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The rather close correlation between serum 
cholesterol and phospholipids suggests that 
they are independent variables which tend to 
rise or fall together in some systematic man- 
ner. Popjak( 1) examined this interlipid re- 
lationship using bivariate regression methods 
and found that the log-log linear regression 
of phospholipids on cholesterol appeared to 
be quantitatively constant in a number of 
species, ages and clinical states (although he 
did not especially consider the situation in 
atherosclerosis). 

We have recently confirmed his general 
observation in men but noted that those with 
clinical manifestations of atherosclerosis 
(myocardial infarction or cerebral throm- 
bosis) showed a distinct and significant ab- 
normality in their interlipid relationships 
(2). This abnormality consisted of a lower- 
than-normal level of phospholipid associated 
with a given level of cholesterol. This find- 
ing, we believe, sheds new light on the well 
known finding that men with coronary dis- 
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ease tend to average a somewhat higher level 
of cholesterol and a higher cholesterol/phos- 
pholipid (C/P) ratio than normal (3-7). This 
difference in averages is rather small, amount- 
ing to some lo%, and cholesterol level has 
little value in predicting the occurrence of 
new complications (8). Nonetheless, choles- 
terol has been so thoroughly incriminated in 
atherogenesis that any agent which lowers 
serum cholesterol or C/P ratio tends ips0 
jacto to be viewed as antiatherogenic. 

One such agent is estrogen, whose ability 
to lower serum cholesterol and/or raise phos- 
pholipids has been amply demonstrated (9- 
19). More direct evidence also exists that 
estrogens may actually be antiatherogenic- 
as the rarity of myocardial infarction in 
cyclic women, experimental demonstration of 
antiatherogenesis in animals (20) and au- 
topsy findings in men given estrogen in treat- 
ment of cancer (2 1). We are concerned here, 
however, with the effect of estrogens upon 
the serum lipids. 

Our findings indicate that treatment for 6 
months with Premarin (mixed conjugated 
equine estrogens, NNR) failed to change the 
abnormality in interlipid relationships char- 
acteristic of men with myocardial infarction 
while treatment with Lynoral (ethinyl estra- 
diol) abolished this abnormality. Results with 
Anvene (mytatrienediol, SC 6924: 3 meth- 
oxy-16-methyl-1,3,5 (10) -estratriene-l6P, 17p- 
diol) were equivocal although it did effect a 
significant reduction in mean cholesterol. All 
3 estrogens were employed in doses causing 
minor breast changes and were therefore 
roughly comparable in feminizing potency. 
As noted elsewhere (22,23), Premarin signi- 
ficantly improved survival rate and reduced 
the incidence of new infarctions while Lynor- 
a1 and Anvene did not. 

Material and methods. Clinical material, 
drawn from Los Angeles County Hospital 
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and Cedars of Lebanon Hospital, consisted 
of men who had recovered from a frank myo- 
cardial infarction, who were free of concomi- 
tant illness deemed a threat to life, who were 
cooperative and able to attend special athero- 
sclerosis research clinics regularly and who 
were willing to accept estrogen therapy if 
prescribed. After complete clinical studies 
by physicians regularly employed in these 
clinics, patients accepted for study were al- 
located by the statistical control office, using 
randomized methods, to one of 4 treatment 
groups: No estrogen (No), Premarin (Pr),  
Lynoral (Ly) or Anvene (An). Dosage pro- 
tocol called for commencing with small doses 
and increasing these to the point of minor 
clinical manifestation, such as breast tender- 
ness. Dosage thereafter was continued at  a 
level well tolerated by the individual (usu- 
ally .05-.15 mg Lynoral, 1.25-2.5 mg Prema- 
rin or 10- 15 mg Anvene daily by mouth). 

Serum cholesterol was determined by the 
method of Pearson (24) and phospholipids by 
the procedure of Lowry (2 5). Although many 
lipid determinations were made, we have re- 
ported( 18,19) that lipid changes tended in 
this clinical trial to become maximal in 
about 3 months. We have therefore selected 
for our present purpose the last determina- 
tion made before start of treatment ( I )  and 
the first determination made following 6 
months of continuous treatment (11), using 
all available data from the clinical trial in 
which these conditions were met. 

For reasons indicated elsewhere ( 1,2), all 
data were transformed to their logarithms 
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to the base 10. Linear regressions were calcu- 
lated by the method of least squares, and t 
tests of the significance of differences in their 
coefficients were calculated in the usual way 
(26). Multiple comparisons among group 
means were evaluated by the Dunn multiple 
t test(27). P values of .05 or less were con- 
sidered significant. 

Results. The salient statistics are shown 
in Table I. Before the start of treatment 
( I ) ,  the 4 treatment groups did not differ 
significantly in mean cholesterol, mean phos- 
pholipids, in regression coefficients, b, in 
standard deviations of cholesterol or of phos- 
pholipids, or in values of P’ calculated for 
various levels of C from the regression equa- 
tion Log P’ = a + b Log C, P and C being 
phospholipids and cholesterol, respectively. 
Fig. 1 shows the log-log linear regressions of 
the 4 treatment groups in interval I, before 
start of treatment, using arithmetical ordi- 
nates. 

