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KEY MESSAGES

• The beneficial effects of lowering low-density lipoprotein (LDL)-cholesterol
with statin therapy apply equally well to people with diabetes as to those
without the disease.

• The primary treatment goal for people with diabetes is LDL-cholesterol con-
sistently <2.0 mmol/L or >50% reduction from baseline. Alternative targets
and goals are non-high-density lipoprotein (non-HDL) cholesterol
<2.6 mmol/L or apolipoprotein B <0.8 g/L. Achievement of the primary goal
may require intensification of healthy behaviour interventions with statin
monotherapy. On occasion, the addition of other lipid-lowering medica-
tions may be required.

KEY MESSAGES FOR PEOPLE WITH DIABETES

• Most adults with diabetes are at greater risk for cardiovascular diseases,
such as heart attack and stroke.

• People with diabetes have an increased risk of cardiovascular diseases even
if their LDL-cholesterol is “normal”. They have an even higher risk if their
LDL-cholesterol is elevated.

• Adults with diabetes should have their cholesterol tested yearly or as indi-
cated by your health-care provider. More frequent testing may be neces-
sary for people taking cholesterol medications.

• Always discuss your cholesterol results with your physician or nurse prac-
titioner and other members of your health-care team.

Introduction

Diabetes is associated with a high risk of vascular disease (i.e.
2- to 4-fold greater risk than that of individuals without diabe-
tes). In fact, cardiovascular disease (CVD) is the primary cause of
death among people with type 1 and type 2 diabetes (1–3). Aggres-
sive management of all CVD risk factors, including dyslipidemia, is,
therefore, generally necessary in individuals with diabetes (4–6).

The most common lipid pattern in people with type 2 diabetes
consists of hypertriglyceridemia (hyper-TG), low high-density lipo-
protein cholesterol (HDL-C) and relatively normal plasma concen-
trations of low-density lipoprotein cholesterol (LDL-C). However,
in the presence of even mild hyper-TG, LDL-C particles are typi-
cally small and dense and may be more susceptible to oxidation.
In addition, chronic hyperglycemia promotes the glycation of LDL-C,
and both glycation and oxidation are believed to increase the

atherogenicity of LDL-C. Both of these processes may impair func-
tion and/or enhance atherogenicity even in those with type 1
diabetes with a normal lipid profile. The risk imparted by this lipid
profile, even when LDL-C is considered low, remains quite substantial
(7). Table 1 lists the components of dyslipidemia associated with
diabetes (8,9). Many of these abnormalities also are seen in people
with metabolic syndrome (10,11).

Risk Assessment of Individuals with Diabetes

A detailed overview of risk assessment to guide decisions in
whom to use statin therapy is provided in the Cardiovascular Pro-
tection in People with Diabetes chapter, p. S162. Principles of risk
assessment also are discussed in the 2016 Canadian Cardiovascular
Society (CCS) Guidelines for the Management of Dyslipidemia (12,13),
and efforts were made to ensure consistency between the guide-
lines. Accordingly, actual risk calculation is not required in most cases
as people with diabetes >40 years of age, or >30 years of age and
duration of diabetes >15 years or with concomitant microvascular
or cardiovascular (CV) disease warrant therapy (13).

Screening

The burden of dyslipidemia is high in people with diabetes. A
national cross-sectional chart audit study of 2,473 Canadians with
type 2 diabetes revealed that 55% of individuals with a diabetesConflict of interest statements can be found on page S183.

Table 1
Dyslipidemia components associated with type 2 diabetes and metabolic syndrome*

• Increased TG and TG-rich lipoproteins
• Increased postprandial TG
• Low HDL-C
• Low apo A-I
• Decreased small HDL, prebeta-1 HDL, alpha-3 HDL
• Increased apo B
• Increased LDL particle number
• Increased small, dense LDL
• Increased apo C-III
• Increased non-HDL-C
• Increased oxidized and glycated lipids

Apo, apolipoprotein; HDL, high-density lipoprotein; HDL-C, high-density lipopro-
tein cholesterol; LDL, low-density lipoprotein; LDL-C, low-density lipoprotein cho-
lesterol; TG, triglyceride.

* Adapted from reference 8.
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diagnosis of 2 years’ duration also had dyslipidemia. This propor-
tion rose to 66% in those with diabetes for 15 years (14). There-
fore, a fasting lipid profile (total cholesterol [TC], HDL-C, TG and
calculated LDL-C) should be conducted at the time of diagnosis of
diabetes and if treatment is not warranted, the assessment should
be repeated annually or as clinically indicated. If treatment for
dyslipidemia is initiated, more frequent testing is warranted.

