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I. Introduction 

In 1951, Barr and associates reported a relative and absolute reduction i n 
alpha lipoprotein levels in patients with atherosclerosis (1). This obser
vation was confirmed repeatedly (2-9) but investigative attention was focussed 
primarily on the high levels of beta lipoprotein rather than the low alpha 
lipoprotein levels found in patients with atherosclerosis. 

In 1975, alpha lipoprotein or high density lipoprotein (HDL) as it by then 
was known, was "rediscovered" by Mi 11 er and Mi 11 er ( 10). These authors 
suggested that low Plasma HDL levels might be associated with atherosclerosis 
and cited several pieces of circumstantial evidence to support their suggestion: 

1) Tissue cho lesterol pools, measured by isotope dilution in 8 patients, were 
negatively correlated with plasma HDL cholesterol concentrations (Figure 1) 
(11). 
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Figure 1. Relationship between HDL
cholesterol~concentration and body 
cholesterol pool size in 8 subjects . 
Pool Ax is a rap!dly exchanging tissue 
pool while pool B is a slowly ex
changing tissue pool. • =males, 
• =females (11). 

2) Hypercholesterolemia is inversely correlated with plasma HDL-cholesterol 
1 evel s. 

3) Hypertriglyceridemia is inversely correlated with plasma HOL-cholesterol 
levels. 

4) Other risk factors for premature heart disease such as obesity, diabetes 
mellitus, physical inactivity, and male sex are commonly associated with 
reduced HDL cholesterol concentrations. 
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5) Patients with clinical ischemic heart disease have significantly lower HDL-
cholestero l concentrations than healthy subjects •t~ithin t_he same community. 

Additional evidence supporting the notion that el evated HDL levels ~1ere not at hero
genic and might actually protect against atheroscleros i s came from comparative 
biochemi.cal studies in other mammal ian species. 

In most soecies other than man, most of the plasma cholesterol is in the form of 
HDL (Tabl~ 1) (12,13). In humans, on the other hand, up to 70% of the plasma 
cholesterol is carried in LDL 1~hile HDL contributes only a minor fraction (17-20%) . 
This human lipoprotein profile 1 with LDL predominating at the expense of HDL, is 
thought to play a major role in our susceptibility to atherosclerosis. 

Table 1. Concentration of Plasma Lipoproteins in t~ammals+ 

VLDL LDL 
mg d * 

Primates 

Man 100 200-400 

Baboon 20 120 

Rhesus ~lonkey 30 200 

earn ivores 

Dog 30 70 

Harbor Seal 50 150 

Dolphin 50 80 

Ruminants 

Bovine 10 20 

Bi son 30 30 

Herbivores 

Rabbit 100 60 

Guinea Pig 50 180 

Hamster 100 100 

Clnnivores 

Rat 80 30 

Pig 100 180 

HDL 

300 

350 

400 

750 

l ,200 

350 

800 

200 

350 

10 

400 

400 

300 

* Total mass of lipoprotein derived from analytical ultracentrifugation. The 
values would differ somewhat if expressed in terms of lipoprotein-cholesterol. 

+ From Ref. 12. 



Since 1975, HDL has been the focus of enormous experimental attention. The 
inverse correlation of HDL-cholesterol levels v1ith premature heart disease 
risk has been reaffirmed and the experimental evidence has been embellished 
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and widely publicized. HDL levels are being measured in all sorts of groups 
from long-distance runners to renal dialysis patients . The practices of groups 
found to have high HDL levels are sometimes embraced as measures which promote 
health and prolong life. An example of such thinking can be found in the 
June, 1979 issue of RunnenA WoAld. On the front cover, an article is featured 
with the headline "Heart Disease Can be Prevented by Running". The article 
inside is entitled, "Running Away from Heart Disease: Becoming Familiar With 
Your Lipoproteins Could Save Your Life". The genesis of this claim relates 
to the finding that people who run more than 15 miles per week have higher hJL
and lower LDL-cholesterol levels than do more sedentary individuals (14). 
Unfortunately, the implication that running will save or prolong life by 
raising HDL-cholesterol levels or by any other means is not supported by fact. 
(Incidently, the article in RunnenA WoAld is reasonably factual -only the 
title is misleading.) 

As we shall see, the current HDL story is neither simple nor complete. The 
purposP of the following discussion is to review the evidence that propelled HDL 
into ·: the cardiac risk factor limelight and to judge if the measurement of 
the cholesterol in this lipoprotein has significant clinical usefulness at 
the present time. 

l) Barr, D.P. et al. Protein-Lipid Relationships in Human Plasma. II. In 
Atherosclerosis and Related Conditions. Am. J. Med. .l.!_:480-493, 1951 . 

2) Nikkila, E. Studies on the Protein-Lipid Relationships in Normal and 
Pathologic Sera and the Effect of Heparin on Serum Lipoproteins. Scand. 
J. C~n. Inveht. ~:Suppl. ~:l-101, 1953. 

3) Oliver, M.F. and G.S. Boyd. Serum Lipoprotein Patterns in Coronary 
Sclerosis and Associated Conditions. ~. H~ J. JL:299-302, 1955. 

4) Jencks, W.P. et al. A Study of Serum Lipoproteins in Normal and Athero
sclerotic Patients by Paper Electrophoretic Techniques. J. C~n. Inv~~t. 
1:980-990, 1956. 

5) Brunner, D. and K. Lobe. Serum Cholesterol, Electrophoretic Lipid Pattern, 
Diet and Coronary Artery Disease: A Study in Coronary Patients and In 
Healthy Men of Different Origin and Occupations in Israel. Ann. Int. Me.d. 
49:732-750, 1958. 

6) Dodds, C. and G.L. Mills. 
Lipoprotein Concentration. 

Influence of Myocardial Infarction on Plasma
Lancet .!_: 1160-l 963, 1959. 

7) Carlson, L.A. Serum Lipids in Men with Myocardial Infarction. Acta t'.!ed. 
Scand. lEL:399-413, 1960. 

8) Keys, A. and F. Fedanza. Serum Cholesterol and Relative Body \~eight of 
Coronary Patients in Different Populations. C~cui~on ~:1091-1106, 1960. 

9) Medalie, J.H. et al. Five-Year Myocardial Infarction Incidence: II. 
Association of Single Variables to Age and Birth Place. J. C~on. V~ . 
.f.§.: 329-349' 1973. 
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10) Miller, G.J. anq N.E. Miller. Plasma-High-Density-Lipoprotein Concentration 
and Development of Schaemic Heart-Disease. Lancet l:16-19, 1975. 

11) Miller, N.E. et al. Relationships between plasma lipoprotein cholesterol 
concentrations and the pool size and metabolism of cholesterol in man. 
Ath~o~. 23:535-547, 1976. 

12) Havel, R.J. Lipids and Atherosclerosis. Baylo~ Univ~~y C~ov~eulaA 
Ru e.aJteh Bu..Ue:tin. .!2_: 93-97, 1977. 

13) Zilversmit, D.B. et al High Plasma Cholesterol in Mink (Mustela vison) 
Without Atherosclerosis. Ath~o~. 26:97-102, 1977. 

14) Wood, P.O. et al. The Distribution of Plasma Lipoproteins in Middle-aged 
Male Runners. Metab. ~:1249-1257, 1976. 

II. HDL as a Risk Factor for Cardiovascular Disease: Epidemiologic and Clinical 
Data. 

It was noted in the introduction that low HDL levels were observed in patients 
with atherosclerosis in 1951. Within the last 4 years, however, a series of 
studies employing modern lipoprotein techniques have been published and all 
seem to underscore the importance of HDL-cholesterol as an indicator or risk 
for cardiovascular disease. These studies are both prospective (incidence 
studies) and retrospective (prevalence studies) and encompass relatively large 
groups from divergent backgrounds. A summary of each of the more important 
studies , is given below: 

1. Honolulu Heart Study (15). In this prevalence study, a cohort of men 
(n=8006) of Japanese ancestry born in the years 1900-1919 and living on 
the island of Oahu in 1965 were evaluated. Serum lipoproteins were 
measured in 1970-1972 on a large sub-sample of the original group. Later, 
a number of smaller groups were called in for repeat evaluation, including 
a 30% probability sample and a group who had developed coronary heart 
disease (myocardial infarction, acute coronary insufficiency or angina 
pectoris) since the start of the study. Lipoprotein determinations are 
performed on fasting plasma specimens using standard techniques. Lipid 
values for the men with and without coronary heart disease (CHD) (1970-1972) 
are listed in Table~· 

Table 2. Lipid Values for Fasting Men with and without Core· 
nary Heart Oisease(CHD)(197Q-1972). 

GaouP CHot.ttruOt.. FaACTIOPII CMGIDI..) TR!ot.YCUIDf. 
(MGIIlL) 

S0. 59 yr of age: 
All CHD (141)' 228.1' 41.8' 151.41 34.9 187.3 
Myocardi::al infarction 228.2 40.5' 151.2' 36.5 200.7 

only(70) 
Control {I 137) 220.7 44.6 142.1 34.1 180.3 

.-60 yr of ase: 
All CHD 1123) 231.1' 42.0' IS$.9' 33.2 165.9 
Myocardial infarction 233.5' 43.1 IS7.6' 32.8 I.S.S.4 

only( 58) 
Control (6JR) 220.9 46.2 14-1.4 30.3 158.7 

•No.ofca ~n. 

'Significanllydirfcrut fromconrrol poup(P < 0.01)by2· tai!edt·lest. 
1Sianiricantl ydiHcrcntfrom ,:ontrolgn:MJp(P < O.OI)byZ·taj!ed Hest . 

Table 2 
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As in previous studies, these investigators found that the prevalence of CHO 
increased with either the total plasma cholesterol (_Fig. 2) or the plasma beta 
cholesterol (LDL) level (Fig. 3). When the prevalence of CHD was compared to 
the plasma HDL cholesterol (alpha cholesterol) levels, those groups of men with 

8 ~ MYOCAROUL~ 

D ~LL OTH£R CHO 

(195 196-
218 

219-
244 

245+ 

TOTAL CHOLESTEROL ( mg / dl l 

10 E7'la3 M'lOCAROtAL INFARCTION 

CJ ALL OTH£11 C H 0 

168+ 

Estimated Prevalence of Coronary Heart Disease 
(CHD)According to Totai·Serum.Cholesterol Ouartiles. 

' BETA CHOLESTEROL (m9/dll 

Bars indicate the standard error. Estimated Prevalence of Coronary Hearr D1sease 
(CHD)According to Beta-cholesterol Ouartiles. 

Bars indicate the standard error. 

Figure 2. Figure 3. 

the lowest HDL-cholesterol levels had the highest prevalence of CHD while the 
lowest prevalence of CHD was found in the groups with the highest HDL levels 
(Fig. 4). 
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~ II'ICJC,4RDIAL INFARCnON 

CJ ALL OTHER C H 0 

ALPHA CHOLESTEROL (mg/dl) 

Estimated Prevalence of Coronary Heart Disease 
(CHD)According to Alpha-Cholesterol Ouartiles. 

Bars indicate the standard error. 

Figure 4. 



Thus while the average HDL cholesterol level did not differ greatly in 
magnitude between those groups with and without CHD (Table 2), the pre
valence of CHD did vary considerably when examined over the entire range 
of HDL levels measured (Fig. 4). 

2. Framingham Study (16). This study has been in continuous operation since 
1949. The initial enrollment included 2,282 men and 2,845 women aged 
30 to 62. Between 1969 and 1971, lipoproteins were measured in a fasting 
cohort of this study population aged 49 to 82 years. Since that time, 
142 new cases of CHD developed, allowing the investigators to analyze 
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the relationship between the antecedent lipoprotein levels and the sub
sequent risk of CHD. Their findings concerning HDL cholesterol versus 
the incidence of CHD are shown in Table l· In considering HDL cholesterol 

Table 3. 
HDL 

Cholesterol 
Level 

(mg/dl) 

All levels 
<25 
25-34 
35-44 
45-54 
55-64 
65-74 
75+ 

Incidence of Coronary Heart Disease by HDL Cholesterol 
Level-Framingham Study, Exam 11 

Men Women 

Incidence Incidence 
of of 

Coronary Coronary 
Heart Popolation Heart Population 

Disease at Risk Rm/1 ,000 Disease at Risk Rate/1,000 

79 1,025 77.1 63 1,445 43.6 
3 17 176.5 0 4 0.0 

17 170 100.0 11 67 164.2 
35 335 104.5 12 220 54.5 
15 294 51.0 19 386 49.2 
8 134 59.7 14 353 39.7 
1 40 25.0 3 216 13.9 
0 35 0 4 199 20.1 

NOTE: The majority of persons were followed for four years. However. a small number 
may have been followed for as few as two years or as many as eight years. 

values between 2~ and 74 mg/dl. These investigators observed an inverse 
correlation between HDL-C levels and CHD risk. They also noted the following 
correlated variables. 

i. HDL was substantially higher in women than in men. 

ii. The HDL-C level did not show an age trend for men (between 49 and 82 years) 
but in women, there was a slight decrease in the level from ages 50 to 80. 

iii. There was a significant negative correlation of the HDL-C level with the 
plasma triglyceride level but vary little correlation with either LDL-C 
or total plasma C. 

iv. HDL-C levels were inversely correlated with relative body weight. 

v. Weak ~egative correlations were found with glucose tolerance and systolic 
blood pressure but none with cigarette smoking. 
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On the basis of this analysis, the 
with glucose intolerance or a high 
a low HDL-C level than a high one. 
regarding cigarette smoking may not 

authors concluded that an obese person 
triglyceride level is more likely to ha ve 

As we shall see later, their conclusions 
apply to younger age groups. 

In attempts to determine which data on plasma 1 ipids and 1 ipoproteins 1vould 
be most predictive of CHD risk •. the authors calculated likeli hood rat ios 
for various lipid profiles (Table 4). The higher the value for the rat io, 

Table 4. 

Likelihood Ratios for Various Lipid 
Profiles of Coronary Heart Disease
Framingham St.udy, Exam 11 

HOL cholesterol 
LDL cholesterol 
Triglyceride 
Total cholesterol 

Lipid 

HO L cholesterol : total cholesterol 
LDL and ·total cholesterol, triglyceride 
HOL and total cholesterol, triglyceridtt 
HDL and LDL cholesterol, triglyceride 
HDL and LDL cholesterol 
~OL cholesterol:total cholesterol, LOL 

cholesterol 

•p <0.001. 
Tp·<O.OS 
*P <0.01. 

Men 

14.03" 
4 .39T 
0.51 
1.98 

17.11' 
8.26t 

19.19" 
18.90" 
18.66" 

17.16" 

Women 

21.21" 
4 .S3T 
9.52* 
2.26 

20.41' 
19.69" 
24.21' 
24.73' 
23.70' 

20.77' 

the greater the predictability. Considering both sexes together, it appearec 
t hat measurement of HDL cholesterol, total cholesterol and triglycer iae loJO uld 
be most useful in assessing risk. 

The authors advised against the use of HDL/LDL ratios until the p lys iology 
and pathophysiology of HDL was better understood . They also point ed ou t 
that a good laboratory can achieve a technical error of 5 mg/dl in measuring 
HDL-C. This error is uncomfortably high when one realizes t :1at t he average 
male HDL-C is 45 mg/dl while a significant increase in CHD risk is present 
at 35 mg/dl. 

Remember that this study applies only to older age groups. 

3. Cooperative Lipoprotein Phenotyping Study (17). In this study, the relat ion
ship between CHD prevalence and fasting lipid levels was evaluated by a case
control study in 5 populations 1 isted belo~1: 

i. Male civil service employees in Albany, Ne1-1 -York. 

ii. General population of black and white men and women in Evans County, 
Georgia. 

iii. General population of men and 1-10men in Framingham, Massachusetts . 

iv. General population of men of Japanese ancestry living in Honolulu. 
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v. General population of men of Japanese ancestry living in San Francisco. 

