pressure, and the resultant large stroke volume will 
increase systolic and pulse pressures. This phenomenon 
is one of the hallmarks of significant AR and is associ-
ated with classic physical findings in this condition. The 
finding that lower DBP values are associated with higher 
mortality may just reflect more severe AR. However, low 
DBP was a predictor of mortality independent of mark-
ers of AR severity, such as left ventricular size and func-
tion. Pulse pressure was weakly associated with mortal-
ity, but systolic BP was not. This is probably because 



      March 30, 2020 47

systolic pressure is more related to arterial stiffness in 
this age group. This weakens the relationship with pulse 
pressure. Considering the strong association of mortal-
ity with DBP, one must question the recommendation to 
aggressively treat hypertension in significant AR. In my 
experience, aggressive treatment of systolic BP in such 
patients is not well tolerated. If one is considering treat-
ing systolic hypertension in such patients, think about 
AVS. Aggressive treatment of systolic pressure often low-
ers DBP, too, which reduces coronary artery perfusion 
pressure. This may help explain why low DBP predicts 
mortality. There were some limitations to this study 

worth considering, including selection bias (about half 
the patients underwent AVS). Also, there are no data on 
the specifics of medical therapy or non-echo parameters 
such as BNP. Most patients were white men. Cardio-
vascular death was not analyzed, and patients with 
coronary artery disease were included. However, current 
thinking suggests clinicians may be waiting too long to 
operate on these patients. Consideration of factors other 
than symptoms, left ventricular size, and function such 
as exercise hemodynamic response, global strain, and 
BNP, should be analyzed. Clearly, DBP and RHR should 
be added to this list.  n

PHARMACOLOGY UPDATE

Bempedoic Acid (Nexletol)/Bempedoic Acid 
and Ezetimibe (Nexlizet)
By William Elliott, MD, FACP, and James Chan, PharmD, PhD
Dr. Elliott is Assistant Clinical Professor of Medicine, University of California, San Francisco.
Dr. Chan is Associate Clinical Professor, School of Pharmacy, University of California, San Francisco.

Drs. Elliott and Chan report no financial relationships relevant to this field of study.

The FDA has approved first-in-class adenosine 
triphosphate-citrate lyase (ACL) inhibitor for 

lowering low-density lipoprotein cholesterol (LDL-C). 
Bempedoic acid is a prodrug that is activated in the 
liver by long chain acyl-CoA synthetase-1 (ACSVL1).1,2 
Bempedoic and its active metabolite inhibit ACL, which 
is upstream for HMG-CoA reductase, the target for 
statins. Bempedoic acid is available as monotherapy and 
in combination with ezetimibe, a cholesterol absorption 
inhibitor. They are distributed as Nexletol and Nexlizet.

INDICATIONS
Bempedoic acid and bempedoic acid/ezetimibe should 
be prescribed as a supplement to diet and maximally 
tolerated statin therapy in adults with heterozygous 
familial hypercholesterolemia (HeFH) or established 
atherosclerotic cardiovascular disease (ASCVD) who 
need additional LDL-C lowering.1,3

DOSAGE
The recommended dose is 180 mg (monotherapy) or 
180 mg plus 10 mg ezetimibe, once daily with or without 
food.1,3 Simvastatin > 20 mg and pravastatin > 40 mg 
should be avoided due to the increased risk of statin-
related myopathy.1 Bempedoic acid is available as 180 
mg tablets and in a fixed combination with ezetimibe 
(180 mg + 10 mg) tablets.

POTENTIAL ADVANTAGES
Bempedoic acid provides a new mechanism of action 
to reduce LDL-C. It may carry a low risk of statin-
associated myopathy due to the absence of ACSVL1 

in the skeletal muscle.2 Inhibition of HMG-CoA is one 
the proposed mechanisms of action for statin-related 
myopathy.3