A fast of >8 hours may be inappropriate for individuals with dia-
betes, especially if long-acting basal insulin is part of their treat-
ment regimen. Although nonfasting LDL-C is generally valid unless
TG is elevated, non-HDL-C (defined as TC minus HDL-C) or
apolipoprotein B (apo B) measurements (see below) are also valid
even in the nonfasting state and even if the TG level is not normal.
Indeed, the most recent CCS guidelines for management of
dyslipidemia now endorse the option of nonfasting lipid measure-
ments more broadly, not solely in people with diabetes, unless the
person is known to have abnormalities of TG. Laboratories will not
report LDL-C when TG is ≥4.5 mmol/L. In people known to have this
level of hypertriglyceridemia, a fasting profile should be per-
formed but non-HDL-C or apo B may still need to be used to deter-
mine atherogenicity of the dyslipidemia in this circumstance as
well (13). For screening in children and adolescents, please refer
to the chapters dedicated to diabetes in these groups (Type 1 Dia-
betes in Children and Adolescents chapter, p. S234; Type 2 Diabe-
tes in Children and Adolescents chapter, p.S247).

Healthy Behaviour Interventions

Healthy behaviour interventions remain a key component of CVD
prevention strategies and of diabetes management in general.
Achievement of healthy weight and aerobic activity level, adop-
tion of an energy-restricted, compositionally well-balanced diet that
is low in cholesterol, saturated and trans fatty acids and refined car-
bohydrates, inclusion of viscous fibres, plant sterols, nuts and soy
proteins, use of alcohol in moderation and smoking cessation all
are fundamental considerations to improve glycemic control, the
overall lipid profile and, most importantly, to reduce CVD risk
(15–26). Each of these is discussed in more detail in accompany-
ing chapters (Physical Activity and Diabetes chapter, p. S54; Nutri-
tion Therapy chapter, p. S64; Weight Management in Diabetes
chapter, p. S124).

LDL-C

A number of studies and meta-analyses have shown that the
degree of LDL-C lowering with statins and the beneficial effects of
lowering LDL-C apply equally well to people with and without dia-
betes (27–38). Large trials have demonstrated the benefits of statin
therapy in both the primary and secondary prevention of CVD, and
subgroup analyses of these studies have shown similar benefits in
subsets of participants with diabetes (28–30,39). Across all sub-
groups, statin therapy provides the same relative risk reduction in
terms of outcomes, but the absolute benefit depends on the base-
line level of absolute risk, which is typically increased in people with
diabetes. Subgroup analyses from statin trials also have shown
similar relative benefits of LDL-C lowering, regardless of baseline
LDL-C (30,32).

Intensive-dose statin has been demonstrated to improve outcome
compared to moderate-dose statins, even in older people with MI
or in people on dialysis (40–43). Therefore, statin use should be con-
sidered for any person with diabetes at risk of a CV event. In the
very small group of lower-risk individuals with type 2 diabetes,
the relative reduction in CVD risk with statin therapy is likely to
be similar to that seen in those at higher global risk for CVD, but

the absolute benefit from statin therapy is predicted to be smaller.
However, the global CVD risk of these individuals is lifelong, will
increase with age and may be worsened in the presence of additional
CV risk factors. Therefore, repeated monitoring of the CVD risk status
of people with diabetes (as outlined in the screening section above)
is recommended.

The results of the Heart Protection Study (HPS), which com-
pared simvastatin 40 mg daily to placebo, provide considerable
insight into the importance of LDL-C lowering in the general popu-
lation and, in particular, among people with diabetes (31). In the
overall study, involving >20,000 participants, similar risk-ratio reduc-
tions were observed in participants with baseline LDL-C >3.5 mmol/L,
3.0 to 3.5 mmol/L and <3.0 mmol/L. In the subgroup with diabetes
(n=5,963, including 615 people with type 1 diabetes), treatment with
40 mg simvastatin daily resulted in a 27% reduction in CV events
and a 25% reduction in stroke relative to treatment with placebo.
The risk reduction was similar in the cohorts with and without dia-
betes, and the treatment benefit was independent of baseline HDL-C
and LDL-C levels (LDL-C <3.0 mmol/L or ≥3.0 mmol/L), sex, vascu-
lar disease, type of diabetes (type 1 vs. type 2) and A1C level (30).
These results emphasized the benefits of statin treatment irrespec-
tive of the pre-existing serum LDL-C level.