All CHD cases were contrasted with case controls taken from the same population. 
Fasting 1 ipid and 1 ipoprotein analyses v1ere made using standard procedures. 
CHD included documented myocardial infarctions (65%), angina pectoris (48%) 
and/or coronary insufficiency {_7 %) established by clinical criteria. 

The results of this study were in basic agreement with the two listed pre
viously. The prevalence of CHD decreased as the HDL level rose up to a 
point but then leveled off at HDL cholesterol levels of 45 mg% or more 
(Table 5). This leveling off was not observed in the Framingham Study (16) . 

Table 5. 

TABLE• 5. PrttiOlena of CHD by RDL Chol.uUrol Uvtl, 
Men agt4 61)..69 

All level! 
Leos 25 
~ 
35-44 
45-54 
~ 
65-74 
75pl~ 

Number 
CHD Total populatioD Rat../1000 

383 
9 

78 
133 
91 
45 
17 
10 

4165 
50 

631 
1406 
1168 
578 
215 
117 

92.0 
180.0 
123.6 
94.6 
77.9 
77.9 
79.1 
85.5 

Using the pooled data, standardized discrimant coefficients for HDL and LDL 
cholesterol were almost identical in magnitude, indicating similar strong 
associations with CHD prevalence. No association between triglyceride and 
CHD prevalence was found. 

Pairs of lipids were also compared. CHD prevalence increased with increasing 
LDL levels at each HDL level; at each LDL level, CHD prevalence was greater 
in individuals with low HDL levels and less in those with moderate or high 
HDL levels {Fig. 5). 
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22!i 

200 

... 175 u z 
~§ 150 

G;::: 125 g:j 
100 0 

0 75 

50 

25 

0 

LOL CHOLESTEROL, mg/dl 

T11ftf'! 01 CHO O..L.-d - HOl D•O.OOI: 1.01. p•0.001 

Prtwzle"ct of CHD by /~II of LDL ollli HDL 
cholesterol '" mm ogtd $~9. Pooled doto from CooptrotiW! 
Llpoprottin Phenotyping SullfitJ. • 

Figure 5. 
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Figure 6 shows similar data for HOL cholesterol and plasma triglyceride . 
The prevalence for CHD in subjects with low triglyceride levels is simil ar 
to that of subjects with intermediate or high triglyceride levels. However, 
there is a slight inverse association between CHO prevalence and HDL 
cholesterol level within each of the three triglyceride ranges. 

l:l z 
~§ 
jl:;::: 
f !! 
0.2 
X 
u 

2S) 

225 HDL.,_.__.,., .. D•«> !lm3 ·.; . ., - .... 
200 

175 

ISO 

125 

Nvmbet-l 0... a- lnclic~ ,ac»t ...... AI,_. 

TRtGL YCEfUOE, mgldl 

T...wt 01 CHI? 0o l!IMI. HOI. o•OOI . Tnel.,cl'f'ld• frf$ 

· Pr<valtncr ofCHD by levelJ oftriglycrride and HDL 
cholut<rol In men ag<d ~9: Pooled dalll from Cooperotiw 
LlpOprot<ln Plre1t0typing Studin. 

Figure 6. 

When LDL levels are compared to triglyceride levels (Fig. 7), higher levels 
of LDL are associated with higher CHD prevalence within each triglyceride 
range. Also, increasing plasma triglyceride levels are associated with 
increased CHD prevalance when LDL cholesterol levels are taken into account 
but this trend is not seen when the HDL level is taken into account (Fig. 6) . 

250 r 
225 r lDL Cllolell••ol, "'" dl D· 140 WL]l&a·179 • · 1110 

200 l "'"'""""' On I•• lndoc:•r~ POIN'lahon It! lhlll 

175 1 
150 ~ . 

15 

so 
25 

TRIGL YCERIOE, mgldl 

~ 207 

• Prevalence ofCHD by levelJ of triglyceride and LDL 
choltsuro/ in men aged 50-69. Pooltd data from Cooptrativt 
Lipoprotein Phenotyping Studiu. 

Figure 7. 
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The importance of this study was the observation of an inverse relationship 
between HDL cholesterol and CHD prevalence in several different populations 
using modern quantitative lipoprotein techniques, suggesting that the 
inverse HDL-CHD association is characterized by a high degree of generality 
and strength. 

One must remember that this study includes information only on prevalence 
of prior episodes of CHD and not on incidence which would provide information 
of the precursor role of HDL on CHD. The population was also older (ages 50-69). 

4. The Trams~ Heart Study (18): This was a 2-year case-control follow-up study 
of 6595 men aged 20-49 years living in Troms¢, Norway. At the time of the 
analysis in 1974, the men ranged in age from 37-49 years. A major drawback 
to the study is the fact that non-fasting plasma samples were assayed for 
plasma lipids, and more importantly, the plasma samples had been frozen at 
-2o•c for variable periods of time prior to analysis. The full impact of 
long term freezing on HDL determinations has not yet been determined but 
preliminary data suggests that HDL cholesterol levels actually increase after 
plasma has been frozen for 6 months (19). The major strength of the study 
is that it makes observations on a much younger age group as compared to 
the previous studies. -

The results, in brief indicated that plasma HDL cholesterol levels averaged 
35% lower in the cases than in the controls (Table 5-a). This difference 
applied not only to those who had a myocardial infarction before 1974, but 

PLASMA·LIPOPROTEIH-LIPID CONCENTRATIONS 1 11LOOD--I'RESSURE 1 RELATIVE BODY-WEIGHT AND CIGARETTE CONSUMPTION IN 

CORONARY-HEART-DISEASE CASES AND CONTROLS 

Plasma-u.o.L.-chol~terol (mgldl) \~ 2~·6r6·95• J 39·4T8·37 2S·2T-4 ·73• ! 37·2:'-8· 4-4 

:::::~:::,~\~~~f~~e:~~~~~~~i~63 (m~dl ) ;~~:33~--~· ~ ~~::~ : ~ i!: ~ ;~:~ I ~~~;:::~ 
l'lasma-triglyceridq (mmoVl) 2 -17 :-: 0-92 1-87.tl -H 1-90 : 0-70 i 1·85:r 1·48 
Systolic blood-pressure (mm Hg) 1 128 ·d 2-9 1 129..-13-0 124 :rl8 -1 1 l26 ;o- 13 ·9 
Diastolic blood-pressure {mm Hg) I 82·2 ~ 10·6 79-8 ± 10-4 82-h-14 ·3 ' 74-9:8-9 
Relative body-we1ght (glcmJ} 2·4-4 :T0·22 2·43 _! 0·31 2·29 :r- 0·11 I 2-37...-0·31 
Cigarctteconsumpt1on (cigslday) I 10-9 11·6 11 ·2 1 8-8 
Age (yr) 44·1 44·0 43-l · 41-9 

Rcsuhs art u :presscd as mcan :rSD. 
Cases against controls: • 1'<0·005; 1" P<0·02. Other differences were not statistically significant (1' >0·05 ). 

~- tPiasma·triglycende was measured manually according to Giegd et al. n using tnpalnutin standards. 

Controls 
(N~20) 

40-6±8-29 
190d8-4 
231 ;-40-1 
1-87; 1-32 
l30 ;t" 12-6 

82-h 10-3 
l-47 ~0-3 1 

ll·l 
44·6 

also to those who were clinically healthy at that time but who had their 
first coronary event in the subsequent 2-year follow-up. The coronary 
group also had higher cholesterol levels in the VLDL-LDL (d<l .063 gm/ml) 
fraction than did the controls. 

In a recent follow-up to th i s study, the HDL cholesterol apoA-I levels 
in serum were measured in 12 subjects who developed myocardial infarcts 
between 1974 and 1976. Both the HDL-cholesterol and apoA-I levels were 
lower in the CHD vic tims than in controls (20) and the HDL-C:apoA-1 ratio 
did not differ between patients and controls, suggesting that HDL composition 
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did not change markedly in patients with CHD. 

5. The Israeli Ischemic Heart Disease Stud 21). This prevalence study 
started in 1963, and fo m~ed about 10,000 men aged 40 and over since that 
time. The participants 1~ere civil servants and municipal employees in the 
areas of Jerusalem, Tel-Aviv, and Haifa and the su bjects came from si x 
different regions of birth - Israel, Eastern Europe, Central Europe, 
Southeastern Europe, The ~Iiddle East (excluding Israel), and North Africa . 
Non-fasting blood specimens were used for analysis and standard lipoprote i n 
technology was employed on fresh specimens . 

...J 

0 
"" w ... 
Vl 
w 
...J 

0 
::c 
v 
...J 
0 
::c 

This study demonstrated that HDL cholesterol levels were inversely re la ted 
to the inc idence of CHD but there are some interesting additions to the 
information developed by the other studies. First, the risk did no t 
appear until after age 50 years (Fig. 8) . Second, cigarette smokers had 

Q 
.... 
< 
a: 

2.0r 

"' 1.0 
(/) ,--
a: 

<30 

Age•50 
(p<.01) 

HDL LEVELS 

30• ., 

All ages 
(p<.01) 

Ratio of new Ml events in relation to HDL cholesterol. (1.00 is the level for the total population. 
Ratio = incidence at quintile-/overall incidence.) 

Figure 8. 

lower HDL cholesterol levels than did non-smo kers or ex- smokers and the 
effect seemed dose-related . Cigar and pipe smo kers had no such change in 
their HDL levels (Fig. 9). Third, HDL levels were higher in the more 
phys ically active partic i pants{!ig. 10). 44 

33 -- Current 

37 

36 

35 

34 

Ciga,.,nes 

1 f- Smoked 
;-- ~~ 

~1!. 'I '''/..r;, 

1- ~z 
r,~' 

I ~ -
I 
I ~ 

,.,. 1-10 11-ZI 21 + h · c~ 

Sfnok• C91ct.r Slf'Cln Df """' 

HDL cholesterol and smoking. 

Figure 9. 

43 
_J 

0 
c: 4 
UJ 
1-· 
(/) 

UJ 41 
_J 

0 
J: 
() 40 

_J 

0 
J: 39 

HDL cholesterol and physical activity 
on the job ( 1965 da ta ). 

Figure J.Q. 
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6. Oslo Heart Study (22): The results of this study are essentially the same 
as those descr ibed above. It suffers from the criticism that frozen serum 
samples were used for the measurement of HDL and the validity of the HDL 
measurement on frozen plasma or serum is not known. 

In addition to the above population studies, attempts are being made to correlate 
the degree of atherosclerosis with plasma HDL-C levels in individual patients. 
Jenkins et al., working in Australia studied the severity of coronary athero
sclerosis in 41 patients undergoing coronary angiography and related their findings 
to plasma lipid levels (23). They noted a strong inverse association of the 
HDL-C concentration with the extent of coronary atherosclerosis. They also found 
a direct significant correlation of the extent of coronary atherosclerosis with 
total plasma cholesterol, LDL-cholesterol and the combined LDL-C plus VLDL
triglyceride but these direct associations were weaker than the inverse association 
with HDL-C. 

A similar but more extensive study from the United States was recently published. 
Pearson et al. performed coronary angiograms on 483 symptomatic men and women 
and related the severity and extent of the coronary lesions to the plasma lipid 
and lipoprotein levels (24). These workers found consistant and statistically 
significant trends of decreasing mean HDL cholesterol levels with increasing 
numbers of diseased coronary arteries in both sexes and in both younger and older 
age groups. Low HDL-C levels were associated ~lith left main coronary disease. 
Patients with both trip1e vessel disease and left main disease had lower levels 
of HDL-C than did patients with triple vessel disease without left man disease. 
Since the study ~1as cross-sectional in design, one cannot be sure 1~hat the HDL-C 
levels 1·1ere at the time the atherosclerosis was developing. Another weakness 
of this study related to the fact that the authors did not adjust for other 
risk factors such as smoking, degree of exercise and alcohol intake. 

Cerebrovascular disease may also be inversely related to HDL-C levels but the data 
are very lim1ted. In a Swedish study, plasma HDL-C levels were 18% lower than 
controls in a group of patients (n=6l, 38 male, 23 female) younger than age 55 
years who survived an attack of ischemic cerebrovascular disease (25, 26). A 
similar study from Milan observed that plasma HDL-C levels were 19.7% lower 
than controls in a group of male patients (n=36) with a clinical diagnosis of 
transient ischemic attack (27). No difference was found in 14 females with 
TIA's studied at the same time . 

In a recent publication from Japan, low HDL-C levels were noted in victims of 
myocardial infarction but no difference from controls was present in victims 
of cerebral infarction (28). 

Data concerning HDL levels in peripheral vascular disease (PVD) are very 
limited but in one study, patients with PVD had significa·ntly lower HDL-C 
levels than did controls but the severity of the PVD (judged by extent and 
distribution of absent pulses, or radiographically by the severity of involvement 
of arteries in the aortoiliac, ileofemoral or femoropopliteal territories, 
considered separately or together) did not correlate with the HDL-C level (29). 

In summary, there is considerable evidence from epidemiological studies (both 
retrospective and prospective) that HDL-C levels are inversely associated with 
CHD risk. For the most part, the association is stronger for patients over the 
age of 50 and unlike some other risk factors, the low HDL-C level remains a 
powerful indicator of risk into old age. Limited studies relating HDL-C levels 
to the severity of atherosclerosis in patients indicate that coronary athero
sclerosis tends to be more extensiv·.e in those patients with the lowest HDL-C 
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levels. Cerebral atherosclerosis may also be associated with low HDL-C levels 
but the evidence here is less certain and both sexual and national differences 
in results have been reported. 

Limited data in patients with peripheral vascular disease indicates that this 
disease process, too, may be related to low HDL-C levels. 

It is important to remember that no cause-and-effect relationship has been 
demonstrated between low HDL-cholesterol levels and accelerated atherosclerosis. 
Neverthel ess the association has stimulated investigators to probe into the 
structure and metabolism of HDL, looking for clues to explain the alleged 
antiatherogen ic potential of HDL. This information is contained in the next 
sections. 

15) Rhoads, G.G. et al. Serum lipoproteins and coronary heart disease in a 
population study of Hawaii-Japanese men. N~ Eng. J. Med. 294:293-298, 
1976. 

16) Gordon, T. et al. High density lipoprotein as a protective factor against 
coronary heart disease. The Framingham Study. Am. J. Med. ~:707-714, 
1977. 

17) Castelli, ~J.P. et al. HDL cholesterol and other lipids in coronary heart 
disease. The Cooperative Lipoprotein Phenotyping Study. C~c. ~:767-772, 
1977. 

18) Miller, N.E. et al. The Troms~ Heart Study. High density lipoprotein and 
coronary heart disease: a prospective case-control study. Lancet l :965-
968, 1977. 

19) Reckless, J.P.D. et al. Effect of Storage on Plasma Lipoproteins (Letter 
to Editor) Lancet ~:350, 1977. 

20) Ishikawa, T. et al. The Troms¢ Heart Study: Serum apolipoprotein A-I 
concentration in relation to future coronary heart disease. EUAop. J. C~n. 
Invut. ~:179-182, 1978. 

21) Goldbourt, U. and J.H. Medalie. High density lipoprotein cholesterol and 
incidence of coronary heart disease- The Israeli Ischemic Heart Disease 
Study. Am . J. Ep~emiot. ~:296-308, 1979. 

22) Enger, S.C. et al. High density lipoprotein cholesterol and myocardial 
infarction or sudden coronary death: a prospective case-control study in 
middle-aged men of the Oslo Study. AAt~y ~:170-181, 1979. 

23) Jenkins, P.J. et al. Severity of coronary atherosclerosis related to 
lipoprotein concentration. ~. Med. J. ~:388-391, 1978. 

24) Pearson, T.A. et al. The association of low levels of HDL cholesterol and 
arteriographically defined coronary artery disease. hn. J. Ep~em~ot. 
~:285-295, 1979. 
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25) Rossner, S. et al. · Dyslipoproteinemia in patients with ischemic cerebro
vascular di sease . Ath~o~. 30:199-209, 1978. 

26) Rossner, S. et al. Normal serum cholesterol but low HDL-cholesterol con
centration in young patients with ischaemic cerebrovascular disease. LanQet 
1:577-579, 1978. 

