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ABSTRACT
Background: Cardiovascular disease is the most common cause of morbidity and mortality in patients with diabetes and the
major source of cost in the care of diabetes. Treatment of dyslipidemia with cholesterol-lowering medications has been
shown to decrease cardiovascular events. However, available guidelines for the treatment of dyslipidemia often contain
significant differences in their recommendations.

Methods: Lipid guidelines from National Cholesterol Education Program Adult Treatment Panel III, American Association of Clinical
Endocrinologists, American Diabetes Association and American Heart Association/American College of Cardiology were reviewed.
In addition a literature review was performed using PubMed to research diabetic peculiarities to the topic of lipids.

Results: Summarized within this article are the aforementioned, commonly-used guidelines as they relate to diabetes, as well
as information regarding the diabetic phenotype of dislipidemia and the association between statins and new-onset diabetes.

Conclusions: While the multitude of guidelines and the differences between them may contribute to confusion for
practitioners, they are best viewed as tools to help tailor appropriate treatment plans for individual patients.

Key Indexing Terms: Diabetes; Lipid; Cholesterol; Guideline. [Am J Med Sci 2016;351(4):361–365.]
INTRODUCTION
According to the 2014 National Diabetes Statistics
Report, an estimated 29.1 million people, or 9.3%
of the population, have diabetes mellitus (Type I

or II) in the United States.1 Cardiovascular disease is the
leading cause of death in patients with diabetes, and per
the American Heart Association at least 68% of the
people with diabetes aged 65 or older die of heart
disease and 16% die of stroke.2,3 Furthermore, adults
with diabetes are 2-4 times more likely to have cardio-
vascular disease than adults without diabetes.3 Patients
with diabetes have a 2-4 times increased risk for stroke
and death from heart disease relative to patients without
diabetes.4 As such, diabetes is considered by many to
be a coronary heart disease risk equivalent. Dyslipidemia
is a major contributing factor to the development of
atherosclerosis, and treatment of dyslipidemia leads to
improved cardiovascular outcomes.5 From 2009-2012
65% of patients with diabetes had low-density lipopro-
tein (LDL-C) levels above 100 mg/dL or were on medi-
cations for dyslipidemia.1 Thus, treatment of
dyslipidemia in patients with diabetes is of paramount
importance. There are a multitude of published guide-
lines for the treatment of dyslipidemia, but many have
substantive differences in their recommendations, mak-
ing treatment decisions confusing for providers. The
purpose of this article is to review dyslipidemia in
patients with diabetes mellitus and summarize the most
commonly used lipid guidelines with regard to diabetes.
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DIABETIC DYSLIPIDEMIA
The phenotype of dyslipidemia in patients with dia-

betes often differs from that of patients without diabetes.
Although, lipid patterns in patients with well-controlled
type 1 diabetes are similar to patients in the general
population, patients with poorly-controlled type 1 diabe-
tes tend to have elevated triglycerides, increased LDL-C
levels, decreased high-density lipoprotein (HDL-C) levels
and smaller LDL particles.2 Patients with type 2 diabetes
(T2DM) characteristically have elevated triglycerides,
reduced HDL-C, smaller LDL particles, but with relatively
similar LDL-C levels compared with the general popu-
lation.2

Although the pathophysiology is not completely
understood, hypertriglyceridemia is thought to be the
determining factor in the distinct lipid profile of diabetic
dyslipidemia.4 In patients with insulin resistance, the liver
over-produces very LDL-C (VLDL-C), and the intestines
overproduce chylomicrons, both of which are rich in
triglycerides.6 Furthermore, impaired activity of lipopro-
tein lipase in patients with diabetes leads to decreased
metabolism of chylomicrons and VLDL-C.6 The resultant
hypertriglyceridemia stimulates the transfer of triglycer-
ides from VLDL-C and chylomicrons to LDL-C and HDL-
C, respectively.4 Triglyceride-rich HDL-C has a relatively
short half-life, causing an overall reduction in HDL-C
levels.4 Triglyceride-rich LDL-C is hydrolyzed, forming
lipid-poor, small, dense LDL particles.7 Small, dense
LDL particles are more atherogenic than larger, lipid-rich
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LDL-C, and associated with a greater risk of coronary
heart disease.8 In addition, reduced HDL-C and elevated
triglyceride levels may also be associated with increased
risk of acute coronary events.8 The differences in lipid
abnormalities between patients with diabetes and
patients without diabetes may explain why patients with
diabetes carry a significantly higher risk of cardiovascular
disease than patients without diabetes, though total
cholesterol and LDL-C levels may be similar.2
LIPID GUIDELINES IN DIABETES
Until recently, the National Cholesterol Education