The Collaborative Atorvastatin Diabetes Study (CARDS) was the
first completed statin trial to be conducted exclusively in people
with type 2 diabetes without known CVD (32). The mean baseline
LDL-C of the study population was 3.1 mmol/L, and all participants
had at least 1 CVD risk factor in addition to diabetes. CARDS dem-
onstrated that treatment with atorvastatin 10 mg daily was safe and
highly efficacious in reducing the risk of a first CV event, including
stroke. Treatment resulted in a mean LDL-C of 2.0 mmol/L and was
associated with a reduced risk for CV events and stroke of 37% and
48%, respectively. These study findings support the value of treating
even so-called “normal” LDL-C levels in people with type 2 diabetes
and no known CVD. This concept is concordant with a recent analy-
sis of CVD risk in adults with diabetes and LDL-C <2.6 mmol/L (7).

As mentioned previously, all CARDS subjects had at least 1 addi-
tional CVD risk factor (i.e. history of hypertension, retinopathy,
microalbuminuria or macroalbuminuria, or current smoking), a
profile that applies to an estimated 70% to 80% of people with type 2
diabetes (32,44). Results from the United States (US) Third National
Health and Nutrition Examination Survey (NHANES III) indicate that
82% of people with diabetes and no clinically evident coronary artery
disease (CAD) have at least 1 of the CARDS entry criteria risk factors
(32). The CARDS investigators concluded that the study findings
“challenge the use of a particular threshold level of LDL-C as the
sole arbiter of which individuals with type 2 diabetes should receive
statin therapy”. The absolute risk, determined by other risk factors
in addition to LDL-C, should drive the target levels (32,45). Indeed,
the investigators questioned whether any individual with type 2
diabetes can be considered at sufficiently low risk for therapy to
be withheld (32). A sub-analysis of the Anglo-Scandinavian Cardiac
Outcomes Trial—Lipid Lowering Arm (ASCOT-LLA) revealed similar
benefits of atorvastatin 10 mg vs. placebo in people with type 2 dia-
betes, hypertension and at least 3 additional risk factors (46).

The Atorvastatin Study for the Prevention of Coronary Heart
Disease Endpoints in Non-Insulin-Dependent Diabetes Mellitus
(ASPEN) assessed the effect of atorvastatin 10 mg daily vs. placebo
on CVD prevention in 2,410 people with type 2 diabetes (47).
Although originally designed as a secondary prevention trial, the
protocol underwent several changes, including the addition of par-
ticipants without known CAD and the eventual conversion of all par-
ticipants with known CAD to open-label, lipid-lowering medication.
Over the 4-year study period, mean LDL-C was reduced by 29% in
the atorvastatin group compared to placebo (p<0.0001). The com-
posite primary endpoint was reduced by 13.7%; however, this finding
was not statistically significant and was generally considered to be
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related to the methodological limitations of the study design and
the protocol changes.

In the subgroup with diabetes (n=1,051) of the Treating to New
Targets (TNT) trial conducted in individuals with stable CAD, those
participants treated with atorvastatin 80 mg daily who achieved a
mean LDL-C of 2.0 mmol/L had 25% fewer major CVD events than
did those treated with atorvastatin 10 mg daily who achieved a
mean LDL-C of 2.5 mmol/L (p=0.026) (34). Intensive therapy with
atorvastatin 80 mg daily also reduced the rate of all CVD and cere-
brovascular events compared to atorvastatin 10 mg daily. Notably,
an increased event rate for all primary and secondary efficacy out-
comes was noted in the subgroup with diabetes compared to the
overall study population. This finding provides yet further evi-
dence that people with diabetes and CAD are at extremely high risk
of subsequent CVD events.

The Cholesterol Treatment Trialists’ (CTT) Collaboration meta-
analysis of >170,000 statin-treated subjects found that for every
1.0 mmol/L reduction in LDL-C, there was an approximately 20%
reduction in CVD events, regardless of baseline LDL-C (48). The pro-
portional reductions were very similar in all subgroups, including
those with diabetes without pre-existing vascular disease (48). In
fact, the CTT meta-analysis of >18,000 participants with diabetes
from 14 randomized statin trials found that the effects of statins
on all fatal and nonfatal CV outcomes were similar for partici-
pants with or without diabetes (49). The updated CTT meta-
analysis of 170,000 participants showed that additional reductions
in LDL-C (down to approximately 1.0 to 2.0 mmol/L) with more inten-
sive therapy further reduced the incidence of major vascular events
and that these reductions could be achieved safely, even in indi-
viduals with lower baseline LDL-C levels (50). The IMproved Reduc-
tion of Outcomes: Vytorin Efficacy International Trial (IMPROVE-
IT) showed that the addition of ezetimibe to simvastatin in
participants with recent acute coronary syndrome imparted an incre-
mental CVD event benefit compared to use of simvastatin alone and
the magnitude of the event reduction was commensurate with the
degree of additional LDL-C lowering imparted by ezetimibe. The
mean LDL-C in the simvastatin plus ezetimibe arm was 1.4 mmol/L
and 1.8 mmol/L in the simvastatin-treated cohort. The event reduc-
tions were particularly evident in people with type 2 diabetes (39).

