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TREATMENT OF HYPERLIPEMIC STATES

I. INTRODUCTION

Triglyceride, contained principally In adlposa tissue, Is an excellant
form In which anergy can be storsd with the grsatest aconomy of space. Tha
body of a 70 Kg man contalns an avsrags of 15 Kg of triglyceride reprasanting
about 135,000 kcal of ensrgy (1). The abllity to store food energy for
later use In belleved to have playsd a signlflcant role In that stags of man's
evolutionary devalopment when he was predominantly a hunter and therafors
subJect to varylng periods of food excess or food scarclty (2). Though the
problem Is st11l unsettled, adlpose tlssue In men Is not thought o be a
quantitatively significant slite of fatty acld blosynthesls (3) and the
triglycerlide stored thers Is largely desllvered from both the Intestine and
llver In the form of lipoproteins, principally chylomicrons and very low
density llpoproteins (VLDL). While modern man stlll retalns the ablllty o
store triglycerides thls system of energy storage Is no longer as critically
Important as It once was and In many causes It has become an outright nulsance.
- In addltlon, thls system has developad a numbsr of flaws and those flaws deallng
with the transport phase of triglycerlde and cholesterol through plasma will
be the subject of today's discussion. '

It. LIPOPROTEINS IN PLASMA

A. Deflnltlons and Physical Characterlstlics.

Four major !ipoprotein famllles, defined primarily by thelr denslty
and electrophoretic behavior on paper, are found In plasma (Table 1),

TABLE |

PHYSICAL CHARACTERISTICS OF MAJOR
PLASMA LIPOPROTEIN FAMILIES

LIPOPROTEIN DENSITY S + MOBILITY*  MOLECULAR  SIZE R

g/ml WE IGHT
4CHYLOMICRONS <0.96 >400 origln . 103-10%%106  750~10,000
SVLDL 0.96-1,006 20-400 Pre-beta 5-27x105 _  300-800
SLpL 1.006~1.063 0-20 beta 2.2-3.5x106  200-220
6oL 1.063-1.21 ----  alpha 1.5-2.6x107 70-95

+Svodberg flotation units (10713 em/sec/dyne/g) ‘in sodlum chloride
solutlon of denslity [.063 g/ml (26°C)

* paper electrophoresls
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1) Chylomicrons - largest and |1ghtest |lIpoprotsins ~ normally
not present affer (4 hour fast. Increased plasma concentratlions cause
turbldity Inltlally, followed by formation of a cream layer after over-
night refrigeration.

2) Very low Denslty Lipoprotelns (VLDL) - also called prebeta-
l1poproteln because of elecirophoretic behavior. Elevated plasma levels
cause turbldlty. (Rarely called =X, - yipL),

3) Low Denslty Llpoprotein (LDL) - also called betallpoprotelin.
Because of smaller size, elevaiad plasma levels do not produce turbldity.

4) Hlgh Denslty Lipoprotalins (HDL) ~ also called alphal!poprofeln.
Disorders attributable to hign HOL Tevels have not been descrlbed.

Two abnormal Ilpoproteins occasionally found In plasma are |lsted
bslow:

5) ?loaflng Betallpoprotein (FBL) - only found In disease states.
Thought to represent an InTermediate form betwsen VLDL and LDL (20).
(Occaslonal ly called B=VLDL)

6) Lipoproteln=X (LP-X) - found In obstructive |lver dlsease -
not present normally -~ elevations produce hypercholesferolemla. Usual ly
has beta mobllIty on electrophoresis (47).

Composltion: Knowledge of |ipoproteln composlflon asslsts In
ng

lnferpref plasma cholesterol and triglyceride levols, (Fig. |, Ref. 6,7).
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Average flgures expressed as percent dry welght are |lsted balow,
varlation occurs among laboratorles,

Chylomlcrons
YLDL
LDL
HOL
*EBL
+LP=X

gﬁglesferol

7%
209%
459
17%
33%
25%

80-95%
55-65%
10%

83

394

34

Slight

Triglycerlds

(44)
(47)

Based on these values, hypertriglyceridemia Is dus to an elevation of

chylomlcrons, YLDL and/or FBl., Hypercholssterolemla Is dus to an slevatlion
- of LDL, FBL or LP-X. Ralsed HDL levels In the presaence of normal levels of
all other plasma |ipoprotelns rarely causes the total plasma cholesterol to

bs abnormally elevated.

In the normal fasting state most of the plasma cholesterol Is In
LDL while the major portlon of triglycsride Is In VLDL, (Flg. 2, Ref. 45)
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C. Physlology: Metabollsm of plasma |lpoproteins In highly Inter-
dependent.

1) Chylomlcrons (8, 9, 10, I1) (Flg, 3) = Syntheslzed In the
Intestine In response 7o Ingestion of long chaln triglycerlides (C~14 and
greater), thesa large particles travel via lymphatlcs to the thoraclc duct
where most directly enfer plasma. A small portlon are extracted from lymph
by the llver. Here the TG Is hydrolyzed to FFA which are re-sstasrlflead
Into new TG and secretad as VLDL. Plasma half-|lfe of chylemicrons is
about 15 minutas and most are gons In 8 hours following a test meal. Ths
triglyceride portion Is hydrolyzed by |lpoprotein |lpase at the capllliary
endothellal surface of many tlssues but especlally adlpose tlssue and muscle.
Resultant FFA are taken up by thess tlssues (some FFA are relsased dirsctly
Into plasma, bind with albumin, and return to the l|lver), and the cholesterol-
rich "remnant™ particle remalning Is qulckly taken up by the llver (12).
Several hundred grams of triglycerids can bes transported by thls route
dally (46)., Hyperllpldemla caused by chylomlcron excess Is termed exogenous
because the substrate directly driving chylomlcron synthesls Is derlived
from dletary fat. ’

o - 2) VYibL (8,9, 10, 11, I3) (Flg. 4) - VLDL Is produced In the
Ilver from FFA [lberated from adlpose tissue or syntheslzed from dietary
glucose. Medlum chaln FFA (C~|0 or less) Ingested as medlum chaln frigly-
cerldes (MCT) are absorbad dirsctly Into the portal veln and upon dellvery
to the llver, are packaged Into VLDL (14), Thus MCT bypass chylomlcron
production and are ussful as an energy source for patlents with abnormally
hlgh chylomicron leve.s. Normally VLDL transport about 20 gm of trigly-
corlde dally (46).

Hypsrtriglycerldemla due to hlgh VLDL levels Is fermed
endogenous because the FFA substrate Is largely derived from endogenous
energy sources (glycogen and adlpose tissue triglycaride).

After sscretlon from the llver (only small amounts are contri-
buted by Intestine), VLDL triglyceride Is hydrolyzed by Ilpoprotein Ilpase
In a way simllar to that for chylomicrons. The plasma half-IIfe of VLDL
Is from 2-6 hours.

3) LDL - results from VLDL degradatlion (13, 15) and no evidence
supports Independent entry of LDL Into plasma though the matter Is not
completely settled. Interest In the orlgin of LDL resldes In Its potent
atherogenlc effect and much effort has been expended flinding ways to lowar
Its concentratlion. The LDL half-llfe In plasma Is 3 to 4 days. ITs
catabollc routes are not completely known but It may filter Into arterlal
walls and/or, be taken up by cells of the reticuloendothellal system (R.E.S.).
The |lver may take up a conslderable amount.
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4) HDL £16) =~ Though not Impllicated In ‘hyperlipidemia, HDL plays
a central role in llpoprotein catabollsm (Flg. 5).

LECITHIN CHOLESTEROL
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CHO—-unsaturated fatty acid +
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CH20—saturaled fatty acid

%HOH | 3 |

n
CHzO—FI'—choline unsaturated
OH fatty ocid
e ® . Figure 5

I+ functlons In close assoclation wlth a plasma enzyme called leclthln:
cholesterol acyltransferase (LCAT) which transfer a fatty acid from lecithin
to the hydroxyl group on the 3-position of cholesterol. ;

The hyhofhesls regarding the functlon of HDL and LCAT Is as
follows:

Chylomicrons Cell membrane
. VLD, 7
: l l)l
lll)l
non-
""ymﬂhc ersymotic
C e (J6
LCI\T
CE Uc

Schematic illnstration showings equilibria hetween the nnesterified ¢ho-
lesterol (UC) of plasma lipoproteing and plasina membranes and the effeet of
conpling these equilibria o the formation of 1DLL cholestend ester (C1) by the
LCAT reaction.