POTENTIAL DISADVANTAGES
Bempedoic acid may increase blood uric acid levels by 
inhibiting renal tubular organic anion transporter 2 
(OAT2).1 After 12 weeks, the mean difference between 
bempedoic acid and placebo was 0.8 mg/dL.1 Incidence 
of gout was particularly significant in patients with a 
history of gout (11.2% vs. 1.7% for placebo). There 
appears to be a higher risk of tendon rupture or injury 
(0.5% vs. 0% for placebo).1 The risk may be greater for 
those > age 60 years of age, those taking corticosteroids 
or fluoroquinolones, those with renal disorder, or those 
with previous tendon disorders. While low in frequency, 
there were some disproportionate differences between 
bempedoic acid and placebo, including doubling of 
BUN (3.8% vs. 1.5%), decrease in hemoglobin ≥ 2 g/
dL (5.1% vs. 2.3%), and increased platelet counts ≥ 
100 × 109/L (10.1% vs. 4.7%). Common adverse events 
(3-5% vs. 2-4% for placebo) include bronchitis, back 
pain, upper respiratory tract infections, muscle spasms, 
hyperuricemia, abdominal pain/discomfort, and pain 
in extremity.1 Trial discontinuation rates due to adverse 
reactions were 11% for bempedoic acid vs. 8% for 
placebo.

COMMENTS
The efficacy of bempedoic acid monotherapy was 
evaluated in two randomized, double-blind, placebo-
controlled, 52-week trials that included subjects 
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1.  Which statement regarding epidural steroid 
injection (ESI) is correct?
a. ESI is cost-effective at the three-month 
follow-up period.
b. ESI is cost-effective at the six-month follow-
up period.
c. ESI is better than medical management at 
three months.
d. Neither ESI nor medical management 
provides significant quality of life improvement 
over baseline at six months.

2.  In the study by Khezri et al, participants in the 
apple cider vinegar group had a statistically 
significant reduction in:

a. high-density lipoprotein cholesterol.
b. physical activity.
c. body mass index.
d. plasma concentration of neuropeptide-Y.

3.  An independent predictor of all-cause 
mortality in patients followed medically 
for chronic moderate to severe aortic valve 
regurgitation is:
a. resting bradycardia.
b. diastolic blood pressure < 70 mmHg.
c. systolic blood pressure > 140 mmHg.
d. pulse pressure < 40 mmHg.

with primarily ASCVD (94-98%; 3-6% 
with HeFH) and on maximally tolerated 
lipid-lowering therapy.1,5,6 Subjects were 
randomized to bempedoic acid (n = 2,010) or 
placebo (n = 999), with the primary efficacy 
endpoint of percent change from baseline to 
week 12 in LDL-C. In trial 1, bempedoic acid 
showed a mean LDL-C reduction of 18% 
from placebo from a baseline mean of 103 mg/
dL. In trial 2, the mean reduction was 17% 
from a mean baseline of 120 mg/dL. In both 
studies, non-LDL-C, apo B, total cholesterol, 
and high-sensitivity C-reactive protein also 
were reduced significantly. Those reductions 
were maintained for 52 weeks. 

The fixed combination of bempedoic acid 
and ezetimibe was evaluated in a randomized, 
double-blind, four-arm study that included 
301 subjects with HeFH, established ASCVD, 
or multiple risk factors for CV disease and 
mean LDL-C of 150 mg/dL.1,7 Subjects 
were randomized to bempedoic acid (180 
mg), ezetimibe (10 mg), bempedoic acid/
ezetimibe, or placebo. Bempedoic acid/
ezetimibe provided a 38% reduction in LDL-C 
compared to placebo, with 34% exhibiting a 
greater than 50% reduction in LDL-C. The 
LDL-C reductions for bempedoic acid and 
ezetimibe individually were -19% and -25%, 
respectively.

CLINICAL IMPLICATIONS
Bempedoic acid provides a modest reduction 
in LDL-C and is much more effective 
in combination with ezetimibe. LDL-C 

reductions seen with proprotein convertase 
subtilisin/kexin type 9 monoclonal antibodies 
inhibitors (e.g., evolocumab, alirocumab) 
when added to maximally tolerated statins 
ranged from 60% to 70%, along with 
reduction in risk of CV events.8,9 The 
effect of bempedoic acid monotherapy or 
in a fixed combination with ezetimibe on 
cardiovascular morbidity and mortality has 
not been determined. An ongoing placebo-
controlled trial with bempedoic acid in 12,600 
subjects will evaluate the occurrence of major 
cardiovascular events in patients with, or 
at high risk for, cardiovascular disease who 
are statin-intolerant (NCT02993406). The 
estimated completion date is March 2022. The 
cost for bempedoic acid and bempedoic acid/
ezetimibe is $11 per tablet.  n
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