Although the linear relationship between the proportional CVD
risk reduction and LDL-C lowering would suggest that there is no
lower limit of LDL-C or specified LDL-C target (as the CTT authors
suggest), the clinical trial evidence summarized above would suggest
that LDL-C consistently <2.0 mmol/L is currently the most appro-
priate target for high-risk individuals. In the vast majority of people,
this target can be achieved with either a statin alone or a statin in
combination with another lipid-lowering agent, such as ezetimibe,
as shown in the IMPROVE-IT trial (39). People with diabetes and
renal dysfunction or those requiring dialysis constituted 23% of the
study population of the Study of Heart and Renal Protection (SHARP)
trial. The study showed that LDL-C reductions with simvastatin plus
ezetimibe were associated with reductions in the incidence of major
atherosclerotic events vs. placebo. Subgroup and heterogeneity analy-
sis revealed no difference in risk reduction between participants with
or without diabetes using the statin/ezetimibe combination (51).
A population-based cohort study suggests that the statin/ezetimibe
combination is associated with lower rates of major adverse cardiac
events in type 2 diabetes than high potency statins alone (52). These
observations suggest that if statin alone does not achieve the
expected LDL-C lowering effect desired, the statin/ezetimibe option
should be considered.

Of particular interest is the recent availability of proprotein
convertase subtilisin/kexin type 9 (PCSK9) inhibitors which are now
indicated for use in people with either familial hypercholesterol-
emia or clinical atherosclerotic CVD who are not achieving LDL-C goals
with healthy behaviour interventions, including diet and exercise

and maximally tolerated statins. People with diabetes who also have
these features should be considered candidates for these agents as
per CCS recommendations (13). Subgroup analyses of these phase
2 and 3 studies of these agents suggest that subjects with diabetes
have similar improvements in their lipid profile as do people without
diabetes. Indeed, the first pivotal, secondary prevention trial using
a PCSK9 inhibitor (53) and a prespecified subgroup analysis of the
participants with concomitant diabetes (54) demonstrate further
risk reduction with the combination of statin plus PCSK9 inhibitor
when compared to statin alone. Risk reductions in participants with
or without diabetes were similar; in those with diabetes, the risk
reduction in the composite endpoint of CV death, MI, stroke, hos-
pitalization for unstable angina or revascularization was 23%. There
was also an 18% reduction in the participants with diabetes in the
composite endpoint of CV death, MI and stroke, a benefit that was
similar to that experienced by participants without DM. In addi-
tion, there was no evidence of worsening of hyperglycemia in the
participants with diabetes or of new onset diabetes in those without.

Tables 2 and 3 summarize considerations that should guide the
choice of pharmacological agent(s) for the treatment of dyslipidemia.
Although it has not been studied in any event-based randomized
clinical trial, colesevelam, a bile acid sequestrant, appears to have
an ancillary effect on lowering A1C (55,56).

People with IGT (particularly in the context of metabolic syn-
drome) are at significant risk for the development of CVD. Indeed,
some studies suggest that their vascular risk is almost as high as
individuals with existing type 2 diabetes (57,58) (see Cardiovascu-
lar Protection in People with Diabetes, p. S162). No clinical trials
of lipid-lowering agents have been conducted exclusively in people
with impaired glucose tolerance (IGT); however, given their increased
CVD risk, it is reasonable to consider treating this population to the
same targets as people with diabetes (59). To reduce the CVD mor-
bidity and mortality associated with prediabetes and metabolic syn-
drome, an aggressive approach aimed at associated CVD risk factors,
including dyslipidemia, is warranted. Healthy behaviour interven-
tions aimed at reducing the risk of developing both type 2 diabe-
tes and CVD are essential.

Additional lipid markers of CVD risk

The TC/HDL-C ratio is an index of CVD risk (60) and is consid-
ered to be a traditional determinant or risk marker when considering
the need for lipid-lowering therapy. An elevated TC/HDL-C ratio is

Table 2
First-line therapy to achieve a primary lipid target of LDL-C consistently less than
2.0 mmol/L

Statins*

Generic name† Tradename Considerations

Atorvastatin Lipitor® and generics Statins are drugs of choice
to lower LDL-C and have
modest TG-lowering and
HDL-C raising effects at
higher doses.

