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TREATMENT OF HYPERLIPEMIC STATES 

I. INTRODUCTION 

Triglyceride, contained principally In adlposa tissue, Is an excellent 
form In wh ich aner gy can be stored wlth thfl gredl-est economy of space. Th e 
body of a 70 l<g ;nan contains an 3'/e rage of 15 l<g of trlglycsrlda represantlr1g 
about 135 , 000 kca I of en orgy (I). The ab Ill ty to store food energy for 
later use In believed to have played a significant role In that stage of ma~'s 
evolutionary developroont ,,,.hen he was predominantly a hunter and therafora 
subject to varying periods of food excess or food scarcity (2). Though the 
problem Is stl I I unsett led, adipose tissue In man Is not thought to be a 
quantitatively significant site of fatty acid biosynthesis (3) and the 
triglyceride stored there Is large ly delivered from both the Intestine and 
I lver In the form of I lpoprote lns, principally chylomlcrons and very low 
density lipoproteins (VLDU. While modern man still reta ins the ability to 
store trlglycerldes this sys-t-em .of energy storage Is no longer as critically 
Important as It once was and In many causes It has b.ecome an outright nui sance. 
In addition, this system has deve loped a number of f l aws and those flaws deal lng 
with the transport ·ph ase of -triglyceride and cholesterol through plasma wl I I 
be the subject of today 1 s discussion. · 

II. LIPOPROTEINS IN PLASMA 

A. Definitions and Physical Characteristi cs. 

Four major lipoprotein families, defined primarily by the! r density 
and electrophoret ic behavior on paper, are found In plasma <Tab le!). 

TABLE 

PHYSICAL CHARACTER ISTICS OF MAJOR 
PLASMA L I POPROTE l N F N~ I L l ES 

LIPOPROTEIN MOBILITY* 
0 

DENSITY sf + MOLECULAR SIZE A 
g/ml \'/EIGHT 

4CHYLOM I CROtJS <0.96 >400 Origin 103-104x 106 750-10,000 

5vLDL 0.96-1.006 20-400 Pre-beta 5-27xi06 300-800 

5LDL 1.006-1.063 0-20 beta 2.2-3.5xi06 200-220 

6HDL 1.063-!.21 alpha 1.5-2.6xi05 70-95 

+Svedberg flotation units (lo-13 em/ sec/dyne/g) ·in sod ium chloride 
solution of den s ity I .063 g/ml (26°C) 

* pape,r e I ectrophores Is 
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I) Chylomlcrons- largest and I lghtest I lpoprotalns- normally 
not present aTFer 14 hour fast. Increased plasma concen1Tatlons cause 
turbidity Initially, tol lowed by formation of a cream layer after over­
night refrigeration. 

2) Very Low Density Lipoproteins (VLDL) - also cal led prebeta-
1 lpoproteln because of electrophoretic behavior. Elevated plasma levels 
c21usa turbidity. (Rarely called ci.. 2- VLDU. 

3) Low Density Lipoprotein (LDL) - also cal led betalipoproteln. 
Because of smaller size, elevated plas~~ levels do not produce turbidity. 

4) High Density Lipoproteins (HDL) - also cal led alpha I fpoproteln. 
Disorders attributable to high HO~evels have not been described. 

Two abnorma! II pop rote Ins occasIon a I I y found In pI asma are II sted 
below: 

5) Floating Be1"allpoproteln (FBU -only found In disease states. 
Thought to represen·r an ln+ermedlate form between VLDL and LDL (20). 
(Occasionally cal led S-VLDL) 

6) Llpoproteln-X (LP-X) ~found In obstructive I lver disease­
not present normally- elevations produce hypercholesterolemia. Usual fy 
has beta mobility on electrophoresis (47). 

' B. Compojltlon: Knowledge of lipoprotein composition assists In 
lnterpratlrlg p asma-cholestarol and triglyceride levo ls , <Fig. I, Ref. 6,7) • 
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Average figures expressed as percent dry we fght are I Jsted be low. Sl lght 
variat ion occurs among laborator ies. 

Cholesterol Trlgl~ce rlda 

Chylomlcrons 7% 80-95% 
VLDL 20% 55-65% 
LDL 45% 1 0~ 
HD L 17% 8~ 

*f3L 33~ 39% (44) 
+LP-X 25% 3% (47) 

Basad on t hese values, hypartr lglycer l dem la Is due to an e leva-tion of 
chylomlcrons, VLDL and/or FBL , Hype rcho lestero lem ia Is dua to an e levat ion 
of LDL, FBL or LP-X. Ra I sad HDL I eve Is In the presence of norma I I eve Is of 
all other pl asma I Jpop rote lns rare ly causes the tota l pl asma cholestero l to 
be abnorma l Jy elevated. 

In the normal fasting state most of tho pl asma chol estero l Is In 
LDL whl Ia the major portion of tr ig lycer i de Is In YLDL. (Fig. 2, Ref. 45 ) 

F===== =!- Chylomicrons < 5% 

VLDL 13% 

200 

LDL 70% 
Chylomicrons < 5% 

100 VLDL 55% 

LDL 29% 

HDL 17% 

0 
HDL II % 

CHOLESTEROL TRIGLYCERIDES 

_ Contribution of Each Lipoprotein Class to Total 
Plasma Choles tero l and Tng lycendcs in th e Normal Sub­

jec t 

Flgur·e 2 
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C. Physiology: t-1etaboltsm of plasma ·lipoproteins In highly Inter­
dependent. 

I) Chylomlcrons (8, 9, 10, II) (Fig. 3) - Synthesized In the 
Intestine In response to Ingestion of long chain trlglycerldes (C-14 and 
greater), thasa large particl es ·rrave l via lymphaJdcs to the thoracic duct 
where most directly enter plasma. A small portion are extracted from lymph 
by the liver. Here the TG Is hydrolyzed to FFA which are re-est-arlfled 
Into new TG and secreted as VLDL. Plasma hat-f-llf a of chylcmlcrons Is 
about 15 mlnutAs and most ara gona In 8 hours following a t es t meal. The 
triglyceride portion Is hydrolyzed by lipoprotein lipase at the capillar-y 
endothelial surface of ~~ny tissues but especially adipose tissue and muscle. 
Resultant FFA are taken up by ·rhese ti ssues ( some FFA are rel eased direct ly 
Into plasma 7 bind with albumin, and return to the I lver), and the chol esterol ­
rich "remnant" particle remaining Is quickly taken up by the liver (12). 
Several hundred grams of triglyceride can be transported by this route 
da I I y ( 46) • Hyper I I pI dem I a caused by chy I omIcron excess Is termed exogenous 
because the substrate directly driving chylomicron synthesis Is derived 
from di eta ry fat. · 

• . . 2) VLDL (8 7 9, 10, II, 13) CF!g~ 4) - VLDL Is produced In the 
liver from FFi\TTberated from adipose t lsslle or synthesized from dietary 
glucose. Medium chain FFA (C-10 or less) Ingested as medium chain trlgly­
cerl des (MGT) are absorbed d l recti y Into the porta I vel n and upon de II very 
to the liver, are packaged Into VLDL (14). Thus ~1CT bypass chylomlcr·on 
productl,on and are use f ul as an energy source for patients with abnormally 
high chylomicron l eve:s . Normally VLDL transport about 20 gm of trigly­
ceride da! ly (46). 

Hypertrlglycerldemla due to hlgh VLDL levels Is termed 
endogenous beca·use the FFA substrate Is I arge I y derl ved from endogenous 
energy sources (glycogen and adipose tlssua triglyceride), 

After secretion from the liver (only smal I amounts are contri­
buted by Intestine), VLDL triglyceride Is hydrolyzed by lipoprote in lipase 
In a way similar to that for chylomlcrons. The plasma halt-life of VLDL 
Is from 2-6 hours. 

3) LDL- r esults from VLDL degradation (13, 15) and no evidence 
supports Independent entry of LDL Into plasma though -th e ma-rter Is not 
completely settled. Interest In the origin of LDL resides In I-ts poten-J­
atherogen I c effect and much e.ffort has been expended f l nd I ng ~1ays to I ower 
Its concentration. The LDL half-life In plasma Is 3 to 4 days. Its 
cat abo II c routes ar e" not camp I ete I y known bu·r It may f II i"er Into artor I u I 
walls <!nd/o~ be taken up by cells of the reticuloendothelial system (R. E. S.). 
The I lver may take up a considerable amount. 
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4) HDL {16) -Though not Imp! lcated In hyper! lpldemla, HDL plays 
a central rolaTn lipoprotein catabolism (Fig. 5). 

lfCI Til IN CHOLfST[fiOL 

CH 20 -sa turat ed folly acid 

I 
CH O-unsoturo ted folly acid 

I ~ 
"C HzO -P.-cholon• 

I 
OH 

LYSOLECITHIN CIIOLESTERYL ES TER 

CHzO - soluroted folly ocod 

I 
CHOH 

I ~ 
CHzO -~ -chol in e 

OH 

+ ~~ 
unsaturat ed~ 

folly acid 

Figure 5 

It functions In close association with a pl asma enzyme called lecithin: 
cholosi"erol acyl-transferase (LCATl which transfer a fatty acid from lecithin 
to the hydroxyl group on the 3-posltlon of cholesterol. 

follows: 
The hypothesis regarding the function of HDL and LCAT Is as 

--- - ·--··-------· 
( 'hvlnJn ic ·•·un s 

·. \ "1.1>1.. 
·, 1.1>1. 