Program Adult Treatment Panel III (NCEP-ATP III) and
the 2004 update served as the standard of care for
patients with diabetes and dyslipidemia in the United
States. These guidelines recommend treating dyslipide-
mia to LDL-C and non-HDL-C targets based on patients’
risk of having a coronary event in the next 10 years.8

LDL-C goals are the primary target, but non-HDL-C was
added as a secondary target of therapy to take into
account the atherogenic potential associated with rem-
nant lipoproteins in patients with hypertriglyceridemia.
For patients with diabetes, an LDL-C goal of o100 mg/dL
(non-HDL-C level of o130 mg/dL) is targeted with an
optional goal of LDL-C of o70 mg/dL (non-HDL-C level
of o100 mg/dL) for very high-risk patients such as those
with established coronary artery disease, a recent acute
coronary syndrome or multiple poorly-controlled com-
ponents of metabolic syndrome (the NCEP-ATPIII cri-
teria for metabolic syndrome are the presence of 3 of the
following: triglycerides Z150 mg/dL or current therapy
for hypertriglyceridemia, HDL-C o40 mg/dL in men and
o50 mg/dL in women or on current therapy for low
HDL-C, blood pressure Z130/85 mm Hg or current
therapy for hypertension, fasting glucose levels Z
100 mg/dL and abdominal obesity).9

In 2012, the American Association of Clinical Endo-
crinologists (AACE) released guidelines focusing on lip-
oprotein targets as well. In patients with diabetes, the
goal for LDL-C is o100 mg/dL, unless the patient has
1 or more additional risk factors such as existing
cardiovascular disease.10 In this case, the LDL-C target
is o70 mg/dL.9 The minimum goal for HDL-C is
440 mg/dL in both men and women.10 Additional goals
include triglyceride levels o150 mg/dL and total choles-
terol o200 mg/dL.10 AACE also recommends measure-
ment of apolipoprotein B (Apo-B) to assess the success
of LDL-C lowering therapy.10 Apo-B reflects LDL particle
number, which may still be elevated in patients with
LDL-C at goal. The targets for Apo-B are o90 mg/dL in
patients with diabetes and o80 mg/dL in patients with
diabetes with additional risk factors.10

A change in strategy for the management of dyslipi-
demia occurred in 2013 when the American Heart
Association (AHA) and American College of Cardiology
(ACC) released “ACC/AHA Guideline on the Treatment of
Blood Cholesterol to Reduce Atherosclerotic
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Cardiovascular Risk in Adults.” It differs from previous
guidelines in that its process does not provide a
comprehensive approach to diagnosis, evaluation and
treatment of lipid disorders as in ATP I-III. This guideline
is not ATP IV. High-intensity and moderate-intensity
statin treatment is emphasized. High-intensity statin
therapy includes atorvastatin 80 mg once daily (40 mg
may be used if 80 mg is not tolerated) and rosuvastatin
20–40 mg once daily.11 Moderate-intensity statin therapy
includes atorvastatin 10–20 mg once daily, fluvastatin
40 mg twice daily (fluvastatin extended-release 80 mg
once daily is also Food and Drug Administration
approved), lovastatin 40 mg once daily, pravastatin 40–
80 mg once daily, rosuvastatin 5–10 mg once daily,
simvastatin 20–40 mg once daily and pitavastatin 2–
4 mg once daily.11 The ACC/AHA guideline recommends
high-intensity statin therapy (unless contraindicated or
there is increased risk for statin-associated adverse
effects) in patients with diabetes of age 40–75 years and
estimated 10-year atherosclerotic cardiovascular disease
risk Z7.5%.11 Moderate-intensity statin therapy is appro-
priate for patients with diabetes not meeting criteria for
high-intensity statin therapy.11 No recommendations for
the treatment of hypertriglyceridemia were issued in these
guidelines.11