Flgure 6-a
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Both chylomicrons and VLDL havs thelr surfaces covered wlth phosphollpld
and proteln that serve to functlon as detergent which permits the non-polar
triglyceride cargo to be transported through the polar aqueous plasma.
Unesterified cholesterol Is closely assoclated with the phospholipld at the
surface. As YLDL and chylomlcrons reduce In slze durlng hydrolysis of thelr
triglycerlide content, the excess proteln and phosphollipld surface materia!
transfer directly to HDL while unestsrifled cholesterol Is flrst esterlfied
by LCAT before HDL accepts It. HDL thus functlons as a "slnk" or reservolr
for the sxcess surfacs coat materlial. |t is nofaworthy that In Tanglar
Diseass (congenital near-absence of HDL) (17) and In Famllial LCAT
Deflclency (16) I|lpoprotein metabollism Is abnormal and both disease are
assoclated with elevatlons of triglycerids ~ contalning Ilpoprotelns of an
unusual type. These observatlons support the HDL-LCAT Hypothssls.

]
}necribmne lecithin:
e choleslerol
PL
};‘ ;"[_- ucyllmns!erase PL
PL PL o high density
‘C . lipoprotein

from membrane

¢ by physical
1 {by physica Uptake of CE,
F;L “Alsiariig replemshmenf of PL
C by liver .
pL PL ”’,,/"
] PL CE
’C C M
PL PL

Postulated role of LCAT reaction in transporting cholesterol from periph-
eral tissues to the liver: LCAT reacts with HDL to form cholesteryl esters (CE)
from unesterified cholesterol (C) and lecithin (PL); the HDL subsequently pick up
unesterified cholesterol from cell membranes and release cholesteryl esters to the
liver. (From Ref. 1.)

Figure 6-b

HDL may also functlon to remove unesterifled cholesterol from cell membranes
and HDL Is belleved responslble for transport of cholesterol from many body
+1ssues to the |lver where the sterol can be converted to blle aclds or
excreted dlrectly Into blle,

Il HYPERLIPIDEMIA AND HYPERLIPOPROTEINEMIA

A. Deflnltlon of Normal - normal values for cholesterol and triglyceride
are nearly [mpossibie to defermine since large populatlon studles reveal a
broad range of values for these plasma |iplds without divilsion Info normal and
abnormal groups. (18, 19). Cholesterol and triglycerlds values Increase wlth




age through 60 years and differ In the sexes. For experlmental and large
population studles, the 95th percentlle of control population levels has
been used as the upper normal [Imlt. Values from two such studles are
shown In Table 2-a (20) and 2-b (21).

TABLE 2-a

PLASMA LIPID CONCENTRATIONS, MG PER 100 ML, IN
NORMAL™ SUBJECTS

Ass, 35 Ch;?)eslerol. mean and Triglyceride, mean and
percent limits . 90 percent limits
0-19 175 (120-230) 65 (10-140)
20-29 180 (120-240) 70 (10-140)
30-39 205 (140-270) 75 (10-150)
40-49 225 (150-310) 85 (10-160)
50-59 245 (160-320) 95 (10-190)

*The population sample is derived {rom a total of 511 normal sub-
jeets (279" males, 232 females) and includes the smaller sample
previously described [65]; the criteria for acceptance of patients were
no evidence of metabolic disease or family history of hyperlipo-
o % e proteinemia, and plasma triglyceride levels less than 200 mg per
100 ml; all samples were obtained 12 to 16 hr after the last (evening)

meal. Some significant differences between the sexes were ignored
[49, 68, 69].

- TABLE 2-b

Unadjusted Plasma Lipid Levels in Controls

950 Spouse controls

Cholesterol Triclyceride

Age
range No. - Mean 5D Mean :£5D
»
yr r13/100 mk mg/100 ml
Men
15-19 13 168 +:27 53422
20-29 43 192:£33 T6:£37
30-39 62 212:k34 92:4:56
4049 116 226443 © 101447
30-59 85 239 +42 109:4:58
60-69 51 T 226139 103 :4:58
70-19 24 200 439 98143
80-89 6 169 =21 984:19
* Total 100
Woimen .
15-19 11 183 4:17 71427
20-29 47 199 4:36 79 ::40
J30-39 83 196 £39 73438
40-19 168 215442 87:£46
50-59 : 162 238443 107 :£:55
60-69 55 25049 98 3-47
0-19 19 23032 146 :£78
Total 530

f
£
4
i

iﬁ
- ﬁmmwmmmmwmﬁmmmm.mawwmv SRR
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Evlidence from the Framingham Study (22) suggests the 95th percentile

values are too high.

The Incldence of heart dlsease In men aged 30-49 at

entry Into the study rises steeply wlth 20 mg% Increments In plasma cholesterol
from 200 mg$ to 300+ mg% (Flg. 7).

Flgure 7
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Rick of coronary heart discase (14 years) according to serum cholesterol con-
centration. Men aved 30 1o 49 at entry. Framingham Study.

Forty percent of coronary dlssase In men developed In Individuals with
cholesterol values In the upper quartile of the distributlon of Ilplds In

the general population (between 250 and 350 mg%)

(19). In other words,

men In the upper 25% of the distributlon curve for cholesterol values

experienced 40% of the myocardlal Infarctions.

Simllar results for triglyceride levels wers obtalned by Carlson

and BSttiger

(237,

They observed an Increased rai<

“of new events, partl-

cularly In Indlviduals less than 60 years old, as the triglyceride rose
from low to high levels (Fig. 8).
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-Linear regression analysis of the rante

of new events in the prospective group of LILD. (per 1000) In relation to plasma-

triglyceride quintiles. .
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Linear regresslon analysis of the rate of new cvents in the prospective group of LH.D. (per 1000) in relation to plasma-

cholesterol quintiles.

Flgure 8



This study Is especlally Important because: .
1) It establlshed elsvated TG as a coronary rlsk factor.

2) It suggests the age-assoclated rise In plasma cholesterol and
triglyceride may be abnormal.

. Selectlon of upper normal limits Is arbltrary In the absence of a
clear-cut normal population. Fraedrickson suggasts that cholastarol valuss
excesding 220 mg% at any age may raqulre attentlon (24), but +his would
requlrs treatment of a majority of the population. Ye may eventually do .
that but at present, an upper |Imit of 250 mg#% seem reasonable since It would’
focus attentlon on those Indlviduals In the upper quartile who are most at
risk for coronary dlsease (19).

The upper I[Imlt of normal for triglyceride In adults is generally
taken at 150 mgd (24).

B. Classlflcatlon: Gofman and co-workers flrst focused attentlon on ‘the
Ilpoprotelns as carrlers of Ilplds In plasma and devlsed methods of Isolation
and measurement of |lIpoprotelns based on thelr denslty characteristics
(25, 26, 27, 28). Elevations of LDL and VLDL were found In atherosclerotic
Indivliduals and Gofman's results stimulated a cooperative study (29) to In-
vestlgate the predlctive role of l|Ipoproteln levels In coronary dlssase.

The 2-year study suggested that nslther |lpoprotelins nor cholesterol were of
predictive valus In atherosclerosis. Interest diminished untll 1963, when
Lees and Hatch described a slmple paper electrophoretic method for plasma

I Ipoproteln separatlon (30). Using this method, Fredr'!ckson and Lees
described 5 predomlnating types of |lpoproteln patterns In thelir highly
select hyperllpldemlc patlents at the Natlonal Institutes of Health (31)
(Fig. 9).

Normal Type T Type I Type I Tyoe IV Type V
i Bl
orgin i
(chylomicrons)
B
pre-
a pregked
o t t
LoL ¢ i
oL ) N ¢
Cholesterol t t t
Glycendes f Nor t '
Glycendes/’.holesmol >8 <I <2 -5 »%

Electrophoretic Patlerns, Lipid and Lipoprotein

Changes in Hyperlipoproteinemia.
The width of the arrows is proportional to the extent of
the deviation from normal, and the direction of the ar-
rows indicates increase or decrease of lipids. The usual
glyceride-cholesterol ratio is given as an aid to diagnosis.

Figure 9
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Lipoproteln elevatlons In each type are |llusirated In Table 3,

TABLE 3

THE MAJOR ABNORMAL LIPOPROTEIN PATTERNS @
AND THEIR TYPE NUMBERS

Chylo- oo | wvioL Floating
Type microns (8-lp) ' {pre-B-Ip) H‘ll;‘l;)ﬂo-
| +
s +
iib + +
m +
TS ARO[ SN =
v +
v + +

@+ indicates which lipoprotein = family = (families) occurs in
concentration above " normal ~ in the diffarent abnormal patterns.

b Also known 3s ~ broad B-lipoproteins .

The simple typing system was attractive In a fleld fllled with
memory-taxing names and general confusion. In 5-years time, It was wldely
employed and In 1970, the World Health Organlzation (WHO) adopted It In
modifled form for global use (Table 3) (33).