27) Sirtori, C. et al . Decreased high density lipoprotein-cholesterol levels 
in male patients with transient ischemic attacks. Ath~o~. 32:205-211, 1979. 

28) Noma, A. et al. High and low density lipoprotein cholesterol in myocardial 
infarction. A.th~oM.l.~o<1-W 32:327-331, 1979. 

29) Bradby, G.V.H. et al. Serum high density lipoproteins in peripheral vascular 
Disease. LanQet .£:1271-1274, 1978 . 

III. The Structure of HDL 

HDL is the sma 11 est and the most dense of the -1 i poprotei ns (Tab 1 e 6). It possesses 
~l electrophoretic mobility, a feature which lead to its or ginal name of alpha
lipoprotein. Its composition, like that of the other plasma lipoproteins, is 
complex. About half of the molecule is protein and the other half is lipid (Table 7). 

Table 6. Major Plasma Lipoprotein Families* 
Family Name Particle Size Electrophoretic Density Svedberg 

Range Mobility Range Flotation Units 
gm/ml 

0 

Chylomicrons 750- 12,000 Origin D < 0.94 Sf > 400 
0 

VLDL 300 - 700 Pre-beta D 0.94 1.006 Sf 20 - 400 

IDL** 200 - 600 beta D = 1. 006 - 1. 019 Sf 12 - 20 

LDL 180 - 300 beta D = 1. 019 - 1. 063 st 0 - 12 

HDL 50 - 120 alpha D = 1. 063 - l. 21 

* Modified from (30) 
** From Ref. ( 31 ) . 

Phospholipid and cholesterol, most of it esterified, are the major lipids while 
triglyceride is present to only a slight degree. The protein content of HDL is 
also complex; seven different peptides have been found in the molecule (Table 3) . 
However, 90% of the protein consists of 2 peptides called apoA-I and apoA-II, 
(the prefix apo- refers to the lipid-free peptide or protein). ApoC and apoE 
contribute most of the remaining 10%. By inspection of Table 8, one sees that 
HDL shares several apoproteins in common with other lipoproteins . A-I and A-II, 
for example, are also found in chylomicrons and VLDL and the same is true for 
the C and E peptides. The sharing of these common peptides suggests that HDL 
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has some metabolic relationship with both chylomicrons and VLDL and mounting 
experimental evidence indicates this to be true. The known characteristics and 
functions of the different apoproteins are listed in Table 9, but these will not 
be discussed in any detail today. 

Table 7. Composition of Plasma Lipoprotein Families* 
Percent of Dry Weight 

Lipoprotein Constituent Chylomicrons 

Protein 1 - 2 

Triglyceride 80 - 95 

Unesterified cholesterol - 3 

Esterified cholesterol 2 - 4 

Phospholipid 3 - 6 

* Modified from Ref. 
** From Ref. ( 31). 

Table 8. Apoprotein Composition 

Properties Chylomicrons 

Major apoproteins 

Minor apoproteins 

*Modified from Ref. (32). 
** Proline-rich protein. 

A-I 

B 

c 

A-II 

E 

PRP** 

VLDL 

6 - 10 

'45 - 65 

4 - 8 

16 - 22 

15 - 20 

of Human 

VLDL 

B 

C-I 

C-II 

C-III 

E 

A-I 

A-II 

o+ 

+ A 1 so termed "thi n-1 i ne" protein and ape A- II I. 

IDL** LDL 

22 18 - 22 

33 4 - 8 

10 6 - 8 

16 45 - 50 

18 18 - 24 

Plasma Lipoproteins* 

LDL HDL 

B A-1 

A-II 

c C-I 

C-II 

C-III 

D 

E 

HDL 

45 - 55 

2 - 7 

3 - 5 

15 - 20 

26 - 32 
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Table 9. Characteristics of Human Plasma Apoproteins* 

Apoprotein Mol. Wt. Carbohydrate Function Site of Synthesis 

A-I 28,300 + LCAT Activation Intestine, liver 

A-II 17,000 + - ? Intestine, liver 

B ? 5% Triglyceride Transport Liver, intestine 
Cholesterol Transport 

C-I 6,331 0 ? LCAT Activation Liver 
? Lipase Activation 

C-II 8,837 0 Lipase Activation Liver 

C- II I 8,764 + ? Inhibits Lipase Liver 

D 22,100 ? ? Activates LCAT ? 

E 33,000 ? ? Liver, ? intestine 

* Modified from Ref (33). 

Up to this point, we have referred to HDL as a single entity of complex composition. 
However, HDL is often subdivided into 2 (and sometimes more) fractions usually 
termed HDL2 and HDL3. This subdivision came about because a complex peak with a 
definite shoulder (arrow) was often observed when human HDL was analyzed by 
analytical ultracentrifugation (Fig. ll) (34). 

9 .. 
• • 0.01 

low den1ity /i poprote1n 1peC1rum 

Sf rote 

tl • 0.05 Signific'once fhel 

frote 

.,_-=-o-'o,___,_,N,_s ---------~---

' 0 ,:,;~·· .. ~ .. 
~~ ... -·· 

__._._._.,._...._;....~ - - . 
-·----=--=----=.:..=--------~X!:~-. -· -· 

Fig. 11. Correlation observed in males and females between the concentrations of all 
lipoprotein intervals and Sro rate of the major Sr 0-12 component. 

Figure 11 . 
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Some characteristics of these two HDL subgroups are listed in Table 10. Although 
subdivision of HDL into two fractions appears rather subtle, it may have biological 
significance. Premenopausal females, for example, have higher HDL2 concentrations 
than do males (36,37). However, for any given HDL concentration, the concentrations 
of these components are similar for men and women (38). As the total HDL 

Table 10. Classification and Properties of Human HDL Subfractions* 

Property 

Electrophoretic Mobility 

Solvent density for isolation 

Flotation rate, Sf (1.21 gm/ml) 

Average hydrated density (gm/ml) 

Mo 1 ecul ar 1~ei ght 

Diameter (A) 

Composition (% by weight) 

Protein (%) 

Lipid (%) 

Triglyceride 

Cholesterol 

Phospholipid 

* From Ref. (35). 

''.NBfllOI'C .ISE:S J.V[A:.GC · ~ 
lNT(R'~Al Cl' !Of.ll... 

58 

HOI. CONCf.NTRJ. ! :O>I 100 - 200~1 200- 300 rTqAj l 

.. H.IivA~ C..P [ST ,_\1 .:11'f j 1'10... 
CH()..iST~AOL. :o.ct~<; T;;.;. r !(h 

WE AN T0l4L ttOl COM:ENTFlAT.oN 

~ST ,..A T £0 >0.. CHC:l,.[ST(ROL 

5 - 26 mycll 

C0NC(NTR4TICN l l t 3 1SOI ,orq.0 

26 47 "'l"" 

Cl 

1. 063 - l. l 2 5 

4 - 9 

1.094 

3.9 X 105 

60 - 140 

45 

6 

43 

42 

" 
300-4 ()0~1 

47- 69 mycll 

22 

400-500 rnq.<:~l 

69- 90 ~1 

Cl 

1.125 - 1.215 

0 - 4 

1.145 

1 . a x 1 o5 

40 - 100 

55 

7 

38 

41 

12 

500-700~ 1 

90- L33 rrq.tll 

100t015.0~ 

::::.~a;.' panenu aad anodated averqe H.D.L dloiHterol Ieveli for five ceudJes of totaJ H.D.L coaceutntioa fou.nd in 

The shaded area ~resents the achlieren difference panem between a given mean pattern and the mean pattern of the nut lowest ccntile of 
total H.D.L. concc:ntnuon. For ~ample, the shaded area of the mean schlieren pattern of the 3()()......400 mg/dl centile represents the schlieren differ
c:acc pattern obtaJ.ocd by subtracu.ng the 200-300 mgld.l centile pattern from the 300--400 mg/dl centile pattern . 

Figure 12· 
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concentration increases in either sex, it appears that the most significant 
increase occurs in the HDL2 fraction (Fig. 12) (39). The HDL2 fraction is 
inversely correlated while the HDL3 fraction is directly correlated with VLDL 
and LDL levels. The biological si gn ificance of HDL2 and HDL3 remains uncertain 
but in vitro experiments indicate that HDL3 is converted to RDL2 when VLDL is 
subjected to lipolysis by lipoprotein lipase (_Fig. 13) (40). The results of 
this experiment plus circumstantial in vivo evidence to be reviewed later 
suggest that HDL3 is transformed to HDL2 during the lipolysis of VLDL triglyceride . 

30) 

31) 

Density . g/ml 
1.18 1.2_4 1.31 

A 

0 .10 

Zonal rotor effluent. ml 

Zonal ultracentrifugal analysis of the incubation mixiure 
f<>r HDL subclasses (A) without and (R) with lipoprotein lipase. Same 
experiment as detailed in Fig. 1. A 22.5-mlaliquot of each incubation 
mixture was centrifuged in a Beckman Ti-14 zonal rotor. Solid blocks 
indicate fractions that were pooled and then used for f•uther char
acterization. 

Figure 13. 

Herbert, P.N. et al. "Familial Lipoprotein Deficiency". In Metabolic Basis 
of Inherited Disease. J.B. Stanbury, J.B. Hyngaarden, and D.S. Fredrickson, 
eds . , McGraw-Hill, New York, 4th ed . 1978, pp 544-588. 

Fellin, R. et al. Isolation and analysis of human plasma lipoproteins 
accumulating postprandial in an intermediate density fraction (d 1.006-1.019 
g/ml ) c~. ChLm. Acta 54:325-333, 1974. 

32) Smith, L.C. et al. The plasma lipoproteins: Structure and metabolism. 
£.._:751-777, 1978. AM. Rev. !Uoc.hem. 

33) Schaefer, E.J. et al. Lipoprotein apoprotein metabolism. J. L[p~ Re.6. 
}2_:667-687. 1978. 
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34) Li ndgren, F.T. et al. Ultracentrifugal Analysis of Serum Lipoproteins. 
P~og. SioQhem. P~aQOl. £:475-499, 1967. 

35) Osborne, Jr., J.C. and H.B. Brewer, Jr. The Plasma Lipoproteins. Adv. 
PMt. Chern. n: 253-337, 1977. 

36) Nichols, A.V. Human Serum Lipoproteins and Their Interrelationships. 
Adv. Bioi. and Med. Phyc,. ll: 1 09-158, 1967. 

37) Ewing, A.M. et al. The analysis of human serum lipoprotein distributions. 
Adv. ~p~ R~. l:25-61, 1965. 

38) Anderson, D.W. et al. High density lipoprotein distribution. Resolution 
and determination of three major components in a normal population sample. 
AtheM.6. 29:161-179, 1978. 

39) Anderson, D.W. HDL cholesterol: the variable components. LanQet 1:819-820, 
1978. 

40) Patsch, J.R. et al. Formation of high density lipoprotein2-like particles 
during lipolysis of very low density lipoproteins in vitro. P~oQ. Nat'l 
AQad. SQi. USA ~:4519-4523, 1973. 

IV. t~etabo l ism of HDL 

Prodded by a desire to explain physiologically and biochemically how HDL might be 
anti-atherogenic, investigators have been aggressively studying the metabol i sm 
of HDL in man, experimental animals, perfused organs and tissue culture systems. 
The working hypotheses regarding the anti-atherogenic effect of HDL are listed 
below: 

1. HDL picks up cholesterol from peripheral tissues and transports it to the 
liver ~1here it is excreted as cholesterol or bile acids (Fig. 14) (86). 

BILE ACIDS and CHOLESTEROL 

Schematic diagram of Jipo · d h 1 (unest "fi d) h 
1 

.protem an c o estero! metabolism in • :!tan with a bile fistula . C-free 
en e c o esterol. (!1, protem.). 

Figure 14. 
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2. HDL accepts cholesterol from the surface of chylomicrons and VLDL during 
their catabolism and transports this cholesterol to the liver for excretion. 

3. HDL blocks the uptake of LDL in peripheral cells including those responsible 
for atheroma formation. 

We will now review the current facts concerning HDL metabolism to see how well 
these hypotheses have withstood critical examination. 

While significant gaps remain in our knowledge of HDL metabolism, it is clear that 
HDL metabolism is closely related to that of the other plasma lipoproteins. Thus, 
the general scheme for lipoprotein metabolism is presented in Figure 15, (41). 

Bile Acids 

l 
+ l ,--···········--- LDL 

Cholesterol f ~ 

I I . 
I I 
I I 
I I 
I I 
: I 
I I 

f I 
I 
I 
I 

______ ,.. __ , 

Cholesteryl 

) 

Extrahepatic 
Capillary 

Beds 

_,Esters-.... ~ 
' ' Free Cholesterol 

-.Remnants HDL ._ + 
"\.. J (LCAT) Phospholipids 
.....,Free"" 

Cholesterol 
+ 

Phospholipids 

Figure 15. 

A more detailed scheme of HDL metabolism is presented in Figure 16. 

Lipoprotein metabolism will be briefly summarized here but detailed information 
can be obtained in several recent reviews (33,42,43). Chylomicrons are synthe
sized in the intestinal wall and enter the plasma via the lymphatics. They are 
catabolized by lipoprotein lipase (LPL) in extrahepatic capillary beds and 
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the resultant remnants are rapidly cleared by the liver. VLDL are produced 
primarily in the liver but to a lesser degree in the intestinal wall. These 
particles are also catabolized by LPL in extrahepatic capillary beds but the 
catabolic remnants are often converted to LDL. LDL is thought to serve as a 
cholesterol source for extrahepatic cells and it enters these cells through 
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a specific receptor-mediated process (43). Thus, we believe chylomicrons, 
VLDL and LDL transport lipids including cholesterol from the intestine and 
liver to the extrahepatic cells in the periphery. How cholesterol gets from 
the periphery back to the liver for excretion is still poorly understood. 
Until recently, it was assumed that HDL transported cholesterol from the 
periphery to the liver because tissue cholesteryl ester deposits were found in 
patients with Tangier Disease, a rare disorder in which essentially no HDL is 
found in the plasma (30). It has been difficult to experimentally establish 
this reverse transport role for HDL and at the present time, the mechanism for 
"reverse transport" of cholesterol from the periphery to the liver is poorly 
understood. What follows is a summary of our present knowledge concerning 
HDL metabolism. 

The proteins of HDL are produced in both the liver and the intestine (44-46). 
Newly secreted (nascent) HDL particles from each of these organs have a 
discoidal shape (45,46), but the HDL in plasma · is spherical (47). The 
discoidal particles are ·converted to spheres in or near the plasma space by 
the action of an enzyme called lecithin:cholesterol acyltransferase (LCAT) 
(48,49) which is active largely in plasma but also in lymph (50). This enzyme 
functions to transfer a fatty acid from the Number 2 position of lecithin to the 
hydroxyl group of cholesterol and the products of the reaction are lysolecithin 
and cholesteryl ester (Fig. 17). 

LECITHI N 

CH20-saturated fatty ac id 

I 
CHO- unsaturated fatty acid 

I ~ 
CH20-P-chaline 

I 
OH 

LYSOLECI THIN 

CHOLESTEROL 

CHOLESTERYL ESTER 

CH20 -saturatod fatty ac1d 

I # CHOH ;-

1 ?. 
CH20-~-chaline unsaturated ::,.. 

OH fa tty acid 
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The net effect of this action is to convert the somewhat polar cholesterol 
molecule to a non-polar cholesteryl ester and this change in physical properties 
causes t he cholesteryl ester to shift position from the surface of the HDL 
disc to the non-polar core . As more and more cholesteryl ester shifts to 
the core, t he disc gradually assumes the shape of a sphere with protein, 
phospholipid and free cholesterol on the surface and cholesteryl ester (plus 
small amounts of triglyceride) in the non-polar core (Figures 18 and 19). 