\ 

\ 

SdH'malic illn:-. tr:llinn 0\ lln\\·ilw eqnilihria lll·twcTH tJu ." mH·, Ierili! •( l du1 ~ 
lc·"'krnJ· ( l'C) c,f ph , •na lipnprolt' in -; and pl:h1na lllt'llllll·alll' '\ a11d tlw dl.·d of 
l'fHipliug Llh 'SI' <"'l;;ilihria to till' run11:tlint 1 of IIIJI . chult •, lf·J~J ,., lt ·r (( :1·: ) l1)' tiH' 
I.CAT r!';telion . 

Figure 6-a 
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Both chylomlcrons and VLDL ha·;-.. their surfaces covered wli·h phospholipid 
and protein that serve to function as ·detergent which permits the non- polar 
triglyceride cargo to be trnnsported through t he polar aqueous plasma. ' ) 
Unesterlfled cholesterol Is closely associated with the phospho! lpld at the 
surface. As VLDL and chylomlcrons reduce In size during hydrolysi s of their 
triglyceride content, the excess prote in and phospholipid surface mater ia: 
transfer directly to HDL while unesterlfled cholesterol Is first esterified 
by LCAT before HDL accepts lt. HDL thus functions as a "sink" or rese rvoir 
for the exces:; surface coat material. It Is noteworthy ·rhat In Tanglar 
Disease (congenlt31 near-absance of HDL) (17) and In Faml I lal LCAT 
Deficiency (16) I lpoproteln metabolIsm Is abnormal and both disease are 
associated with elevations of triglyceride- containing lipoproteins of an 
unusual type. These observations support the HDL-LCAT Hypothesis. 

lecilhin : PO choleslerol PL 

~~L ~QL ocyllronsferose PL 

PL CE high densily 
· lipoprolein 

Up Joke of CE, 
replenishmenl of PL 

~f:\211.,._..,,,.. .• """"""'... /by lim 

~o 
Po,rulate<.l role of LCAT reacrion in transpor!ing cholesterol from per iph· 

era! ti>SucS to rh~ liver : LCAT rcacls wilh HDL lo form cholestcryl es ters (CE ) 
from une.~l~rified cholesterol (C) and leci rhin (l'L); lh" HDL subsequently pick up 
une:.terified cholesterol from cell membranes an<.l release chol"steryl esters to the 
liver. (From Ref. 1.) 

Figure 6-b 

HDL may also function to remove unesterlfled cholesterol from eel I membranes 
and HDL Is bel leved responsible for transport of cholesterol from many body 
tissues to the liver where the sterol can be converted to bile acids or 
excreted directly Into bile. 

Ill. HYPERL I PI OEM I A AND HYPERL I POPROTE I NEM I A 

A. Definition of Normal - normal va lues for cholesterol· and triglyceride 
are nearly Impossible to detennlne since large population studies reveal a 
broad range of values for these plasma lipids without division Into normal and 
abnormal groups. (18, 19). Cholesterol and triglyceride values Increase with 

.~MPJ¥nm , R'" nmz~,.- ...,..,...._,..,....., . .,..._...,.,,._...,._.,.., .. ,==--------------=-....,...,..-,_..,.....,..""!"'_.._.,..,n.,.,,p;,.._.._=.....,.,...,,. ... ~,.. ....... u ... ,_"".m 
i 
' <f 
l 
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age through 60 yea rs and dlffe~ In the sexes. For experimental and large 
population studi es, the 95th percentlle of eontrol population levels has 
been used as the upper normal limit. Va lues from two such studies are 
shown In Table 2-a (20) and 2-b (21). 

TABLE 2-a 

PLASMA llr»IO CONCE~T;{AriOSS, ,\{ (j Pl:K lt~O .\oiL, 1:-.: 

:--;QRM'AL,. SUHJF.CTS 

A (holesterol. me an and 
ge, yr 90 percent limits 

----1----- - - -
0-19 175 (1 20-230) 

20-29 180 (I 20-240) 
30.:.39 205 ( 140- 270) 
40-49 225 ( 150-3 10) 
50-59 245 (160-330) 

Triglyceride, mean and 
90 percent limits 

65 ( 10- 140) 
70 (10- 140) 
75 (10- 150) 
85 (1 0-160) 
95 (10-190) 

• The population sample is derived from~ total of 511 normal sub­
jects (27<J" males, 232 females) and includes th e smaller sample 
previously described (1i5 J; the criteria for acceptance of pa tients wcr< 
no evidence of metabol ic disease or family hi story of hyperlipo­
protc: inemia , and pla;ma tri glyceride le\'ds k ss than 200 mg per 
100 ml; all sa mples were obtained 12 to 16 hr after the last (evening) 
meal. Some significan t differences between the sexes were ignored 
(49, 68, 69]. 

TABLE 2- b 

linmljusled Plnsm" J.ipitl Lct•els .;,, Cu11truls 

950 S~u;e cont roh 

Chr,lr:;:.terol Tri~lycc ri tlr. 

s\lo(~ 

ran~c N'o . . :i\lt'4m±SD Mt:::m=t.-:50 

)7' "''! 100 ml ,,gj JOO '"' 
}\len 

l $-- 19 lJ 168±27 S.I ±H 
20-l') 43 lfJL1:3J i6 ±31 
J(}-JIJ 62 2t2 oU-I- 9l ,b~6 

.;(}--l(l lt6 226 .;:l:-.U 101 ±~7 

.SU-59 8,; 2J9±-n IU9oc58 
60-61} 51 :.Zl6±3<J I03 ,U8 
1Q-it) 24 20U±JIJ 98±43 
S(}-8~ 6 169 ± 11 93±19 

Total ~(10 

\Vom~n 

15-llJ II 183 ± 17 71 ±27 

2D-l 1J 47 199 .;:l:J(\ 71) ;!:; .&0 

J0-31) as 196 ±.1? 73 ±.18 

40-\1) 168 215:1: ·-ll 87 ,H6 

511-5? 162 2J8 ±H 107 ,us 
61}-6~ S5 250±-t<l 98±H 

70-7~ 19 2JO ±J2 H 6±18 

1"ot;~l :;so 
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Evidence from the Framingham Study (22) suggests the 95th percent! le 
values are too high. The Incidence of heart disease In men aged 30-49 at 
entry Into the study rises steeply 1dth 20 mg% Increments In plasma cholesterol -) 
from 200 mg% to 300+ mg % (Fig. 7). 

0 
0 
0 

200 

, __ ,CRUD£ IHCIO[HCE /1 00 0 ~ 
•- ·-·· · •t.O[ - ADJU STED IN C ID E NCE ~- __ ·• 

(M . H. •O BS.IEXP. X 100 ) /'/ ,-' 

Figure 7 a: 
w 
Q. 1/ 

~/f 
~ 100 
z 
"' 0 

0 

~ 

<-180 160 · 200• 220· 240• 260• 28 0• 300 + 
199 219 239 259 279 299 

S ERUM CHOLEST ERO L CONCENTRATION (m9 %) 

Jlj .._J,;, of corur t:t n · hc·;nt ll&M':JH ' (J4 vt•:Jr!:t) accon.li11~ to S t'J:IIm dwlt:!'. lt'rtll co n · 
n ·niJ,IIIUII. 1\tt ·n a!.!t ·d :30 tu ·1!1 ;Jt f•utry. FrCimin~h~m S rud y. 

Forty percent of coronary disease In men developed In Individuals with 
cholesterol values In the upper quartile of the distribution of lipids In 
the general population (behleen 250 and 350 mg%) (1 9). In other words, 
men In the upper 25% of the distribution curve for chol esterol values 
experienced 40% of the myo_,e<!rdlal Infarctions. 

Slrnllar results for triglyceride levels 11ero obta ined by Carlson 
and BOttlger (23). They observed an Increased ra i ·&4 o f new events, parti­
cularly In Individuals less than 60 years old, as the trig lyceride rose 
from low to high levels (Fig~ 8). 

<:) 30 

~ ... 
~ 20 

~ 
~ 10 . 

