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VII. Management of Specific Dyslipidemias

Randomized <linical trials generally have not focused
on specific ¢ -slipidemias. Yet these disorders are com-
mon enough o deserve specific attention in ATP IIL In
this section, :Fe major dyslipidemias will be reviewed.
Recommend-tions for their management are derived

. from the cor:sidered judgment of the ATP III panel.

Recommendztions are based in part on the sizable
body of literature that describes changes in serum lipid
and lipoprotein levels produced by dietary and drug
therapies. In some dyslipidemias, combined drug thera-
py is required to obtain optimal lipoprotein profiles.

In general, improvements in lipoprotein profiles rather
than favorable clinical outcomes are the endpoints that
serve as the basis for recommendations. These recom-

mendations are made with the recognition that some
induced changes in the lipoprotein profile have not
been proven through clinical trial to reduce risk for
CHD. Instead, they generally represent a synthesis of
several lines of indirect evidence.

1. Very high LDL cholesterol

Severe forms of elevated LDL cholesterol are defined as
those in which LDL concentrations are persistently
>190 mg/dL after TLC. Most elevations of this degree
have a strong genetic component. Table VIL.1-1 identi-
fies three familial forms of elevated LDL cholesterol,

i.e., familial hypercholesterolemia (heterozygous and

Table VIL. 1—-1 Familial Disorders That Cause Very High LDL-Cholesterol Levels (=190 mg/dL)

Clinical Condmon

Cllnlcal Features and Clinical Outcomes

Therapeutlc Considerations

Heterozygous familial
hypercholesteroiemia (FH)

Oooooaon

Due to mutated LDL receptor (half normal-expression)
Prevalence: 1/500 in United States

LDL-C levels: twice normal (e.g., 190-350 mg/dL)
Tendon xanthomas common

Premature CHD common

— 30-40's in men

- 40 505 m women

Homozygous familial
hypercholesterolemia (FH)

oDomoan

oo

Familial defective
apolipoprotein B-100
(FDB)

Polygenic hypercholes- @

terolemia

]

* BAS=bile acid sequestrants.
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Due to two mutated LDL receptors

Prevalence: 1/1,000,000 in United States

LDL-C levels: 4-fold increase (e.g., 400-1000 mg/dL)
Xanthomas: tendinous, tuberous, dermal
Widespread, severe atherosclerosis (multiple
arterial beds affected)

Very severe clinical atherosclerotic disease

Aortic valve disease

Due to mutated apo B-100 (position 3500 A~G)
Prevalence 1/700-1000

LDL-C levels: 1.5-2-fold increase (e.g., 160-300 mg/dL)
Xanthomas: tendon

Premature CHD

— CHD 40-65yr common in men

= Uncertam |n women

Due to mu|t|ple gene polymorphlsms (often
combined with dietary excesses)

Prevalence: 1/10-20 (depending on age)

LDL-C: 2190 mg/dL

Prevalence of CHD: 3-4-fold increase (above average)

IPR2022-00215
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Begin LDL-lowering drugs in young adulthood
TLC indicated for all persons

Statins: first line of therapy (start dietary
therapy simultaneously)

BAS* (if necessary in combination with statins)
If needed, consider triple-drug therapy (statins
+ BAS 63 nlcotlnlc aod)

]
&]
]

]

Dietary therapy not eﬁectwe

BAS not effective

Nicotinic acid mildly effective

Statins may be moderately effective in some
persons

lleal exclusion operation not effective

Liver transplant effective, but impractical
LDL-pheresis currently employed therapy (in
some persons, statin therapy may slow down
rebound hypercholesterolemia)

on

TLC indicated

All LDL-lowering drugs are effective
Combined drug therapy required less often
than in heterozygous FH

jul

TLC indicated for all persons

Consider for drug therapy (if LDL-C 2190
mg/dL after dietary therapy [all persons])
All LDL-lowering drugs are effective

If necessary to reach LDL-C goals, consider
combined drug therapy

o]

o
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homozygous forms), familial defective apolipoprotein
B-100, and polygenic hypercholesterolemia. Clinical
features, clinical outcomes, and therapeutic considera-
tions are listed in the table and are discussed in more
detail below.

a. Familial hypercholesterolemia (FH)

Heterozygous familial hypercholesterolemia. This
autosomal-dominant disorder occurs in 1 of every 500
people.®17 The defect is a mutation in the gene for the
LDL receptor;8 a large number of mutations affecting
LDL receptor function has been reported.?18,919 In all
of these, half the normal number of receptors are
expressed. Hypercholesterolemia often is detectable at
birth or shortly thereafter, and total cholesterol levels
eventually rise to 350-500 mg/dL in many persons.
Tendon xanthomas, especially in the Achilles tendons
and the extensor tendons of the hands, are typical.

FH carries increased risk of premature CHD; CHD
commonly occurs in men by the fourth or fifth decade,
and about 10 years later in women. Treatment for FH
heterozygotes should begin with TLC, but drug therapy
is generally required as well. For adults with heterozy-
gous FH, LDL-lowering drugs should be initiated as
soon as it is recognized that the LDL-cholesterol goal
cannot be achieved with TLC alone. Persons with
milder forms of heterozygous FH may respond suffi-
ciently to therapy with a bile acid sequestrant or a
statin. More severe cases require two-drug therapy
(e.g., statin plus bile acid sequestrant)800,803 or even
triple-drug therapy (statin plus bile acid sequestrant
plus nicotinic acid)920921, Because of the high risk of
premature CHD accompanying heterozygous FH,
drug therapy is cost-effective.

Homozygous familial hypercholesterolemia occurs in
only 1 in 1 million persons.?17 LDL-receptor activity is
essentially absent, and total cholesterol levels common-
ly run between 700 and 1,200 mg/dL. Cutaneous xan-
thomas form at various sites within the first few
months or years of life, whereas tendon and tuberous
xanthomas develop later. Atherosclerosis is severe and
widespread, affecting coronary, carotid, iliac, and
femoral arteries, and the aortic root. Treating FH
homozygotes is difficult because the persons express
little or no LDL-receptor activity and therefore are
resistant to the effects of therapeutic diets and most
cholesterol-lowering medications. High doses of statins
may produce some cholesterol reduction in a few FH
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ous surgical procedures have been tested. Ileal bypass
surgery is not effective. Portacaval shunt surgery only
modestly lowers LDL levels.?22-924 Liver transplantation
provides new LDL receptors that dramatically reduce
LDL-cholesterol levels;?23 further, responsiveness to
LDL-lowering drugs returns. However, transplantation
requires continuous immunosuppression and is not a
practical approach. Current accepted therapy consists l
of modified forms of plasmapheresis that selectively
remove VLDL and LDL from the plasma. Early studies (
laid the foundation for this approach.®25-929 The FDA
has more recently approved commercial techniques for
this purpose: (a) heparin-induced extracorporeal
lipoprotein precipitation, and (b) a dextran sulfate ‘
cellulose absorbent. Such treatment must be performed
every 1 to 3 weeks, depending on the clinical state of
the patient, in order to promote xanthoma regression
and retard atheroma formation.

homozygotes, as does nicotinic acid. In the past, vari- %
l

b. Familial defective apolipoprotein B-100 (FDB)