LIVER 

This schematic diagram depicts the central ideas 
of our hypothesis of the origin of pseudomicellar HDL of 
plasma. It suggest; that the liver secretes disk·shaped HDL 
i~to ~e . blood plasma. The enlarged cutaway of one par
t~c~e m~tcates that .~e basic structure is that of a phospho
hptd btlayer contammg cholesterol, as in cell membranes. 
The hydrocarbon edge of the disks would of necessity be 
p:o.tecte~ from aqueous plasma by proteins, mainly the ar
gmme·nch apoprotein. The upper part of the diagram illus
trates the proposed molecular events that result from the 
L.CA T reaction. Binding of LCA T to the surface (or edge) 
ot .the diSk 1s followed by formation of cholesteryl esters 
which, by virtue of their insolubility in water, move into 
the hydrocarbon domain of the bilayer. Polar lysoleci thin 
tran.sfers fr_om U:e surface to serum albumin. The enzy
matic trans~ormatton c~nsumes surface molecules and ~n
erate~ an 01ly cor~ wh1ch pushes apart the bilayer until a 
sphencal pseudomocellar HDL of smaller size is formed. 

Figure 18. 

- J __ _ 
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Figure 19. 

Model of HDL. PL =phospholipid, 
PRO = protein, CE = cholesteryl 
ester, FC = free cholesterol, TG 
triglyceride. 

The unesterified or free cholesterol on the HDL surface is thought to originate 
from a non-enzymatic transfer of free cholesterol from cell membranes and also 
from the surface of chylomicrons, VLDL, and LDL (.Fig. 20). 



( 'h.vlomicrons 
\'LDL. 

LDL 

Schematic illustration showing equilibria between the unesterified cho· 
l~tf"rol ( UC) of plasma lipoproteins and pla.'ima membranes nnd the effect of 
coupling these equilibria to the fonnat ion of HDL chnlrstcryl ester ( CE) hy the 
LCA T reaction. 

Figure 20. 

In this scheme, unesterified cholesterol transfers from other structures or 
macromolecules onto HDL after which the LCAT reaction occurs, trapping the 
resultant esterified cholesterol within the interior of the HDL molecule. 
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Such a mechanism would achieve net transfer of cholesterol from tissues to HDL. 

Most of the scheme for HDL metabolism to this point 1~as developed from rat 
experiments but some similar findings have been made in humans. For example, 
HDL apoproteins have been demonstrated by immunochemical methods in biopsies 
of human small intestine and liver (51). The plasma HDL in patients with LCAT 
deficiency are disc-shaped (52). Furthermore, patients with cholestasis and 
alcoholic hepatitis who have very low plasma LCAT activity due to their liver 
disease have disc-shaped HDL in their plasma (53,54). If the patients with 
alcoholic hepatitis recover, the disc-shaped HDL reverts to normal spherical 
forms (54). Very recently, the morphology of HDL from peripheral venous blood 
was compared to that obtained by catheterization from the hepatic vein of the 
same patient (55). In this study, the HDL from peripheral venous blood was 
spherical while that obtained from hepatic venous blood was distinctly disc
shaped. Finally, a negative correlatioro has been reported between the plasma 
HDL cholesterol concentration and the length of the resected intestinal segment 
in patients with Crohn's disease, suggesting that intestinal secretion of HDL 
occurs in man (56). Thus, the scheme depicted in Figure 18 applies,at least 
partly, to the human. 

Disc-shaped particles do not only arise to novo from the intestine and liver 
but may also result from the catabolism of chylomicrons and VLDL (57,58). The 
discs arise when the surface coat of VLDL and chylomicrons becomes redundant 
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following loss of the apolar triglyceride core during lipolysis. Portions of 
the redundant surface coat eventually break off as discs which either become 
HDL particl es or else fuse with existing HDL3 particles to form HDL 2 particles 
(Fig . 16) (40,59). Irregularities in the surface coat of chylomicrons following 
exposure to lipoprotein lipase have been observed by scanning electron microscopy 
(60) suggesting that redundancy of the surface coat actually does occur. Also, 
in human studies, the intravenous injection of radiolabeled chylomicrons obtained 
from a chylous pleural effusion was followed by the sequential transfer of 
radioactive apoA onto HDL particles, suggesting that intestinal chylomicron 
apoA serves as a precursor for plasma high density lipoprotein apoA (61). These 
observations lend further experimental support to the scheme proposed in Figure 16. 

This scheme for HDL formation in the plasma indicates there is a close relationship 
between plasma HDL concentrations and the rate of lipolysis of both VLDL and 
chylomicrons. Evidence from a variety of experiments suggest this relationship 
does have physiologic and possibly pathologic importance. 

First, it has repeatedly been noted that plasma triglyceride and VLDL levels 
are inversely related to the plasma HDL concentration (36,62-65) (Table ll, 
Fig. 21). 

-PLASMA LIPID AND LIPOPROTEIN CHOLESTEROL LEVELS IN CONTROLS AND HYPERLIPOPROTEISAEM.IC SGBJECts• 

-
Cholesterol (mg/dl ) Triglyceride (mg/dl) V.L.O.L. 

Controls (n=l088} 189±40 87±43 16 ± 11 
T ype t (n=12 ) 324±197t 3316±234lt 28l±199t 
Ty-~ 11 ( n=454 ~ 3S4±91t 135±86 24±19 
Type ttt (n=66) 441 ±1l3t 694±486t 292±158t 
Type IV (n=299) 2l1 ±64t 438±417t 78~72t 
T ype v (n=9l ) 373±190t 2071 ±2072t 2H±213t 

• Mc:an values:± 1 s.o. 
t Sigmficantly diffc:rc:nt (P<O·Ol ) from nonnal as determined by analysis of variance. 
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05 0 .9 I 3 

VLOL TRIGLYCERIDE 
I mmole I I. ) 

... 
1 7 

.._.. Moln r " -0.70 p < 0 .001 , 52 QIOUPS 
0 -.0 Females , r ~ -0.33 p(0.05 , 38Qr oup s 

Chole>terol (mg/dl) 

L.O.L. 

123±3l 
22±Bt 

286±199t 
111 ±l3 
136±42 
72±43t 

. Inverse relalionship between HDL cholesterol and VLDL triglyceride (19). Epidemiologic 
studtes have produced conflicting resulls as to the importance of tha concentration of serum 
VLDL and tliglycerides as risk factors for corona~y haart disease. Available evidence suggests 
that the concentratiOn of HDL has an tnverse relationship to risk of coronary heart disease. 
The nsk of VLDL and of triglyceride may, therefore, be related to its reciprocal relationship 
to HDL cholesterol. 

Fi gure 21. 
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Second, administration of clofibrate, a drug which enhances lipolysis (66) 
causes an increase in the concentration of HDL in patients with various forms 
of hyperlipidemia (63,67 ,68) (_Fig. 22). 
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Figure 22. 
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Third, estrogen treatment, which increases triglyceride production (69) and 
adipose tissue lipoprotein lipase activity (70), also increases concentrations 
of HDL2 (71). 

Fourth, a highly significant correlation exists between the plasma HDL cholesterol 
concentration and the fractional removal rate of exogenous triglyceride (!ntra l i pid) 
(72). 

Fifth, plasma LCAT activity is increased during the clearance phase of alimentary 
lipemia (chylomicronemia) induced by a high-fat test meal in normal subjects (73). 

This evidence, while circumstantial, nevertheless strongly suggests that trigly
ceride metabolism in chylomicrons and VLDL is intimately associated with HDL 
production. 

After HDL has been converted from the disc to the spherical form, it undergoes 
further metabolism and is eventually remo·{ed from the plasma. Studies of HDL 
turnover in humans using radiolabeled lipoproteins indicate that the synthetic 
rate for HDL apoprotein ranges from 8-15 mg/kg/day in normal subjects (74-76) 
while the fractional catabolic rate for the lipoprotein varies from 24 to 31 % 
per day (Table 12). 
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labl e 12. Summary of HDL Turnover Parameters in Normal Human Subjects 

Study Patients Diet Fractional Synthetic 
Catabolic Rate Rate 

day- 1 mg/ kg/day 

74 nonna l polyunsaturate fat 0.28 11 .1 

74 normal saturate fat 0.31 15.0 

75 normal 40% fat (P;s 0.2) 0.24 8.5 

76 normal male ad 1 ibitum 0.27 12 .1 

76 nonnal female ad libitum 0.25 11.9 

Some investigators find that the two major HDL apoproteins (A-I and A-II) disappear 
from the plasma as a unit (75) but others find that apoA-I is cleared from the 
plasma more quickly than is apoA-II (77). The reason for the discrepancy is 
unkn0\'1!1. Thus far, the turnover studies have not provided clues as to 1·1hy ~;omen 
have higher HD L levels than do men since the HDL turnover characterist ics are 
similar for both sexes (76,77). 

Relative to t he hypothesis presented in Figure 14, it is instructive to compare 
the plasma f lux of chol esterol on HDL and LDL and the calculations are given in 
Table 13. While the flux of apoprotein in both LDL and HDL are similar, the 
cholesterol carried per mg protein is much greater on LDL than on HDL and the 
total dail y flux of cholesterol in LDL is 3 times greater than that in HDL. 
The point to remember from these calculations is that one should not view 
cholesterol flux in man simply in terms of LDL transport from the liver to the 
peri phery and HDL transport in the reverse direction since the flux rates for 
cholesterol on these two lipoproteins are unmatched by several orders of mag ni tude. 

Table 13. Comparison of cholesterol fl ux on HDL and LDL 
in normal human subjects. 

Apoprotei n Synthetic Rate (mg/kg/day) 

Cholesterol/protein ratio 

Chol esterol flux (mg/kg/day) 

Daily cho lesterol flux in 70 kg man 
( mg/day) 

LDL (78,79) 

8-,14.4 

1.6 

12.8-23 

896-1610 

HDL 

8.5-15 

0.5 

4.3-7.5 

301 -525 

The ultimate metabolic fate of spherical HDL particles remains un known. Fol lowing 
the injection of radiolabeled HDL in to rats, radioactivity was found in the liver 
and kidney (80). However, HDL cholesterol does not appear to be taken up si gni
f icant iy by the rat liver (81 ,82) and in a recent study comparing the catabolic 
rate of rat HDL in the perfused rat liver and in the intact animal, it was con-
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eluded that the liver catabolized only 7% of the total HDL degraded per day (83) . 
Thus in the rat, it appears that most of the HDL is degraded in non -hepat ic 
tissues. Although similar studies have not been performed in ma n, evidence has 
been obtained in human subjects who had catheters placed in their aortas and 
hepatic veins that LDL cholesteryl ester, but not HDL cholesteryl ester, 1·1as 
taken up by the splanchnic bed, as judged by A-V differences in the concentrations 
of these two lipoproteins (84). \4hil e these experimental results in humans 
cannot be unambiguously interpreted, they do suggest that LDL, rat her than HDL, 
transports cholesteryl ester to the splanchnic bed (? pr ·imarily to the 1 iver). 

Another group of investigators, studying patients with T-tubes in their common 
bile ducts, determined that free cholesterol on HDL appeared much more rapidly 
in the bile as bile acids or free cholesterol than did free cholesterol on LDL 
(85,86), and these results were interpreted to indicate t hat HDL cholestero l 
might be preferentially taken up and excreted by the liver. It is more likely 
that these experi menters actually observed exchange rather than net t ransfer 
of cholesterol from HDL to bile and the true meaning of their experiments is 
unknown. Certainly one cannot conclude from the study (85) that HDL cholest ero l 
is preferentially utilized by the liver for secretion into the bi le. 

In considering the interaction of HDL with tissues, we have already mentioned 
the proposed non-enzymatic interaction of nascent HDL with cell membranes as 
depicted in Figure 20. Two other modes of interaction between HDL and t issu es 
have also received experimental attention and these are: ( 1) the r emoval of 
cholesterol from cells by spherical HDL and (2) the interaction of HD L with 
LDL binding sites on cell membranes . 

Spherical HDL, isolated from plasma, has been shown to remove cholesterol from 
atheromas in vitro while the other lipoproteins were unable to do so (87). 
Likewise, high density lipoprotein apoproteins mi xed with phospholipid were able 
to remove cholesterol from cultured human skin fibrob lasts and rat aortic smooth 
muscle cells (88 ,89). The physiologic significance of these observations has not 
been determined. 

Much more attention has been focussed on the possibility that HDL inhibits t he 
binding of LDL to the LDL receptor on cell membranes. Th is receptor was f irs t 
described by Dr. t~ ichael Brown and Dr. Joseph Goldstein at ou r institution and 
its bi ological significance was underscored when the impact of its absence ~1as 
examined in patients with homozygous Familial Hypercholesterolemia (43). The 
LDL receptor appears necessary for the proper regulation of both intracellular 
cholesterol meta bolism and plasma LDL metabolism (43,79) and in its absenc e , 
accelerated atherosclerosis results. A schematic diagram of the LDL receptor 

pathway is presented in Figure .23 (43 )·. It is important to remember that 
patients with Familial HypercholesteroluT.ia lack the normal number of function ing 
LDL r eceptors and also have extensive atheroscleros i s . Thus, although t he LDL 
receptor serves to deliver cholesterol in the form of LDL into cells, this 
process does not appear to produce atherosclerosis. The presence of normal 
functioning LDL receptors and the LDL pathway in cells is therefore thought 
to represent a system ~~hereby t issues can take up cholesterol without atheroma 
formation. It is important to stress this point in view of the hypothesis that 
HDL protects against at herosclerosis by inhibiting the bi nding of LDL to its 
receptor because the hypothesis does not make much sense if LDL uptake by the 
receptor i s not actually harmful, )~ith this bac kground information in mind, 
we will briefly review the data ~1hich resulted in thi s hypot hesi s . 
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Carew et al. noted that HDL partially in hibited the upta ke and degradat i on of 
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LDL by cultured porcine arteria l smooth musc l e cell s and also part ial ly sup pressed 
the net increment in cell sterol content induced by LDL (90). These investi ga
tors su bsequently extended their observations to cultured human f ibroblasts (91). 
Since this observation could not be reproduced in other laborato r~ es (92), the 
hypot hes i s was viewed with skepticism. Recent experiments by Mahley and co
wor kers appear t o have cleared up the confusion. These invest igat ors discov ered 
an unusua l apoprotein complex in both VLDL and the HDL2 density region of normal 
human pl asma (1.063-1.125). The complex consists of apoE and A-I I lin ked 
together by a disu l f ide bond and the complex was found as a major apo protei n 
const itu ent in a minor subclass of normal pl asma HDL termed HDL1 or HOLe (Table 14 ) 
(93 , 100). HDL1 was shown to account for most, if not all, of the hi gh aff inity 

. bi ndi ng· of HDL (d=l .063-1 . 215) to LDL receptors on the surface of human fibro
blasts (94) . Furthermore, the binding of this HDL1 mater ial is due t o the 
pr esence of apoE in the molecule (94). The biolog1cal signi fi cance of t his 
apoE-cont ain i ng HDL subfraction is un known but its concentration is increased in 
human su bjects fed 4-6 egg s/day for 4 wee ks or 3 eggs/day for 18 ~1ee k s (95) . 
This increase in apoE-containing HDL occurs even if the total plasma cholestero l level 
i s unaffected by the consumption of eggs. We do know t ha t this apoE-containing 

HD L1 fraction precipitates in t he presence of heparin-man ganese sol ution so i t 
is not measured as HDL in the clinical laboratory (vida infra). Therefore, its 



Density 
Electrophoretic Mobility 

Particle Size (..l.) 
Chemical Compositiond 

Major Apoproteins 
Heparin Precipitable 
LDL Receptor Binding~~' 

Choraderidics of LDL, HDL,, orw:l "typi<or• HDLo 

LDL HDL., 

1.02-1.06 1.03-1 .10' 
fJ .. 

or slow a1c 
16()-240 130-250 
CE-rich CE-rich 

(CE core) (CE core) 
8 E,A·I(A·II)• 

y., Yes 
Yes Yes 

''Typical" 
HDL 

1.06-1 .21 
., 

8()-100 
Protein, PL 

A·I(A·II)' 
Nof 
No' 

• 
11 

For precise ch_orocterizafion of these lipoproteins for each species see references 
'"teat to the parhculor animal (generalized summary of properties) for definition of 
"t~picol" HOL see Summary and Conclusions section, p. 26. ' 
. The density at which HOLe float depends on the cholesteryl ester content. The 

h1gher the plasma cholesterol level, the 1\igher the cholesteryl ester content of the 
HOLe and the lower the density at which they Root, 

c N the particles become more cholesteryl ester-rich and conta in more of the E 
opoprotein, they migrate more slowly, 

d CE, cholesferyl esters; PL, phospholipid. 