< 60yr. .. 

• / 
yy=1·&+4·9x 

p <0·01 

100 

50 

> 60 yr. 

• 

. ·--------• 
y = 50·9 + 5 ·]){ 

Hot s ignif1cunt 
0'--L--i--J-__ ,~_L__J 

7. 3 4 5 
QUINTILE 

· ALL CASES . 

::•/ 
10 • 

y = 7·6<5·0x 
p < 0· 01 

0 ,__..____,_ _ _ , _ _.__J.....J 

7. 3 4 5 

· ·Linear regression DnAlysis of the rnte of new events In the p rosJH:ctlve group o f ).II .D. (pc:r 1000) ln rciRtion to plu srna­
triglycL-ride r1ulntiles. 

< 60yr. > 60 yr. AlL CA S ES 

"'30 30 

/ ~ / 100 

~ 20 . / . 20 ... 
~ / !>0 
~ 10 Y:=J·O +41x 

10 
y = 6 2· 4 + 1·4x y = II ·O+J·Ox 

p < 0·05 Not .sig nifi can t p < 0 ·05 

0 0 0 
2 J 4 5 J 5 2 3 'I 5 

QUitlTilE 

Llntar rttcrc:.u1on analy!h o f the r a te o f new event-. in the pro~pc:ctive s rouJl o f [ .lf.U. (per 1000) l n rd a tib n to pluma .. 
cho Jcatc:rol qulntilu. 

Figure 8 
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This study Is especially Important because: 

I) It establ !shed elevated TG as a coronary risk factor. 

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

Selection of upper normal I lmlts Is arbitrary In the absence of a 
clear-cut no rmal population. FredricKson suqsasts that chol 9ste rol valuas 
exce~d I ng 220 mg% at any age may r aq u Ire attanr I on (24}, but thIs I'!'OU I d 
require treati'T'.e.nt of a majority of the population. He may eventually do 
that but at present, an upper I lmtt of 250 mg% seem reasonable since It would ~ 
focus attention on those Individuals In the upper quart! le who are most at 
risk for coronary disease (19}. 

The upper llmtt of normal for triglyceride In adults Is generally 
taken at !50 mg% {24), 

B. Classification: Gofman and co-workers first focused attention on the 
lipoproteins as carriers of I lplds In plasma and devised methods of Isolation 
and measure~~nt of l lpoprote!ns based on their density characteristics 
(25, 26, 27, 28). Elevations of LDL and VLDL were found In atherosclerotic 
Individuals and Gofman 1s results stimu lated a coope rative study (29) to In­
vestigate the predictive role of I tpoproletn levels In coronary disease • . 
The 2-year study suggested that ne Ither I I pop ro-t-e Ins nor cho I estero I we,-e of 
predictive value In atherosclerosis. Interes-t dimini shed until 1963, when 
Lees and Hatch described a simp le paper electrophoret ic method for plasma 
lipoprotein separation (30). Using this me-thod, Fredr'skson and Lees 
described 5 predominating types of lipoprote in pat-terns In their highly 
select hyper! lplde~lc patients at the National Institutes of Health (31) 
(Fig. 9). 

VLOL 

U .JL 

HOL 

Normo.l 

Ct:o1~,,t,ol 

GI)' Cotntlu 

Clyc~' •dt'l./(hole\lt'rOI 

t 

' ' t 
t 

>a 

~lor f 

t 
N 

t 
N Of t 

< I 

t 
N I ' N 'I ~ 

Nor f t 
t 

<2 I ·· ~ > ~ 

Elec trophoretic P;1tlern s, Lipid and Lipoprotein 
Changes in Hyperlipoprotei nemia. 

The width ol the arrows 1s proport1onal to 111e extent of 
the deviatwn lrom normal, nnd the direc tion o l the ar­
rows ind1cates 1ncrease or ducrease of l1pids. Th e usual 
glyceride-cl10lestero l rat1o 1s g1ven as an a1d to diagnosis. 

Figure 9 

.. • 
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Lipoprotein elevations In each type are I I Ju siTated In Table 3. 

TAGLE 3 
THE MAJOR ABNORMAL LIPOPROTEIN PATI EANS • 

AND TH EIR TYPE NU MBERS 

II• + 

------ - ---- ------ ·-----1------
lib + + 

Ill + 
- ---- -- ·-·- -- .- ..--L-- --·--- -----
IV 

v 

0 + indicates whtc h hpoptot e•n - fam.ty • {famdie'} o cc urJ in 
concentration above • nor md l - in lhe dtff&t P.n1 abnormal panotns. 

hAtso known u ·broad tl · l•poprolems '"'. 

The simple typing system r1as attractive In a field fl lied with 
memory-taxing na~s and genE1ral confusion. In 5-years time, It 1~as wide ly 
employed and In 1970, the World Health Organization (WHO) adopted It In 
modified form for _global uso (Table 3) (33). 

The I lpoproteln typing sys-t-em was Initially thought to have the 
following advantages: 

J) Fairly simple and relatively Inexpensive. 

2) Definition of hyperlipidemia based on I lpoproteln elevations 
was more physiologic. 

3) Better classificat ion would permit conduct of more accurate 
cl In! cal and genetic studies. 

4) Dietary treatment could be outlIned by physiologic principles. 

5) Drug t~eatment could be specified by type. 

6) . Prognosis might be predictable by type. 

After a period of critica l appraisal, not a! I the advantages of 
this extens ively used cl In leal tool have held up. 

I) Lipoprotein typing Is often uncertain. Pries, et.al. (37) 
found -that five observers Independently typing 20 lipoprote in el ectro­
phoretog•·ams agreed l n on I y sl x cases. The observers were "correct" In 
only 55- 75% of the cases. 
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2) Goldstein and co-workers (35) studied cl lnlcal, genetic and 
biochemic~! characteristics of a large group of hyper! lpldem lc survivors 
of myocardial Infarction Initially chosen only by cholesterol and triglyceride 
values. They ware able to delineate three monogenic disorders (Fig. 10) . 

Summary of Clinical, Genetic, and 1Jiochemic.1l Char<Jc te risti cs of 

Hyperlipid emic Survivors of ,v\yocardia l Infarction 

~ 
TypicJI Lip id Leve l ~i: I - - r----

hor, ... ,('tnl Tnglrr cricl!' t.if'Of'Hl tl'in Alncfc- of [ ).(UC'~~ion 

=-~c::_sordor _ _ 1 ::_r./ 1~ ml) ;~~~~~~ __ r::_= ~~r~ul .r~c:+~~ C/u~/wn 
Monng•·nic I I 
f .1mdi,1l _ 351 I 116 11 .1, llh .'\utosnm.ll Yc~ 
hyp Nrholl'slrrolrrn•.l . rlnmlll.mt 
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applicahle 

IV, V NongenN1c Not 
opplicJble 

After families were Identified lipoprotein typing 1~as perfonned an d multiple 
lipoprotein types were found In each of the genetic di sorders. Four lipopr-otein 
types were found In faml I les with combined hyps rl lpldem l a. Though this disorder 
provad · rrost corrmon In the myocardial In farct ion survivors, Its existence as 
an · entity 1-1as not discovered by lipoprote in typing. 

Similar reports from Finland (36) also Illustrate the wide variability 
of lipoprotein types In faml I las. 

The genetic studies help explain earl ier reports Indica-ring failure 
to cl ea r· ly separate on clinical or biochemical ground types Ill and IV (38) 
and types IV and V (39, 40, 41) as distinct entitles. 

Since multl(Jie lipoprotein types may be found In the same family with 
monoge~lc hyper! lpldemla: 

I) Diet treatment by lipoprotein type may be difficult vilth regard 
to preparation of meals. 

2) _ It may be possible that one drug Is useful for alI the types In 
a given family. Thus drug prescription by type may not a ll'iays be necossary. 
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3 ) Pr ognos i s wou l d be I ndi cate d more by the geneti c d i sorde r t han 
by t he li poprote in type. 

In summary, li poprote in typ ing has not proved as usefu l as anti c i pated 
but I t was ~~~nsely he l pf u l I n focus i ng attent i on on I l pop r ote l ns as t he 
transport vehi c l es for p l asma I l p l ds. I t rema ins usef ul as a short-ha nd 
descr i pt ion of li pop r ote i n abnormal i t i es In pat i ents. I t I s roost Impor tant 
t o remember that I lpoprote l n types are not di seases and a g i ven type I s not 
unique fo r a gi ven d i sease. 