FDB is an autosomal dominant abnormality that causes
elevated LDL cholesterol.?30-933 It results from a single
nucleotide mutation that substitutes glutamine for argi-
nine at amino acid position 3,500 in apolipoprotein B.
This mutation reduces affinity of LDL particles for the
LDL receptor; consequently, the LDL of affected indi-
viduals is cleared from plasma more slowly than nor-
mal. FDB prevalence varies among different popula-
tions. In the United States it occurs in about 1 in
700-1000 people.932 Serum LDL levels are often simi-
lar to those described for persons with heterozygous
FH. Affected individuals can manifest premature ather-
osclerosis and tendon xanthomas. However, other
affected individuals have a more moderate form of
hypercholesterolemia, indistinguishable from polygenic
hypercholesterolemia (see below). The diagnosis
requires molecular screening techniques available only
in specialized laboratories. Treatment is similar to that
of heterozygous FH; however, less intensive interven-
tion may achieve the goals of therapy.934

c. Polygenic hypercholesterolemia

LDL-cholesterol levels 2190 mg/dL characterize poly-
genic hypercholesterolemia. No unique genetic defect
is responsible; rather the high LDL-cholesterol level is
explained by a complex interaction of environmental
and genetic factors. A variety of patterns of LDL
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metabolism have been reported.?35 The disorder is Table VII.2-1. Classification and Causes of Elevated Serum
associated with increased risk for premature CHD. Inglycende; S V , 7 —
In polygenic hvpercholesterolemia, the elevation in Classification of Serum  Causes of Elevated Serum

| plasma choles=rol is generally milder than in heterozy-  Triglycerides Triglycerides
gous FH, an¢ -endon xanthomas are not observed. Normal Triglycerides
Only about ~ percent of the first-degree relatives of (<150 mg/dL)
persons with ;olygenic hypercholesterolemia -have high Borderline High o Pt cases
LDL—cholestf:xv{)lllevels. "l."reatr.nent .Of polygenic .hyper- Triglycerides _ Overweight and obesity

l cholesterolerr:x is essentially identical to that given for (150199 mg/dL) — Physical inactivity
heterozygous ¥H, although drugs in combination are : - Cigarette smoking

( required in fewer cases. — Excess alcohol intake

— High carbohydrate intake

2. Elevated triglycerides (>60% of total energy)

o Secondary causes*
; 5 s 5 % s e Geneti
l a. Classification, causation, and clinical significance e .
- Various genetic polymorphism
1) Classification of serum triglycerides High Triglycerides & Acquired causes
(200-499 mg/dL) - Same as for borderline high
triglycerides (usually combined
with foregoing causes)
o Secondary causes*
r: Genetic patterns

Because of the growing evidence for a strong associa-
‘ tion between elevated triglycerides and CHD risk, ATP
‘ III adopts lower cutpoints for triglyceride abnormalities

than did ATP 112 (see Section IL.3). ~ Familial combined
hyperlipidemia

Category Serum Triglyceride Levels (mg/dL) — Familial hypertriglyceridemia

Normal tfiglj}éérides Less than 150 ‘ k ’ - Polygenic hypertriglyceridemia

— Familial dysbetalipoproteinemia
Borderline high triglycerides 150 to 199 A i K

Very High Triglycerides e Usually combined causes

High triglycerides 200 to 499 (=500 mg/dL) — Same as for high triglycerides
Very high triglycerides >500 3 Familial lipoprotein lipase

deficiency

n Familial apolipoprotein C-Ii

deficiency
Tcrmino]ogy for triglyceride levels is similar to that * Secondary causes of elevated triglycerides: diabetes mellitus (see Vil.4 Diabetic
usd for LDI. cholsterol. Borderline high rglycerides S5 7 3 il gt e g e
(150-199 mg/dL) are a common component of the oral estrogens [not transcutaneous estrogen], tomoxifen, protease inhibitors for
metabolic syndrome. The same is true for high triglyc- —
erides (200-499 mg/dL) except that genetic factors play
a more important role. Very high triglycerides (2500 ~ Borderline high triglycerides (150-199 mg/dL). In
mg/dL) also have a strong genetic component and are most persons, borderline high triglycerides derive
accompanied by increasing risk for acute pancreatitis. from acquired factors (Table VII.2-1). Acquired

High triglycerides equate to the older definition of type  factors include overweight and obesity, physical inac-
4 hyperlipoproteinemia, whereas very high triglycerides  tivity, excess alcohol intake, and in some persons,

were called type 5 hyperlipoproteinemia.936-940 high-carbohydrate diets. Genetic factors play a lesser

‘ A role.?41,942 It is also important to rule out secondary
2) Causes of elevated triglycerides causes (see footnote Table VIL2-1).
The causes of raised serum levels of triglycerides in High Triglycerides (200-499 mg/dL). Generally, genetic
each category of elevated triglyceride are listed in and acquired factors combine to produce high serum
Table VIL.2-1. triglycerides. Many persons with high triglycerides

Hikma Pharmaceuticals IPR2022-00215 Ex. 1013, p. 309 of 852



3332 Circulation December 17/24, 2002

manifest insulin resistance and the metabolic
syndrome. Abdominal obesity is especially common
among those with high triglycerides.370:371 With high
triglycerides, genetic factors play an increasingly
predominant role.943-945 Patterns of dyslipidemia have
been found to cluster in some families, suggesting a
strong genetic component. Three patterns for family
clustering of elevated triglycerides have been identified;
they are called familial combined hyperlipidemia,
familial hypertriglyceridemia, and familial dysbeta-
lipoproteinemia. Each pattern is reviewed briefly.

In familial combined byperlipidemia, affected persons
and their first-degree relatives may at various times
manifest high serum cholesterol, high triglycerides, or
both.82.946,947 Whether the underlying defect is mono-
genic or polygenic is not known. Metabolic studies
suggest that the liver overproduces VLDL, but other
metabolic defects may be present.?48-950 Many persons
exhibit high levels of apo B-100 (hyperapobetalipopro-
teinemia).?51-953 There are no specific clinical features
_ todiagnose this disorder. When total cholesterol is
\\\ high, the level is typically in the range of 250-350
\ mg/dL. Triglyceride levels vary considerably, but about
| two-thirds of the persons have levels in the range of
/' 200-500 mg/dL. Hyperlipidemia may or may not be
present in childhood. Familial combined hyperlipi-
demia is associated with increased risk for premature
CHD. In an early study, about 10 percent of persons
with early onset myocardial infarction fell in the
category of this disorder.82.946,947

Family clustering of elevated triglycerides without
increased serum cholesterol levels characterizes familial
bypertriglyceridemia.82:946.947 Persons with familial
hypertriglyceridemia seemingly do not carry as high

a risk for premature CHD as do those with familial
combined hyperlipidemia.?54.955 This is not surprising
because the former generally have lower levels of LDL
cholesterol than the latter. Many persons with familial
hypertriglyceridemia also manifest obesity,95¢ but in
some, triglycerides are elevated without obesity or

any other evidence of the metabolic syndrome. These
latter persons may have a defect in catabolism of
TGRLP (e.g., an abnormality in lipoprotein lipase
activity).957,958