• The A:ll apoprotein is·not o prominent constituent in some species. E, arginine-rich 
opoprotem. 

1 Not precipitable ot low levels of heparin and manganese, 

fl Ability of these lipoproteins to bind to the high affinity cell surface receptor of 
flbroblasts and smooth muscle cells grown in culture. 

A No binding activity after the a po-E-containing subclau is removed (.(7). 

Table 14. 
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presence in the blood bears no relationship to the inverse correlat io n of HDL-C 
levels with coronary heart disease. In addition, it is unlikely that HDL1 is 
metabolized by the LDL receptor s ince it does not accumulate in the plasma of 
patients ~1ith receptor-negative homozygous Familial Hypercholesterolemia. 

In summary, HDL plays an important role in the catabolism of other lipoproteins 
but its putative role in reverse cholesterol transport remains unclear. The 
interaction of HDL with the LDL receptor is due to the presence of an apoE
conta ining HDL1 fraction of unknown biological significance and since this 
fraction is not measured in the clinical laboratory as part of HDL-cholesterol, 
its presence in plasma does not affect the inverse association of HDL-C with 
atherosclerosis. 

Some consideration should be given to the possib i lity that cholesteryl esters 
are transported in plasma by a process similar to that for free fatty acids 
( FFA). FFA are transported through plasma bound to a 1 bumi n and although 
plasma FFA concentrations are normally very low, they exhi bit rapid turnover 
and therefore contribute sign i fic antly to energy flux (96). Recently a 
cholesteryl ester t ransfe r protein (or exchange protein) has been isolated 
from human p 1 asma ( 97-99). 1.-lhil e it has been shown to facilitate the transfer 
of cholesteryl ester from HDL to 'ILDL or LDL, the possibility that it also 
transfers cholesteryl esters f rom tissues to lipoproteins or to other tissues 
has not been exp lored but studies in this area will no doubt proceed rapidl y . 
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V. Measurement of HDL 

Since HDL is a complex molecule, there are several parameters one can measu ; " to 
arrive at an HDL concentration. The most common method is to quantify the choles
tero 1 in HDL after the 1 i poprotein has been separated from the other p1 asma 
lipoproteins by precipitation or preparative ultracentrifugation. Newer methods, 
still largely experimental, involve the radioimmunoassay of the HDL apop ..-oteins, 
A-I and A-II. If one is interested in HDL? and HDL3 measurements, current 
methodology is specialized and expensive s1nce analytical ultracentrifugation 
or zonal ultracentrifugation is required. The estimation of HDL concentrations 
by lipoprotein electrophoresis and densitometric scanning is not recommended for 
risk factor analysis. 

The precipitation of the non-HDL, apoB-containing lipoproteins from serum remains 
the most practical way to quantify HDL cholesterol. The precipitation is usually 
achieved with a mixture of sulfated po~saccharides (Heparin or Dextran sulfate) 
and divalent cations (ca++, Mg++ or Mn ). Occasionally phosphotungstate has 
been employed. The general outline of the raction is illustrated below (F ig . 24). 

Plasma 

+precipitating mixture. 

Precipitate 
(VLDL, LDL, Chylomicrons) 

Supernatant ---------+ 
(HDL) 

MEasurement 
of 

Cholesterol 

Figure ·24. General Scheme for HDL-Cholesterol Quantification 
using the precipitation technique. 

The various procedures used in the HDL-C determination have been extensively 
evaluated (101-104) and a comparison is given in Table 15 (104). 



Comparison of Mean HDL Cholesterol by Several Techniquesa 

Samples 

Correct~d Hii!parin.M n2+ Dextran 
d > I.063 SulphateC Phosph otungstacef Heparing 

Source fractionb .046 Me .092 Md 500 Mg2+ Mg2+ Ca2+ 

Plum a 
Women 30 61.7 63 .9 60 .7 58 . 1 57 .4 66.7 
Men 27 44.4 45 .7 44.1 43.6 42.8 51.5 
Children 8 52.2 53.0 50.8 48.0 49.0 57 .2 

All Subjects 65 53.4 55 .0 52 .6 50.9 50.3 • 59.2 

Serum 
Wom en 10 70.0 70.5 66.9 62.4 64 .7 75.0 
Men 10 44.7 44.2 42.8 40.0 41.6 53. 1 

All Subjects 20 57.4 57 .4 54 .8 51.2 53.2 64 .0 

•Results expressed in mgfdl • 
bcorrected for losses of cholesterol durinJ ultracentrifugation and the presence of apoB-associated cholesterol. 
CAccording to the Lipid Research Clinics Procedure (12) . 
dAccording to Warnick and Alb~rs (14). 
e According to Kastner ( 17} ' 

!According to Lopn et al. (18) . 
IAccording to Srinivanson et al. (19) . 

Table 15. 
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The most wide ly used procedure is the Heparin-Mn 2+ method using 46mM maganese 
chloride and this method works well with serum, precipitating generally less than 
2% of the HDL. If this procedure is applied to plasma containing EDTA, preci
pitation of apoB containing lipoproteins is incomplete and the HDL-C is over
estimated. A 2-fold increase in the MnCl2 concentration to 92 m~ solves the 
problem (104). Since EDTA is preferred for lipoprotein work, particularly when 
chylomicrons are in the plasma, this slight modification in the original 
procedure has been recommended for general purposes. The increase in manganese 
concentration may, however, interfere with cholesterol determinations made with 
enzymatic methods so laboratories must weigh all these factors before standardizing 
their assay conditions. 

Lipemic samples require special attention because the precipitate formed upon 
addition of heparin-manganese often does not sediment completely, leaving a 
turbid supernatant. The simpliest way around this problem is to filter the 
turbid supernatants with a 0.22 ~m filter after which cholesterol determinations 
can be made on the clear filtrates (105). 

Since cholesterol makes up only 15-20% of the weight of HDL while protein makes 
up 50%, efforts have been made to quant i fy the HDL protein for use as another 
index of the plasma concentrations of this lipoprotein . Various immunoassay 
procedures have been developed to quantify apoA-I and apoA-II, and most of t he 
work in this area has come from laboratories in Seattle and St. Louis (104,106, 
107). While apoA-I and apoA-II assays do not have immediate clinical relevance, 
it is possible, and likely, that they ~1ill be used in the future . For that 
reason, some representative studies are summarized below. 
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Representative data on HDL apoprotein assays from Seattle is given in tables 16 
to 18 (104). The data in Table 16 indicates that apoA-II levels increase slightly 
with age in v1omen but not in men. 

Plasma A·JI in Normal Subjects 
(m~:~.n!: S.D., mg/dl) 

Numbu Plasma A· ll 
Age 

2()-29 
30-39 
40-49 
5()-59 

Men 

27 
53 
55 
35 

Women 

82 
33 
44 
27 

Table 

Men Women 

34 t 4 35 t 6 
33 t s 3S t 7 
34 :t: s 37 t 5 
33' s 38 t 6 

16. 

This data in Table 17 indicate that apoA-I levels increase significantly with 
age, especially in women . Considered together, the data in these two tables 
indicate that HDL apoA-1/apoA-II ratios change somewhat with increasing age. 

Age 

2()-29 
3<>-39 
4()-49 

. S<>-59 
60-65 

Men 

so 
77 
77 
ss 

4 

Plasma A-I levels in Normal Subjecrs 
(meant S. D .• mg/dl} 

Number 

Women 

114 
39 
62 
37 
s 

Table 17. 

Men 

117! 18 
117 t 19 
120' 10 
125 t 22 
126 ' 20 

Plasma A ·l 

Women 

132' 26 
I 35 t 26 
I 37 t 22 
140 t 32 
168 ' 23 

Table 18 presents some pooled data from the Seattle lab. It is clear that both 
HDL-C and apoA-I are increased in women as compared to men. Women taking estrogen 
preparations also show increased HDL-C and apoA-I levels as compared to controls. 
Estrogen-progesterone combinations, however, do not appear to have as marked an 
effect on HDL-C and A-I levels. 

Plasma HDL-Cholesrerol, A-I and A-Ji Levels in Normal Subjectsa 

Subject group HDLCH A-1 

All men 192 45 120 
All women 188 55 135 
Women t<Jking no estrogenb 92 54 130 
Women on estrogen 19 61 149 
_Women on estrogen and progesterone 56 54 140 

A-ll 

33 
36 
34 
39 
39 

•Normal subjects refers to a subset of an industrial population who were selected inde
pendently of their liPid levels. Resulrs t!xpressed as mean levels in mg/dl . 

baefers to a subset of women from the population who had taken no medication for 
2 weeks b.:fore blood \Jrawina. 

Table 18. 
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In St. Louis, Dr. Schonfeld and co-workers have been collecting data on hyper
lipidemic individuals classified by lipoprotein phenotyping because they ~1ere 
unable to carry out the fam il y studies needed to establish genetic diagnoses 
(107). 

These workers noted that HDL cholesterol levels were lowest in patients with 
hypertriglyceridemia whereas HDL triglyceride levels were highest in these 
patients (Table 19, A and B). However, when they measured the A-I and A-II 

A 

B 

Lipoprotein Lipid Levels in Hypc:rlipidt:mia (Men)3 

Pht:no type TG LDL·C Hlll -C: HOL-TC 

N 90 t 34 12 I t 33 47 ! 12 9 ' 5 
(41) 
II a 141 t 30 240 t 49b 36! ,c 10' 5 
(10) 
lib 258 t I 11b 242 ; 69b 37 .!: sc 13 ! 4< 
(10) 
III 223 1 s9b 126! 27 42 ! 6 18 t 4 h 
(6) 

393 t JJob IV 123t29 34 t 1 sb 17! 6b 
(14) 
v 2310 t 884b 57: 19b 21 1 5 26 ' 6b 

•Results 1re in mgfdl ; mean ± I S.D. ; TO = tr iglycerid e; C : cholt:sterol ; LDL :::- low 
density lipoproteins ; and HOL = high density lipoproteins . Typ-e II pati t: nts had LDL·C > 
190 mgfdl. Types Jtl were diagnosed by VLDL·C/VLDL-TG > 0.42 and isodt:ctric focusing 
or VLDL apoprotein. Types IV and V had TG > 2 SO mg/d l. Means of patient groups are 
compared to the mean of normolipidt:'mic controls (N). Numbers o f individuals pt:r group 
are in parenthists . (The same designations pertain in Tables II , JV.V IIl) . 

bp<O.OOOJ. 
Cp<O.OOS. 

Lipoprotein lipid Levels in Hyperlipidemia (Women)a 

Phenotype TG LDL-C HDL-C HDL-TG 

N 74 : 32 I 17 ! 29 54 I 5 10 ' 5 
(33) 
II a 136b t 31 230l-!JS so 10 I 3 t 5 
(12) 

243b ' 40 225b' 58 lib 44C t 15 11bt4 
( 9) 

sosd, 456 III 123 !: 26 45d t I I 17d !. 6 
( 5) 

430d t 204 IV lOS ! 45 Job ±s 23b ! 8 
( 5) 
v 1419 81 24 22 

1Results are in mg/dl ; mean t 1 S.D.; TG = triglyceride ; C =cholesterol; LOL =low 
density lipoproteins ;- and HDL = high density lipopro teins. Tyfle II patients had LDL-C > 
J90 mgfdl. Types l~l were diagnosed by VLDL-C/VLDL-TG > 0.4'2 and isoe lec tr ic focusing 
of VLDL apoprotem. Types IV and V h3d TG > lSO mg/dl . Meo:~ns of patient groups are 
co~pared to _the mean or normolipidemic controls (N). Numben of individuals per group 
are ~~~~~~~:~es . (The same designations -pertain in Tables 11, IV-V.IJ I) . 

z<o.os . 
p<.O.OJ. 

Table 19. 

levels in these patients, only those with the highest triglyceride level s 
(type V phenotype) showed any significant reduction i n A-I and A-II levels 
(Tabl e 20, A and B). 



A 

B 

Apolipopro r~in A·l and A-ll levels in 
Hrperlipid e mia (Men)a 

Phenot)'~ ApoA·I ApoA-11 

N 109 , 24 40 ! 8 
( 19) 
II a I 08 t 37 38 t 10 

( 8) 
lib 124 ± 44 44 t 7 

(13) 
Ill 121 t 26 41 t 9 

( 6) 
IV 104 .t 30 36 ! 8 

(17) 
v gob 1 t4 Job 1 12 

8 Results are in mgfd l given as me! ns .t I S.D. ; non· 
paired t · t~sts are calculated using log transformed data. 

bp< O.OS. 

Apolipoprotein A-I and A-ll Levels in 
Hy perlipidemia fWomen)a 

Phenotype 

N 
(21) 
II a 

(II) 
li b 

( 8) 
Ill 

( S) 
IV 

( S) 
v 

(I) 

ApoA·l 

mgfdl 

12 2127 

Ill t 19 

109 ' H 

102 ± 14 

96c 1 18 

81 

Apc>-A·II 

37 t 6 

45b t 10 

45 ! 13 

43 t 12 

38 t 14 

44 

3 R~su lts are in mgfd l given 35 means 1 I S.D. ; 
non paired t-tests are calculated usin&log transformed 
data. 

bp<O.OJ. 
<p<O.Ol. 

Table 20. 
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These f indings indicate tha t the apparent inverse correlation of HDL-cholesterol 
concentrations with plasma triglyceride levels may actually reflect a change in 
HDL composition more than a change in the number of molecules of HDL present in 
pla sma in all but the most severe forms of hypertriglyceridemia . Thus, hyper
triglyceridemia is associated with a shift in HDL lipid content such that each 
molecule contains more triglyceride and less chol esterol. Measurement of HDL 
chol esterol in this setting, therefore, may not reflect a change i n HDL particle 
concen t ration. The significance of these changes is now under study. 

Studies relating A-I and A-II levels to the risk for atherosclerosis are already 
being publ i shed. There is uniform agreement that patients who survive a myo
cardial infarction have lower A-I levels than controls and this change parallels 
that for HDL-C (108-110) . Similar results were found in patients wi t h peripheral 



vascular disease (109). 

In a recent study comparing lipid, lipoprotein, and apoprotein levels in 21 8 
survivors of myocardial infarction with 160 controls, the investigators found 
the expected lower HDL-C, lower A-I, higher total cholesterol, and higher 
apoB concentrations observed in previous studies and there was considerable 
overlap between the infarction victims and the controls (Fig. 25) (111). 

HOl-C 

rfh.___rrfh IC/8 

o=U,UJ--Q-illf--n-,_, 

::J~ 
~' ~7 1-0 lJ 1~ 1-9 

Distrib~tion o( valuu of H.D.L.·cholcsterol (HDL-C) aad apo
proteuu A1 a.ad B aad ratios totaJ-cbohesteroVapo-8 (TC/8) 

:::!::~~~:8 ~:~~r:,:_ormolipzmic survivon or myo· 

Figure 25. Clear blocks represent 
controls and shaded areas 
represent the survivors 
of myocard ial infarcts. 
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When the ratio of total cholesterol to apoB or the ratio of A-1/B were plotted, 
however, a bimodal distribution results and reduces the overlap between the 
MI victims and the controls (Fig , 25). Whether this type of analysis will have 
any predictive value with regard to cardiovascular risk is not yet known : 

The same group of investigators has also determined that. A-I levels drop 
immediately following a myocardial infarction while HDL cholesterol levels 
remain unchanged (112). After 25-30 days, the A-I levels return to baseline. 
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Factors Influencing Plasma HDL-cholesterol levels. 