The I|lpoproteln typing system was Initlally thought to have the
following advantages:

1) Falrly simple and relatively Inexpenslive.

2) Definltion of hypsrlipldemia based on llpoprotein elevations
was more physlologlc.

3) Better classlflcatlon would permit conduct of more accurate
clinlcal and genetic studles.

4) Dletary treatment could be outllned by physlologlc principles.
5) Drug treatment could be speclfled by type.
6). Prognosls might be predictable by type.

After a perlod of critlcal appralsal, not all the advantages of
thls extenslvely used clinical tool have held up.

1) Lipoprotein typing Is often uncertain. Prles, et.al. (37)
found that flve observers Independently typing 20 |Ipoproteln electro-
phoretograms agreed In only six cases. The observers were “correct" In
only 55-75% of the cases.
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2) Goldsteln and co-workers (35) studled clinlcal, genstlic and
blochemlcal characteristics of a large group of hyperllipldemic survivors
of myocardlal Infarctlon Inltlally chosen only by cholesterol and iriglyceride
values. They were able to dellneate three monogenlc disorders (Fig. [0).

Summary of Clinical, Genetic, and Biochemical Characteristics of

Hyperlipidemic Survivors of Myocardial Infarction

L Typical Lipid Level
) Cholesterol | Triglyceride | Lipoprotein | AMode of [xpression
Disorder (mg/100mi) | (mg/ 100 mi) Types Inhentance | in Children
______ L
} e e T B =
Monogenic |
Familial 353 | 126 la, l1h Autosomal Yes
hypercholesterolemia dominant
Familial 241 | 267 v, v Autosomal Rarely
hypertriglycendemia | dominant
Combined I N Vouiseama | Bu
rine 300 241 a, 1h, [ Autosomal Rarely
hyperipidemia | v, v dominant
|
: I
Polygenic 308 | 287 Ia, b Polygenic Not
hypercholesterolemia | applicable
Sporadic 233" | 243 v, v Nongenetic Not
hypertriglyceridemia | applicable
Flgurs 10

After famllles were identifled |lpoproteln +typlng was performed and multiple
Ilpoprotelin types were found In each of the genetic disorders. Four |lpoproteln
types were found In familles wlth coembined hypsrlipldemlia. Though thils disorder
proved-most common In the myocardlal Infarctlon survivors, Its exlstence as

an entlty was not discovered by |lpoproteln typing.

Simllar reports from Finland (36) also Illustrate the wide varlablllty
of lipoproteln types In familles.

The genetlc studles help explaln earller reports Indicating fallure
to clearly separate on clinlcal or blochemlcal ground typass Il and |V (38)
and types IV and YV (39, 40, 41) as dlstinct entitles.

Since multiple |lpoprotein types may be found In the same famlly with
monogenlc hyperlipldemla:

1) 'Dlaf treatment by Ilpoprotein type may be difflcult with regard
to preparation of meals.

2) It may be posslible that ona drug Is useful for all the types In
a glven famlly. Thus drug prescription by type may not always be necessary.
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3) Prognosls would be Indlcated more by the genetlc dlsorder than
by the lIpoproteln type.

In summary, llpoproteln typlng has not proved as useful as antlcipated
but I+ was [mmensely helpful In focusing attentlon on Ilpoproteins as the
transport vehlcles for plasma llplds. It remalns useful as a short-hand
descriptlon of |lpoproteln abnormalltlies In patlents. |+ Is most Important

to remember that [lpoproteln types are not dlseases and a glven typs Is not
unlque for a glven diseass.

A slmplifled means of estimating |lpoprotein levels In hyperlipemic
patlents has been proposed by Havel (43). Flrst recall the cholesterol-
triglyceride content of the major |lpoproteins (Flg. I, Ref. 42).

ORIGIN LOL wvLDL HOL
<

Wy CHYLO B PREQ oL
- 9 IO \ \ N
5 N
g9 A \ \
~] < /7
O < 751 7
=
Q '6 50 % 50
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AN u 17
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€ 2 25 7 1 o
'iu O le) ,,;'
(’\) ‘l) / q ] ” A
cx | e
o m
% CHYLO ﬂ
: V) TRIGLYCERIDE [ | CHOLESTEROL
Location of lipoproteins separated by paper clectrophoresis with cho-
lesterol and triglyeeride content listed as a pereentage of total Jipid.
Flgure 1!

Comblnling thls Information with the knowledge of the plasma cholesterol, trigly-
cerlds and appearance of chllled plasma permits a reasonable ascessment of
lipoproteln elevation In a glven patlent (Fig. 12).
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COMMENTS

1) Blood collsected usling EDTA anTlcoagu|~ﬂ. (Lavendsr top vacutalner tubes)
works best. Serum Is less satlsfactory since clot formarion will trap many
chylomlcrons.

2) Rough estlmates of trlglyceride concentratlon are as follows:

150-250 mg% - clear at room tempsrature, turbld at 4°C .

> 250 mg% - turbld at room temperature.

3) Obstructive llver disease patlents wlth LP-X usually have clear plasma
and hlgh cholesterol levsls.

4) Layering upon refrigeration Is consldered an excellent test for chylo-
microns and It Is often more helpful than |lpoprotsin electrophoresis In detecting
these partlcies.

5) Further deflinltlon of hyperliplidemla with regard fo VLDL, LDL, and FBL
requlires more speclallzed technlques than are usually avallable and Is not re-~
qulred for general clinlcal purposes.

C. leferanflal Dlagnosls:

GENETIC HYPERLIPIDEMIA (PRIMARY)

Faml |lal Hypercholesterolemla (monogenlc)

Famlllal Hypertriglyceridemla

Famlllal Comblned Hyperlipldemla

Broad Beta Diseass (Famlllal Dysbetal lpoprotelnemlia)
Faml Ilal Hypercholesterolemla (polygenlic)
Lipoprotein Llpase Deflclency

SECONDARY HYPERLIPIDEMIA (ENDOCRINE RELATED)

Dlabetes Mellltus

Cortlcosterold Treatment

Hypothyroldlsm

Hypopltultarism

Estrogen or Oral Contraceptlive Treatment

SECONDARY HYPERLIPIDEMIA (NON-ENDOCRINE)

Dletary and sporadlc
Repal Dlsease -~ Nephrotic Syndrome, Uremia
Alcohol Ism
Dysglobul Inemla
=Systemlc Lupus Erythematosls
~Lymphoma
~Multiple Myeloma
Congenltal Llpodystrophy

J

Blllary Clrrhosls : }

Hepatoma
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Lipoproteln-ralated findings for the primary and secondary hyper-
llpldemlas are summarlzed In Tables 3, 4, and 5 (adapted from Blerman and
Glomset, Ref. 48). These are for reference ‘and Illustrate the varlabl|lty
of Ilpoproteln changes In dlfferent dlsordsrs and In the same dlsorder at
varylng levels of severlty. (eg. Dlabstes Mellltus)

D. Prlmary Hyparlipldemlas:

Two of these dlsorders -~ Ilpoproteln |lpase deflclency and broad
beta diseass are rars and w!!! not be discussad here. Thay are well covsred
In Refarence 20. Only broad bsta dissass Is assoclated wlih athsroscisrosls.,
Discusslon will focus on the monogenic dlsorders assoclated with atherosclerosls.

I. Clinlcal Features - The monogenlic hyperlipldemlas have only
recently been describped (21). Consequently clinlcal studles of patlents
grouped thls way are lacklng. Previous clinlcal descriptlons based on
I lpoproteln type alone (20) are now less valld from a genetlc polnt of view.
Certaln general polnts can be made however.

a) The frequency of certaln atherosclerotic risk factors -
dlabetes mellitus, obeslty and hypsrtension - Is signlflicantly hlgher In hyper-
triglycerldemic survivors of myocardlal Infarction (Table 6) (21).

Frequency of Risk Faclors in Normolipidemic and Hyperlipidemic Survivorst

Frequency
Hypercholes- Hypertri-
All Normolipidemic terolemic glyceridemic
survivors survivors survivors§ survivorsy
Rizk factor (n = 500) (n = 343) (n = 178) (n = 118)
%
Diabetes mellitus|| 12.6 11.1 1.5 18.6
Table 6 Hypertension 15.4 13.4 16.6 21.2*

Obesity** 17.2 14.0 25:5* 24.5
Hyperuricemiai} 13.8 13.1 14.1 19.5
Excessive smoking§§ 39.5 38.5 44.0 40.8

* Denotes statistical level of signiticance at 0.05 (italicized number denotes 0.01)

using Chi-square test to compare proportion with risk factor in hyperlipidemic

with that in normolipidemic group. %

1 95th percentile values nsed to define hyperlipidemia.