A s i mp li f i ed means of est i mat i ng lipoprote i n l eve l s In hyper li pem i c 
pat i ents has been pr oposed by Have l (43 ) . First r-eca ll the cholestero l ­
t ri g lycer i de cont ent of t he maj o r li poprote ins (Fi g. II, Re f . 42 ). 
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(3 
w~ TRIGLYCERIDE D CHOLESTEROL 

Loca t ion o f lipnprnlci iiS sepa rated IJy pa JH'I" l'kr· lrophnr!'sis \\·;t h du J­
Ies lcm l and trig lyce ride Ctll tlent li sted as a percc11tagc of to ta l lipid . 

Fi gure 11 

Comb i n ing t h is Informat i on wi t h t he knm~ l e dge o f the plasma ch o l estero l, t rl g ly­
. cerl de and appearance of chill ed pl asma perm i ts a reasonab l e ascessment of 
li poprote in e l evati on I n a given pati ent ( Fig. 12 ). 
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CO~IMENTS 

I) Blood collected using EDTA antlcoagui;:: r·t (Lav8nder top vacutalner tubes) 
works bes·t. Serum Is less satisfactory sine& clot formaTion will trap many 
chylomlcrons. 

2) Rough estimates of triglyceride concentration are as follows: 

150-250 mg%- cl ear at room -t-emperature, turbid at 4°C • 

> 250 mg;b turbId at room temperature. 

3) Obstructive I lver disease patlehts with LP-X usually have c l ear plasma 
and high cholesterol levels. 

4) Layering upon refrigeration Is considered an excellent test for chylo­
mlcrons and It Is often more helpful than lipoprotein electrophoresis In detecting 
these particles . 

5) Further definition of hyper! lpldemla with regard to VLDL, LDL, and FBL 
requires more special I zed techniques than are usually aval I able and Is not re­
quired for general cl lnlcal purposes. 

C. Differential Diagnosis: 

GENETIC HYPERLI PI OEM I A ( PR lt•1P.RY) 

Familial Hypercholes-t-erolemia (monogenic) 
Familial Hypertr lglycerldern l a 
Faml I tal Combined Hyper! lpldemla 
Broad Beta Disease (Familial Dysbetallpoprotelnornla) 
Famlll a I Hypercho I estero I ern I a (poI ygen I c) 
Lipoprotein Lipase Defici ency 

SECONDARY HYPERLIPIDEt~IA CENOOCRINE RELATED) 

Diabetes t~e llltus 
Cori· t costerol d Treatment 
HypothyroIdI sm 
Hypop ltu I tar! sm 
Estrogen or Ora I ContraceptIve Treatment 

SECONDARY HYPERLIPIDEMIA (NON-ENDOCRINE) 

Dietary and sporad ic 
Renal Disease - Nephrotic Syndrome, Uremia 
Alcohol I sm 
Dysg I obu II nernl a 

-Systemic Lupus Erythematosls 
-Lymphoma 
-Multiple Myeloma 

Congen Ita I LIpodystr-ophy 
HI I I a ry C I rrhos I s 
Hepatoma 
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Ll poprots l n-mlated findings for the primary and secondary hyper­
! t r!dem!as nre summar i zed I n Ti1bles ·5, 4, and 5 (adapted from fl l erman and 
G I omset, Ref. 4!3). Tho se are for ref.erence ·a nd II I ustrato the varl ab I I I ty 
of li poprote i n changes In different d i sorders and rn the same d i sorder at 
varying l eve l s of severity. (eg. Diabetes Mel ti tus) 

D. Primary Hyperl!p ! demtas: 

T1~o of these disorders-- l ipoprote i n l ipase de f i ciency and broad 
beta disea sa are rara and wl l! not be discus:>::Jcl here .. Th o;y ar e \-! e l l covered 
I n Reference 20 . Only broad beta di soas8 Is assoc l ~d-ed with atheroscl erosis. 
Discussion wi l l· focus on the monogenic disorders associated w t-~h atherosclerosis. 

!. Cl in i cal Features- The monogenic hyper! lpldemlas have only 
recent l y been described t21). Consequently clinical studies of pat l eni"s 
grouped this vtay are l ack i ng. Prev i ous clinica l descript i ons based on 
I !poproteln type alone (20) are now l ess valid from a genetic point of view. 
Certa i n genera l po i nts can be made ho•."ever. 

a ) The frequency of certain atherosc l erotic risk ·factors -
d iabetes me ll itus, obes i ty and hypertension- Is significantly higher In hype r­
tr l gl ycer l demlc survivors of myocard i al I nfarction (Table 6) (2 1) . 

Table 6 

Fr~quemy of Risk Frutors ill Normolipidemic and Jlyperlif>idemic Sr~rvitws! 

Frequency 

J lypcrcholes- Hra~t· rtri-
All Normoli11iflemic tc~olt:rn i c .: lycerid t= mic 

survivors su rvivorJ ~urdvor~§ !:!Utvi\·or :;~ 
J<i..;l: raclor (n - SOU) (n = JH) (n = 76) (n = 118) 

% 
Oiabctes lllellitus/1 12.6 11.1 11.5 18.6 
H rperten ;o ion ~~ 15.4 JJ.4 16.6 21.2· 
Obesity .. 17.2 14 .0 25.5• z./.5 
Hrperuricen•iatt 1.1.8 13.1 1H 19.5 
Excessive smokiug§§ .1'1.5 38.5 44.0 40.8 

• lll'notcs statis tical level of si~ niticance at 0.05 (italicized number denotes 0.01) 
u:-;ing Chi-squa re l l'!i l to co111parc proportion wilh risk factor in hyprrlipidemic 
\vith lll ;tt in uoriJlolipidt:Jllic grotrp. 

t 95th pcrn·ntilc values used to define hyperlipidemia . 
§ lndqH"ndent .of lew! of other plasma liquid. 
II Diagnosed if one of two criteria fulfill ed : (tt) survivor taking either insulin or an 
oral an~ihyperglycemic medicat ion; or (b) fa s ting plasma f:lucose > 120 mg / 100 mi. 
~i Consu.Jcn:d prese nt if p;tst hi;;tory of spt'ci fic treatment \Vith antihyperten sive 
drug therapy. Fn:qU C'I J('Y of hypertension by ~arne critcriou in controls was 6.2%. 
•• \\"eight in excess of 125% of idea l b0ely weight by cr itnia of l\-lctropolit.ln Life 
Insurance Company tal>lcs (51). Frequency of obesity by sa me criteria in control> 
was 16.8%. 

H l'la sma uric acid ~ ?.U mv; / 100 ml in won1cn and ;::: 8.0 mg/ 100 ml in n~<·n (5!). 
§~_ ~~(.Iff! ~han 20 ciKan•ltrs pl'r <by. Frcqut'IH:y of txn.·:..;:> ive smoking hr !':allll' 

crrtcrum 111 n>nfrul'i w;1s l(J.()r/o. 

b) I n tho monogon l c disorders ch il dhood express i o n I s seen I n 
fam i l i al hypercholesi"erol emlet but rare l y I n the o-t-her two dlsordo r·s (Fig. 10 ) . 
Therefore, farn ll y screen i ng should I nclude ch il dren bui· fullure to find hyper­
( l pldernla I n a ch ild from an affected fam il y I s no .guarantee that the child 
has been spared s i nee the II p I ds may r·l se when he or she becomes an adu It. 
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TABLE 
4 

SECONDARY HYPERLIPIDEM
IA 
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c) Certain signs and symptoms relate to the lipoprotein or groups 
of lipoprote ins elevated In plasma. Table 7 summarizes this lnforma·~fon. Note, 
for examp I e, that p<mcreat-1 t I :; , II pem J"a retIna I Is and hepatosp I enomega I y occur 
when chylomlcrons aro elevated bui" rarely, If ever, occur with e l evation of 
other I l pop rote l ns. In contrast varl ous types of xanthomas occur wIth LDL and 
FGL elevations but on l y eruptive xanthomas have been definitely I Inked to 
chylomlcrons. 

Lipoproteins can a l so Influence certain diagnostic tests. 
Some reported changes In hyper! ipcm l c pa·rlents ar9 I lsted In Tabla 8. Liver 
scan and UGI radiologic reports are not very convincing and the ,-ecommended 
approach In ascribing one of these abnorma l !ties to hyper! lpl dem la Is to do 
so by exclusion. 

2. Dietary treatment: Over the years, studies have shown that I Ipo­
protelns generally respond to certain dietary factors In the following 1~ay: 

a) High carbohydrate feeding = + VLDL leve ls. 

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

c) Fat (saturated or unsaturated) = t chylomicron production 
but high levels are not sustained In normal subjects. 

d) Hypercalorlc Intake = t VLDL. (occasionally chylomlcrons 
form If VLDL levels become very high In hyperlipemic patients) (41). 

Based on I Ipoproteln e l evations and the above Information, 
Frodrl ckson and co-workel-s devIsed 5 dIfferen-t d Jets to be used wIth the 
5 lipoprotein types (24) (Table 9). 