A third category of familial clustering of elevated

triglycerides includes those with increased remnant
lipoproteins (familial dysbetalipoproteinemia).877
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This condition also has been named type 3 hyper-
lipoproteinemia.936-940 The defining defect in this disor-
der is an isoform variation in apolipoprotein E. Among
the three major isoforms, E-2, E-3, and E-4, the one
most often associated with dysbetalipoproteinemia is
apo E-2. Affected persons usually are homozygous for
apo E-2. Since apo E mediates binding of VLDL rem-
nants and chylomicron remnants to their hepatic recep-
tors, these remnants accumulate in plasma -when the
dysfunctional apo E-2 is present. The frequency of apo
E-2 homozygosity in the general population is approxi-
mately 1 in 100, but the clinical syndrome of dysbeta-
lipoproteinemia occurs much less frequently. The dif-
ference in frequency between the permissive genotype
and the clinical syndrome is explained by the require-
ment for other factors, including age, hypothyroidism,
obesity, diabetes mellitus, or the coincident presence of
another genetic lipoprotein disorder, such as familial
combined hyperlipidemia, to fully express the syn-
drome. Some persons have palmar xanthomas of the l
creases of the palms and fingers, but these may

progress to nodules several millimeters in size.
Tuberoeruptive xanthomas occur and vary from small
papules to larger lesions. Premature atherosclerotic dis-
ease may present as myocardial infarction, stroke, or
peripheral arterial disease. Hyperlipidemia is accentuat- '
ed by concomitant glucose intolerance, diabetes melli-
tus, hyperuricemia, hypothyroidism, and obesity. The |
disorder is not commonly expressed in childhood.

|
|
|
|
|
|

s — e i, — —

Very high triglycerides (2500 mg/dL). When serum
triglycerides exceed 500 mg/dL, chylomicrons usually
begin to appear in fasting plasma. Their presence typi-
cally denotes a catabolic defect for TGRLP.959 Most
frequently reported are genetic defects in lipoprotein
lipase or apo C-11.960 Impaired catabolism of TGRLP
also is induced by overproduction of apo C-III, an
inhibitor of lipoprotein lipase activity.961-963 Excessive
production of apo C-III can be a consequence of the
insulin-resistance state.?* Many persons with very high
triglycerides have both overproduction and defective
catabolism of TGRLP.%? Sometimes very high triglyc-
erides are found in families with familial combined
hyperlipidemia or familial hypertriglyceridemia.
Although some persons with very high triglycerides
remain free from CHD throughout their lives, others
develop premature CHD.%5:966 The latter may be due
in part to the presence of atherogenic TGRLP, but the
metabolic syndrome also is common in these persons.
When triglycerides exceed 1000 mg/dL, persons are at
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[ (200-499 mg/dL)

risk for acute pancreatitis.?67 Because of the danger of
acute pancreatitis, persons with severely elevated
triglycerides (2000 mg/dL) should be treated as a
medical urgency.

3) Relation of elevated triglycerides to CHD and other
conditions

As shown in Table VIL.2-2, triglycerides are related to
CHD in several ways.

Borderline high triglycerides (150-199 mg/dL) are
primarily a marker for other atherogenic factors—
small LDL particles, low HDL cholesterol, and other
components of the metabolic syndrome. High triglyc-

Table VII.2-2. Relationship of Elevated Triglycerides to CHD
and Other Conditions )

Classification of Serum

Triglycerides Clinical Significance

Normal triglycerides
(<150 mg/dL)
Marker for atherogenic dyslipidemia

— Elevated small LDL particles

— Low HDL cholesterol
Marker for the metabolic syndrome

— Elevated blood pressure

— Insulin resistance and

glucose intolerance
— Prothrombotic state
- Proinflammatory state

Borderline High Triglycerides
(150-199 mg/dL)

g Elevated atherogenic remnant
lipoproteins

Marker for other components
of atherogenic dyslipidemia
(see above)

Marker for the metabolic
syndrome (see above)

High Triglycerides

z Metabolic syndrome, type 2
diabetes, and increased risk for
CHD common
8 Increased risk for acute pan-
creatitis (risk proportional to
triglyceride elevation above
1000 mg/dL)
Chylomicronemia syndrome
(triglycerides >2000 mg/dL)
— Eruptive skin xanthomas
— Hepatic steatosis
— Lipemia retinalis
— Mental changes
— High risk for pancreatitis

Very High Triglycerides
(=500 mg/dL)
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erides (200—499 mg/dL) reflect the presence of athero-
genic remnant lipoproteins as well as being a marker

* for atherogenic dyslipidemia and the metabolic syn-

drome. When remnants are enriched with cholesterol
ester (dysbetalipoproteinemia), CHD risk is particularly
high. Finally, some persons with very high triglycerides
(=500 mg/dL) carry other atherogenic factors—
increased remnant lipoproteins, atherogenic dyslipi-
demia and the metabolic syndrome—and hence are at
increased risk for CHD. However, a more urgent con-
cern in such persons is an increased risk of acute pan-
creatitis.?7 This risk increases in proportion to the rise
in triglyceride levels. When triglycerides exceed 2000
mg/dL, persons are subject to the chylomicronemia
syndrome,?7 which is characterized by eruptive skin
xanthomas, lipemia retinalis, mental changes and acute
pancreatitis. If very high triglycerides are due exclusive-
ly to a catabolic defect of serum triglycerides (e.g.,
deficiencies of lipoprotein lipase or apo C-II), the
patient may not be at increased risk for CHD.

b. Therapeutic considerations for persons with elevated
triglycerides

1) Non-HDL cholesterol: secondary target for persons
with elevated triglycerides

Persons with elevated triglycerides typically have an
associated increase in atherogenic VLDL remnants.
Higher serum levels of VLDL cholesterol reflect this
increase. Since VLDL remnants appear to have athero-
genic potential similar to that of LDL, VLDL choles-
terol can be added to LDL cholesterol to become a sec-
ondary target of therapy. VLDL + LDL cholesterol,
termed non-HDL cholesterol, equals total cholesterol
minus HDL cholesterol. Relations among the different
lipoprotein fractions are as follows:

1) Total cholesterol = LDL + VLDL + HDL
2) Total cholesterol — HDL = LDL + VLDL = non-HDL

A normal VLDL cholesterol can be considered to be a
level <30 mg/dL.7S Thus, a therapeutic goal for non-
HDL cholesterol can be 30 mg/dL higher than the goal
for LDL cholesterol (Table VII.2-3). For persons with
borderline high triglycerides (150-199 mg/dL), the
VLDL cholesterol is not elevated enough to evoke non-
HDL cholesterol as a secondary target. However, non-
HDL cholesterol becomes an appropriate secondary
target when triglycerides are in the range of 200-499
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Table VIl. 2-3. Non-HDL-Cholesterol Goal Corresponding to
LDL-Cholesterol Goals

| wrioem =
LDL-Cholesterol Goal

' Non-HDL-Cholesterol Goal i

<160 mg/dL <190 mg/dL
<130 mg/dL <160 mg/dL
<100 mg/dL <130 mg/dL

mg/dL. When triglycerides are very high (=500 mg/dL),
some of the cholesterol in TGRLP may be present in
nonatherogenic lipoproteins, e.g., large VLDL and chy-
lomicrons. Moreover, current triglyceride-lowering
therapies may not be sufficient to attain non-HDL-cho-
lesterol goals for persons with very high triglycerides.
Rather than risk possible side effects of combined ther-
apy with lipid-lowering drugs it may be preferable to
allow the non-HDL-cholesterol level to remain above
the recommended goal.