The ACC/AHA guideline also introduced a new global
risk assessment tool called the “CV Risk Calculator.”12

This tool calculates race and sex-specific 10-year and
lifetime risk for an atherosclerotic cardiovascular disease
event that includes stroke and myocardial infarction.12

Age, sex, race, total cholesterol, HDL-C, systolic blood
pressure, antihypertensive use, diabetes status and smok-
ing status are taken into account to calculate the risk.12

Owing to the cohorts used to develop this calculator, it
should be used in non–Hispanic Whites and non–Hispanic
African Americans aged between 40-79 for 10-year risk
and aged between 20-59 for lifetime risk.12 The calculator
can be used for other ethnic groups but may not
accurately define their risk.12 It can be accessed online
at http://my.americanheart.org/cvriskcalculator.

Like the ACC/AHA guidelines, the American Diabetes
Association’s (ADA) “Standards of Medical Care in Dia-
betes—2015” endorses statin dosing based on the
presence of cardiovascular disease risk factors or overt
disease, as opposed to specific LDL-C goals.13 Risk
factors include LDL-C 4100 mg/dL, hypertension, smok-
ing history and obesity.13 As diabetes is a major risk
factor for cardiovascular disease, the ADA recommends
pharmaceutical treatment of dyslipidemia in almost all
patients with diabetes except those younger than 40
years of age with no additional risk factors.13 Patients
older than 40 years with no risk factors should be treated
with moderate-intensity statins. Patients younger than 40
and older than 75 years with cardiovascular disease risk
factors should be treated with moderate-intensity or high-
intensity statins.13 Patients aged 40-75 years with risk
factors should be treated with high-intensity statins, as
should all patients of any age with overt cardiovascular
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TABLE. Goals of lipoprotein therapy in patients with diabetes mellitus.

National Cholesterol Education Program Adult
Treatment Panel III9

DM and ASCVD LDL-C o70 mg/dL

Non-HDL-C o100 mg/dL
DM without ASCVD LDL-C o100 mg/dL

Non-HDL-C o130 mg/dL
American Association of Clinical
Endocrinologists10

DM and ASCVD LDL-C o70 mg/dL

DM and 1 risk factor LDL-C o70 mg/dL
DM and no risk factor LDL-C o100 mg/dL
DM and 1 risk factor Apo-B o80 mg/dL
DM and no risk factor Apo-B o90 mg/dL
DM and risk factors HDL 440 mg/dL

American Diabetes Association Standards
of Medical Care in Diabetes13

DM and established ASCVD at any age High-intensity statin therapy

DM, age 40–75 years and 1 risk factor High-intensity statin therapy
DM, age o40 years or 475 years
and 1 risk factor

Moderate-intensity or high-intensity
statin therapy

DM, age 440 years and no risk factors Moderate-intensity statin therapy
DM, age o40 years and no risk factors No therapy recommended

American College of Cardiology/American
Heart Association Blood Cholesterol
Guidelines for ASCVD Prevention11

DM and LDL 4190 mg/dL High-intensity statin therapy

DM, age 40–75 years with LDL 70-189 mg/dL
and 10-year ASCVD risk 47.5%

High-intensity statin therapy

DM, age 40–75 years with LDL 70–189 mg/dL
and 10-year ASCVD risk o7.5%

Moderate-intensity statin therapy

ASCVD, atherosclerotic cardiovascular disease; DM, diabetes mellitus.
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disease.13 Hypertriglyceridemia with levels above
1,000 mg/dL can be treated with fibric acid derivatives or
fish oil.13 The ADA suggests that HDL-C levels o40 mg/dL
and elevated triglyceride levels not greater than 1,000 mg/
dL can be treated pharmacologically, but admitted that the
evidence to support this is weak.13