Fluvastatin Lescol®
Lovastatin Mevacor® and generics
Pravastatin Pravachol® and generics
Rosuvastatin Crestor® and generics
Simvastatin Zocor® and generics

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cho-
lesterol; TG, triglyceride.
Note: Prescribers should refer to the most current edition of the Compendium of Phar-
maceuticals and Specialties (Canadian Pharmacists Association, Ottawa, Ontario,
Canada) for product monographs and complete prescribing information.

* Prevention of statin-induced myopathy requires attention to factors that increase
risk, such as age >80 years (especially women); small body frame and frailty; higher
dose of statin; multisystem diseases (e.g. chronic renal insufficiency due to diabe-
tes); multiple medications; hypothyroidism; perioperative periods; alcohol abuse;
excessive grapefruit juice consumption; and specific concomitant medications, such
as fibrates (especially gemfibrozil) (refer to specific statin package inserts for others)
(102,104,105).

† Listed in alphabetical order.
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usually associated with a low HDL-C and/or elevated TG, both of
which are commonly seen in individuals with diabetes and
often in individuals without diabetes, even in the face of an optimal
LDL-C (7). The elevated TC/HDL-C ratio is considered to represent
a marker of lipid-derived, residual risk in treated patients, but it
is not considered a target of therapy. Even so, this dyslipidemia is
relatively responsive to healthy behaviour interventions (e.g. an
increase in physical activity and weight reduction) and improve-
ments in glycemic control, interventions that should be consid-
ered in all instances anyway.

To reduce the residual CVD risk despite statin therapy, the poten-
tial benefit of additional lipid modification of high TG or low HDL-C
with adjuvant pharmacotherapy has attracted tremendous interest.
However, 3 recent studies, the Action to Control Cardiovascular Risk
in Diabetes (ACCORD) trial (cohort consisted exclusively of patients
with diabetes), the Atherothrombosis Intervention in Metabolic Syn-
drome with Low HDL/High Triglyceride and Impact on Global Health
Outcomes (AIM-HIGH) trial, and the Heart Protection Study
2-Treatment of HDL to Reduce the Incidence of Vascular Events
(HPS2-THRIVE) trial highlight the importance of maintaining LDL-C
lowering as the primary focus of treatment, particularly with statins
(61–63). Fenofibrate was used in ACCORD and niacin was used in
AIM-HIGH and HPS2-THRIVE. Both of these second-line adjunc-
tive therapies failed to show any added clinical benefit compared
to statin therapy alone. Therefore, neither niacin or fibrates can be
recommended as routine adjunctive therapy in people already
meeting LDL-C targets with statins since these agents appear to have
no additional impact on CVD endpoints. In some people, however,
these agents may help achieve LDL-C goals (13). The results of 4
recent meta-analyses examining the effects of fibrate therapy on
CV outcomes found that fibrates may be particularly beneficial in
people with atherogenic dyslipidemia, which is characterized by
elevated TG, small LDL particles and reduced HDL-C (64–67).

Evidence suggests that fibrate therapy may help reduce the
microvascular complications associated with diabetes (i.e.

retinopathy and nephropathy), and it appears as if these benefi-
cial effects are not solely due to the lipid changes induced by this
drug class (68–70). For example, the Fenofibrate Intervention and
Event Lowering in Diabetes (FIELD) study found that long-term treat-
ment with fenofibrate reduced albuminuria and slowed estimated
glomerular filtration rate loss over 5 years, despite initially and
reversibly increasing plasma creatinine (68). Furthermore, if residual
hyper-TG is high enough to impart a risk of pancreatitis, fibrates
may be warranted.

Although TG is not a target of therapy for CV risk reduction, a
TG level <1.5 mmol/L is considered optimal since, below this level,
there are fewer associated metabolic abnormalities, such as low
HDL-C, small dense LDL particles and postprandial lipemia
(36,71–74). As indicated above, healthy behaviour interventions,
including healthy eating, weight management and improved gly-
cemic control, should all be emphasized.

While several studies have shown that fibrate therapy is asso-
ciated with CVD prevention, there is much less evidence for CVD
risk reduction with fibrates relative to statins, specifically in people
with diabetes (75–79). In some studies, no statistically significant
reduction in the primary endpoint was demonstrated with fibrate
therapy (80,81). Combination therapy with fenofibrate (82,83) or
bezafibrate plus a statin appears to be relatively safe if appropri-
ate precautions are taken (Tables 2 and 3). But, as discussed above,
the efficacy of these approaches in improving patient outcomes has
not been established (61). Although combination treatment with
fenofibrate appears to be safe (61,80), statins should not be used
in combination with gemfibrozil due to an increased risk of myopa-
thy and rhabdomyolysis (84).