2) Changes in life habits are primary therapy for
elevated triglycerides

Elevated serum triglycerides in the general population
are due principally to acquired life habits including
overweight and obesity, physical inactivity, excess alco-
hol intake, cigarette smoking, and in some persons,
high-carbohydrate diets. The goal of therapy is to
reduce atherogenic VLDL remnants and to mitigate the
associated lipid and nonlipid risk factors of the meta-
bolic syndrome. The following changes in life habits
are the foundation of therapy for elevated triglycerides:

Body weight control

Regular physical activity

Smoking cessation

Restriction of alcohol use (in selected persons)
Avoidance of high-carbohydrate diets

@ © 0 92 o

Recommendations for the institution of each of these
life-habit changes are discussed in Section V.

3) Special treatment considerations for different
triglyceride categories (Table VI1.2—4)

Borderline high triglycerides (150199 mg/dL). Serum
triglycerides in the range of 150-199 mg/dL often
indicate adverse life habits, as noted in the previous
section. Borderline high triglycerides should alert the
physician to the possible presence of the metabolic

Hikma Pharmaceuticals

IPR2022-00215

syndrome and should signal the need for changes in
life habits. When triglycerides are borderline high, LDL
cholesterol remains the primary target of treatment and
it is not necessary to evoke non-HDL cholesterol as a
secondary target of therapy. Drug therapy to specifical-
ly reduce VLDL remnants is rarely needed for triglyc-
erides in this range, although statins concomitantly
lower LDL and VLDL remnants. Thus the general
approach to management of elevated LDL cholesterol
need not be modified when triglycerides are borderline
high. Noretheless, some persons with borderline high
triglycerides have low HDL cholesterol, which may
influence the choice of drugs as described in the previ-
ous section. Even so, when drug therapy is needed,
LDL-lowering drugs generally take priority. In the pres-
ence of low HDL cholesterol, nicotinic acid represents
an alternative therapy provided the goals for LDL
cholesterol are achieved. Further, as previously noted,
fibrate therapy is another option for persons with low
HDL cholesterol, low LDL cholesterol, and borderline
high triglycerides. The positive outcome with gemfi-
brozil therapy in the VA-HIT trial in persons with this
profile places fibrates on the list of alternatives.4$

High triglycerides (200-499 mg/dL). In persons with
high serum triglycerides, LDL cholesterol remains the
primary target of therapy. In addition, non-HDL cho-
lesterol becomes a secondary target. Changes in life
habits, as outlined before, represent first-line therapy,
but it is also important to determine whether a patient
is taking drugs known to exacerbate hypertriglyc-
eridemia, and, if so, these should be modified. Among
hypolipidemic agents, the statins are the most effective
for lowering non-HDL cholesterol. Not only do statins
reduce LDL cholesterol, but they also lower VLDL
triglycerides and VLDL cholesterol.812 For example, in
persons with triglyceride levels between 200 and 499

mg/dL, the statins lower triglycerides by 20-40 percent, |

and VLDL cholesterol is lowered to a similar degree as
LDL cholesterol-8¢ On the other hand, the presence of
hypertriglyceridemia of any magnitude is a relative
contraindication to bile acid sequestrants when used
as monotherapy since these drugs usually promote an
increase in triglyceride levels.844

When LDL-cholesterol levels are not significantly elevat-
ed, the goal for non-HDL cholesterol with a triglyceride-
lowering drug usually is within reach. Among these,
nicotinic acid is usually the most effective; it reduces
triglycerides by 30-50 percent usually without causing
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|

‘ Table Vil.2-4. Treatment Con5|derat|ons for Elevated Serum Triglycerides

Serum Trlglycende Category Spec:al Treatment Consnderatlons
Borderline High Triglycerides @1 Primary goal: achieve LDL-C goal
(150-199 mg/di} B Life-habit changes: first-line therapy for borderline high triglycerides

— Body weight control
— Regular physical activity
— Smoking cessation
Restriction of alcohol use (when consumed in excess)
— Avoid high carbohydrate intakes (>60% of calories)
I g Drug therapy:
— Triglycerides in this range not a direct target of drug therapy

|

[ High Triglycerides Primary goal: achieve LDL-C goal
(200499 mg/dL) o Secondary goal: achieve non-HDL-C goal: 30 mg/dL higher than LDL-C goal
o First-line therapy for high triglycerides: TLC-emphasize weight reduction and increased
physical activity
] r Second-line therapy: drugs to achieve non-HDL-C goal
— Statins: lowers both LDL-C and VLDL-C
— Fibrates: lowers VLDL-triglycerides and VLDL-C
~ Nicotinic acid: lowers VLDL-triglycerides and VLDL-C
o Alternate approaches to drug therapy for lowering non-HDL-C
— High doses of statins (lower both LDL-C and VLDL-C)
x — Moderate doses of statins and triglyceride-lowering drug (fibrate or nicotinic acid):
l Caution: increased frequency of myopathy with statins + fibrates

Very High Triglycerides o Goals of therapy:
(2500 mg/d) - Triglyceride lowering to prevent acute pancreatitis (first prlonty)
— Prevention of CHD (second priority)
£ Triglyceride lowering to prevent pancreatitis:
- Very low-fat diet when TG >1000 mg/dL (<15% of total calories as fat)
— Medium-chain triglycerides when TG >1000 mg/dL (can replace long-chain
' triglycerides in diet)
— Institute weight reduction/physical activity
Fish oils (replace some long-chain triglycerides in diet)
— Triglyceride-lowering drugs (fibrate or nicotinic acid): most effective
— Statins: not first-line agent for very high triglycerides (statins not powerful
triglyceride-lowering drugs)
— Bile acid sequestrants: contraindicated—tend to raise triglycerides
o Triglyceride lowering to prevent CHD:
— Efficacy of drug therapy to prevent CHD in persons with very high triglycerides not
demonstrated by clinical trials

a reciprocal increase in LDL concentrations.138 At the same  them with a statin to attain the non-HDL-cholesterol

time, nicotinic acid therapy commonly raises HDL-choles-  goal.908 Supplements of long chain n-3 polyunsaturated
terol concentrations by 20-30 percent. In persons with fatty acids present in fish oil, particularly eicosapentaenoic
contraindications to nicotinic acid or in whom this drug is  acid at doses of 3 g/day, have been shown to reduce plas-
poorly tolerated, fibric acid derivatives (gemfibrozil 600 ma triglycerides by up to 30 percent, and at higher doses
mg twice daily, fenofibrate 200 mg once daily) reduce (9 g/day) by up to 50 percent.969970 They represent an

triglycerides by 40-60 percent, and cause a 15-25 percent  alternative for use in combination with statins.
increase in HDL-cholesterol concentrations. Nevertheless,

fibrates often raise LDL-cholesterol levels by 5~30 percent ~ Rarely, persons with high triglycerides have familial
(by forming larger LDL particles). This reciprocal increase  dysbetalipoproteinemia. In this condition, excess

in LDL cholesterol usually means that fibrates alone do triglycerides are transported in cholesterol-enriched
not lower non-HDL-cholesterol levels.%¢8 Therefore, if VLDL remnants (beta-VLDL). The same therapeutic
fibrates are employed it is usually necessary to combine approaches are effective as in those with other genetic
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forms of high triglycerides. Weight reduction is effec-
tive in lowering beta-VLDL in overweight/obese
persons. Fibrates and nicotinic acid are particularly
efficacious for reducing beta-VLDL,%71.972 but statins
also can be effective?73.