Summary of Di~s for Typ~s I to V Hyperlipoproteinemia Table 9· 

Factor Type I Type ll Type"![(* Type 1v• Type V 

Dietary Low-fat, 25 to Low-cholestaol, Low cholesterol Controlled CHO Restric ted fat f:\0% cnlorit:s), 
prescription 35 g polyunsaturated approximately: (approximately controlled CJ !0 (:'iO% 

fat increased 20% ca 1. protein 40 to 45% cal- calories), mockratdy 
40% cal. fat ories); modaatdy restricted chulesll:rol 
40% cal. CHO restricted 

choleslerol 
Calories Not restricted Not restricted, Achi~vf! and main- Achieve and main- Achieve and mttintain uideal"' 

except in lype ITb !:tin "ideal" lain "ideal"' weight - reduction diet if 
where weight rc- weight- rcduc- weight - ·reduc- necessar_y 
duction is often lion diet if lion diet if 
indicated necessary ntccssary 

Protdn Tolal protein Total protein intake High protein Not limited olhd High protein 
intake not not limiled ._than contrtll of 
limited palicnt's wei~:ht 

F'al Restricted to 25 Satur:~ted fat inlah Controlled to .\0% Not limited other ·Rcstrickd to 30S·~ calories 
to 35 g; kind limited; polyun- to tl57;, calories th''" control of {polyllll"'turakd fats 
of fat not saturated intake (polyun;ntooratcd patient's \Veight n:commcndt·d in preference 
important incr~ased fats recommended (polyunsaturated to saturated fats) 

in preference lo fats rccomn~~nded 

saturalcd fats) in prcft: rence to 
snturatrd fats) 

Cholesterol Not restrict ed Less than 300 mg Less than 300 mg, Moderately rc- M oderatcly restricted to 300 to 
or ns low as only source of strictcd tu 300 to 500 mg 
possible; only clwksterol is 500 mg 
source of choks- meat 
tcrol is meat 

Carbo- Not restricted Not rcstricled (rmy Conlrolled; most Controlled; mo;t Controlh:cl; rn ost conccn-
hydrates be controlled in COJH.:entrated conccntr<lkd trakd sweets climinat'-!<..1 

type li b) sweet :\ eliminated S\Vl'd~ din1inateU 
Akuhol Not recommended May be used with Limited to 2 Limited to 2 Nol recommended 

dis~rdion servings (sui.J- scrvin~s ('tl!.>-
stitutccl r.Jf slitutcd for 
c:uhohydratt:) carhohydr;tk) 

• (.";11. ,.,_, calnril!'i~ C li O "' cnlwhydr:..cc. 
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TABLE · 7 

SIGNS + SYMPTO~lS RELATING TO liPOPROTEIN ELEVATION 

CHYLOMICRONS VLDL LDL FBL 
XANTHELASMA + RARE 

XANTHOMAS 

TENDON + + 
TUBEROUS + + 
TUBERO-ERUPTIVE Occasional + 
ERUPTIVE + Occasional 
PLANAR + + 
PLANAR-PALM CREASES + 
SUBPERIOSTEAL + + 

ARCUS CORNEAE + + 

HEPATOMEGALY + Occasional Occasional 

SPLENm1EGAL Y + ? 

LIPEMIA RETINALIS + -
PANCREATITIS + 

ABDOMINAL PAIN + Occasional · Rare 

ARTHRITIS ? + 

TENDONITIS + 

RETINAL CHANGES 

HEMORRHAGES + 
EDEMA + . 

'-, YELLOW DEPOSITS + 
DETACHMENT + 
VESSEL DILATATION + 
XANTHOMAS + 

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

lipoprotein is elevated. 
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T/\BLE 8 

INFLU ENCE OF LI POPROTEINS ON DIAGNOS TIC TESTS 

CHYLOMICRONS VLDL LDL FBL 

ESR + + 

ABNORMAL LIV ER SCAN + + ? ? 

UGI RADIOLOGIC FINDINGS + ? ? 
-Mucosa l Thi ckening 
-Antral Deformity 
-Bulbar Deformity 
-Pyloric Prolapse of 

Gastric ~~ucosa 

FALSE DEPRESSION OF 
LABORATORY VALUES + + ? 

-- - -- ------- - -- -- -- - ------ - ------- --
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Diets for the Type II, Ill and IV diet are nearly Ident ical 1dth only small 
differences In cholesterol Intake . The Type V dlet .contalns a 10% redudlon 
In fat and a 10% Increase In carbohydrates to holp reduce chylomicron formation. 

Although the di ets make sense physiologically, It Is cumbersome 
to work 1dth four slightly different diets and no data Is availab l e to lndlcnte . 
that these small die-t-ary differences significantly alter lipoprotei n levels 
any more than a balanced diabetic diet Hould. 

In most cases, therefore, a dlabe·rtc di et restricted In fats 
and low In cholesterol Is. satlsfadory. It Is virtually I dent ical to the 
Type I I I diet of Fredrickson and I ts general composition I s as follows: 

Protein 
Carbohydrate 
Fat 
Cholestero l content 
P/S ratio 

Calorie Distribution 

"' 1.5 to 2 

20% 
40% 
40% 

300 mg 

(enriched In polyunsaturated fats.) 

Calories must be adjusted to achieve weight loss when necessary. 

Diets ar·e modestly effective In IO\~er lng lipids as Illustrated 
In Table 10. Six representat ive stud ies aro summarl~ed. Fat content varied 
between 30-40% and all were enr iched In polyunsaturated fats and restric-t-ed 
In chol estero l content. Taken toga·rher, these stud i es Indicate that cholesterol 
leve ls can be reduced an average of 12% using such diets. Triglyceride r·e~; ults 
ranged fror:~ variable rl!th but a s li ght average dncrease to sizeable reductions 
of I I to 17%. Trlglyc(~rlde reduction was greatest In studies where weight 
Joss occurred during dietary treatment and In general, TG reduction was 
greatest In those patients with higher Initial levels. 

Several problems and controversies ex ist with regard to these 
diets: 

a) Prevalence of cholol lthlasls Is Increased In men Ingesting 
serum cholesterol-lowering diets (55). 

b) Cancer Incidence In men consu~1lng high polyunsaturated fat 
di ets was reportedly Increased (56). This study was subsequently refuted · 
(57) and controversy rages on. 

. c)· Some Investigators (58) feel safety of polyunsaturated fatty 
acids (PUFA) has not been adequately pr-oven and cite the follow·lng: 

I) Effectiveness of PUFA to reduce mor-ta llty from coronary 
disease Is not convincing. 

II) PUFA given as corn ol I can cause cancer In mice. 

II I) Potentially carcinogenic l Jpld peroxides easily form In 
PUFA by auto-oxld~t lon. 



STUDY 

D
IET

-HEART 
( 1968) 

OSLO 
D

IET
-HEART 

( 1970) 

BIEREN
BA

U
M

, 
ET

.A
L. 

( 1973) 

H
A

LL, 
ET .AL

. 
( 1

9
7

2
) 

W
ILSO

N
, 

ET.A
L. 

( 1971) 

M
EITTIN

EN
, 

ET.A
L. 

( 1
9

7
2

) 

25 TABLE 
10 

EFFECTS
'OF 

D
IET ON 

PLASM
A 

LIPID
S 

D
IET 

A) 
30%

 F
at, 

Low C
hol 

t 
P/S 

R
atio

 
8) 

40%
 

F
at, 

Low 
C

hol 
t
t
 P

/S
 R

atio 

Low 
F

at, 
t 

P
/S

 R
atio

 
300 

mg 
C

ho I /D
ay 

28%
 

F
at, 

t 
P/S 

R
atio

 
in 

ha I f. 
400 

mg 
C

hoi/D
ay 

20%
 

P
ro

tein
, 

30%
 

F
at 

P/S
 

I .25, 
300 

mg 
C

ho1/D
ay 

16%
 

P
ro

tein
, 

43%
 

C
hol 

40%
 

F
at P/S 

=
 

I .6
 

C
hol 

227 
m

g/D
ay 

30-32%
 

F
at 

t 
P/S 

R
atio 

C
hol 

~
 250 

m
g/D

ay 

CHOL 
TG 

-
-
-

-II%
 

V
ariab

le 
M

ost 
-t-

-12%
 

V
ariab

le 
M

ost 
,!. 

-
17%

 
--

-7
.3

 to
 

9.7%
 

S
lig

h
t+

 

-12.1%
 

-17
. 3%

 

-
9.6%

 
-11.7%

 

-12 to
 

V
ariab

le+
 

18%
 

/ 

' 

COt'v1MENT 

20-25%
 

Poor 
A

dherence 

+
 M

 I M
orta I i ty

 

t 
P

/S
 

did 
not 

im
prove 

re
su

lts 
17%

 
g

reater 
su

rv
iv

al 
rate. 