To reduce the risk of pancreatitis rapidly, a fibrate is recom-
mended for individuals with fasting TG levels >10.0 mmol/L who
do not respond to other measures, such as intensified glycemic
control, weight loss and restriction of refined carbohydrates and
alcohol (85). When there is no overriding concern for acute pan-
creatitis and when there is evidence of hyper-TG in association with

Table 3
Other lipid-modifying medications

Drug class*
Generic name* (tradename)

Principal effects Other considerations

Bile acid sequestrants (BAS)
• Cholestyramine resin (Questran®)
• Colesevelam (Lodalis®)
• Colestipol HCl (Colestid®)

• Lowers LDL-C • GI intolerability, which worsens with increasing doses
• May elevate TG
• Colesevelam has A1C-lowering effect

Cholesterol absorption inhibitor
• Ezetimibe (Ezetrol® and generics)

• Lowers LDL-C • Less effective than statins as monotherapy
• Effective when used in combination with a statin to further

lower LDL-C (38,39)

Fibrates
• Bezafibrate (Bezalip SR® and generic)
• Fenofibrate (micronized/microcoated/nano crystals)

(Lipidil Micro®, Lipidil Supra®, Lipidil EZ®, and generics)
• Gemfibrozil (Lopid®)

• Lowers TG
• Variable effect on LDL-C
• Highly variable effect on

HDL-C (more effective at
raising HDL-C when
baseline TG is high)

• May increase creatinine and homocysteine levels; however,
favourable effects on renal function have been noted with
long-term fenofibrate treatment (68); possible benefit of
fenofibrate on retinopathy

• Do not use gemfibrozil in combination with a statin due to
increased risk of myopathy and rhabdomyolysis†

Nicotinic acid
• Extended-release niacin (Niaspan®, Niaspan FCT®)
• Immediate-release niacin (generic, nonprescription)
• Long-acting (e.g. “no-flush”) niacin (generic, nonprescription

or niacin/laropiprant combinations) not recommended

• Raises HDL-C
• Lowers TG
• Lowers LDL-C
• Lowers Lp(a)

• To be used selectively and cautiously but not to be used prior
to trials of ezetimibe or BAS

• Can cause dose-related deterioration of glycemic control
• Long-acting niacin should not be used due to increased

hepatotoxicity and decreased efficacy (106)

PCSK9 inhibitor
• Alirocumab (Praluent®)
• Evolocumab (Repatha®)

• Lowers LDL-C
• Lowers Lp(a), also,

modest TG-lowering and
HDL-C raising effects

• Injection site reactions (107–110)
• CV risk reduction shown in 1 randomized clinical trial

of secondary prevention, including in a subset with
type 2 diabetes

A1C, glycated hemoglobin; BAS, bile acid sequestrant; CV, cardiovascular; GI, gastrointestinal; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; Lp(a), lipoprotein(a); PCSK9, proprotein convertase subtilisin/kexin type 9; TG, triglyceride.
Note: Physicians should refer to the most current edition of the Compendium of Pharmaceuticals and Specialties (Canadian Pharmacists Association, Ottawa, Ontario, Canada)
for product monographs and complete prescribing information.

* Listed in alphabetical order.
† See footnote to Table 2 regarding prevention of myopathy.
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an elevated apo B or high non-HDL-C, it would be reasonable to
consider a statin as first-line therapy with the subsequent addi-
tion of a fibrate, as needed.

As discussed above, evidence has emerged to support the use
of apo B determination in the management of patients with
dyslipidemia (12,13,45). Mechanistically, it is important to con-
sider that there is 1 apo B molecule per LDL-lipoprotein (a) [Lp(a)],
very low-density lipoprotein (VLDL) and intermediate-density lipo-
protein (IDL) particle, all of which are atherogenic. Apo B has repeat-
edly been shown to be a better risk marker for CVD events than
LDL-C. Consequently, the measurement of apo B and its monitor-
ing in response to lipid-lowering therapy have been advocated by
some authors (12,13,45,86). The measurement of apo B is most clini-
cally useful in the individual with hyper-TG since it provides an indi-
cation of the total number of atherogenic lipoprotein particles in
the circulation through direct measurement, as opposed to calcu-
lated LDL-C which cannot be determined reliably with TG above
4.5 mmol/L and which will be systematically underestimated even
when TG are 1.5 to 4.5 mmol/L. Because hyper-TG is commonly seen
in people with diabetes, a focus on non-HDL-C or measurement of
the apo B level can be used to guide therapy. Based on available evi-
dence, an optimal level of apo B can be considered to be at least
<0.9 g/L (87) or, as supported by the CARDS study in subjects with
diabetes, <0.8 g/L (45). The latter threshold is endorsed by the Cana-
dian Cardiovascular Society (13).