Very high triglycerides (2500 mg/dL). When triglyc-
erides are very high (=500 mg/dL), drugs that raise
triglycerides should be identified and preferably discon-
tinued. Alcohol should be eliminated. If hyperglycemia
is present, insulin or oral hypoglycemic drugs may be
started or increased in dosage. When triglyceride levels
are >1000 mg/dL, very low-fat diets (<15 percent of
total calories as fat) should be started immediately to
lessen chylomicronemia that contributes importantly to
very high triglycerides. Weight reduction and increased
physical activity as components of TLC should be
emphasized. Triglyceride-lowering drugs (fibrates or
nicotinic acid) are usually required and are efficacious
in persons with very high triglycerides and often can
prevent acute pancreatitis. Fibrates generally are the
most practical choice.974 Gemfibrozil (600 mg twice
daily) has been reported to reduce serum triglycerides

1

| by a mean of 74 percent in persons with severe hyper-

triglyceridemia867 and eliminate chylomicrons from
plasma. Fenofibrate appears to be similarly effective in
persons with severe hypertriglyceridemia.??5 The n-3
fatty acids likewise can lower triglycerides and may be
used as adjunctive therapy.969.970 Nicotinic acid also is
effective, but high doses (>2 g/day) generally should be
used cautiously in persons with elevated serum glucose;
in these persons, nicotinic acid may worsen hyper-
glycemia. If the latter occurs, triglyceride levels may
actually rise. For most persons with extremely high
triglycerides, therapy can be considered successful if it
reduces serum triglycerides to <500 mg/dL; often it is
not possible to normalize triglycerides in these persons.
The first priority for persons with severe hypertriglyc-
eridemia is to prevent acute pancreatitis; a secondary
goal is to reduce risk for CHD.

In very rare circumstances, triglyceride and chylomi-
cron levels are extremely elevated from birth. Affected
persons usually have a genetic form of complete
absence of either lipoprotein lipase or apo C-II, an
activator of lipoprotein lipase.960 These persons run

a high risk for pancreatitis throughout life. They are
unresponsive to triglyceride-lowering drugs. Treatment
consists of very low-fat diets, although the diet can be
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supplemented with medium-chain triglyceride, which
does not form chylomicrons when absorbed.

3. Low HDL cholesterol (without
hypertriglyceridemia)

a. Definition, causes and relationship to CHD

A low level of HDL cholesterol is associated with
increased risk for CHD and is classified as a major risk
factor for CHD. ATP III sets HDL-cholesterol level of
<40 mg/dL as a categorical risk factor and designates it
a factor that modifies the LDL goal. The causes of low
HDL-cholesterol levels and postulated mechanisms for
its relationship to CHD are presented in Table VIL.3—1.

The causes of low HDL cholesterol also were presented
in Section II.3. When serum triglycerides become

IPR2022-00215

Table VII.3-1. Low Serum HDL Cholesterol: Causes and

Associtions with CHD

o4 A Bl

Causes of Low HDL

S g e

Postulated Factors ssociating
Low HDL with CHD

Elevated serum
triglycerides

Overweight and obesity*
Physical inactivity*
Cigarette smoking

Very high carbohydrate
intake (>60% of total
energy)

Type 2 diabetes*
Certain drugs®

Genetic factors*

m Direct atherogenic effect of
low HDL
Postulated mechanisms:
— Decreased reverse cholesterol
transport
— Increased LDL oxidation
— Increased LDL aggregation
— Increased arterial inflammation
B Marker for atherogenic
dyslipidemia (“lipid triad”):
— Higher VLDL triglycerides and
remnant lipoproteins
— Small, dense LDL
— Low HDL cholesterol
g Marker for metabolic syndrome
— Abdominal obesity
— Atherogenic dyslipidemia
— Elevated blood pressure
— Insulin resistance and elevated
plasma glucose
- Prothrombotic state
~ Proinflammatory state
B Cigarette smoking
- Smoking lowers HDL cholesterol

* Overweight, obesity, physical inactivity, type 2 diabetes, and certain genetic
factors may exert their effects on HDL cholesterol levels in part through insulin
resistance and commonly through higher triglyceride levels.

t Drugs include beta-blockers, anabolic steroids, progestational agents.
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borderline high (150-199 mg/dL), HDL-cholesterol
levels begin to fall. When triglyceride levels are greater
than 150 mg/dL, HDL-cholesterol concentrations
frequently are <40 mg/dL in men (or <50 mg/dL in
women).124.976 Thus, the term isolated low HDL can
be reserved for HDL-cholesterol levels <40 mg/dL in
the presencz of serum triglycerides <150 mg/dL. Causes
other than elevated triglycerides listed in Table VII.3-1
account for most cases of isolated low HDL. In the

' United States population, obesity and physical inactivi-
ty are major factors; genetic factors undoubtedly play
an important role as well in many persons.13¢ In rare
cases, genetic defects in metabolism of HDL alone

can cause isolated low HDL.

The relationship between HDL and CHD risk is com-
plex (see Table VII.3-1). First, a low HDL per se may
directly promote the development of coronary athero-
sclerosis and predispose to CHD. Several mechanisms
have been implicated: impaired reverse cholesterol
transport, loss of protection against atherogenicity of
LDL, and reduction in HDL-carried, anti-atherogenic
factors.110-116 Some persons with severe deficiency of
HDL do not manifest premature CHD;119,120 this sug-
gests that HDL is not uniquely involved in atherogene-
sis, as is LDL. But this finding does not rule out the
possibility that HDL provides some protection against
development of CHD. Second, a low HDL commonly
is a marker for atherogenic dyslipidemia (lipid triad)—
raised triglycerides and remnant lipoproteins, small
LDL particles, and low HDL.123,124¢ Both remnants and
small LDL may have independent atherogenic proper-
ties (see Section I1.3). Finally, a low HDL cholesterol
can be a marker for the metabolic syndrome; many
persons with isolated low HDL have the other risk fac-
tors characteristic of this syndrome.122 Besides athero-
genic dyslipidemia, these persons often have hyperten-
sion and insulin resistance, the latter being indicated by
the presence of abdominal obesity. Prothrombotic and
proinflammatory states typically are noted in persons
with the metabolic syndrome (see Section II.6). Finally,
cigarette smoking reduces HDL-cholesterol concentra-
tions and represents another factor contributing to the
HDL-CHD relationship in smokers.
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b. Therapeutic considerations in persons with low
HDL cholesterol

1) Clinical trial evidence

Several clinical trials suggest that raising HDL-choles-
terol levels contributes to decreased risk for CHD (see
Section II.3.c). Nonetheless, in these trials, changes in
other lipoproteins also have occurred. For this reason,
the benefit of raising HDL per se is not known with
certainty. Several clinical trials have recruited persons
with low HDL-cholesterol levels and no significant ele-
vations of triglycerides (Table VII.3-2). These trials thus
provide information on the benefit of lipoprotein modi-
fication in persons with low HDL-cholesterol levels. For
example, the AFCAPS/TexCAPS297 trial recruited men
and women without cardiovascular disease who had
relatively low HDL levels; in this study, LDL lowering
with lovastatin reduced risk for CHD. Similar results
were observed in persons with CHD treated with statins
(see Table I1.2-3). Furthermore, angiographic trials have
documented reductions in progression of atherosclerosis
in persons with low levels of HDL cholesterol treated
with fluvastatin in the Lipoprotein and Coronary
Atherosclerosis Study (LCAS)977 or with lovastatin in
the Post Coronary Artery Bypass Graft Trial.434 In the
latter trial, LDL-cholesterol levels were reduced moder-
ately and markedly in two arms of therapy. For those
subjects with low HDL-cholesterol levels, there was a
marked reduction in risk in the group with LDL-choles-
terol levels of 95 mg/dL as compared to 135 mg/dL.
Finally, meta-analyses of statin trials showed no differ-
ence in benefit of LDL lowering between high HDL and
low HDL strata (Table I1.2-3). These studies taken
together document that lowering LDL cholesterol in
persons with isolated low HDL significantly reduces
risk for CHD.