2 y
ear study 

6 m
onth 

study 

D
iet tria

l 
in 

tw
o 

m
entai 

h
o

sp
itals 

over 
12 y

ears. 
CHD m

orta I i ty
 

+
 in 

m
en 

but only 
su

g
g

estiv
e )n

 w
om

en
. 

~
~
E
I
G
H
T
 

S
tab I e 

i 
-· 

S
tab

le 

Y
es 

5.3%
 

... 

0
.8%

 +
 



26 

lvl Heat! ng PUFA may produce caret nogen t c substances such 
as polycyclic and aromatic hydrocarbons. 

vl PUFA (unhea-ted) may potentiate tumor-Inducing properties 
of other carcinogens. 

vt) PUFA Ingest ion may Increase nutritional requirements for 
vitamin E and other vitamins. 

Th ese areas are un de r Investigat ion but no conclusions can ba crawn. 

Several advantages to diet In general can be cited: 

a) Weight reduction wt II reduce plasma triglyceride levels, trigly­
ceride production rate, Insulin resistance and hyperlnsul tnlsm (59). 

b) Lipid lowe ring diets produce regression of coronary artery 
atheromas In experimental atherosclerosis In the Rhesus mokey (60). 

c) .Several human diet trials report reduced mortality from coronary 
artery disease In patients fol)01~ lng lipid lowe ring diets (50, 51, 54). 

d) Certain coronary risk factors (chol esterol, blood pressure, blood 
glucose and uric acid) ure reduced by weight loss with a concomitant Improve­
ment In chances of avoiding a heart attack (61) <Table II). 

COMI~ENTS: 

Table II 

COIIONARY II F.ART DISEASE RELATIVE ODDS I< ',d O S 

CORRI-SI'O:"'DJNG TO G IVEN CIIASG ES IN RELAT I VE \ VL: ICd i I 

Change in relative 
wci~;ht 

Males Females 
Age : 35-44 45-54 35-44 45-54 

·---·-------· ·-----------
--20 
-10 
+10 
+20 

0.57 0.62 
0.76 0.80 
1.38 1.31 
1.86 . 1.68 

0.62 0.83 
0.80 0.94 
1.31 1.20 
1.69 1.35 

I) In general patients do better who are counseled by a nutritionist. 
Simply handing a diet manual to a patient Is usually Ineffective. 

2) A weight-reduction diet alone fn a hypertrlglycorldemlc patient often 
raises the LDL level In association with a decrease In VLDL levels, (62) (Fig. 
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-~L-______________________________ _J 

Figure 13 

Effect of weight 
reduction on 
I lpoproteln levels. 

For this reason, caloric restriction Is usually combined with a lm1 cholesterol­
high polyunsaturated fat diet. 

3) Patients with persistent hyperchylomlcronemla may require rep lacement 
of part of their regular dietary fat by medium chain tr-Iglyceride (ivlCT). 

4) The following reference Information may be useful In diet therapy: · 

f) Cholesterol content of foods (63). 
II) Use of medium chain trlglycerldes (64). 

Ill) Diets that Lov1er Plasma lipids In man (65). 

3) Drug TrGatment - A varl ety of drU!JS are ava II ab I e for use In 
treating hyperlipidem ia. The four most commonly used drugs are outlined here. 
None of the drugs I s va ry specific and they vary with rasped to their In­
fluence on lipoprotein levels as follows : 

Nicotinic Acid- lowers VLDL and LDL 
Clofibrate - lowers VLDL, variable effect on LDL 
Cholestyram lne- ID'Iters LDL, may Increase VLDL 
D-Thyroxlne - Jower·s LDL, little effect on VLDL 

l<lajor features of these drugs are sumrnarl zed In Tab I e 12 (Ref. 24). 

a) Nicotinic Acid: Al so termed niacin to avoid confu s ion with 
the completely unre l ated compound, Nicotine. l~l cotlnlc acld and Nicotinamide 
are effective In Pellagra but only Ni cot inic acid lowers plasma lipids. 
(Hicotlnamlde was effective In one patient [67]). Liver function should be 
monitored during use. Reduction In cholesterol may rcmge from 17-39%. 
Triglyceride reductions range ben~een 30 and 90% (68, 69). Best results are 
seen In th e most llpem lc patients. For general discussion see rofaronces 60, 
69, 24. l~eference 70 Is a lengthy treatise. 
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b) Cholesty rnmlne: A quaternary ammonium anion exchange resin, 
with bas ic groups attached to a styrene-dlvlnyl-benzene copolymer by carbon­
to-carbon bonds . t'lo l ecu lar weight I s greate.r than one milli on and It I s 
ne ither digested nor absorbed from the Gl tract. It binds bl l e sa lts tightly 
In the Intest ine, ther eby promot ing the ir Inc r ease d rate of loss from the- gut. 
All links between bile sa lt loss an d cholesterol met abolism are not yet known. 

Anticoag ulation with Warfarin I s difficult to control and 
another drug should b8 s ubsti tuted for chol estyramlne If c l ea r-cut Indi cat i ons 
for anti-coag ul at i on are present (24) . I t I s :-;;os i" effed l \fe In IO't18rlng 
cholesterol In doses of 16-24 gm/day. An average 20% reduction In LDL 
cholesterol can ·be achi eved In Fam l I I a ! Hyperchol est e rol em ia. Rarely, doses 
uf 32 gm may be needed (In ho~~zygous f aml I l a l hyperchol esterol em i a ). Doses 
should be g iven 1/2 to one hour be fore m~al~ and at bedtime. In some pat i ents , 
mild hypertrlglycerldemla results during treatrr,ent but this Is no r ea son to 
stop Its use In moderate to severe hyperchol este r o l em ia. \•Iei ght reduction 
or clofibrate can be use d If TG l evel s go above 200 rng%. Some pati ents 
r equire l axatives to ove r come the const ipating effect of cholestyramlne. 
For references·, soo 24 , 71, 72, 76, and 73. Treated hypothyroid pat ients 
requiring cholestyrar:Jlne need period ic mon itoring of thyroid function because 
thyroxine binds to chol estyramlne and may not be absorbed (74). 

c) D-·Thyroxlne: Dex-rro rotatory form o"f thyroxine which r etains 
Its cholesterol-lower ing effects while Its calorigenic effects are much redu ced 
but still present ( 24 ). Cardiac effects can be controlled by sTmu ltaneous 
treatment with propano l o l (75). Though e ffective In r edudng chol es t e rol 
(76), data from the corona ry drug proj ect (a l arge sca l e afld long term study 
of drug regimens Infl uenc ing lipid me t abo li sm In men · aged 30 to 64 years, ~1ho 
have recovered fror:1 ona o r more myocardial lnfardlons ) Indi cated that afte r 
36 months, pati ents r ece iving dexiTothy roxlne had an 18.4% hi gher propodlon 
of deaths t han did the placebo group. tJ,ortallty Increas ed pr-og ressively with 
duration of treatment. In add iti on to higher rates of death from co ronary 
and all ~ether ca rdi ovascul ar causes, ther e 1~as also a higher pr-oportion of 
patients suffering recurrent non-fatal myocardial Infarctions. Dextrothy­
roxlns was dis continued from the study (77). It Is still availabl e as a 
hypochol esterol emlc age nt but It I s contraindicated In pati ents with: 

I) Any known organic heart disease. 
I I ) Hypertens Ion 

I I!) Advanced I tver or k idney disease . 

Maximum dose In patients rece iving digital Is I s 4 mg/day. Because of the 
cardiovascular contra lndl ca-rtons, use of this dr ug Is sever e ly limited. 

d) Clofibrate (Atromld-S): Prob<Jbly the most wide ly used 
hypollpl dem lc drug. Its mech ani sm of act ion Is uncertain but chol est e rol 
balance· data suggests that It may promote Increased excretion of cholesterol 
stored In tissues (7 8). It has been used for long periods wit~ good pat i en t 
tolerance and f ew s i de effects (79, 80). In f aml I l a l hypercholeste r o l em i a 
<Type II) I t prod uces on ly a 7~ reduction In cholesterol (24). It Is far 
more effective In hypertr lglycer ldernic statos (81 ), 
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The results of three trials of clofibrate treatment In Ischemic 
Heart Di sease have recently appeared , (82, 83, 84). These studies concluded 
that clof!brute h()d () f avo r ab le effect on morbidity In coronary hea rt disease 
which wa s not correl atad ~1Ith the hypol!pldemla It produced . It was suggested 
that thi s beneficial effect might Instead be due to some Influence on one or 
several par arr.ete rs of b l ood clottlng,such as , pl ate let aggregation or 
flbrlnolytlc act lvliy (81 ), These clinical trials have been crltlzed by 
several blostatlstlclans who In general conclude that a benefi c i a l effect of 
clofibrate on coronary hoa rt disease morbi d ity ls suggestad but not conc lu s ive ly 
shown by the data in thasa studi es, (85 , 86, 87). As a result, bigger and 
bette r studies are be ing proposed -ro settle this Issue. \~hatever the results , 
clofibrate r ema ins an effect ive llpld·-lowerlng drug with a good safety r ecord. 