Further important information has emerged from CARDS with
respect to alternative targets and therapeutic goals (32). In an exten-
sive analysis of both spontaneous and statin-induced changes in
LDL-C, apo B concentrations and non-HDL-C, outcomes were found
to be more consistently related to apo B during statin treatment than
LDL-C or non-HDL-C (45). In people treated with a statin, the average
apo B concentration in the subgroup with concomitant LDL-C of
2.0 mmol/L was 0.708 g/L, with an upper 95% confidence limit of
0.720 g/L.

The calculated non-HDL-C (TC minus HDL-C) has features similar
to apo B: the calculation is valid in the nonfasting state, and it relates
mainly to cholesterol contained in atherogenic particles, each of
which has an apo B [atherogenic particles, such as VLDL and IDL,
LDL, and Lp(a)]. A linear relationship between apo B and non-
HDL-C exists over a broad range (88). A non-HDL-C level of
2.6 mmol/L is approximately equal to an apo B of 0.8 g/L and both
may be considered alternate goals of therapy. It should be recog-
nized, however, that sole reliance on this general correlation would
imply that all people have an average size of LDL-C which is clearly
not the case. Thus, these correlations apply to populations and not
necessarily to individual patients as LDL-C particle size may vary
substantially, leading to the observed standard error associated with
the linear correlation. But since non-HDL-C is available without addi-
tional cost or separate assay, it is attractive to consider, and its clini-
cal use is supported by several analyses (89–91).

Apo A-I is the defining protein of HDL and is a surrogate marker
of the number of HDL particles in the circulation. The relationship
between apo A-I and HDL-C is more complicated than the 1:1 rela-
tionship of the number of apo B molecules and atherogenic par-
ticles because there may be 2 to 4 apo A-I molecules per HDL particle.
The apo B/apo A-I ratio has been proposed to be the best single pre-
dictor of CVD risk, accounting for 50% of population-attributable
events in an ethnically diverse population without diabetes, which
was higher than the 32% population attributable risk seen with
TC/HDL-C ratio in this study sample (92,93). Currently, in Canada,
however, the measurement of apo A-I is even less widely avail-
able and less standardized than apo B, thus limiting the practical
value of both this measurement and the apo B/apo A-I ratio for clini-
cal decision making.

Finally, because of a series of conflicting results from biochemi-
cal and genetic studies of HDL, and several apparently failed clinical

trials that aimed to reduce CVD events by pharmacologically raising
HDL (94), there has been reconsideration of the targeting of HDL-C.
As a predictor, HDL-C and the derived TC/HDL-C ratio are excel-
lent, but it is now clear that HDL-C is not automatically a good target
for therapy. The future status of targeting HDL-C or alternative ways
of measuring HDL function is a subject of active debate and
investigation.

In summary, in order to reduce CVD risk among individuals with
diabetes, it is important to understand the atherogenicity of small,
dense LDL particles, remnant lipoproteins, TG-rich particles and the
complex anti-atherogenic role of HDL particles. It is paramount to
improve these metabolic parameters primarily through healthy
behaviour interventions, improved glycemic control and pharma-
cotherapy, when indicated. Despite academic interest in various lipid
parameters, it is of paramount importance to realize that the current
best-outcome evidence for minimizing the atherogenic impact of
lipid abnormalities in people with diabetes is to remain focused on
achieving very low plasma concentrations of LDL-C, typically with
statin-based therapy, as this conclusion is based on the most exten-
sive clinical trial evidence. For people who are not at goal, despite
maximally tolerated statin therapy or in the case of statin intoler-
ance, the use of second-line LDL-C-lowering therapies (Tables 2
and 3) can be considered (95).