The VA-HIT study48 specifically targeted persons with
isolated low HDL for gemfibrozil therapy. Persons in
this trial had low levels of HDL cholesterol (mean

32 mg/dL), only modestly elevated triglycerides (mean
161 mg/dL), and LDL-cholesterol concentrations

<140 mg/dL (mean 111 mg/dL). The reduction in
major cardiovascular events in this trial observed with
gemfibrozil therapy was attributed in part to raising
HDL-cholesterol levels. Likewise, the decrease in major
coronary events during gemfibrozil therapy in the
Helsinki Heart Study!39 was estimated to be due partly
to an increase in HDL-cholesterol levels.
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Table VI1.3-2. Low HDL-C: Clinical Trial Evidence and HDL
Response to Therapy

Aggregate Evidence from
Literature Review on HDL
Response to Therapy

Clinical Trial 'Ev’idence of
Benefit of Therapy for
Persons with Low HDL

o Statin trials*: LDL-lowering 4]
therapy reduces CHD risk in
persons with low HDL

Weight reduction
~5-20% increase in HDL

a Physical activity

_ ‘éSARE - 5-30% increase in HDL
- LIPID B Smoking cessation

- WOSCOPS — 5% increase in HDL

— AFCAPS/TexCAPS b Statin therapy

- LCAS —5-10% increase in HDL
— Post-CABG

o Fibrate therapy

1 Nicotinic acid trials: . .
cotini 1t — 5-15% increase in HDL

- Nicotinic acid effectively
raises HDL o

— Coronary Drug Project
indicated that nicotinic
acid reduces major
coronary events

Nicotinic acid therapy
— 15-30% increase in HDL

o Fibric acid trials:

~ Fibrates favorably modify
atherogenic dyslipidemia

- Multiple fibrate trials in
aggregate produce
favorable trend for
reduction of CHD events
(see Section 11.3)

* See List of Studies appendix for listing of the full names of these clinical trials.

2) Recommendations for low HDL cholesterol in
persons with CHD or CHD risk equivalents, 10-year
risk >20 percent '

Low HDL-cholesterol levels are common in persons
with CHD or CHD risk equivalents. In these persons,
the primary target of therapy is LDL cholesterol. If the
person with low HDL cholesterol has the metabolic
syndrome, TLC should emphasize weight reduction
and increased physical activity. Consideration can also
be given to using a drug to modify HDL metabolism.
For example, the VA-HIT trial evaluated the effects
of gemfibrozil therapy in CHD patients with low
HDL;48 the significant reduction of major coronary
events observed in this trial supports the efficacy of
this approach. Nicotinic acid can be used instead of a
fibrate; it has the advantage of raising HDL cholesterol
two- to three-fold more than fibrates. Finally, the
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combined use of an LDL-lowering drug with either

a fibrate or nicotinic acid is attractive for high risk
persons with isolated low HDL to improve the whole
lipoprotein profile. Using drugs in combination may
increase the likelihood of side effects.-

|
|
|
|

3) Considerations for persons with low HDL choles-

terol in other risk categories, 10-year risk <20 percent
In persons without CHD or CHD risk equivalents, low |‘
HDL cholesterol counts as a risk factor that modifies
the goal for LDL cholesterol. The first line of therapy
for isolated low HDL is to maximize life habit changes.
These include all components of TLC—reduction in .
cholesterol-raising nutrients, LDL-lowering options,
weight reduction, and increased physical activity. The
AFCAPS/TexCAPS trial demonstrated that LDL lower-
ing in persons with low HDL reduces CHD risk.207
Whether a drug to modify atherogenic dyslipidemia, '
i.e., fibrate or nicotinic acid, could achieve similar
benefit in primary prevention is uncertain because
primary prevention trials with these drugs have not
targeted persons with isolated low HDL.

Persons with low HDL cholesterol and 0-1 other risk
factor can present a quandary for clinical management. ‘
Apparently some forms of low HDL are atherogenic,
whereas others are not. Some authorities advocate the l
use of emerging risk factors to assist in risk assessment
in apparently low risk persons with low HDL. For
example, noninvasive assessment of coronary or ‘
carotid atherosclerosis by coronary EBCT or carotid
sonography, respectively, could assist in identifying
which “low-risk” persons with low HDL-cholesterol
levels are at higher risk.

4. Diabetic dyslipidemia

a. Definition of diabetic dyslipidemia

The term diabetic dyslipidemia essentially refers to
atherogenic dyslipidemia occurring in persons with
type 2 diabetes.144 It is characterized by elevated
TGRLP, small LDL particles, and low HDL-cholesterol l
concentrations. Diabetic dyslipidemia must be consid-
ered as one component of the metabolic syndrome,

which is exceedingly common in persons with

type 2 diabetes.
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b. Role of elevated LDL and other risk factors in causation
of CHD in persons with diabetes (Table VII.4-1)

LDL-cholesterol levels in persons with diabetes
typically are not higher than those of persons without
diabetes who are matched for age, sex, and body
weight.978-963 Nonetheless, since LDL levels are rela-
tively high in populations such as the United States, it
is invalid to conclude that elevated LDL cholesterol is
not a significant “risk factor” in persons with type

2 diabetes.97? Moreover, the number of LDL particles
in persons with type 2 diabetes usually is greater than
is reflected by LDL-cholesterol levels because LDL par-
ticles are small and partially depleted of cholesterol.?81
Moreover, the adverse atherogenic interaction between
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elevated LDL and other risk factors of the metabolic
syndrome imparts greater pathological significance to
LDL cholesterol in type 2 diabetes.

The importance of LDL cholesterol in type 2 diabetes
is confirmed by reports from major clinical trials of
statin therapy. The 4S, CARE, and LIPID trials206:435.436
each contained subgroups of persons with diabetes.
Subgroup analysis of each of these trials revealed a
strong trend towards reduction in major coronary
events with LDL lowering in persons with diabetes.