A summary of lipoprotein therapy goals can be seen
in Table.
GUIDELINE-RECOMMENDED TREATMENTS
All aforementioned guidelines agree that lifestyle

changes must be an integral part of risk reduction
therapy in patients with dyslipidemia, including those
with diabetes mellitus.10,11,13 AACE recommendations
include an exercise program and dietary changes.10 The
exercise program should consist of at least 30 minutes
of moderate-intensity physical activity 4–6 times per
week, expending at least 200 kcal/day.10 This can be
achieved by activities such as brisk walking, riding a
stationary bike, water aerobics, cleaning, lawn mowing
and sports.9 Muscle-strengthening activity is an impor-
tant component of the exercise program and should
occur at least 2 days per week.10 Dietary changes
consist of reduced caloric intake that should include at
least 5 servings per day of fruits and vegetables, at least
6 servings per day of grains with one-third as whole
grains, fish and lean meats.10 Patients should limit intake
THE AMERICAN JOURNAL OF THE MEDICAL SCIENCES � Copyright © 201
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of saturated fats, trans fats and cholesterol.10 The diet
should also include 2 g/days of plant stanols or sterols
and 10–25 g/days of soluble fiber.10

NCEP-ATPIII, AACE, ADA and ACC/AHA guidelines
all recommend statins as first-line therapy for dyslipide-
mia in diabetics.9,10,12,13 NCEP-ATPIII provides addi-
tional therapeutic options for hypertriglyceridemia.9 If
triglycerides are 4200 mg/dL after the LDL-C goal is
achieved, clinicians should address the secondary target
of non-HDL-C by intensifying LDL-C lowering therapy or
adding nicotinic acid or fibrates.9 AACE lists following
other effective drugs in reducing LDL-C: nicotinic acid,
bile acid sequestrants (though they may increase trigly-
ceride levels) and cholesterol absorption inhibitors
(ezetimibe).10 Suggested medications for reducing tri-
glycerides are fibrates, which are indicated for triglycer-
ides 4500 mg/dL with the addition of 2-4 g of omega-3
fish oil if needed.10 Although nicotinic acid increases
HDL-C, it is relatively contraindicated in diabetes
because of worsening glycemic control.9 Bile acid
sequestrants and cholesterol absorption inhibitors in
combination with statins can be used to reduce Apo-
B.10 In addition, the preceding recommendations of
AACE also mentions that bile acid sequestrants have a
glucose-lowering effect.10 The ADA does not generally
recommend combination therapies such as statins with
nicotinic acid and statins with fibrates, citing a lack
of evidence for additional cardiovascular benefit.13
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ACC/AHA also emphasizes the lack of evidence sup-
porting use of nonstatin therapies.11 Proprotein conver-
tase subtilisin/kexin type 9 inhibitors were not addressed
by AACE, ADA or ACC/AHA guidelines.

MONITORING
Fasting lipid profiles should be checked before initiation

of therapy, which all aforementioned guidelines sup-
port.10,12,13 AACE recommends rechecking patients’ lipid
values every 6 weeks until target levels are achieved.10 At
that point lipids should be reassessed every 6–12
months.10 In addition to lipid evaluation, AACE also
proposes checking liver transaminase levels at baseline, 3
months after initiation of treatment, and semi-annually
thereafter.10 Creatinine kinase levels should be checked
when patients report significant muscle weakness or
myalgias.10 ADA guidelines suggest providers may con-
sider checking lipid levels to monitor for compliance and
efficacy, but the need and timing should be based on
clinical judgement.13 Per ACC/AHA guideline, baseline
hepatic transaminases should be assessed, as well as a
baseline creatinine kinase if the patient is at increased risk
of adverse muscle events (eg, family history of statin
intolerance).11 Creatinine kinase and transaminases can
be reevaluated as needed if patients develop myalgias or
there is clinical suspicion for liver toxicity, respectively.11

ACC/AHA recommends reassessing lipid levels 4–12
weeks after initiation or dose adjustment and every 3–12
months afterward to monitor for adherence and effect.11

Although the ACC/AHA guideline does not rely on specific
lipid targets for statin dosing, it does cite an LDL-C
reduction of Z50% with high-intensity statin therapy and
30–50% with moderate-intensity statins as reasonable
expectations.11 In patients with less-than-anticipated
responses, clinicians can consider increasing statin inten-
sity or adding a nonstatin medication.11