§ Independent.of level of other plasma liquid.

Il Diagnosed if one of two criteria fulfilled : (a) survivor taking cither insulin or an

oral antihyperglycemic medication; or (b) fasting plasma glucose > 120 mg/100 ml.

% Considered present il past history of specific treatment with antihypertensive

drug therapy. Frequency of hypertension by same criterion in controls was 6.2%.

** Weight in excess of 1259, of ideal bady weight by criteria of Metropolitan Life

Insurance Company tables (51). Frequency of obesity by same criteria in controls

was 16.89.

11 Plasma uric acid > 7.0 mg/100 ml in women and 2 8.0 mg/100 ml in men (52).
. §§ More than 20 cigarettes per day. Frequency of excessive smoking by same

criterion in controls was 10.0%%.

b) In the monogenic disorders chlldhood expression Is seen In
faml 11al hypercholesterolemi@ but rarely In the other ‘two disorders (Fig. 10).
Therefore, famlly screenlng should Include chlldren but fallure to flnd hyper-
llpldemla In a chlld from an affected famlly Is no guarantee that the chlld
has been spared since the llplds may rlse when he or she becomes an adult.



NAME

FAMILIAL HYPERCHOLESTEROLEMIA
(MONOGENIC)

FAMILIAL HYPERTRIGLYCERIDEMIA
FAMILIAL COMBINED HYPERLIPIDEMIA
BROAD BETA DISEASE

FAMILIAL HYPERCHOLESTEROLEMIA
(POLYGENIC)

'LIPOPROTEIN LIPASE DEFICIENCY

* FLOATING BETA LIPOPROTEIN

N = Normal

GENETIC HYPERLIPIDEMIA

P

TABLE 3

CHYLOMICRONS VLDL
An:mmnmv
Nor + 4
Nor 4 Nor +
Nor +
4
(Chance)
+4

LDL

*FBL CHOL -

TG

WHO TYPE

Nor 4 Ila, IIb i

+or 4+ IV, V
4 Ila, IIb, IV, V
4 III
N or 4 Ila, IIb
+4 I
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TABLE 4

SECONDARY HYPERLIPIDEMIA (ENDOCRINE RELATED)

CAUSE CHYLOMICRONS , VLDL LDL *FBL CHOL TG
ENDOCRINE
DIABETES
Severe 4 N or + N or 4 44
Moderate .« N or 4 N or 4 N oor 4 N or 4 Nor+4+ 4 or 44
Mild N or 4 N or 4 N or 4 N or 4 Nor+ 4 or 44
CORTICOSTEROID RX
High Dose N or + N or 4+ Nor+ 4 or 4+
Low Dose or Cushing's N or + N or 4 Nor+ Nor+
Syndrome
HYPOTHYROIDISM N or 4 N or 4 N or 4 N or 4 + N, 4 or 44
"HYPOPITUITARISH N or 4 N or 4 Nor+ 4 or 44

ESTROGEN OR ORAL
CONTRACEPTIVE RX N or + N or 4 Nor+4 4 or 44

*FBL = Floating Beta Lipoprotein

N = Normal

WHO TYPE

L W

1,
IIb, III, IV, V
1Ibs IIXs IVs ¥

v, v

Ila, IIb, IV

Ila, IIb, II
v, v

v, v

T

-9

v, V



TABLE 5

SECONDARY HYPERLIPOPROTEINEMIA (NON-ENDOCRINE)

CAUSE
NON-ENDOCRINE
RENAL DISEASE
Nephrotic Syndrome
Uremia
ALCOHOLISM
DYSGLOBULINEMIA
-Systemic Lupus Erythematosis
-Lymphoma
~-Multiple Myeloma
GLYCOGEN STORAGE DISEASE
CONGENITAL LIPODYSTROPHY
BILIARY CIRRHOSIS

HEPATCMA

CHYLOMICRONS VLDL LDL i CHOL - TG

N om + N or 4 N or 4 Nor+ N, +or

N or 4 N or 4 Nor + + or

Nor 4 Nor + N or 4 +or

N or 4 Nor 4 Nor4 Nor+ Nori+ N, 4
% Nor 4 Nor 4+ 44

N or 4 Nor 4

Abnormal lipcprotein termed LP-X present.N or 4 +

Hypercholesterolemia - ? due to LP-X
w . or LDL 4 ?

4
24

4

or 44

WHO TYPE

Ila, IIb, IV, V
v, v

v, v
I,Ila, III, V
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c) Certaln slgns and symptoms relate to the llpoprotelin or groups

of llpoprotelns slevated In plasma.

Table 7 summarlzes thls Informatlion.

Note,

for example, that pancreat!tis, Ilpemla retinalls and hepatosplenomegaly occur

when chylomlcrons are elevated but rarely, If
other llpoprotelns.

evar, occur with elevation of

In contrast varlous types of xanthomas occur wlth LDL and

FBL elovations but only eruptive xanthomas have been deflnltely linked to

chylomlcrons.

Lipoprotelns can also Influence certaln dlagnostlic tests.

Some reportad changes In hyperiipemic patlents ars listed In Tabls 3.

Liver

scan and UGl radiologic reports are not vsry cenvincing and the racommended
approach In ascribing one of these abnormallitles to hyperlipldemia Is To do

so by excluslon.

2. Dletary treatment:
protelns generally respond to certaln dletary

Over the years, studles have shown that |1po-

factors In the following way:

a) Hlgh carbohydrate feeding = 4+ VLDL levels.

b) High saturated fat, high cholesterol = 4 LDL levels.

c) Fat (saturated or unsaturated) = + chylomlicron production
but high levels are not sustalned In normal subjects.

d) Hypercalorlc Intake = 4+ VLDL

form If VLDL levels become very high In hyperlipemic patlents)

(occaslonally chylomlcrons
(41).

Based on |lpoprotsin elevations and the above Information,
Fredrickson and co-workers devised 5 dlfferent dlets to be used wlih the

5 llpoproteln types (24) (Table 9).

s
Summary of Diets for Types | to V Hyperlipoproteinemia Té'b le g
Factor Type I Type 10 Type TI[* Type 1V* Type V
Dietary Low-fat, 25 to Low-cholesterol, Low cholesterol Controlled CHO Restricted fat (209 calories),

prescription  35g . polyunsaturated

fat increased

approximately:
209, cal. protein
40%, cal. [at
409 cal. CHO

Calories Not restricted Not restricted, Achieve and main-
except in type IIb tain “ideal”
where weight re- weight—reduc-
duction is often tion diet if
indicated necessiry

Protein Total protein Total protein intake  High protein

intake not not lirited
limited

Fat Restricted to 25 Saturated fat intake  Controlled to 405,

to 35 g; kind limited; polyun- to 459, calories
of fat not saturated intake (polyunsaturated .
* important increased fats recommended
in preference to
saturated fats)

Cholesterol Not restricted Less than 300 mg Less than 300 me,
or as low as only source of
possible; only cholesterol is
source of choles- meat
terol is meat

Carbo- Not restricted Not restricted (may  Controlled; most

hydrates be controlled in concentrated
type 11h) sweets eliminated

Alcohol Not recommended  May be used with Limited to 2

discretion

servings (sub-
stituted for
carbohydrate)

(approximately controlled CHO (509,
40 to 43, cal- calories), moderately
ories); moderately  restricted cholesterol
restricted
cholesterol
Achieve and main-  Achieve and maintain “ideal™
tain “ideal”™ weight—reduction diet il
weight—reduc- necessary
tion diet it
necessary
Not limited other
JLhan control of
patient’s weight
Not limited other
than control of
patient’s weight
(polyunsaturated
fats recommended
in preference to
saturated fats)
Moderately re-
stricted to 300 to
500 mg

High protein

Restricted to 30G5 calories
(polyunsaturated lats
recommiended in preference
to saturated fats)

Moderately restricted to 300 to
500 mg

Controlled; most
concentrated
sweets climinated

Limited to 2
servings (sub-
stituted for
carbohydrate)

Controlled; meost concen-
trated sweets eliminated

Not recommended

* Cal. = calories; CGHO -+ carbohydrate.
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TABLE. 7

SIGNS + SYMPTOMS RELATING TO LIPOPROTEIN ELEVATION

CHYLOMICRONS VLDL LDL FBL
KANTHELASMA + : RARE

XANTHOMAS

TENDON +
TUBEROUS +
TUBERO-ERUPTIVE Occasional

ERUPTIVE + Occasional

PLANAR +
PLANAR-PALM CREASES

SUBPERIOSTEAL +

+ + +

+ 4 +

ARCUS CORNEAE + +
HEPATdMEGALY + Occasional Occasional
SPLENOMEGALY + ?
LIPEMIA RETINALIS +

PANCREATITIS +
ABDOMINAL PAIN + Occasional Rare

ARTHRITIS ' ? +
TENDONITIS -
RETINAL CHANGES

HEMORRHAGES

EDEMA

YELLOW DEPOSITS
DETACHMENT

VESSEL DILATATION .
XANTHOMAS +

+ o+

+ indicates that a sign or symptom occurs frequently when a particular

lipoprotein is elevated.
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INFLUENCE OF LIPOPROTEINS ON DIAGNOSTIC TESTS

ESR
ABNORMAL LIVER SCAN

UGl RADIOLCGIC FINDINGS
-Mucosal Thickening
-Antral Deformity
-Bulbar Deformity
~Pyloric Prolapse of

Gastric Mucosa

FALSE DEPRESSION OF
LABORATORY VALUES

23

TABLE 8

CHYLOM I CRONS

VLDL
+

+

LDL FBL
+
? ?
? ?