Statin Therapy and Incident Diabetes

Although statins are the cornerstone of lipid-altering therapy for
CVD risk reduction in people with or without diabetes, recent evi-
dence has suggested that chronic statin use is associated with an
increased risk of incident diabetes. The interplay between statin
therapy and incident diabetes was highlighted in a prespecified
analysis of the West of Scotland Coronary Prevention Study
(WOSCOPS), which actually showed a decrease in the incidence of
new-onset diabetes with pravastatin therapy (96). In contrast, Jus-
tification for the Use of Statins in Prevention: an Intervention Trial
Evaluating Rosuvastatin (JUPITER) showed an increase in incident
diabetes with rosuvastatin (97). Several meta-analyses suggest that
there is indeed a small overall increase in diabetes with chronic statin
use (98,99) and that this risk may be related to the statin dose (100).
The mechanistic link appears to involve inhibition of 3-hydroxy-
3-methylglutaryl-CoA reductase (101). Although this finding is of
little relevance to people with established diabetes, it may be of rel-
evance to people who are at risk for developing diabetes irrespec-
tive of statin treatment, such as those who have obesity and/or who
manifest metabolic syndrome. However, as discussed earlier, even
people with risk factors for the development of diabetes enjoy a
marked benefit in CVD risk reduction through the LDL-C lowering
effects of statins, which appears to far outweigh any small risk of
new-onset diabetes (57,58). Accordingly, these recent analyses do
not affect the recommendation that statins are the preferred agents
for lowering LDL-C in most instances, including in people with estab-
lished diabetes or in those with risk factors for developing the disease
(102,103).

RECOMMENDATIONS

1. A lipid profile (i.e. TC, HDL-C, TG, calculated LDL-C and/or apo B, or non-
HDL-C), fasting or nonfasting, should be measured routinely. In those with
known TG >4.5 mmol/L, a fasting (>8-hour fast) lipid profile should be per-
formed. If lipid-lowering treatment is not initiated, a lipid profile should
be repeated every 1 to 3 years based on CV risk. Repeat testing should be
performed 3 to 6 months after treatment for dyslipidemia is initiated to
verify lipid targets are being met [Grade D, Consensus for all statements].

G.B.J. Mancini et al. / Can J Diabetes 42 (2018) S178–S185S182



2. For people with diabetes with indications for lipid-lowering therapy (see
Cardiovascular Protection in People with Diabetes chapter, p. S162), treat-
ment should be initiated with a statin [Grade A, Level 1 (30,32)] to achieve
LDL-C consistently <2.0 mmol/L [Grade C, Level 3 (51)] or >50% reduc-
tion of LDL-C from baseline [Grade D, Consensus]. Alternative targets and
respective goals are apo B <0.8 g/L and non-HDL-C <2.6 mmol/L [Grade C,
Level 3 (49)].

3. In people with diabetes achieving LDL-C goal with statin therapy, fibrates
or niacin should not be routinely added for the sole purpose of further
reducing CV risk [Grade A, Level 1 (61–63)].

4. For individuals not at LDL-C goal despite statin therapy as described above,
a combination of statin therapy with second-line agents may be used to
achieve the goal and the agent used should be selected based upon the
size of the existing gap to LDL-C goal [Grade D, Consensus]. Generally,
ezetimibe should be considered [Grade D, Consensus]. In people with dia-
betes who also have concomitant clinical CVD, ezetimibe or evolocumab
may be used to further reduce major adverse cardiac events [Grade A,
Level 1 (39) for ezetimibe; Grade A, Level 1 (54) for evolocumab], and they
should also be considered in those with concomitant familial hypercho-
lesterolemia [Grade D, Consensus for ezetimibe and PCSK9 inhibitor].

5. For individuals with diabetes with fasting serum TG >10.0 mmol/L, a fibrate
should be used to reduce the risk of pancreatitis [Grade D, Consensus] while
also optimizing glycemic control and implementing healthy behaviour inter-
ventions (e.g. weight management, optimal dietary strategies, reduction
of alcohol) [Grade D, Consensus].

Abbreviations:
apo B, apolipoprotein B; apo A-I, apolipoprotein A-I; CAD, coronary artery
disease; CV, cardiovascular; CVD, cardiovascular disease; HDL-C, high-
density lipoprotein cholesterol; hyper-TG, hypertriglyceridemia; IGT,
impaired glucose tolerance; LDL-C, low-density lipoprotein cholesterol;
MI, myocardial infarct; non HDL-C, non-high-density lipoprotein choles-
terol; PCSK9, proprotein convertase subtilisin/kexin type 9; TC, total cho-
lesterol; TG, triglycerides.

Other Relevant Guidelines

Definition, Classification and Diagnosis of Diabetes, Prediabetes
and Metabolic Syndrome, p. S10

Physical Activity and Diabetes, p. S54
Nutrition Therapy, p. S64
Weight Management in Diabetes, p. S124
Cardiovascular Protection in People with Diabetes, p. S162
Screening for the Presence of Cardiovascular Disease, p. S170
Treatment of Hypertension, p. S186
Management of Acute Coronary Syndromes, p. S190
Treatment of Diabetes in People With Heart Failure, p. S196
Type 1 Diabetes in Children and Adolescents, p. S234
Type 2 Diabetes in Children and Adolescents, p. S247
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