A variety of factors including age, sex, time in the menstrual cycle, body weight, 
seasons of the year, exercise, cigarette smoking, alcohol consumption, diet, and 
genetic factors are believed to influence HDL levels. These findings are briefly 
summarized belo~1: 

1. The influence of age and sex in HDL-cholesterol levels in the United St~tes. 
The most extensive data has been generated in a prevalence study conducted 1n 
the Lipid Research Clinics Program. The data is presented in tabular form for 
each sex (Tables 21 and 22) and is depicted for both sexes in Figure 26 (113). 



Age 

5-9 
10· 14 
I 5-19 
20-24 
25·29 
30 -34 
35 -39 
40-44 
45-49 
50-54 
55·59 
60·64 
65-69 
70+ 

Table 21. 

Mean Plas ma Total Chol~sterol, VLDL·C, LD L-C and Hl>L·C in 
White Females in I I North Am~rican l'opulafionsa 

Total cholesterotb VLDL-Cb 
AGE N mgfdl mgfdl 

5-9 126 !64.0 t 1.8 9 .7. 0 .7 
1().14 248 160. 1 !; 1.5 10.9 ± 0,4 
I 5-1 9 297 159.5. 1.6 11 .8. 0 .5 
20·24 199 170.3 ±2.5 13. 5±0.6 
25-29 314 179 .5±1.7 13.4±0.5 
3().34 337 179.2±1.7 12 .2. 0.5 
35·39 300 189.6:!: 2.1 15.4. 0.7 
4()-44 319 197.5 t 1.9 14.7±0.5 
45-49 329 .206.2 t 2.0 17.4t0. 7 
50· 54 257 217.3±2 ,4 17.2±0.7 
55· 59 25 I 228.7. 2.4 20.7. 1.0 
60-64 145 232.3±3.7 16.7 ± 1.8 
65-69 130 234. 1 ± 4.0 17.0 ± 1.3 
70+ !43 224.5 ± 2.8 I 5.6 ± 1.2 

•source : LRC_Prevalence Study, Visit 2 Random Sample. 
bMe.an t SEM. 

LDL-Cb 
mg/dl 

10 0.4 t 2.1 
97.4.:!: 1.3 
95 .7 ± 1.5 

103.7. 2 .2 
110.2 • 1.6 
111.3 .:!: 1.5 
119.7. 2.0 
125. 1 t. 1.8 
129.4. 1.9 
138 .1 ± 2.3 
146 . 1 • 2 .4 
152 .0. 3.6 
153.8. 4 . 1 
148 .6 ± 2.7 

Me01n Plasma Tot.al Cholesh:rol, VLDL-C' , Llll..C and HDL-C 
in White Male5 in 11 North American Populations• 

Total cholesh:rolb VLDL-Cb LDL-Cb HD.L-Cb 

N mgfdl mgfdl mgfdl mgfdl 

148 155.3 ± ~ 1 .8 8 .2 t 0 .5 92 .5 ± 1.8 55.8.:!: 1.0 
299 160.9 t 1.5 9 .9 t 0 .4 96.8 ± 1.4 54.9 ± 0.7 
299 153 . 1% 1.4 12.8! o.s 94.4 t 1.3 46.1!. 0.6 
118 162.2 t 2 .5 13.7 ± 0.8 103.3. 2 .4 45.4 t J.O 
253 178.7 t 2.1 17.4±0,9 116.7 t 1.9 44.7 i 0 .7 
403 193.1. 1.8 21.3. 0.9 126.4. 1.6 45 .5 ± 0 .6 
372 200.6 t 1 .9 24 . 1 t 1.0 133.2. 1.7 43.5. 0 .6 
385 205 .2 • 1.9 25.5. 1.2 135.6±1.6 44.2 t 0 .6 
327 213.4 t 1.9 24.4 ± I. I 143.7. 1.8 45.5 t 0 .6 
340 213 .2>1.9 26.8. 1.1 142.3 ± 1.7 44. 1 !: 0.6 
261 215 .0. 2 .2 21.6 t 1.1 145 .8 t 2 . 1 47.6±P.9 
131 216.6. 3.3 18 .9!:1.3 146.3 ± 3 .1 51.5 t 1.3 
lOS 221.0. 3.8 19.7 t 2 .0 150.4. 3 .5 51.1 t 1.5 
119 210.3 ± 3.4 17 .0 ± 1.2 14_2 .9 ± 2 .9 50.5 ± 1.7 

42 

HDL-Cb 
mg/dl 

53.2 ~ 1.0 
52.2 t 0.7 
52.3:!: 0.7 
53.3 • 1.0 
56.0 ± 0.8 
56 .0.:!: 0 . 7 
55 .0 t 0.8 
57 .8 t 0 .9 
59.4 ± 1.0 
62.0 ± 1.0 
62.2 • !.I 
63.8! 1.4 
63.3 ± 1.8 
60.7±1.4 

•source : LRC Prevalence Study, Vi5it 2 Random Sample. 
bMean t SEM . 

Table 22. 

AGE h•nrs) 

. ·. Mean plasma total cholesterol, LDL·C, . 
HDL·C and VLDL-C by 10-)'ear age groups for 3581 
males and 3426 fcmal.,._ LRC Prevalence Study, Visit 
2 random sample. 

Figur.e 26. 
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In females, a mean HDL-C level of about 53 mg/dl is maintained between ages 
5-24 years after which it rises to 56-58 mg/dl between 25-44 and to a peak 
of 64 mg/dl in the years 60-65. It then drops to 61 mg/dl by age 70 and beyond. 

In males, a mean HDL-C of 55 mg/dl is observed from 5-14 years but after 14, 
the level drops to 46 mg/dl and remains at 44-46 mg/dl through the 50-54 age 
range, after which it rises to about 51 mg/dl. 

Values for persons 6-19 years of age are presented in Table 23 and Figure 27 
(113). Beh1een ages 6 and 13 years, males have slightly higher HDL-C levels 
than females but after age 13, females have substantially higher levels (113). 
Similar observations for children have been reported in two other large scale 
studies from Bogalusa and Cincinnati (114,115,116). 

Mean Plasma Total Cholesterol, VLOL..C , L11L.C,and HDL·C, 
in White Children A&:es 6 · 19 years, in Selecred North 

Males 

Total choleslerolb VLUL-Cb 
Age N mgfdl mgfdl . 

6-7 67 155 ,9 t l.S 6.9 t 0 .6 
8-9 71 155 .6 ± 2 .6 9 .6 t 0.8 

10-11 93 164 .0 t 2.9 10.4 t 0.8 
12-13 1~2 159.5 t 1.8 9.0 t 0.5 
14-15 129 154.8 ± 2 .3 10 .7 t 0.7 
16· 17 160 152 .1. 1.8 13.5±0.7 
18-19 67 156.6% 3.3 13 .8. 0 .9 

Females 

6-7 58 162 .2. 2 .4 9.8 • l.1 
8-9 60 166. 1 ± 2 .7 10.6.!. 1. 1 

10-11 101 161.3 t 2 .3 11.8!:0.8 
12-13 102 160.8±2 .3 10.6 ± 0 .7 
14-15 122 154 .9±2.4 10.6 ± 0.6 
16·17 164 159.7 1 2.1 12.310.6 
18-19 53 165.7 i 4 . 1 11.1 ± 1.1 

8 Source: LRC Prevalence Study, Visit 2 Random Sample . 
bMean ± SEM. 

Table 23 . 
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American Populations 8 

LOL-Cb 
mgfdl 

95.0. 2.5 
90.5 t 2.4 
96.8 t 2.8 
95.4 t 1.7 
95 .5 t 2.1 
93.2% 1 .6 
99.3. 3.2 

100.5. 3 .3 
100.0. 2 .9 

98 .1%2. 1 
97.7±2.0 
93.5. 2 . 1 
95 .2 1 2 .0 

101.813.5 
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HDL-cb 
m&fd1 

56.0 1 1.3 
55 .6%1.5 
57. 3 t 1.2 
55 .9 t 1 . 1 
49 .2 t 1.0 
45.6. 0.8 
43.7 t 1.0 

50.1 t i.7 
SS .1.! 1.4 
SLS t 1.1 
53.0. 1.0 
Sl.O ± 1.0 
52 .8 i 1.0 
S3.l 1 1.6 



The Bogalusa study has actually made measurements on children since birth 
and the resul t s indicate that t he plasma HDL cholesterol levels (~) rise 
steadily from birth through the age of 5 years (Table 24) (116). 

Serum Lipopro tein Cho lesterol anc.J Triglycerides by Age 
Bogalusa Heart Study, t973-1974. Mean (95th Percentile) 

Cholesterol 
Age N• Total a-h p.b Pr~ -pb 

Birth 419 70 (103) 36 ( 60) 30 ( SO) 4 (12) 
6 Months 312 135 (185) 51 ( 88) 74 (Ill) 10 (25) 
I Year 291 145 ( 193) 53 ( 81) 83 (121) 9 (25) 
2%- S\Iz Y~ars 694 I 57 ( 198) 60 ( 90) 91 (129) 6 ( 18) 
$-14 Years 3446 165 (21 S) 68 (104) 89 (130) 8 (22) 

aNonfasting included in total numbers ; number~ vary slightly for e-tch variable. 
bFasting samples only. 

Table 24. 

Tri~lyceridesb 

40 ( 54) 
92 ( 169) 
82 (I 58) 
63 (I 13) 
69 ( 126) 
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2. Obesity and HDL-Cholesterol Levels. HDL cholesterol levels are inversely 
correlated with body weight both in adults (16,21 ,ll7,ll8,120,l2l) and in 
children aged 10-14 (ll6). This finding is not totally unexpected since 
obesity is positively associated with plasma triglyceride levels and plasma 
triglyceride levels are inversely associated with HDL-C concentrations. It 
is reasonable to supppse that ~Ieight reduction might be associated ~lith a 
rise in HDL-C levels .63,121) but this change has not been uniformly observed 
(ll8,119). Studies in this area are limited, however, and it is premature 
to predict how weight loss will affect HDL-C levels in human subjects. 

3. Diet and HDL-Cholesterol Levels: Dietary factors influence HDL-cholesterol 
levels. The response of HDL to the low fat, low cholesterol diet used to treat 
hyperlipidemia is of major concern and data is available from several sources 
(121-125). Hilson et al. found that the Fat-controlled American Heart 
Association (AHA) diet unrestricted in carbohydrate content lowered all plasma 
lipoproteins levels but specificall y, the HDL level was lowered an average of 
6.2 ± 2.5% (note: quantification 1~as by lipoprotein electrophoresis) (122)· 
In contrast, if this diet was modified such that 30% of the calories were 
derived from carbohydrate and 50% from fat (P;s = 1.5), then HDL levels did 
not change while VLDL and LDL levels dropped (123). 

Recent evidence from the Multiple Risk Factor Intervention Trial (MRFIT) 
indicates that adherence to a fat-controlled diet does not have a major 
influence on the HDL-C level in either direction (121 ,124). This observation 
is actually disappointing since it was hoped that dietary-induced reduction 
in the other lipoprotein fractions would be accompanied by increases in HDL-C. 
More encouraging results have been observed in Oslo where a 25% fat diet 
(P;s = 1.01) was associated with a 20% rise in HDL-C levels while total 
cholesterol and triglyceride levels declined (125). Data from the MRFIT (IZ4) 
and Olso study (125) are listed in tables 25 and 26, respectively. 



-Mean HDL-Cholesterol Level and Adherence to Fat-Controlled Diet• 

Pta1me HOLaChoiHierol. mg/dl 

Inc..-
Dlotory _,,._ AnniUII Viall, 

Adhllf8nee ..... -· MNn 80 
Excellent (N- 25) 48.4 52.2 3.8 13.5 
Good (N•71) 47.1 51.1 4.0" 10.0 
Fair (N•40) 45.7 45.7 0.0 12.3 
Poor (N• 11) 47.6 48.0 0.4 7.5 

• Oeoree of adherence to standard fat...controlled dlet designed to lower serum cholesterol conCf!ln· 
tratlon wu baaed on Mlf.-reported dietary paltetnt (N • 147). HDL Indicates high-density lipoprotein. 

tP< .OS. 

Table 25. Data from MRFIT Study (124). 

Four Year Data (mean± SEM) 

HDL cholesterol (mg/dl) 
" HJL cholesterol ratio" ' 
Total cholesterol (mg/dl) 
LDl cholesterol (mg/dl . calculated') 
Triglycerides. fasting (mg/dl) 
Serum uric acid (rng/dl) 
Relative body weight (weight (kg)/height2 ) 

Troattd 

50.09:!: 2.65 
2~ . 27 ± 1.85 
263.2:!: 6.11 
187.0:!: 5.65 
129.3:!: 12.39 
4.77:!: 0.16 

23.28:!: 0.52 

' HJL cholesterol ratio: HDl cholesterol X 100 to Total cholesterol - HDL cholesterol. 

42.22:!: 1.33 
14.36:!: 0.65 
341 .2:!: 6.70 
258.0:!: 8.10 
2Q0.2 :!: 15.05 

5.40:!: 0.14 
25.65:!: 0.52 

1 Accordin9 to the equation: LDL cholesterol • Total cholesterol - HDL cholesterol - Triglycerldes/5. 

Table 26. Data from Oslo Heart Study (125). 

Sl;;ni!i.c•nc• 
Ltnl of 

OiHertr.cK 
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p <0.01 
p <0.001 
p <0.001 
p <0.061 
p <0.01 

0.05 < p < ~ . 1p 
p <0.01 

Diets very rich in polyunsaturated fats (P;s = 4) have caused up to 33% 
reductions in HDL-C but such diets are not therapeutic (74). 

High carbohydrate diets produce falls in plasma HDL-C concentrations (63, 
75,126,127). Both sucrose and glucose produce the same effect (127). Not 
only is HDL changed in composition by carbohydrate feeding (127) but its 
catabolic rate is increased by 39% while its synthetic rate is unchanged 
(75). 

Vegetarians consume very low cholesterol-containing diets enriched in 
polyunsaturated fat. Their HDL-C levels are lower than controls consuming 
standard diets but their total cholesterol, LDL cholesterol and VLDL
triglyceride levels are also much reduced from control levels. Overall, 
therefore, their total lipoprotein profiles appears to put them at low 
risk for developing atherosclerosis (128). 

The feeding of dietary fiber (plant cell wall material) under controlled 
metabolic ward conditions did not affect HDL-C concentrations (129). 
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Cholesterol feeding raises HDL-C concentrations (129) and part of the rise 
may be due to the increase in HOLe (or HDL1l concentrations discussed earlier 
(95). 

4. HDL and Alcohol : The fact that alcohol increases HDL levels has been 
well documented (130-135). The effect appears dose-dependent as demonstrated 
by the Cooperative Lipoprotein Phenotyping Study (132), and representative 
data showing this effect is given in Table 27 (132). 

Table 27. Mean blood levels of lipids in relation to alcohol 
consumption in subjects aged 50-69 . (Framingham Men).* 

Alcohol No. of Plasma Cholesterol Plasma 
(oz/wk) Subjects Total HDL LDL VLDL Tri gl yceride 

--mean levels (mg/dl) 
Total 393 220 46 140 34 138 

0 111 221 41 144 36 135 

1-3 112 214 45 136 33 132 

4-9 111 220 47 145 28 127 

10-19 44 226 50 137 39 162 

20+ 15 232 58 123 50 213 

Modified from Ref. 132. 

While it is tempting to consider alcohol in the treatment of low HDL -C levels, 
one must remember that alcohol may increase plasma triglyceride level s (136,137) 
and it also contributes significantly to caloric intake. In the MRFIT study 
(121), persons reporting a marked decrease in alcohol inta ke had a slight 
decrease in HDL-C levels. The role of alcohol as a cardiac risk factor is 
still not clearly defined (138). 

5. HDL and exercise. A number of studies have shown that vigorous physical 
exercise is associated with increased HDL-C levels (139-143). The amount of 
exercise needed is difficult to predict but endurance training seems to be 
most beneficial. 