MG T AT
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Dlets for the Type Il, 11l and IV dlet are nearly ldentical with only small
differences In cholesterol Intake. The Type V dlet contalns a 10% reductlon
In fat and a 10% Increase In carbohydrates to help reduce chylomicron formatlion.

Although the dlets make sense physlologlcally, I+ Is cumbersome
to work with four slightly different diets and no data Is avallable to Indlcate .
that these small dletary differences signiflcantly alter Ilpoprotein levals
any more than a balanced dlabetlc dlet would.

In most cases, thersfors, a dlabetlc diet restricted In fats
and low In cholesterol Is satisfactory. It Is virtually ldentlcal to the
Type 111 dlet of Fredrickson and Its general compositlon Is as follows:

Calorle Distribution

Proteln 20%
Carbohydrate 40%
Fat 404
Cholesterol content 300 mg
P/S ratlio v le5 to 2

‘< ; (enriched In polyunsaturated fats.)

Calories must be adJusted to achleve welght loss when necessary.

Dlets are modestly effective In lowering llplds as Illustrated
In Table 10. Six representative studles are summarized. Fat content varled
between 30-40% and all were enriched In polyunsaturated fats and restricted
In cholesterol content. Taken together, these studles Indlcate that cholesterol o
levels can be reduced an average of 2% using such dlets. Triglyceride results
ranged from variable with but a slight average decrease to sizeable reductlons
of 11 fo 17%. Triglyceride reduction was greatest In studles where welght
loss occurred during dietary treatment and in general, TG reduction was
greataest In those patlents wlith hlgher Inltlal levels.

Several problems and controversles exlst wlth regard to these
dlets:

a) Prevalence of cholellthlasls Is Increased In men Ingesting
serum cholesterol=lowering dlets (55).

b) Cancer Incldence In men consuming high polyunsaturated fat
dlets was reportedly Increased (56). Thls study was subsequently refuted
(57) and controversy rages on.

c)- Some Investlgators (58) feel safety of polyunsaturated fatty
aclds (PUFA) has not been adequately proven and clte the following:

1) Effectlveness of PUFA to reduce mortallty from coronary
dlsease s not convinclng.

11) PUFA glven as corn oll can cause cancer In mice.

111) Potentlally carclnogenlc |ipld peroxlides easlly form In :;
PUFA by auto-oxldatlon. '
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STUDY

DIET-HEART A)
(1968)
B)

OSLO DIET-HEART
(1970)

BlERENBAUM, ET.AL.
(1973)

HALL, ET.AL.
(1972)

WILSON, ET.AL.
(1971)

MEITTINEN, ET.AL.
(1972)

TABLE 10

EFFECTS OF DIET ON PLASMA LIPIDS

DIET

30% Fat, Low Chol
4+ P/S Ratio
40% Fat, Low Chol
++ P/S Ratio

Low Fat, 4 P/S Ratio
300 mg Chol/Day

28% Fat, + P/S Ratio
in half.
400 mg Chol/Day

20% Protein, 30% Fat
P/S 1.25,
300 mg Chol/Day

16% Protein, 43% Chol
40% Fat P/S = 1.6
Chol 227 mg/Day

30-32% Fat
+ P/S Ratio
Chol ~ 250 mg/Day

CHOL 16
-11% Variable
Most +
-12% Variable
Most +
-17% --
-7.3 to
9.7% Stight ¢
-12.1%
-17.3%
- 9.6% ~11.7%
~-12 to Variable ¢
18%

COMMENT WEIGHT
20-25% Poor Stable

Adherence

Stable

¥+ Ml Mortality o
4 P/S did not
improve results Yes
17% greater
survival rate.
2 year study 5.3% ¢
6 month study 0.8% +

Diet trial in two
mentai hospitals
over 12 years.

CHD mortality

¥+ in men but only
suggestive jin women.



26

Iv) Heatlng PUFA may produce carclnogenlc substances such
as polycycllc and aromatlic hydrocarbons.

v) PUFA (unheated) may potentlate tumor-Inducling propertles
of other carclnogens.

vl) PUFA Ingestlon may Increass nutritional requlirements for
vitamin E and other vitamins.

Thess areas ars under Investligatlon but no conclusions can be drawn.
Several advantages to dlet In general can be clted:

a) Welght reductlon will reduce plasma triglyceride levels, trigly-
cerlde production rate, Insulln reslstance and hyperinsullnism (59).

b) Lipld lowerlng dlefs produce regression of coronary artery
atheromas In experlimental atherosclerosis In the Rhesus mokey (60).

c) Several human dlet trlals report reduced mortallty from coronary
arfery dlseass In patlents foljowing Ilpld lowering dlets (50, 51, 54).

d) Certaln coronary risk factors (cholesterol, blood pressure, blood
glucose and urlc acld) are reduced by welght loss with a concomltant Improve-
ment In chances of avolding a heart attack (61) (Table 11).

Table 11

CORONARY HEART DISEASE RELATIVE ODDS & FO8
CORRESPONDING TO GIVEN CHANGES IN RELATIVE WEIGH |

Males Females
Age: 35-44  45-54  35-44 45-54
Change in rclative

weight

—20 o 0.57 0.62 0.62 0.83
—10 0.76 0.80 0.80 0.94
+10 v 1.38 1.31 1.31 1.20
-+20 1.86 ©~  1.68 1.69 1.35

COMMENTS &

1) In gensral patients do better who are counseled by a nutrlitlionist,
Simply handing a dlet manual to a patlent Is usually Ineffective.

2) A welght-reductlion dlet alone In a hypertriglyceridemic patlent often

ralses the LDL level In assoclatlon with a decrease In VLDL levels, (62) (Fig. 13).
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el
30 A
168
2 Effect of welght
. = b ‘ reductlion on
o Ratus v N : I lpoproteln levels.

oICHOLESTEROL  GUICERDES CHOLESTEROL
(-}

L LoL- "

e &
L W CHNESIEAOL  FROTEN  C/P PATIO CrOLESTERNC

PLR CONT CHANCE FROM CONTROL VALUE

Figure 13

For thls reason, calorlc restriction Is usually combined with a low cholesterol-
high polyunsaturated fat dlet.

3) Patlents with persistent hyperchylomlcronemla may requlire replacement
of part of their regular dletary fat by medium chaln triglycerlde (MCT).

- 4) The following reference Information may be useful In dlet therapy:

Cholesterol content of foods (63).
Use of medium chaln triglycerides (64).

I
11
11) Dlets that Lower Plasma lipids In man (65).

3) Drug Treatment - A varlety of drugs are avallable for use In
treating hyperlipldemla. The four most commonly used drugs are outllned herse.
None of the drugs Is very speclflc and they vary with respect to thelr In-
fluence on llpoproteln levels as follows:

Nlcotinic Acld - lowers VLDL and LDL

Cloflbrate lowsers VLDL, varliable effect on LDL
Cholestyramine - lowers LDL, may Increase VLDL
D-Thyroxlne - lowers LDL, |Ittle effect on VLDL

1

MaJor features of these drugs are summarized In Table 12 (Ref. 24).

a) Nlcotinlc Acld: Also termed nlacln to avold confuslon with
the completely unrelated compound, Nlcotine. Nicotinic acld and Nicotlnamlde
are effectlve In Pellagra but only Nlcotinlc acld lowers plasma |Iplds.
(Nlcotinamide was effectlve In one patlent [67]). Llver functlon should be
monltored durlng use. Reductlon In cholesterol may rangs from 17-39%.
Triglyceride reductlons rangs between 30 and 90% (68, G9). Best results are
seen In the most |lpemlc patlents. For general discusslon see references 68,
69, 24. Reference 70 Is a lengthy ftreatlse.
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TABLE 12

HYPOLIPIDEMIC DRUGS¥*

NICOTINIC ACID
(NICALEX)

CHOLESTYRAMINE
(QUESTRAN)

D-THYROXINE
(CHOLOXIN)

CLOFIBRATE
(ATROMID-S)

EFFECT ON PLASMA
LIPOPROTEINS

INITIAL DOSE

MAINTENANCE DOSE

ADVERSE EFFECTS

CAUTION

USE

¢ VLDL, ¥ LDL
+ IDL synthesis

100 mg orally, three
times daily

1-2 gm orally, three
times daily with meals

Flusing, pruritis,
hyperuricenmia,

+ glucose tolerance,
hepatotoxicity

Peptic ulcer patients.
Safe use in pregnancy
not established

1+ VLDL, LDL + Floating
beta lipoprotein levels
(Types IIa, IIb, III,

v, V) .