In the 48 trial203,204 and CARE study,205 reductions in
major coronary events in subgroups with diabetes were
statistically significant. In the LIPID trial the apparent
reduction in risk in persons with diabetes, although not

Table VII. 4—1 Role of CHD RISk Factors in Persons wnth Dlabetes Ewdence and Postulated Mechamsms of Causatlon

R|sk Factor

Evidence and Mechanisms

¢ o T T O |

W|th dlabetes

Atherogenic dyslipidemia

Borderline high LDL cholesterol (130-159 mg/dL) common in persons with diabetes

High LDL cholesterol (=160 mg/dL) occurs at average rates in persons with diabetes

Statin trials show benefit from LDL-lowering therapy

45 trial:435 Simvastatin therapy reduced CHD events in persons with diabetes by 53%
CARE/LIPID pooled data:47 pravastatin therapy significantly reduced CHD events in persons

a High trnglycendes Iow HDL, and small LDL common in type 2 dlabetes

8 Elevated trlglycerldes appear to be an |ndependent rlsk factor in persons with dlabetes

Hyperglycemia - - m

Hyperglycemla is an lndependent risk factor for CHD

@ Several mechanisms postulated
— Glycation of arterial wall proteins
— Atherogenic advanced glycation end-products (AGEs)
- Induction of a proinflammatory state
o Treatment of hyperglycemia reduces microvascular complications in both type 1 diabetes and

type 2 diabetes

g Treatment of hyperglycemia may reduce macrovascular complications (DCCT)198
@ Ongoing clinical trials are underway to further test efficacy for glycemic control on
macrovascular chmcal events

o
B
o
o
3]
(UKPDS)201,202
Clgarette smoklng g
Gender con5|derat|ons o

Increased frequency of hyperten5|on in persons Wlth dlabetes

Commonly associated with insulin resistance

Diabetic renal disease may be a factor

Hypertension major cause of morbidity in persons with diabetes

Treatment of hypertension reduces cardiovascular morbidity in persons with diabetes

Cigarette smokmg compounds the nsk for CHD accompanylng dlabetes

The protective effect of female sex agalnst CHD is reduced in persons W|th dlabetes

a] Theretore treatment gwdelmes are the same for men and women Wlth diabetes

Prothrombotic state

Persons W|th dlabetes have hrgher Ievels of prothrombotlc factors than nondlabetlc persons

these may contnbute to hlgher rlsk for CHD in persons wrth dlabetes

Proinflammatory state B

Persons W|th dlabetes have hlgher Ievels of promflammatory factors than nondlabetlc

persons; these may reflect increased risk for major coronary events in persons with diabetes
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statistically significant, was consistent with the benefit
found in other subgroups. In a more recent pooled
analysis of pravastatin studies (CARE + LIPID),
patients with diabetes had a significantly reduced risk
for CHD on drug therapy.47:206 Thus, the combined
results of three major clinical trials strongly suggest
that LDL-lowering therapy in CHD patients with

type 2 diabetes reduces risk for CHD similarly to

that observed in persons without diabetes (see Table
11.12-4). Unfortunately, few clinical trial data are avail-
able on the efficacy of LDL lowering in diabetic persons
without CHD (primary prevention). Nonetheless, on the
basis of secondary prevention trials, the ATP III panel
concludes that LDL cholesterol is the primary lipid tar-
get in persons with diabetes.

Persons with diabetes often have other abnormalities
in serum lipids and lipoproteins that may contribute
to the increased risk for CHD accompanying diabetes.
The term diabetic dyslipidemia is synonymous with
atherogenic dyslipidemia.143-145 Tt must be recognized,
nonetheless, that abnormalities in lipids and lipopro-
teins represent only one factor among several that
are responsible for the increased risk in persons with
diabetes. Other factors include hypertension, hyper-
glycemia, insulin resistance, excessive glycation
of cellular proteins, increased amounts of advanced
glycation end-products (AGEs), increases in proinflam-
matory and prothrombotic factors, and cigarette
smoking. The importance of controlling nonlipid risk
factors is emphasized by controlled clinical trials.
The UKPDS showed that treatment of hypertension
improved cardiovascular outcome in persons with type
2 diabetes.200202 In addition, the DCCT198 found that
improved glycemic control in persons with type
1 diabetes significantly reduced microvascular
complications with a trend towards reduction in
macrovascular events including myocardial infarction.
Thus, maximal reduction in cardiovascular risk in per-
sons with diabetes requires a multifactorial approach in
which all of the major risk factors are treated.

c. Therapeutic recommendations for lipoprotein
disorders in persons with diabetes

1) Special therapeutic considerations according to
LDL-cholesterol level (Table VII.4-2)

Since diabetes falls into the category of CHD risk
equivalent, the goal for LDL cholesterol in persons
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with diabetes, particularly type 2 diabetes, is <100
mg/dL. The rationale for identifying diabetes as a CHD
risk equivalent was given in Section I[.12.b. Nonetheless
clinical experience and judgment are required for the
management of lipids when persons have diabetes.
There is widespread agreement that LDL cholesterol
should be reduced to less than 130 mg/dL in almost

all persons with diabetes, and the American Diabetes
Association recommends an LDL-cholesterol goal of
less than 100 mg/dL in most diabetic persons.®82

TLC should be started in all persons when LDL cholesterol
is 2130 mg/dL. Most persons with diabetes will require an
LDL-lowering drug to reach the LDL goal of <100 mg/dL.
If the patient also has high triglycerides (=200 mg/dL),
non-HDL cholesterol will be a secondary target.
Simultaneous control of other risk factors is essential.

When baseline LDL-cholesterol levels are in the range
of 100-129 mg/dL, several therapeutic options are
available. First, maximal changes in life habits, includ-
ing reduction of saturated fat and cholesterol intakes,
use of LDL-lowering dietary options (plant
stanol/sterols and increased viscous fiber), weight
reduction, and increased physical activity may achieve
an LDL-cholesterol level <100 mg/dL in some persons
without the need for LDL-lowering drugs. Second, in
those who do not achieve an LDL cholesterol <100
mg/dL with TLC alone, an LDL-lowering drug can be
added to the regimen. Alternatively, a drug (i.e.,
fibrate) that primarily targets atherogenic dyslipidemia
can be used. Without question, maximal control of
nonlipid risk factors, e.g., hyperglycemia and hyperten-
sion, is necessary in persons with low LDL levels. In
persons with type 2 diabetes in whom LDL-cholesterol
levels have been reduced into the range of 100-129
mg/dL on LDL-lowering drugs, clinical judgment is
required to determine whether or how to intensify
therapy. One option is to increase the dose of the LDL-
lowering drugs to further reduce LDL-cholesterol levels

- to <100 mg/dL; along this line, two LDL-lowering

drugs (e.g., statin + bile acid sequestrant) can be com-
bined. Alternatively, intensification of LDL-lowering
therapy with TLC may sufficiently lower LDL levels
without changing drug therapy. Finally, a fibrate can be
added to an LDL-lowering drug to improve athero-
genic dyslipidemia. The advantage of combining a
fibrate with an LDL-lowering drug is that the overall
lipoprotein pattern is improved. The disadvantage is
that it increases the risk for severe myopathy.

Ex. 1013, p. 318 of 852

14

i )

|




Table VII.4-2. Sp:acial Considerations for Lipid Management in Persons with Diabetes
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E

e

Serum
LDL-Cholestero! Level

- Special Therapeutic Considerations

DL 2130 mg/dL.