STATIN INTOLERANCE
An estimated 5-10% of patients treated with statins

develop statin intolerance, most of which is related to
muscle symptoms.14 In patients who develop myalgias
or other side effects of statins, the ADA and ACC/AHA
guidelines advocate trying a different statin, a lower
dose of the same medication or alternate day dosing
until a statin regimen can be found that the patient
tolerates.11,13 The ACC/AHA guideline states that it is
reasonable to try a nonstatin medication in patients who
are completely statin intolerant.11 AACE counsels using
a combination of medications at lower doses in patients
where statin intolerance is a concern.10

STATINS AND NEW-ONSET DIABETES
Recent studies have revealed an increased risk of

developing T2DM in patients treated with statins. The
Justification for the Use of Statins in Primary Prevention:
an Intervention Trial Evaluating Rosuvastatin (JUPITER)
study that included 17,802 men and women subjects,
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found that rosuvastatin 20 mg/day was associated with
a 25% increase in relative risk of T2DM.15 Subsequently,
3 meta-analyses of statin trials involving 57,593, 39,791
and 91,140 participants demonstrated an increased risk
of development of T2DM in those treated with statins
ranging from 9–14% increase.16 In 2012, as a response
to these findings, the Food and Drug Administration
issued a warning and mandated a label change to all
statins that their use can raise blood sugar and hemo-
globin A1C levels.

The diabetogenic effects seem to be dose-related
with higher dose statin therapy associated with higher
risk of developing T2DM.15 The development of diabetes
with statin therapy is also more likely in patients already
with risk factors for T2DM including those with metabolic
syndrome, sedentary lifestyle, poor diet, obesity, predia-
betes, hypertension and family history of diabetes.17

Furthermore, diabetogenic risk may differ among statins.
A study suggests patients taking atorvastatin, simvas-
tatin and rosuvastatin carry an increased risk of T2DM,
whereas those treated with pravastatin, lovastatin and
fluvastatin showed no increased risk.16 The early data
from a trial looking at pitavastatin and T2DM show a
reduction in the incidence of T2DM.15 However, more
studies are needed to better establish the relationship
between statins and new-onset diabetes.17

Though the exact mechanism to explain the associ-
ation between statins and new-onset T2DM is unknown,
several possibilities have been proposed. Statins may
increase the risk of T2DM by reducing insulin secretion
via affecting calcium channels on beta cells, decreasing
translocation of glucose transporter 4 leading to
increased insulin resistance, impairing adipocyte differ-
entiation or altering isoprenoid, coenzyme Q10, dolichol,
adiponectin and leptin levels.18

Despite the association of statin therapy with an
increased incidence of T2DM, ACC/AHA and ADA
guidelines emphasize that the cardiovascular benefits
outweigh the risk for development of T2DM.11,13 AACE
highlights that the development of T2DM on statin
therapy occurs less frequently than cardiovascular event
reduction, citing a study that found in patients treated
with statins there were 6.5 fewer cardiovascular events
compared with 2 additional cases of diabetes per 1,000
patient years.10 Patients who develop diabetes while on
statins should be counseled on adherence to a good
diet, increased physical activity, weight loss if needed
and smoking cessation.11 Statin therapy should be
continued, and the patient should be started on appro-
priate treatment of diabetes.11
CONCLUSIONS
In 2012, the estimated total cost of diabetes in the

United States was 245 billion dollars with cardiovascular
disease being the largest contributor to that amount.1,13

Furthermore, cardiovascular disease is the most com-
mon cause of morbidity and mortality in diabetes.13
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Treating dyslipidemia can help reduce cardiovascular
risk in patients with diabetes. In this article, we high-
lighted the specific features of dyslipidemia in diabetes,
and discussed the 4 most commonly used guidelines on
reducing cardiovascular risk by treating dyslipidemia in
patients with diabetes. The differences in recommenda-
tions may contribute to confusion for clinicians treating
these patients. However, to paraphrase a line from the
ACC/AHA guideline, “Recommendations are designed
to inform clinical judgment, not replace it.11” As such
clinicians should use these guidelines as tools and tailor
an appropriate approach to each patient with diabetes
and dyslipidemia.
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