¥ IDL, may 4 VLDL
4 LDL catabolism

v four
¥

4 gm orall
times dail

4-8 gm orally, four
times daily

Constipation, bloating,
nausea, fat malasorp-
tion at doses > 24
gm/day

Drug binds Warfarin,
digitalis, thyroxin,

+ possibly thiazides.
Safe use in pregnancy -
not established

4 LDL levels. (Type
IIa, ? type IIb in
combination)

v LDL, little
effect on VLDL,
4+ LDL catabolism

1 mg orally, daily.

- Increased by 1-2 gm

at monthly intervals

4-8 gm orally, daily

Signs of hypermetab-'
olism, may + angina.

Potentiate effects

of Warfarin + epine-

phrine. May 4 glucose
in diabetics

¥+ Warfarin dose. Avoid
in patients with mul--
tiple ectopic prema-
ture beats. Extreme
caution in patients
with coronary disease
Safe use in pregnancy
(?)

4+ LDL, t+ Floating beta
lipoprotein. (Type IIa,
III, ? IIb)

v VLDL, effect on
LDL vaxiable

0.5 - 1.0 gm twice -
daily

1 gm orally, twice
daily

Nausea, weight gain,
myositis, alopecia,
agranulocytosis.
Abnormal liver function

Potentiates effects
of Warfarin. Safe
use in pregnancy
not established

4+ VLDL, Floating
beta lipoprotein
(Types III, V, ?IIb
in combination)
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b) Cholestyramine: A quaternary ammonlum anlon exchange resin,
with baslc groups attached to a styrene-divinyl-benzene copolymer by carbon-
to-carbon bonds. Molecular welght Is greater than one mllllon and It 1s
nelther digssted nor absorbed from the Gl tract. It blnds blle salts tlghtly
In the Intestine, thersby promoting thelr Increased rate of loss from the gut.
All 1lnks batween blle salt loss and cholesterol metabollsm are not yet known.

Antlcoagulation with Warfarin Is difflcult to control and
another drug should ba substitutsd for cholestyramine 1f clear-cut Indicatlons
for antl-coagulatlion are present (24). It Is mosT effectlve In lowering
cholestarol in doses of 16-24 gm/day. An average 20% reduction In LDL
cholesterol can-'be achlsved In Famlllal Hypercholesterolemla. Rarely, doses
of 32 gm may be needed (In homozygous famlllal hypercholesterolemla). Doses
should be glven 1/2 to one hour before meals and at bedtime. In some patients,
mlld hypertriglyceridemla results during treatment but thls Is no reason tfo
stop Its use In moderate fo savere hypercholesterolemlia. Velght reduction
. or cloflbrate can be used If TG levels go above 200 mg%. Some patlents
require laxatives to overcome the constipating effect of cholestyramine.

For references, seo 24, 71, 72, 76, and 73. Treated hypothyrold patients
requliring cholestyramine need perlodlc monltoring of thyrold functlon because
thyroxlne binds to cholestyramine and may not be absorbesd (74).

c) D-Thyroxlne: Dextrorotatory form of thyroxine whlch retalns
Its cholesterol~lowering effects while Its calorigsnlc effects are much reduced
but still present (24). Cardlac effects can bs controlled by sTmultaneous
treatment with propanolol (75). Though effective In reduclng cholesterol
(76), data from the coronary drug project (a largs scale and long term study
of drug reglmens Influencing llpld metabolism In men- aged 30 to 64 years, who
have recoversd from one or more myocardlal Infarctlicns) Indlcated that after
36 months, patients recelving dexirothyroxine had an 18.4% higher proportion
of deaths than did the placebo group. Mortallty Increased progressively with
duratlon of treatment. In additlon to hlgher rates of death from coronary
and all-other cardlovascular causes, there was also a hlgher proportion of
patlents suffering recurrent non-fatal myocardial Infarctlons. Dextrothy-
roxlne was discontinusd from the study (77). It Is still avallable as a
hypocholesterolemic agent but It Is contralndlicated In patlents wlth:

1) Any known organlc heart dlsease.
11) Hypertension
111) Advanced |lver or kldney dlseass.
Maxlmum dose In patlents recelving digltalls Is 4 mg/day. Because of the
cardlovascular contralndications, use of this drug Is severely IliImited.

d) Cloflbrate (Atromld-S): Probably the most wldely used
hypollpldemlc drug. Its mechanlsm of actlon Is uncertaln but cholesterol
balance’ data suggests that It may promote Increased excretlon of cholesterol
stored In tlssues (78). It has been used for long periods with good patient
tolerance and few slde effects (79, 80). In famlllal hypercholesterolemla
(Type 11) i1 produces only a 7% roductlion In cholesterol (24). It Is far
more effactlve In hypertriglycerldemic states (81).
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The results of three trials of cloflbrate treatment In Ischemlic
Heart Dlsease have recently appeared, (82, 83, 84)., These studles concluded
that cloflbrate had a favorable effect on morblidlty In coronary heart dlsease
whlch was not correlatad with the hypollpldemia It producad. |t was suggested
that this beneficlal effect might Instead be due to some Influsnce on one or
several parameters of blood clotting,such as, platelet aggregation or
fibrinolytic activity (81). These cllnlcal trlals have been critlzed by
several blostatlstlclans who In general conclude that a baneflclal effect of
cloflbrate on coronary hoart dissase morbidlty Is suggestad but not concluslvely
shown by The data in thesa studles, (85, 86, 87). As a result, blgger and
better studles are belng proposed to settle thls Issus. Whatever the results,
cloflbrate remalns an effectlve |Ipld-lowering drug with a good safety record.

Cloflbrate has an ADH-|1ke actlon (88) but signlflcant water
retentlon and welght gain have not been problematical. Use of clofibrate In
nephrotic syndrome hyperllipldemia has been compllicated by muscular paln,
stlffness and gensera! malalse (89), Those patlents recelving malntalnance
Frusemlde therapy developed a pronounced dluresls when cloflibrate therapy was
started. Most patlents were hypoalbuminemlc and It was postulated that reduced
albumin binding sltes lead to hlgher unbound cloflbrate levels In sera wilth
resultant toxlc effects. The dluresls was thought due to displacement of
Frusemlde from Its albumin-binding sltes by the clofibrate. I+ was recom-
mended that the clofibrate dosage not exceed 0.5 gm for each ons gram percent
sorum albumln concentratlion.

e) Comblnatlon Drug Treatment: Experlence Is llmlted but
several reports Indlcate comblnatlons such as cloflbrate + cholestyramine
(or colestipol) or Hicotinlc acld + cholestyramine work synerglstically

(30, 91). The latter comblnatlion Is especlaliy usaful In homozygous famlllal
hypercholesterolemla (24, 92). Additional comblnz:'jons are found In references:
93 and 94. In order to keep treatment programs slmiic, comblnatlons should

not be used except In very reslstant cases of hyperlipldemla.

Menticon of additlonal drugs can be found In reference 24
and In a recent review from the NIH group = (95).

f) Surgery: lleal bypass surgery has been proposed as an
effectlve therapy for hypercholesterolemla and detalls are reviewed In
reference 96.

The surgery promotes Increased fecal loss of blle aclds and
may also cause a certaln degree of malabsorption and dlarrhea. Cholestyramine
Is the medlcal counterpart. | favor Intenslve medical treatment and consider
surgery a last resort In hypercholesterolemic patlents who, for one reason or
another, are reslstant to medical therapy.

Portacaval shunt surgery reportedly produced excellent results
In a famlllal homozygous hypercholesterolemic chlld who was near death from
atherosclerotic complications (97). Not only was cholestero! lowered con-
slderably but xanthomas regressed as dld atherosclerotic leslons. Much
more Information Is nesded but the results are promlsing.