Clofibrate has an ADH-IIke action (88) but significant water 
retention ()nd 1~elght gai n have not been problematical. Use of clofibrate In 
nephrotic syndrome hyper! lpldemla has been complicated by muscular pain, 
stiffness and general ma l a i se (89). Those pat i ents rece iving malntalnance 
Frusemlde therapy deve loped a pronounced diuresi s when clofibrate therapy was 
started. Most pati ents ~1ere hypoa lbumlnernlc and lt was postulated that reduced 
albumin blndl"ng s ites l ea d to higher unbound clofibrate l eve ls In sera with 
resultant toxic effects. Th e diuresis was thought due to displacement of 
Frusemlde from Its albumin-binding sites by the clofibrate. It was recom­
mended that the c I of I b rate dosage not exceed 0. 5 grn for each one gram percent 
serum albumin concentra tion. 

e) Comb! nation Dr~ Treat ment: Experience Is limited but 
several rerorts lndlcute combinations sucl1as clofibrate+ chol estyramlne 
(or colestlpol) or ~l cot lnlc acid+ cholestyramlne work synergistically 
(90, 91 ). The latter- comb ination Is especially use fu l In homozygous f<Jmlll a l 
hyperchol ester-o lemi a (24, 92). Additional comblnu:Jons are found In refere nces · 
93 and 94. In order to keep treatment rrograms s lrr.{J i() , comb inations should 
not be used except In very r esi stant cases of hyper! lpldemla. 

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

f) Surgery: II ea I bypass surgery has been proposed os an 
effective therapy for hypercholesterolemia and deta ils ar-e reviewed In 
re fer8nce 95. 

The surgery promotes Increase d f eca l loss of bl Je acids and 
may also cause a certain degree of malabsorptlon · and diarrhea . Cholostyramlne 
Is the rnedl co l counterpart. I favor- Intensive medical treatment and consider 
surgery a last r esort In hyperchol estero lemic pati ents who, for one reason or 
another, are resIstant t o med l ca I therapy. · 

Porta cava I shunt surger-y reported I y produced exce I I ent r es u Its 
In a farnt llal homozygous hyrercholesterolemlc child l'lho v1as nea r· death from 
atheroscl erotic complications (97). Not only vws chol est erol lowered con­
siderably but xanthomas r egressed as did atherosclerotic l es ions. Much 
more lnfonnatlon Is needed but the results are prom ising. 
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SUM~ARY - Suggested approach to Hyp~rl lpldemla 

I. Indications for testing I lplds In a patient: 

A. Faml Jy History of: Atherosclerosis before age 55 
Diabetes Mel I ltus . 
Xanthomas or xanthelasmas 
Hyper! Jpldemla 

B. Personal History of: Atherosclerosis before age 55 
Xanthomas or xanthalasmas 
Diabetes Mel I ltus or abnormal GTT 
Obesity 
Gout 
HypertensIon 
HypothyroIdIsm 
Unexplained abdominal pain 
Alcoholism 
Turbid or ml lky plasma. 

A ·routIne test of pI asma II pI ds Is recommended as part of a genera I 
medical exam. 

2. Conditions for base- line testing 

A. Fasting 12-14 hours 

B. Stable weight for 2 weeks 

C. Ordinary diet 

D. No medications known to affect plasma lipids. 
~ 

E. No myocardial Infarction within 2-3 months (98) 

3. Indications for treatment: Treatment should be considered In anyone with 
a cholesterol level greater than 250 mg% and/or a triglyceride level greater 
than 150 mg%. In my opinion, secondary hyper! lpldemlas of chronic duration 
should also be treated. 

·4. Treatment· plan: Estlma·~es of lipoprotein elevation should be rnade using 
the scheme In Figur-e 12. 

A. DIET: The first step In treatment. A balanced diet (20% protein, 
40% fat, 40% CHO) wlfh a 300 ~g cholesterol content and high P/S ratio ((.5 to 2) 
Is gener<JIIy successful. Caloric restriction Is beneficial, particularly In 
hypertrl9lycerldemlc states where obesity Is more common. Severe hyper­
chylomlcronemla may require further reduction In dietary fat from the above 
proportions. Cholesterol and FFA content of foods are given In Table 14 and 
Ideal height/weight charts aro reproduced In Tables 15-a and 15-b. 

B. Drug thec~__y_ Is usually ~tlthheld for 4 to 6 weeks after s-tarting diet­
treatment since llpTd values may normalize on diet alone, particularly In 
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TABLE 15A 

Desirable Weights* V\Jomen of Ages 25 and Over 

W•·igh l in Pounds According 10 Fr~me (in l ndtH>r C loth ing) 

-"-c 

· ~~!•:ht 

l'h1Ut·,tu . .>'''> llfl) 

/LtKt.lu"f+. 

)l"t'f lm.hi·-.:. Sme1ll F rarne Mellll.llll Frame 

- ---------
10 92 98 96-101 

4 II 94-101 98-110 

5 0 96-104 101-113 

5 99-107 104-116 

5 2 102-110 107-11 9 

5 3 105-113 110-122 . 

5 108-1 16 113-126 

5 5 111 -11 9 11 6-130 

5 b 11 4-123 120-135 

5 118-127 124 139 

5 8 122- 131 128143 

5 9 ·126135 132-147 

5 10 130- 140 136-15 1 

5 II 134- 144 140-155 

6 0 138-148 144-159 

for gorl' betHeen 18 and <5. subtract I pound lor each year under 25 .. 

[dolor' Nor.. Tbe'e body we oghts have been observed to be assocoated woth the 
to .... e~t rnottah ly- rates 

l.arRe Frarne 

104 119 

106-122 

109-125 

11 2- 128 

11 5- 131 

118-134 

121-138 

125-142 

129- 146 

133150 

137-154 

141 -158 

145-163 

149-168 

153-173 
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TABLE 15B 

Desirable Weights* Men of Ages 25 and Over 

Weight in Pounds Accordi ng to Frame (in Indoor Clothing) 

· ·I 

He•ght 

tv.1th shoes on) 

1-mch heels 

feel Inches Small Frame Med1um Frame 

5 2 11 2- 120 118-129 

5 3 115-123 121 -133 

5 118·126 124-136 

5 5 121-129 127-139 

5 6 124-133 130-143 

5 128-137 134-147 

5 8 132-141 138- 152 

5 9 136-145 142-l ) o# 

0 10 140-150 146-160 

5 II 144-154 150-165 

6 0 148-158 154-170 

6 152-162 158-175 

6 2 156·167 162-180 

6 3 160-171 167-185 

6 4 164 -175 172-190 

•From Metropohtan L•fe In su rance Company: New We•ght Standards for Men and 
Women Stal•sl•cal Oullel•n. Vol. 40, 1959. p. 3 

t arge Frame 

126- 141 

129- 144 

132-148 

135-152 

138-156 

142-161 

147-166 

151-170 

155-174 

159-179 

164-184 

168-189 

173-194 

178-199 

182-204 

. ... : .1 
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hyportrlglycerldemlc patients. As a rough guide, cholesterols over 280 mg% 
and/or trlglycerldes over 250 mg% during diet treatment Indicate that dr-ug 
therapy Is needed. 

As a rule, hyperchol esterolemia responds to cholestyramlne 16 to 24 
gm/day. PatIents respond to a I esse r- degree to At rom Id-S and an occasIon a I 
patient responds very ~IBII to Atromld-S for reasons unknown. 

Hypertrl g lycerldAmla rnay respond to Atromld-S or Nicotinic acid. 
Atromid-S, In contrast to i'Jlcoi"lnlc acid, I s well tolerated and I usually 
start with It In dosas of I gm twice dully. 

5. General: Encourage 1~elght reduction and cessation of smoking. Mild 
exercise may be helpful If coronary status permits. Control hypertension. 
These are alI added risk factors. 

6. Family studies shou ld be perfor·med l'lhenever possible to detect other 
hyper! lpldemlc subjects. 

7. Treatment In children: No control studies available. Generally dle1-
alone Is used untl I adolescence, at which time drugs are added If I lplds 
Increase. Familial Homozygous Hypercholesterolemia r equ ires agg ressive 
treatment from early age but fortunately this condition I s rare. Though 
hyper! lpld&nlc f emales develop atherosclerosis about a decade later than 
simi iarl y affected males, I favor dietary treatment of affected f emales In 
childhood. 