Baseline LDL

100-129 mg/dL

On-Treatment L1
100-129 mg/dL

Baseline LDL <100 mg/dL

]

o e on

%]

Initiate TLC in all persons

Many persons with type 1 or type 2 diabetes, will require LDL-lowering drugs (statins usually first
choice)

LDL goal: <100 mg/dL

If triglycerides =200 mg/dL, non-HDL-C goal: <130 mg/dL

If LDL =130 mg/dL, LDL-lowering drug usually indicated along with TLC

Type 1 diabetes: clinical judgment required for how intensively to employ LDL-lowering therapy
to reach an LDL of <100 mg/dL (however, consider LDL-lowering drug if LDL 2130 mg/dL)

Type 2 diabetes: generally delay management of atherogenic dyslipidemia until LDL goal has
been achieved

If triglycerides >200 mg/dL, consider treatment with fibrate or nicotinic acid (either as
alternative to or in combination with LDL-lowering drug) to achieve goal for non-HDL-C
Intensively treat nonlipid risk factors (hypertension, cigarette smoking, hyperglycemia)

If nicotinic acid is employed, use relatively low doses (<3 g/day)
Initiate TLC in all persons

Intensively treat nonlipid risk factors

Consider therapeutic options: intensive TLC; LDL-lowering drug; drug to lower triglycerides or
raise HDL; control of nonlipid risk factors

If triglycerides 2200 mg/dL, non-HDL-C goal: <130 mg/dL

If triglycerides 200 mg/dL, consider treatment with fibrate or nicotinic acid (either as alternative
to or in combination with LDL-lowering drug) to achieve goal for non-HDL-C

If nicotinic acid is employed, use relatively low doses (<3 g/day)

Intensify TLC in all persons

Intensively treat nonlipid risk factors

If triglycerides <200 mg/dL, consider intensifying LDL-lowering therapy (e.g., higher dose of statin
or combining a statin with a bile acid sequestrant)

If triglycerides >200 mg/dL, consider adding fibrate or nicotinic acid to statin therapy to achieve
non-HDL-C goal <130 mg/dL*

If nicotinic acid is employed, use relatively low doses (<3 g/day)

Initiate TLC in all persons to reduce overall risk

Intensively treat nonlipid risk factors

If triglycerides =200 mg/dL, consider using a fibrate or low-dose nicotinic acid to achieve non-

HDL-C goal <130 mg/dL.
If nicotinic acid is employed, use relatively low doses (<3 g/day)

* The combination of statins plus fibrate is accompanied by increased risk for myopathy. Persons should be instructed to be aware of the signs and symptoms
of myopathy and report these immediately to their physician.

For LDL lowering, statins are usually the drugs of they do not reduce VLDL cholesterol, and in some
choice in persons with diabetic dyslipidemia. They are persons, actually raise triglyceride levels.

highly efficacious for LDL reduction, and they are well

tolerated by persons with diabetes. Post hoc analysis When baseline LDL cholesterol is <100 mg/dL, the

of major clinical trials shows that statins reduce risk non-HDL cholesterol should be estimated to determine
for major coronary events in persons with diabetes. whether it is still a target for cholesterol-lowering
Moreover, statins lower VLDL remnants as well as therapy. TLC is indicated for treatment of atherogenic
LDL, and often can achieve the secondary goal for dyslipidemia and the metabolic syndrome. Other risk
non-HDL cholesterol in hypertriglyceridemic persons factors should be controlled. If the triglyceride level is
with diabetes. Bile acid sequestrants also can be used >200 mg/dL, use of a fibrate or a low dose of nicotinic

for LDL lowering in persons with diabetes.845 However,  acid (<3 g/day) may assist in achieving the non-

HDL-cholesterol goal of <130 mg/dL.85°
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2) Comments on specific drug classes used in manage-
ment of lipid disorders in persons with diabetes

Statins are first-line therapy for reducing LDL-
cholesterol levels in persons with diabetes and they are
generally well tolerated. They have the advantage of
lowering VLDL cholesterol as well as LDL cholesterol;
thus they can assist in attaining the non-HDL-choles-
terol goal when triglyceride levels are 2200 mg/dL. Bile
acid sequestrants also are effective LDL-lowering drugs
in persons with diabetes.845 Their potential utility for
LDL lowering either as monotherapy or in combina-
tion with statins should not be overlooked. They gener-
ally are not contraindicated simply because of their
tendency to raise triglycerides. Nonetheless, triglyceride
levels should be monitored.

Fibrates favorably modify diabetic dyslipidemia. They
are well tolerated, and do not worsen hyperglycemia.
They probably produce some reduction in CHD risk,
and could be used in persons who have low LDL-
cholesterol levels and atherogenic dyslipidemia.48 In
addition, they can be combined with statins to improve
the overall lipoprotein pattern.974 For many years,
fibrates were considered first-line therapy for persons
with diabetes. However, the results of recent clinical
trials now favor use of statins before fibrates in most
persons. Still, the combination of statin + fibrate is
attractive in persons with diabetes who have athero-
genic dyslipidemia but in whom LDL lowering is
required to achieve the LDL-cholesterol goal. Clinical
trials are currently underway to test the efficacy of
statin + fibrate in treatment of diabetic dyslipidemia.

Nicotinic acid also has a favorable effect on diabetic
dyslipidemia. Recent clinical trials860,861 in persons
with diabetes indicated that low doses of nicotinic
acid are accompanied by only modest deterioration
in glucose control with no changes in HbA1C levels.
Unfortunately, nicotinic acid therapy can increase
insulin resistance?83.984 and clinical experience has
shown that in rare instances, diabetic dyslipidemia
is worsened with nicotinic acid therapy.

Treatment with hypoglycemic agents also can improve
diabetic dyslipidemia. Insulin therapy, sulfonyl ureas,
metformin, and glitazones can all lower triglyceride
levels. Although they may not be as effective as fibrates
in modifying atherogenic dyslipidemia, control of
hyperglycemia should be maximized before considering
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a fibrate in combined lipid-lowering drug therapy.

If hypertriglyceridemia can be adequately controlled

by glucose-lowering therapy, a lipid-lowering drug may
not be needed.

5. Other secondary dyslipidemias

Hypothyroidism. A low level of thyroid hormone raises
LDL-cholesterol levels. The importance of this condi-
tion is that some persons have “masked” or subclinical
hypothyroidism. For this reason, any patient with LDL
cholesterol >160 mg/dL should be tested for hypothy-
roidism.

Nephrotic syndrome. This condition is characterized by -
proteinuria, edema, and severe hyperlipoproteinemia.
Elevation of LDL cholesterol is the major lipid abnor-
mality, whereas hypertriglyceridemia develops in some
persons. There is evidence that nephrotic dyslipidemia
increases risk for CHD.?85-987 Therefore, if hyperlipi-
demia persists despite specific treatment for renal dis-
ease, consideration can be given to use of cholesterol-
lowering drugs. Although several lipid-lowering agents
appear to modify elevated lipid levels, statins are par-
ticularly effective.988-991

Other renal disorders. Various dyslipidemias have been
reported in persons with chronic renal failure, in those
on hemodialysis, and in persons following transplanta-
tion.992 Hypertriglyceridemia and low HDL-cholesterol
levels are the most frequently described lipid abnormal-
ities with chronic renal failure and hemodialysis.993,994
Hypercholesterolemia and hypertriglyceridemia often
occur in persons following renal transplantation.995,996
Although persons with these conditions have been
reported to be predisposed to CHD, they often have
other risk factors (e.g., hypertension, smoking, and dia-
betes) that deserve primary attention. Few studies have
been carried out on treatment of dyslipidemia in these
conditions, and a cautious approach should be taken
since these persons are prone to drug side effects. For
example, they are at increased risk for severe myopathy
from both fibrates and statins.

Obstructive liver disease. Biliary obstruction can lead
to severe hypercholesterolemia that is resistant to con-
ventional cholesterol-lowering drugs. The only effective
therapy is treatment of the underlying liver or biliary
tract disease.
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