31

SUMMARY - Suggested approach to Hyperllipldemla
le Indlcations for testing liplds In a patlent:

A. Famlly History of: Atherosclerosls before age 55
" Dlabetes Mal | 1tus
Xanthomas or xanthelasmas
Hyperlipldemla

B. Personal History of: Atharosclerosls bafors age 55
Xanthomas or xanthslasmas
Dlabetes Mellltus or abnormal GTT
Obeslty
Gout
Hypertenslion
Hypothyroldism
Unsxplalned abdomlinal paln
Alcohol Ism
Turbld or mllky plasma.

A routine test of plasma |Iplds Is recommended as part of a general
medlcal exam.

2. Conditlons for base = llne testing
A. Fasting 12-14 hours
B. Stable welght for 2 weeks
C. Ordinary dlet
D. No medlcations known to affect plasma [Iplds.
E. No myoéardlal Infarcflon.wIThIn 2-3 months (98)

3 Indlcatlons for treatment: Treatment should be consldered In anyons with
a cholesterol level greater than 250 mg% and/or a triglycerlde level greater

than 150 mg#. In my opinlon, secondary hyperlipldemlas of chronic duration
should also be treated.

4. Treatment plan: Estimates of |ipoprotelin elevation should ba made using
the scheme In Flgure 2.

A. DIET: The flrst step In treatment. A balanced dlet (20% protein,
40% fat, 40% CHO) with a 300 mg cholesterol content and high P/S ratlo (1.5 to 2)
Is generally success¥ul. Caloric restriction Is benefliclial, particularly In
hypertriglycerldemlic states where obeslty Is more common. Severe hyper-
chylomicronemia may requlre further reduction In dletary fat from the above
proportions. Cholesterol and FFA content of foods are glven In Table |4 and
ldeal helght/welght charts are reproduced In Tables 15-a and 15-b.

B. Drug Thsra?x Is usually withheld for 4 to 6 weeks after starting dlet
treatment slnce Ilpld values may normallze on diet alone, particularly In
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CHOLESTEROL CONTENT OF FOODS*

COMPOSITION OF VARIOUS FA'TS AND OILS PER 100 GM PRODUCT -

Gng/100 gm product) Total  Satu- Monoun- Pulyun-
g/ 100 g | fat rated  saturated scturated  P-S Todine
Beef Fats (zm) (zm) () (zm) Ratio Number Source®
Chuck loast - 53 Lard 63 . T T T/ v ot -
Roune Steak 68 Margarine (vegetuble) 0 Vegetable oils
f Rur p Roast 58 Oils, vegetable 0 ' ) A n..,:.r.mu: Butter( the . —
T dow 56 Peamat butter 0 " m; n »“::.cr:..v wmm Wm .ﬁ 2 0.04 QM W
. o oF . Loconu - _
pa ~ = i C. Corn w10 28 54 5.1 123 1
At ~ L 48 D. Cottonsced w0 23 2l 50 2.0 109 1
Amcrican Process 87 Haddock G4 m. C\:(.c 150 11 78 - 0.6 81 1
w:a: HNM WHEWE =4 F. Peanut 0 18 47 29 16 95 1
) mw“m_wwﬂ Checss ' :ﬁﬁ_.mz 50 G. Salflower 100 e 15 72 9.0 144 1
b 2tk axf . 5 2 2

ry or Rinsed 1 Postek 63 - ~,H. mnww c.m;wm , 100 15 20 63 | 4.2 132 .H

Creamed 15 Pike ) ‘e Partially hy Anomn:n—»nn 5 114 A
Cream Cheese 140 Salmon 55 5 vegetable oil " 100 14 46 40 2.9 =
Couda 33 Trout 57 I <n.r€€§c margarines
Limburger 92 Tuna 51 A, Mum:._n.hls.wﬂﬁ_ﬁnmnsz_cé
Mozarella Lamb . avaiabic 4 = )

(part skim) 61 Chops 66 B m:m”_:n?. i 5 - ol o 18 e
Parmesan 7 Mutton /7 piSgHd . - .
Roquclort 73 Pork ww.im_ww«w..wmﬂum_,c of % " “_.o ’ > *0 o ) ’
Swiss 91 Chops 55 = o"r__m.:,;:_.g?c

Chicken Han 42 o , - = -
e " sroducts 0 4 3 29 1.7 10 ]
Dark mcat 78 Hestiedoln o G m:M.mnlv.n..w_ﬂnr,ﬁnmussn?cm : 7 i s
Light meat 54 Shellfish ’ of ‘:..:Tr__m. : : ;
Duairy Products Clams 49¢ products 80 17 48 15 0.9 88 4,567
Butter 249 Crub ! 99 | D. Whipped—
Creum Lobster 83 i Representative 8
Thick 140 Oysters 6o | ab avalidla
© Thin 40 Scallops S products & 17 48 15 0.9 83 5,7
Egu Shritap 161 " 1v. vegetable shortenings 100 25 46 29 12 04 2,4

white 0 Turkey V. Animal fats A

volk 1370 Dark meat 06 A Butter 50 45 a7 3 0.1 a7 ]
Milk . Light meat - 61 B. Lard 00 3s 16 11 0.3 6l 1
. Buttermilk 8 Varicly meats VI Peanut butter 50 12 ' 23 15 5.3 9% 2,578

Fortificd Skim ins, Calf 1810 [

. (19 Butterfat) 5 Kidney . 300 | °Sce source sheet.

Skim less tham E Liver, Beef 320 i .

. Whole 14 T — 250 i mo:,..m.o.m (for Table 8-11I)
Gl -1 Home Economics Research Report £7.

®Laboratory analvsis by Coor,

Procter

3. Anderson-Clay ton and Companyt Chitfon® tub margarine.
A Lever Brotherst Dict Tperial @ marganine, Soft Spread Tperial @ margarine, Cood Luck®

pl

stick margatine, Spry @ vegetable shiortening.
Standard Brandst Dict Fleischuns® margarine, Soft Blue Bonnet® nnargarine, Soft

wh Gambler Crisco Oil®, Crisco shortening®, it Peanut Butter®.

sy Blue Bounet® stick o v, Fleischnn's& stick uwargarine,

Whipped Blue Bonet & margazine, Planter's & peanat butter.

G Rralt Foodst Soit Parkay® margarine, Pakay® stick margarine,

cBest Foods Piaducts Companas Mazolit stich mgarine, Whipped Nueoa® anargarine,
SKipps ® peanat hulter,

8. Derhy Foods: Peter Pand peanut butter.

Fleiscliman vt
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TABLE 15A

Desirable Weights* Women of Ages 25 and Over

Weight in Pounds According to Frame (in Indoor Clothing)
Hegin

{wath “hoes ony

2 uuh heel,

et Inches Small Frame Medium Frame Large Frame
4 o l(lﬂ_ ) 9298 96-107 104 119
4 11 - 94-101 98-110 106-122
5 0 96-104 101-113 109-125
5 B 1 99-107 104-116 112128
5 2 102-110 107-119 115-131
5 3 105-113 110122 . 118-134
5 4 108-116 113-126 121-138
5 5 111-119 116-130 125-142
5 6 114-123 120135 129-146
5 7 118-127 124139 133150
5 8 122-131 128-143 137-154
5 9 T +126-135 . 132-147 141-158
5 10 130-140 ) 136-151 145-163
5 11 134-144 -+ 140-155 149-168
6 0 138:148 144-159 . _ 153-173

. For guls be;tm.-en 18 and 25, subtract 1 pound for each year under 25. "

Editor s Note. These body weights have been observed to be associated with the
lowe st moctalily rates
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TABLE 15B

Desirable Weights* Men of Ages 25 and Over

Weightin Pounds According to Frame (in Indoor Clothing)
Height

{with shoes on)

1-inch heels

Feet Inches Small Frame Medium Frame Large Frame
5 l 2 112-120 118-129 126-141
5 - 3 115-123 121133 129-144
5. 4 118-126 124-136 132-148
5 5 ‘ 121-129 127-139 135-152
5 6 ' 124-133 130-143 138-156
5 7 . 128-137 134-147 142161
5 8 132-141 138-152 147-166
) 9 136-145 142 ..; 151170
5 10 140-150 1464.507 155-174
5 11 . 144-154 150-165 159-179
6 0 148-158 154-170 164-184
6 1 152-162 158:175 168189
6 2 156-167 I 16_2~180 173-194
6 3 = 160-171 167-185 g 178-199
6 4 164-175 172-190 182-204

“From Metropohtan Life Insurance Company: New Weight Standards for Men and
Women Statistical Bulletin, Vol. 40, 1959, p. 3
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hypertriglycerldemic patients. As a rough gulde, cholesterols over 280 mg%
and/or triglycerldes over 250 mg% during dlet treatment Indlcate that drug
therapy Is needed.