NOTE: A number of s·; udies suggest that diet or drug treatment Is beneficial 
WTfFl regard to lnproved morbidity and /or mortality from coronary heart disease. 
There Is no conclusive proof that diet and/or drug treatment I s beneficial. 
The recommendations above are made on the basis of epidemiologic studies of 
large populations. At presen ·~, It Is ·the best· Information we have to use for 
gul de II nes. 

Secondact_Hyperl lpldem la: Evidence Is beginning to accumulate that certain forms 
of secondary hyperlipidemia may actually represent subclinical forms of familial 
hyper! lpldemla that are unmasked by drug treatment or another superimposed 
Illness. 1'/e will briefly comment on several secondary hyperllpldemlas from 
this point of view. One hospital's experience regarding causes of hypertrlgly­
cerldemla are shown In Table 16, (105). 

Tnble 16 

• -NU.\UlERS Ol' rATIE:..lS WiTI-1 HYt'EHTRIGt.YCOUDJii..ML\ OP 
ID ENTIFIED CAUSE ,\T HAM,\fERS.\liTH HOSPITAL IN 1971 

Cause 

l:amili:~.l . . 
Di.1b~tes rnt:lliru~ 
Akohvli<sm --
Chronic renal diseue .. 
llypothyroidism .. 
Gout 
l fypopituituism . . 
Accomt:g:~ly 
Ch.-,kstas is .. 
J\.blabsor;>t.ion . , 
(l:"al co rl\ r3ccpt.iv~3 
Cushing's ~ynd rome 

Addi3on'3 Ui:;c:ne 
GrJtn-ntga ti·Je sep ti c.:.:.rnia 

Total .. 

No. 

62 
43 
31 
20 
14 
11 
10 
7 
4 
3 
3 
1 
1 
1 

211 

l 
l 

' i$ 
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A. ~~othyroldlsm: In one series hypercholesterolemlu (>300 mg%> was 
found In 81~ of 147 cases of hypothyroidi sm. (99). Only 6% of the cases h~d 
cholesterols less than 250 mg%. Tht~ high degree of hyperlipidemia suggests 
that hypothyroidism has profound general ~f'fects on I lpld mat abo l Ism 
Irrespect ive of the presence or absence of a genetic predisposition to 
hyper lipidemia. 

B. Dlubetes r~ellltus: Nikki Ia has r aceni· ly summar ized the Incidence 
of hyper! lpldemla In diabetic pat i ents In the dlab9tlc c l lnlc of Helsinki 
University Hospital (100). He 'found ·tha·t- hyperlipidemia varied ·.~ lth the 
state of dlabates as follows: 

I) Diabetic ketoacidosis- 91% .had elevated triglyceride levels. · 
Gross hyper! lpidemla was not very common. Hyperlipidemia responded to Insulin 
treatment. 

2) lnsul In-treated juvenl l e diabetes- 20% exceeded the 90th per­
centile limit of a normal control popula·rlon. Frequency of hypertrlglycerldemla 
was twice that of controls. 

3) Adult - onset non-lnsut In treated di abetes - 35% had triglyceride 
I eve Is exceedIng the 90th percenJrl I e o f an age - matched bas I c popu I at I on. 
Triglyceride leve l s correla-ted poorly with glucose level s but fairly well with 
the degree of obesl'ty. The associat ion of obesity with hypert-rtgtycerldemla 
In patients 'lllth diabetes mellitus has been stressed by Bierman and Por-te ( 101). 
Reason for the associa-tion remai ns unknown and there Is Insuff icient evidence · 
to suggest the diabetes (or obesl·ry) Is unmasking a primary hyper ! tptdern ta. 
The association has clinical Importance ~;!nee diabetics with coronary disease 
have a hi gh prevalence for hypertr l g tycerldem ! a (102 , :03). Because of this 
a more aggressive approach -t·o the treatmen·r of hyperlipidemia In adult onset 
diabet ic Is probably Indicated, particularly with use of hypo! lpldernlc drugs. 
Triglycer ide metabolism In Diabetes Met I ltus has recently been reviewed ( 104). 

\ 
C. Alcohol I sm: · Chait and co-1~orkers reported that alcohol did not Inter-

fere with uptake of triglyceride by peripheral tissues (105), and thl s ted 
them to suggest that alcohol pro~oted I lpoproteln secretion by the liver. 
Hyper lipem ic alcoholics might then be those ltlth relative trlglycE1rlde 
clearance defects ·-those Individuals 1-1lth a genetic precllsposltlon to hyper­
trlglycerldemla,Gtnsberg, et.at. (106) stud i ed the Influence of ethano l 
(~ oz/day) on tr·tglycerlde leve l s In hypertr·lglycerldemlc and normal subjects. 
They found that fasting trlgtycarlde l eve l s rose only In hypert-r· tglycer ldernlc 
subjects and suggested that alcohol be avo ided In treating hypert-rlgtycerldernlc 
subj ects. Finally Mendelson and Mallo (107) studied the Influence of up to 
32 oz. of alcohol da t lyon serum I lpld l eve l s In 3 groups of alcohol lcs­
normals, carbohydrate - Induced hypertrlglycorldernlcs and faml I I a! hypE!rtrl­
glycerldem lcs. Results are shown In Flgur·e 14. Triglycer ide l eve ls rose 
most sharply tn ·the fnmt I ta t hypertrlglycerldemlc subjects to ~tgh l eve ls. 
The authors suggest that severa I Import-ant features of a I coho I! sm may be 
linked to this phenomenon. 

I) Fatty liver and possibly cirrhosis may develop mostly In alcohol lcs 
with a genetic hyper ! lpldem la. 
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2) Pancreatitis may deve lop In a lcohol lcs with a genetic hyperT . 
II pI darn I a . 

pati ent. 
3) Al cohol rnay be a coronary ri s k factor In the hype rtrl g lyce rl demlc 
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Figure 14 

Fam l li es of hype r! lpldemlc a lcoholi cs should be checked fo r evi dence 
of geneti c hyp er ! lpl deml a, parti cul arly hyp ertrl g lycerldeml a , to lea rn more 
about thi s Iss ue . 

··-- -- ----------------, -·----- ---- ----· -· 
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D. Oral Contraceptives: These agents have a genera l effect on I lpld 
metabolI sm which Is exaggerated In certain patients with genetic I lpld 
disorders. See reference 108 for review. Modest elevation of triglyceride 
Is observed In large numbers of patients taking ora l contraceptives and the 
degree of Increase Is dose-related to the estrogen content of the pi I I 
(FIg. 15) ( I 09) • 

25 0 

~ 

"E 
~ 
~ 

' 
(liS) (156) (65) {101) 

E' 20 0 ,....,... 
P-1- ,...... ,_.. 

~~-

~ 
j IS 0 
~ 

,_; 

:2 :; 

0 
0 so 75·80 100 

Me>tJa nol or£thinJI lstrJdiOI fpg/d3J) 

Figure 15 

No change In serum triglyceride levels are seen wh en progesterone der·Jvatlves 
ar·e used a I one (II 0). In fact, progesterone der I V il$ i ves can be effect! ve In 
lowering plasma trlglycerldes In hyperrrlglyce·rtdernic subjects pres umably by 
Increasing lipolytic activity (Ill). The ostr·o9en component of oral contra­
ceptives can produce massive hyperlipidemia, panc r-eatitis and death In 
susceptibl e Individuals but this cl lnfcal situation may not be common (I 12, 113). 

In light of this Information several suggestions can be made: 

I) Estrogen containing medications should be given 1dth caution to 
hyper! lpldemlc patients- this also Includes men rece iving estrogen treatment 
for prostatic carcinoma. Optimally estrogen treatment should be avoided In 
such patients. 

2) Hyper! lpemlc women requiring oral contraception should be g iven a 
progester-one - derivative. 

3). Consideration should be given to obtaining base l lne llplds on 
women about to receive oral contraceptives along with follow-up values 
sometime later during their use. 

4) Cons I de rat I on must be g I van to the poss I b I II ty of IncreasIng 
a1·heroscl erotlc risk In women receiving long-term treatment with oral 
estrogen- containing contraceptives. 
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Secondary hype: llpldemlas, parti cularly those assoc i ated with chronic 
condition s , wl I I be r ece iving Increasing cl lnlcal attention In the future 
In vi ew of the ather ogenlclty assoc i at ed with these macromolecul es . Hyper­
li p i dem i a In r ena l di sease Inc luding t hat seen In chron ic r ena l failure 
(114), f ol l ow ing r ena l transpl antat i on (11 5 ) and poss ibly during malntalnance 
hemodialysi s (I 16 ) are current ly act ive fi e lds of In te r est . 

) . 
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