Individuals running more than 15 miles per week show significant elevati ons 
in their HDL-C levels (Table 28) (142). 

The HDL-C levels of sprinters, in contrast, are no different from controls 
(Table 29) (143). 



Mean Plasma lipid and Upoprotein Cholesterol 
Concentrations ( mg / 1 00 ml) for Runnen and Control Subjects 

Total VLOL 
Age Group Triglynridn ChoiHTerol LOL Choletlerol HOL Choleuero l Cholcuterol• 

35-39 
Runners 71 "' 33§ (9)t 183"' 23t 115 ± 19! 59% 10 1 9%7 
Controls 120 "' 78 (138) 202"' 36 135"' 23 (29) 43"' 9 24 

<40-49 
Runners 68"' 19 1(22) 207"' 19 133"' 19 64 ;, 1H 11 "'4 
Controls 151 "'99 (310) 212 ± 37 145 ± 37 (55) 41 % 9 30 

50-59 
Runners 74% 30 1(10) 198"' 23 116 ± 20 70% 19 1 10 ± 12 
Controls 152 "' 126 (295) 212"' 33 136"' 28 (63) .. ,.11 30 

35-59 
Runners 70 % 25 1(41) 200"' 23! 125"' 21§ 64"' 13 R 11,. 6 
Controls 146"' 108 (743) 210"' 35 139,. 31 (147) 43"' 10 ~9 

Val ues ore means ± SO. 

*Control group volu4s estimated as triglyceride divided by five . 

f Figures in parentheus ore n1.1mbers of subjects included for _runners, control g roup A (fliglyceridtH and 
tota l cholesterol), and control group 8 (l ipoprotein cholesterol}. 

lO.Ol < p < 0.05 for runners versus control subjects. 
§0.001 < p < 0.01 for runners versu$ control subjects . 
I p < 0.001 for runners versus control t.ubjects . 

Table 28. 

Serum Upid and Upoprotein Concentrations in Runners and Controls !Mean ::: SEMI 

Serum VLOL LOL HDL 

Ttl· Chol· Tt• - Chol· f n - Chol- fn- Chot· 
glycer•de nterol glycende es tero! gtycende estero! glycende estero! 

Subjects lmM J (mg; dll tmMJ lmg/d ll lmMI lmgldll lmMI lmgH::tll 

Males 

Spnmers I 2 8 :0.7 200% 12 0 74 .t: 0 17 15%4 0 29%003 128 ± 12 017%002 so ::1: 2 

Long d•sta nce 
0 .89 -±. 0 . 1 21 3 2: 15 048 .::~:0 06 12-= 2 025:r;002t 139 :1: 12 0 15-±. 001 66 :r. 2 r 

Con trols 100 ::~: 0 I 186 2: 12 0 51 :t: 0 10 15 % 4 034 ±002 128% 12 01S:r.001 47 = 2 

Females 

Long dtstance 

0 82 % 0 I 20 1 = 4 039 :t 008 8 %2 028:001 116"" 4 015 ::~:001 74 ~a· 

Controls 084 ., oos 178 ± 8 042:004 12 ::1: 1 0 26 ± 002 108:!: 8 0 16 :r 0 01 61 % 3 

• p <: 0 0 5. r p < 0 .01 for the dtHerence from resoecuve control group. 

Table 29 . 
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The lipoprotein lipase (LPL) activity per gram of bot h adipose tissue and 
muscle is much higher in long distance runners than in either controls or 
sprinters (Table 30). If the LPL activity is estimated for who le body 
adipose tissue and skeletal muscle, the long distance runners again appear 
to have much more enzyme activity than either the sprinters or the controls 
(Table 31) {143). This data is consistent with the notion that the high 



Lipoprotein Upas.e llPll Activity in Heparin Eluates of Skeletal Muscle and Adipose Tissue of 
Runners and Controls (Mean :t SEMI 

Ad•oose T,ssue Skelelal Muse!'! 
llPLI ILPU 

Group !~moles FFA · h - ' . g - '1 

Males 

Spnnters 2.37 ± 0 .30 0 .82 ± 0 14 
l ong distance runners 12 6 10 ,. uo- I 46 ± 0 14t 
Con1rols 10 2.22 ± 0 .29 0 .85 ± 0 . 17 

Females 

long distance runners 11.4 ± 2 .2 1 39 ± 0 . 101 
Controls 16 ~ 94 ± 1 02 090 • 009 

•p < 0.05 

t p < 0 .0 1 for the d•fference from respe cttve control group. 

Table 30 . 

Estimated Upoprotein Lipase Activity of Whole Body Adipose Tissue and Skeletal Muscle 

(Mean ~ SEMI* 

l..d •pose r.ssue - Ske le1a 1 Muscle f01a1 
S u b j8 CIS lmmoles FFA · h "11 

Males 

Spnnters 38.1 ± 4 3 215:36 59.6 ± 4 .9 
Long dtstance runne rs 87 4 ± 23 4' 35.5±36' 125.4 ± 22 .31 
Controls 34.5 ± 54 21 .3±4.6 55.8 ± 8.5 

Females 

Long distance runners 170.8%:47.7 25. 1 ± 2. 1t 195.9 ± 48.9 
Controls 105.0 ± 17 15 8 ± 1 6 1273±179 

• P < 0 05. t p < 0 .01 for the d1Herence from respective control group. 

l The fig ures were obta•ned by mult1plymg the LPL act•v•ty per gram by the estimated we1ght (m grams) of 

whole body ad•pose t•ssuen and skeletal musclen mass. The estimates are based on the assumpt1on tha t LPL 
act1v1ty of the b•opsy samples •s re presentative of the whole t1ssues . 

Table 31. 

HDL levels observed with vigorous exercise are the result of accelerated 
chylomicron and VLDL metabolism. 
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6. HDL and Ci arette Smokin . Cigarette smoking is negatively associated 
with HD L-cho 1 estero 1 1 evel s 21 , 121 , 144- 145). Cross-country skiers 1·1ho 
smoke have lower HD L-C levels than those who do not smoke (144). In the 
MRFIT program, the HDL levels rose slightly in those individuals who reduced 
their cigarette consumption (121). 

7. HDL Changes During the Menstrual Cycle . Data is sparse . In one study, 
a small i ncrease in HDLz ~1as noted at the time of ovulation (146), whereas 
in another study, HDL d1d not change throughout the menstrual cycle (147). 
If changes do occur, they are probabl y too small to be of clinica l significance. 

8. Seasonal Var i ation in HDL . In one study, the HDL -C levels appeared to 
drop significantly in March and then gradua l ly increase through May. Peak 
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levels were reached in late June or early July (120). The study was not 
continued beyond the 5-month period. More studies are needed before the 
significance of this finding can be fully evaluated. 

9. HDL Levels in Different Populations. 

Greenlandic West Coast Eskimos have higher HDL levels than Danish contro ls. 
Eskimos ltving in Denmark have lipoprotein levels similar to the Danes (148). 
Dietary and environmental factors rather than genetic factors are thought 
to account for the differences. 

In Jamaica, rural hill farmers had higher HDL-C levels than urban businessmen 
(149). The differences are thought to be environmental. 

In Evans County, blacks have much higher HDL-C levels than whites (adults) (150) . 
Similar changes are observed in children (114, 116). 

In New Zealand, adolescent Maoris have l01·1er HDL-C levels than non-t~aoris 
(151 ). CHD is apparently higher in Maoris than in non-Maoris. 

A black African tribe in Western Transvaal is free of coronary heart disease. 
Their HDL cholesterol levels are high and make up from 45~55% of the total 
plasma cholesterol (152). 

The Tarahumara Indians of Mexico have rather low HDL-C levels (25 ± 7 mg/dl 
in the total sample) but they also have low total cholesterol (133 mg/dl) 
and LDL-C (87 ± 24 mg/dl) levels (153). The total plasma cholesterol level 
in this group correlated positively with the dietary cholesterol intake, 
the first time that this association has been shown in man. As anticipated, 
this group of ln.dians is free of coronary heart disease. 

The above observations are curiosities at present but they may eventually 
be of some help in defining the importance of HDL in atherosclerosis. 
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VII. Effects of Drugs on HDL Levels. 

A variety of drugs appear to change HDL-C concentrations in plasma (Table 32). 

Table 32. Effect of Drugs on Plasma HDL Levels 

Change from Baseline 
Increase 

Clofibrate (63,67,68) 
Nicotinic Acid (75,154) 
Estrogens in men (155,156) 
Estrogens in 1~omen ( 157-163) 
Oral contraceptives (159-163) 
Vitamin C (169) 
Phenytoin (170) 
Ch.lorinated hydrocarbons (173) 

Decrease 

Androgens (157,158,166) 
Oxandrolone (167,168) 
Progestins (162) 
Oral contraceptives (162,164,165) 
Propanolol (171) 
Hydrochlorthiazide plus propanolol 

( 172) 

Clofibrate and nicotinic acid will increase HDL levels in some patients, usually 
in association with a hypotriglyceridemic effect. Nicotinic acid produces chan ges 
in both 8DL composition and metabolism (75,154). 

Exogenous estrogens increase plasma HDL levels in both sexes and it is also worth 
noting that plasma triglyceride levels are raised by estrogen. Thus, while HDL
cholesterol and plasma t riglyceride are usually inversely related, estrogen 
treatment causes both lipid levels to increase in the blood. Alcohol may produce 
similar changes. 

Oral contraceptives have been reported to increase or decrease HDL levels and both 
observations are valid since the net effect on HDL-C depends on the ratio of 
estrogen-to-progestin in the formulation (161). Progestins cause the HDL levels 
to drop (161). Figure 28 summarizes the results of the LRC prevalence study 
regarding lipid and lipoprotein levels in hormone users and non-users (163). 
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Androgens and the anabolic steroid, oxandrolone (Anavar), lm~er HDL-C level s . 

Propanolol alone or in combination with hydrochlorothiazide lowers plasma HDL 
levels. The effect of hydrochlor,othiazide alone has not been determined. 
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Chlorinated hydrocarbons are usually insectic ides and accidental expo sure to 
these agents is associated with high HDL levels. It has been suggested that these 
agents might serve as prototypes for compounds eventually developed as therapeutic 
agents for the treatment of low HDL levels {174). 
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VIII. HDL in disorders other than primary lipoproteins abnormalities. 

HDL-cholesterol levels and, in some cases, HDL composition are altered in certain 
disorders (Table 33). 

Table 33. Non-lipoprotein disorder in which HDL levels are altered. 

Diabetes mellitus (175-182} 
Renal Disease (183-196) 
Cholestatic Liver Disease (197,198) 
Connective Tissue Diseases (199) 
Friedreich's Ataxia (200) 
Familial Spastic Ataxia (200) 

Only the two most common problems -- diabetes mellitus and renal disease -- ~lill 
be summarized here. 

A number of reports indicate that HDL levels are reduced in patients with diabetes 
mellitus. Authors have shown negative correlations between HDL-C concentrations 
and both serum glucose (175) and glycosylated hemoglobin levels (177}. Other 
investigators have not confirmed this association (178,179}. In one study, HDL 
levels were low in maturity-onset diabetics but normal in juvenile-onset diabetics 
(179). In a small series of patients, diabetics treated with oral agents had 
lower HDL levels than those treated with insulin (176). It is difficult to draw 
any conclusions from these studies since diabetes mellitus is a heterogeneous 
group of disorders and study populations have been even more mixed. Nikkila 
has studied well-classified groups of diabetics and he finds that insulin-treated 
diabetics (n = 91, ages 35-55) may actually have slightly higher-than-average HDL 
level s (1 81}. Diabetics with ketoacidosis have reduced HDL-C levels as do non
insulin requiring diabetics 1~ith hypertriglyceridemia (180). Non-insulin-requiring 
diabetics without hyperlipidemia have essentially normal HDL-C levels (180). 
The correlation of HDL-C levels with adipose tissue lipoprotein lipase activity 
is moderately positive, suggesting that triglyceride metabolism probably infiuences 
the HDL-C leveis, but it is also likely that insulin influences the synthesis 
and secretion of HDL particles (180). When the prevalence of vascular disease 
among 154 diabetic subjects was analyzed in relation to serum lipoprotein levels, 
positive correlations were observed between LDL levels and vascular disease while 
negative correlations were observed between HDL levels and vascular disease. 
The negative HDL correlation did not apply to all diabetic groups whereas t he 
positive LDL correlation did, suggesting that there is a stronger association 
between vascular disease and LDL rather than HDL in diabetes (182). 
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HDL and the other lipoproteins have been extensively studied in relation to renal 
disea se . Lewis and co-workers first demonstrated reduction in HDL levels following 
nephrectomy and its eventual restoration after renal transplantation (183). 
Ibels et al. found high triglyceride and low HDL levels in uremic patients 
ei t her before or during chron ic hemodialysis but the HDL levels became normal 
after transplantation (184). Most studies since that time have consistently 
found high triglyceride and low HDL-C levels in patients with renal disease. 
Since the abnormal lipoprotein patterns have been similar irrespective of the 
disease process in the kidney, it is assumed that uremia, per se, produces the 
lipid abnormalities by mechanisms still unknown (187,193,195). While one group 
of investigators have not found much improvement in low HDL levels during chronic 
hemodialysis or after renal transplantation (186) (Table 34), others have ob
served considerable improvement during chronic hemodialysis (Fig. 29) (188) or 
after successful renal transplantation (194). 
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• f i,:ures in p~rtnlh~scs reprntt~t valun for nonU:rcmic eonttols matched for Mil 4: 
whole·pl;nm:~ tftii} C"Cflde & cholntcrol levels. 

tP<O.CXH u control. fP<O.OOS vt control. 

Ta ble 34. 

' ~ ' .. ~ E 
E E 

J J 
0 ~ a: ... ... 
:;; "' ... ~ J 
0 0 1 Serum concentrations of ~ ~ :r :r VLDL triglyceride. LDL 
u 2 u 

cholesterol and HDL cholesterol in 
J J :\ix pdtients with end-stage uremia 0 0 

J :r before (8) and during (D) treatment 
0 8 0 with regular hemodialysis. Means± 

S.E.M. are given in Table I. 

Figure 29. 
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Although it has been argued that the low HDL-C levels are somehO\~ related to the 
high triglyceride levels in the uremic state, it is clear that low HDL-C levels 
can be seen in otherwise normolipidemic individuals (Table 35) (192). 

. . . ~erum Triglyceride, Cholesterol and High·Oensity 
L•poprote'" (HOL) Cholesterol Levels in 21 Patients on 
:~~o-nic HemodialySIS and 11 Normal Subjects (Mean f 5 .0 .). 

TuM vn· ••n~ Cum nr~ouu . Hill 
C HnLUftiUI 

'"Kid/ ""1/dl "'t/JI 

Nurmal s uhjci.:IS III±H 

Path:nts 

Ent1rc: ![roup (11 )' 191H9 
n•,no llt 

Tyrc IV(7) 2b1±9R 
W < IUIJI ) 

Tyrc Ita (4) ~~~±21 
{NS ) 

Tyf'IC llh(4) 2.li±M 
(P< O.OI) 

N,1r mohpidc:m•c (6) 1~7± 19 
(NSl 

• f•lurcs tn pucnthee:t denulc no. •n frou,. 
tP "'liiKI r'Cftr 10 p&IIC:IUI Yl norm1l 5UbJCCIJ , 

263±82 
INSlf 

2l2±1l 
(NSl 

JJH60 
{1'<0.001) 

J67±9 
(P<O.pclll 

199±J2 
INS I 

Table 35. 

l6±1l 
tP<O.OO i l 

16± II 
(P <O.OOI) 

JLt 16 
IP<O.Oil 

21±4 
(P<O.OOil 

28±1& 
(P<O.OI) 

tNot••ani(~arn . 

The mechanisms responsible for the lipoprotein abnormalities in uremia are not 
well understood. It has been proposed that the low lecithin-cholesterol acyl
transferase (LCAT) activity found in chronic uremics may result in incomplete 
HDL production with resultant low HDL-C levels (196). 