As a rule, hypercholesterolemla responds to cholestyramine 16 to 24
gm/day. Patlents respond to a lesser degres to Atrcomld-S and an occaslonal
patlient responds very well to Atromld-S for reasons unknown.

Hypertriglyceridemlia may respend to Atromld-S or Nicotlnlc acld.
+tromid-S, In contrast to Nlcotinlc acld, Is well tolerated and | usually
start with It In dosas of | gm twice dally.

5. General: Encourage welght reductlion and cessatlon of smoking. Mild
exerclse may bes helpful If coronary status permits. Control hypertension.
These are all added risk factors.

6. Famlly studles should be performed whensver possible to detect other
hyperlipldemic subjects.

7. Treatmsnt In chlldren: No contrcl studles avallable. Generally diet
alons Is used untll adolescence, at which *lme drugs are added If liplds
Increase. Famlllal Homozygous Hypercholesterolemla requires aggresslve
treatment from early age but fortunately this condltlon Is rare. Though
hyperllipldemic females develop atherosclerosls about a decade later than

simltlarly affected males, | favor dletary treatment of affected females In
chlidhood.

NOTE: A number of s:udies suggest that dlet or drug treatment Is beneflclal
wIth regard to Improved morbldity and/or mortallty from coronary heart disease.
There Is no concluslve proof that dlet and/or drug treatment Is beneficlal.

The recommendatlons above are made on the basls of eplidemlologlic studles of
large populatlions. At present, It Is the best Informatlon wa have to use for
guldelines.

Secondary Hyperlipldemla: Evldence Is beginning to accumulate that certaln forms
of secondary hyperlTpldemia may actually represent subclinical forms of famllial
hyperlipldemia that are unmasked by drug treatment or another superimposed
Illness. We will briefly comment on sevsral secondary hyperliplidemlias from

this point of view. One hospital's experlence regarding causes of hypertrigly-
cerldemla are shown In Table 16, (105).

Table 16

« —NUMBERS OF PATIENTS WITH HYPERTRIGLYCERIDZMIA OF
IDENTIFIED CAUSE AT HAMMERSMITH HOSPITAL IN 1971

Cause No.

Familial .. o oo . . 62
Diabetes mellitus s . .o 43
Alcoholism oo .. . . 31
Chronic renal disease .. . . 20
Hypothyroidism .. - . wn 14
Gout . .. .. .. . 11
Hypopituitarism .. % i i 10
Acromegaly .. s % e 1
Chnlestasis » 4
Malabsorption e .o ari 3
O:zul contraceptivas o .o o 3
Cushing's syndrome 1
Addison’s disease o 1
Gratn-negative septicaemis 1
Total .. . . . . 211
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A. Hypothyroldlsm: In one serles hypercholesterolemla (>300 mg%) was
found In 81% of 147 cases of hypothyroldism. (99). Only 6% of the cases had
cholesterols less than 250 mg%. This high degres of hyperllpldemlia suggests
that hypothyrolidlsm has profound genasral affects on |l1pld metabollsm
Irrespsctive of the presence or absencs of a genetlc predispositlion to
hyperliipldenla.

B. Dlabates Mellltus: Nikklla has recently summarized the Incldence
of hyperliTpidemla Tn dlabetlic patients In the diabetic clinlc of Hslslinkl
Unlversity Hospital (100). He found that hypsarlipidemla varisd wlth the
state of dlabstes as follows:

1) Dlabetic ketoacidosls ~ 91% had elevated triglyceride levels.
Gross hyperlipidemla was not very common. Hypsrllpldemla responded to Insulin
treatment.

2) Insulln-treated juvenlle diabetes - 20% exceeded the 90th per-
centlle lImlt of a normal control population. Frequency of hypartriglyceridemia
was twlce that of controls.

3) Adult - onset non-Insulln treated dlabetes - 35% had friglyceride
levels exceadling the S0th percentile of an age - matched baslc population.
Triglycerlde levels correlated poorly with glucose levels but falrly well with
the degree of obesity. Thse associatlon of obeslty with hypertriglyceridemla
In patlents with dlabetes mellltus has been stressed by Blerman and Porte (101).
Reason for the associatlon remalns unknown and there Is Insufflclient evidence
to suggest the dlabetes (or obeslty) Is unmasking a primary hyperlipldemia,

The assoclation has clinical Importance since dlabetics with coronary disease
have a hlgh prevalence for hypertriglyceridamta (102, :03). Because of this

a more aggressive approach to the treatment of hyperlipldemla In adult onset
dlabetlc Is probably iIndicated, particularly with use of hypolliplidemic drugs.
Triglyceride metabollsm In Diabetes Mellltus has recently been reviewed (104).

C. Alcohollsm: Chalt and co-workers reported that alcohol dld not Inter-
fere with uptake of triglycerlds by peripheral tlssues  (105), and this led
them to suggest that alcohol promoied Ilpoprotein secretion by the lliver.
Hyperllipemic alcohollcs might then be those with relative triglyceride
clearance defects =~ those Indlviduals with a genatic predisposition to hyper-
triglyceridemla,Glnsberg, et.al. (106) studlied the Influence of ethanol
(7% oz/day) on triglyceride levels In hypertriglyceridemlic and normal subjects.
They found that fasting triglycerlide levels rose only In hypertriglyceridemlic
subjects and suggested that alcohol be avoldad In treating hypertriglyceridemic
subjJects. Flnally Mendelson and Mallo (107) studled the Influence of up to
32 oz. of alcohol dally on serum lipld levels In 3 groups of alcohollcs -
normals, carbohydrate - Induced hypertriglyceridenlics and famillal hypertri-
glyceridemics. Results are shown In Flgure l4. Trliglycerlde levels rose
most sharply In‘the famillal hypertriglyceridemlc subjects to high levels
The authors suggest that several Important features of alcoho!l I'sm may be

linked to thls phenomenon.

1) Fatty Itver and possibly clrrhosls may‘develop mostly In alcohollcs
wlth a genetlic hyper!lipldenla.
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2) Pancreatitls may develbp In alcohollics with a genetic hyper-.
I1pldemla. ‘

3) Alcohol may be a coronary risk factor In the hypertriglyceridemic

patlent.
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Flgure 14

Faml [1es of hyperlipldemlc alcohollcs should be checked for evldence

of genetlc hyperlipldemia, particularly hypertriglyceridemla, to learn more
about thls lssue.
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D. Oral Contraceptives: These agents have a general effect on Ilpld
metabolIsm which Is exaggerated In certain patlents with genetlic IIpld
disorders. See reference 108 for revlew. Modest elevation of triglyceride
Is observed In large numbers of patients taking oral contraceptives and the
degree of Increase Is dose-related to the estrogen content of the pll|
(Flg. 15) (109).

250

(11s) (256) {63) (204)
200 |- )

J |

0 50 75-80 100
Hestianol or Ethinyl Estradio) (pg/day)

—

w

o
T

A\

Nean *5.0. Serum Chelesterol (mg/100m!)
A\

Flgure 15

No change In serum triglyceride levels are sesn when progesterone derlvatlves

are used alone (110). In fact, progesterone derivi# !ves can be effective In
lowering plasma friglycerldes In hypertriglyceridom!c subjects presumably by
Increasing llpolytic activity (111). The estrogen component of oral contra-
copflves can produce massive hyperiipldemla, pancreatltls and death In
susceptlble Individuals but thls clinlcal sltuation may not be common (112, 113).

In I1ght of this Informatlon several suggestlons can be made:

1) Estrogen contalning medlcatlons should be glven with caution to
hyperliplidemic patients - this also Includes men recelving estrogen treatment
for prostatic carclnoma. Optimally estrogen treatment should be avolded In
such patlents.

2) Hyperlipemlc women requlring oral contraception should be glven a
progesterone -~ derlvative.

3). Conslderation should be glven to obtalning baseline I1plds on
women about to recelve oral contraceptives along with follow—up values
sometlime later during thelr use.

4) Conslderation must be glven to the possibllity of Increasing
atherosclerotlc risk In women recelving long-term treatment wl+th oral
estrogen - contalning contraceptives.

R0 b Ut 2 U s S 30 R ey SABHTIRC YIRS
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Secondary hyparlipidemlas, partlicularly those assoclated with chronic
condltlions, wlll be recelving Increasing clinlcal attentlon In the future
In view of the atherogeniclty assoclated wlth these macromolecules. Hyper-
I1pldemla In renal disease Including that seen In chronic renal fallure
(114), followlng renal transplantation

(115) and posslbly during malntalnance
hemodlalysls

(116) are currently actlve flelds of Interest.
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