Whether or not the low HDL-C levels in uremia contribute to the apparent increase 
in atherosclerosis found in these patients must await clarification of HDL 
physiology. 
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Several genetic disorders of lipoprotein metabolism are characterized by mar ked 
alterations in HDL levels and composition. It is instructive to review these 
abnormalities for clues concerning the role of HDL in atherosclerosis. Tho se 
disorders we will consider are Familial Hyperalphalipoproteinemia, Tangier Di sease, 
and Familial Lecithin:Cholesterol Acyltransferase (LCAT) Deficiency. Abetalipo
proteinemia (ABL) is also associated with alterations in HDL composition but 
since all the other plasma lipoproteins are absent in this disease, a study of 
ABL will not provide many clues about the interaction of different lipoproteins 
in the pathogenesis of atherosclerosis (201 ,202). 

1. Famil ial Hyperalphalipoproteinemia. This disorder more closely resembles a 
laboratory curiosity than it does a clinical disorder. The syndrome wa s 
described by Glueck and co - 1~orkers, who evaluated several families for this 
apparent abnormality using an HDL cholesterol of 70 mg/dl as the upper normal 
limit (90th%) (203) . Affected individuals have a significantly higher mean 
HDL-cholesterol level (82 mg/dl) than do the control subjects (56 mg/dl) and 
the hyperal phalipoproteinemia appears to be transmitted as an autosoma l 
dominant trait (203, 204). Concentrations of the other 1 ipoproteins are 
normal (although the LDL-C levels are on the low side of normal). When 
longevity, morbidity, and death from myocardial infarction were examined in 
18 kinships with this syndrome, life expectancy for males and females was 
5 and 7 years longer, respectively, than that expected by population statistics 
from U.S. white populations (205) . For that reason, it has been called a 
longevity syndrome (205) . The composition of HDL in the affected indivi duals 
is apparently normal (206) and the physiologic basis for the hyperalphal ipopro
teinemia is un known. 

Problems in interpretation of these data have recently been summarized and t he 
effects of environmental factors, diet, and sex have not been adequatel y 
evaluated (207). Thus , the acceptance of hyperalpha l ipoproteinemia as a 
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distinct autosomal dominant genetic entity is still tentative. In any case, 
proponents of the HDL hypothesis use this syndrome to support their position. 

In the same vein, several recent reports have examined the inheritance 
patterns of HDL levels in myocardial infarction survivors and their first
degree relatives (208-210). 

In two of the studies, a small but statistically significant parent-offspring 
correlation of the HDL-C level was observed (208.209). In the third study, 
male relatives of myocardial infarction survivors were found to have signi
ficantly lower HDL-C levels than controls. However, major dominant gene 
effects were not observed in any of these studies. 

2. Tangier Disease (Familial HDL Deficiency) (30,211-214). Tangier Disease is 
a rare disorder of lipoprotein metabolism thought due to a mutant autosomal 
gene. The homozygote for this disease manifests the following abnormalities: 
1) low plasma cholesterol and normal-to-elevated plasma triglyceride concen
trations; 2) absence of HDL and especially the major apoprotein, apoA-I; 
3) widespread tissue storage of cholesteryl esters; and 4) neuropathy. Of 
most interest to us is the relationship of the nearly absent HDL levels to 
the tissue storage of cholesteryl ester for if the HDL hypothesis is correct, 
one might reasonably expect that Tangier homozygotes would suffer from 
rapidly progressive atherosclerosis. The lipid deposition in this disease, 
however, is confined largely to cells in the recticuloendothelial system (RES) 
(lymph nodes, thymus, bone marrow, rectal mucosa, and Schwann cells). Most 
cells of the body (e.g., parenchymal cells, blood cells, endothelial cells, 
smooth muscle cells of arteries, etc.) do not accumulate lip id in this disease. 
The reason for the lipid deposition in the RES has not yet been clarified. 

In any case, the arteries of Tangier homozygotes are not clogged with atheromas 
and the clinical histories of most patients do not reflect problems with pre
mature atherosclerosis (30). 

These findings should be contrasted with those of homozygous Familial Hyper
cholesterolemia (215). Epidemiologists have long recognized that total plasma 
cholesterol levels are positively associated with increasing cardiovascular 
risk and the total plasma cholesterol accurately reflects and LDL-cholesterol . 
in most cases. These epidemiological findings are given added credence based 
on the findings in Familial Hypercholesterolemia (FH). Patients heterozygous 
for this condition have total and LDL cholesterol levels about 2.5-fold greater 
than normal and have myocardial infarctions in their 30's and 40's . Homozygotes 
for FH have plasma total and LDL cholesterol levels 6-8 fold above normal and 
typically experience myocardial infarctions in the first decade of life and 
rarely live beyond the age of 30 years. 

Tht•s, these two experiments of nature support our concepts that high LDL levels 
ar~ harmful but they challenge our notion that low HDL levels dr e narmful. 
Proponents of the HDL hypothesis argue that in Tangier Disease, the HDL is 
available just long enough to do its job (remove tissue cholesterol except from 
RES) and then it quic kly vanishes from the plasma because it is structually . 
unstable. Obviously this suggestion is difficult to either prove of disprove. 
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3. Familial Lecithin:Cholesterol Acyltransferase Deficiency (216). Familial 
LCAT deficiency is a rare autosomal recessive disorder characterized by 
corneal opacities, anemia, proteinuria, very low plasma cholesteryl ester 
levels and absent or nearly absent levels of plasma LCAT activity. One 
might simplistically expect tissue cholesterol deposition to be excessive 
in this disease if the LCAT deficiency does not allow HDL to carry cholesterol 
efficiently as cholesteryl ester. These patients do appear to have early 
atherosclerosis involving especially the aorta, large arteries, renal arteries, 
and renal arterioles. 

Unfortunately the issue is more complex in this disorder. Many of the 
patients have proteinuria and eventually develop hypertension and renal 
failure. Many of them are also severely hypercholesterolemic. The LCAT 
deficiency is also associated with structural abnormalities in the other 
lipoproteins which may render them more atherogenic. Thus, Familial LCAT 
deficiency is not of much help in providing us insight into the relationship 
of HDL to atherosclerosis. · 
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The following factors should be considered in estimating the clinical usefulness of 
the HDL-cholesterol measurement. 

1. The negative relationship between HDL-C and CHD has been established largely in 
older individuals. The relationship is unknown in the 20-40 year age group. 

2. The negative relationship between HDL-C and CHD does not establish cause-and
effect. Our current understanding of HDL metabolism and our observations in 
Tangier Disease do not provide insight into why HDL should protect against 
atherosclerosis. 

3. When one compares the mean HDL-C in CHD victims and controls, the differences 
are statistically significant but small in magnitude. In the Honolulu Heart 
Study, for example, the CHD victims aged 50-59 had a mean HDL-C of 41.8 mg/dl 
while the age-matched controls had a mean value of 44 . 6 mg/dl. Thus the di s
tribution of HDL-C in the two populations shows considerable overlap. This 
overlap is graphically illustrated in a more limited study from Seattle in 
which HDL-C levels (and apoprotein levels) were compared in MI survivors 
and controls (Fig. 28, Table 33) {110 )·. The snaded area in Figure 28 represents 
the controls. 

Fiaure 28. J~ 
~~ 
.:: . 

.. ·· -· ..• 
_.___.... Ohtributioft of HDl dMI'ntwol and apoprateins A, .. f and ~tall in Ml 1u,.,.ivon and lipid 

,..,~ CMfNIL , • 

l 



63 

A· I and A-ll Apoprotein and HOL Cholesterol Levels 

PeruntileVa lues 

Subject Group Mean± SEM 5•h lO.h 50.h 90•h 9 5th 

Apolipoprotein A·l levels 
Population controls 120.5 ± 1.5 90 96 121 148 15a 

lipid-matched controls 121.0 ± 2.0 94 98 121 147 156 

Ml survivors 111.6 ± 2.0 83 87 110 138 140 

Apolipoprotein A·lllevels 

Population controls 33.4 ± 0.4 26 28 33 40 43 

lipid-matched controls 33.2 ± 0.6 25 27 33 38 .. 
Ml survivors 29.1 ± 0.5 22 23 29 37 40 

HDL Cholesterol levels 
Population controls 45.0 ±0.9 29 32 .. 59 67 

lipid-matched controls 43.4 ± 1.2 27 32 43 56 63 

Ml survivors 38.9 ± 1.0 22 27 39 52 57 

Table 33. 

4. It has been pointed out that under the best laboratory conditions, the HDL 
cholesterol varies by ± 5 mg/dl which is uncomfortably large when significant 
changes in risk occur with 10 mg/dl changes. Variation in routine laboratories 
is likely to be even greater. 

5. Even when one knows the HDL-C level to be low, there are no specific therapeutic 
actions one would take beyond those already recommended for risk factor modi
fication (e.g., treatment of hypertension, treatment of hyperlipidemia, low-
fat diet therapy, weight loss, discontinuence of cigarettes) . Alcohol therapy 
and jogging are likely to be of limited use at best. Estrogens raise the 
HDL-C level in men but also increase morbidity and mortality from cardiovascular 
disease (219). 

Thus, in the individual patient, the measurement of HDL-C does not appear to 
·be very useful. The diagno.stic utility of the test was recently anal yzed by 
investigators from Johns Hopkins University, and they reported their results 
in a letter to the Nw El'lfj.fund JouJtnal. o6 Med-i.c.-in.e. (217). These ~1orkers 
concluded that the data from the American Studies allowed the physician a 
confidence in diagnosis about equal to that in a toss of a coin. The body 
of the letter is reproduced below. 



To tht &irlor: '>\"': C' C ~· ~ 'e forbea rance in the use of h!g.1-density 
lipoprotein choles:~ rol :evels fo r the pred iction of ischemic heart 
disease, since the dra:;nostic J ti!ity oft he ~est n:mains unexamined 
Our critical review of the few art icles on th1s subject re\·eals three 
prospective and six retrospective studies in which the data allow 
calculation of the diagnostic power of this index as a univariate 
parameter. 

We analyzed the data in these studies in two ways. FirSl of all, we 
calculated the sensitivity, specificity and summed pcrccmagc of 
false results (percentage wrong) at three disease-prevalence levels, 

Table 1. Summary of Findings for a Prevalence Level of 0.5. 

SOlllct: Sc JJtcTS C t.'Tmt SE..,\1· SP~ cr- ~ l it.: Ell· POHEaiOk 
T!VIT\ 11nn WltONG PIIOI.,I ILI T\ 

R .. r :u 

Mf (J/ 

Nikldla: 58 45 0.71 0.82 24 3.9 0.4 0.80 0.29 
~ illc r l 6.595 30 0.76 0.!14 20 4.8 0.3 0.83 0.23 
Albe rs~ 180 40 0.62 054 42 1.) 0.7 0.57 0.42 
Gordon' 1,025 45 0.70 0.50 40 1.4 0.6 0.58 0.37 
Toss of com Large Heads 0.50 0.50 so 

with the .. cutoff ' \·a lue for test positivi ty set at each prevalence level 
to minimize the pe rcenta~e wron~ . Secondly. we used a Bayesia n 
method of analvsis to derive likelihood ra tios and posterior 
probabilit ies for tes t outcomes on either side of the "cutoff" value. 
Table l summarizes our findings fo r a pre1.·alence level (i.e., prior 
probability) of 0.5. All the data presented are from studies that in
dicate the greatest dia~nostic uti lity (:\ikkila and ~(iller ) or that 
represent :\'orth American findings (Albers and Gordon). 

It IS readi ly appa ren' that the data from Amencan studies allow 
the phys1c1an a confidence in diagnosis about equa l to that in a toss 
of a com. Also notewonhr are the modest displacements of the pas
tenor fro m the prior probabilitv. On the other hand, the Scandina
vian studies suggest that, fo r that population, some d iagnosuc value 
may exis t. For all the studies re\·iewed. at a disease preva lence of 
O. t. the sensi t ivity is <0.2. speCJiicity l.O, and percentag:e wrong 8 
to tO ; at a disease prevalence of0.9. the sensitivity is 1.0. specificity 
<0.2. and pe rcenta~Je """ ron~ 8 to 10. It is obvious that for use as a 
screening test. in which the prevalence is <0.1, senmivity is very 
low. Though these studies a re not homogeneous in study design. 
disease crnena . biochemical methodology or consideration of con
found ing va riables , all indicate that there is no foundation for ap
proval of the uncritica l usc of the high-densi ty lipoprotein choles
terol level as a routine diagnosuc test. 

Balt imore. :0..10 2120S 
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Havel has argued that there is one important clinical use for the HDL-C measurement. 
In about 6% of women and 1% of men, elevated plasma cholesterol levels are caused 
by unusually high HDL-C levels"(greater than 100 mg/dl) (218). Thus a person 
with a total plasma cholesterol of 270 mg/dl but an HDL cholesterol of 100 mg/dl 
would have 170 mg of cholesterol in LDL + VLDL whereas most such people would 
have an HDL cholesterol closer to 50 mg/dl, leaving 220 mg in LDL + VLDL. Becau se 
these differences would affect therapeutic recommendations, Havel suggests t hat HDL 
cholesterol should be measured at least once in individuals whose plasma cholesterol 
level is in the range where long-term treatment is being considered. 

Si nce the number of such individuals in small and the reliability of the HDL 
measurement in routine clinical labs is limited, we advise agai nst tne rou t ine 
measurement of the HDL cholesterol at this time. 

Cardiac risk factors should ideally be identified in people less than 50 years of age 
where attempts to modify them would be expected to retard the develo pment of 
atherosclerosis. In this age group, the total cholesterol and triglyc eride 
measurements in fasting subjects remain useful, rel iable, and relatively inexpensive 
in the evaluation of hyperlip idemia as a risk factor. 

The data from the Framingham Study relating plasma lip id and lipoprotein l evels 
levels to cardiovascular ris k are provided below in tabular form for clinical 
reference. 

--- --- - - - ---

TABLE 1 
TABLE 2 

Total Cholesterol HDL Cholesterol 
300 mg/dl Almost three times standard risk : very probably The follow ing factors ind icate the increase or de · 

a type of hyperlipoprotein emia. crease in risk of CHD by level of HDL and sex. 

260 mg/dl Twice the standard risk : possibly a type Male Female HD L Cholesterol 
of hyperlipoproteinemia -- ---

I 234 mg/dl 1.4 x standard risk : average cholesterol 25 2.00 ---
30 1.82 ---

of CHO cases in the Framingham study 35 1.49 --- I 225 mg/dl Standard r isk : average cholesterol 40 1.22 1.S4 

220 mg/dl 0.95 x standard risk : average cholesterol 45 1.00 1.55 

of non-CHD cases in the Framingham study 50 0.32 1.25 
55 0 .67 1.00 

200 mg/dl 0.9 x standard risk 60 0.55 0.80 
185 mg/dl 0.8 x standard risk 65 0 .45 0.64 

150 mg/dl Probable cholesterol threshold for CH D 70 --- 0.52 I 75 Longevity Synd rome 

TABLE 3 TABLE 4 

If both HDL and total cholesterol values are known, 
If the value for tr iglycerides is also known, LDL 

the r isk of CHD can be more accurately assessed by 
cholesterol can be ca lculated by Friedewald 's equa· 

the rat •o o f these two values as follows (Castelli, 
tion and the most dif initive assesment of CHD risk 
ava ilable from a lipid profile can be determi ned: 

1977) : LDL CHOLESTEROL/ 
TOTAL CHOLESTEROL/ RISK HDL CHOLESTERO L 

RISK HOL CHOLESTEROL ---- Y, Average 1.00 
3.43 MEN 

MEN %Average Average 3.55 i Average 4.97 2X Average 6.25 
2X Average 9.55 3X Ave rage 7.99 
3X Average 23.99 

3.27 WOMEN Y, Average 1.4 7 
WOMEN % Ave rage Average 3.22 

Average 4.44 2X Average 5.03 
2X Average 7.05 3X Average 6.14 
3X Average 11 .04 
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