In the No estrogen and Premarin groups 
there was no appreciable change in mean 
cholesterol or mean phospholipids between 
intervals I and 11. In the Lynoral group, 
mean cholesterol fell about 8% from 249 to 
230 (p = .05) while phospholipids rose 
about 8% from 233 to 253 mg % (p = .02). 
In the Anvene group, the 10% fall in cho- 
lesterol, from 258 to 233 mg %, barely 
achieved significance at  the .01 level while 
mean phospholipids remained essentially un- 
changed. There was no significant change in 
standard deviations of cholesterol or phos- 
pholipids under treatment. Though the dif- 

TABLE I. Summary of Essential Data for Each Treatment Group: No: No estrogen; Pr:  
Premnrin; Ly: Lynoral; An: Anvene; n :  No. of cases; C, P, Vc and Vp: means and variances 
of log cholesterol aiid log pliospliolipids; a and b:  constants of regression equation, Log P’ 
= n + b Log c;  v b :  variance of b; and r:  coefficient of correlation between Log P and Log c. 
Interval I is the last lipid determination prior to start of treatment and I1  the first following 

6 months of continuous treatment. 

Group n c P VG VP a b v b  T 

I :  Before treatment: 
No1 72 2.3930 
PrI 41 2.3921 

65 2.3958 
Lyl An1 45 2.4117 

No11 72 2.3797 
PrII 41 2.3882 
LyII 65 2.3617 
An11 45 2.3674 

I1  : After treatment 

2.3454 
2.3464 
2.3681 
2.3733 

2.3466 
2.3400 
2.4030 
2.3802 

.007230 

.007250 

.007970 

. 0 0 5 0 3 0 

.009410 

.006090 

.007630 
.007590 

. 0 0 6 8 9 0 

.008440 

.006560 

.005790 

. 0 0 5 5 8 0 

.007940 

.005530 

.012420 

5969 
.2891 
.8370 

1.2455 

1.3109 
.2047 

1.4560 
1.8207 

.7307 
3600 
.6390 
.4677 

.4352 

.8941 

.4010 

.2363 

,005986 .75 
.010886 .80 
,006583 .70 
.021684 .44 

.005766 .57 

.012931 .78 

.008951 .47 

.036756 .18 
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(I)  BEFORE TREATMENT 

No: No estrogen 
Pr: Premarin 
Ly: Lynoral 

c5 An: Anvene 
300 

I I I 

260 250 300 

(11) AFTER 6 MONTHS of TREATMENT 

No: No estrogen 
Pr: Premarin 
Ly: Lynoral 1 An: Anvene 

1- 
2bO 250 300 @ CmL8sTERo: (q.%) 

FIG. 1 & 2. Regressions of phospholipids on cho- 
lesterol in the four treatment groups. Fig. 1, be- 
fore therapy and Fig. 2, after 6 mo of therapy. 

Means are denoted by circles. 

f erences lacked significance, there tended to 
be a reduction in degree of correlation be- 
tween cholesterol and phospholipids in in- 
terval 11, as compared with interval I, in 
the No estrogen, Lynoral and Anvene groups, 
these reduced correlations being reflected in 
the smaller b coefficients in interval I1 in 
these groups. 

In interval 11, the b coefficients of the No 
estrogen, Lynoral and Anvene groups all 
differ significantly from that of the Premarin 
group, as shown in Fig. 2, which exhibits the 
regressions in the 4 groups after 6 months of 
treatment. It is not clear whether these 

changes in b coefficients are incidental sta- 
tistical artifacts resulting largely from non- 
significant changes in degree of correlation 
or are real phenomena requiring further ex- 
ploration and interpretation. The former is 
suggested by the otherwise observed uniform- 
ity of these coefficients(l,2). In any event, 
the question remains of whether the curves 
of Fig. 2 are significantly higher than those 
in Fig. 1: i.e., whether the interlipid abnor- 
mality in men with atherosclerosis has been 
abolished by treatment with these estrogens 
in the doses used. 

The elevations of 2 regressions may be 
compared by calculating the level of the 
nominally dependent variable (P’) for a se- 
lected value of the nominally independent 
variable (C). If the 2 sample regressions 
happen to have identical slopes, then this 
comparison may be made at  any desired 
point which seems germane to the inquiry, 
or if there is no logical basis for selecting 
some particular value of C for this purpose, 
one may arbitrarily select any value and 
learn whether it yields a significant differ- 
ence. When the 2 regressions differ in slope, 
however, the calculated values of P’ depend 
for their differences, not only on elevation 
but also on slope, the contribution of the 
latter increasing with distance from the mean. 
In this series, the 8 cholesterol means (4 in 
I and 4 in 11) range from 230 to 258 mg %. 
Since we are reporting elsewhere(2) the val- 
ues of P’ calculated for cholesterol levels of 
225 and 255 mg %, and since the contribu- 
tion of differences in b to differences in calcu- 
lated P’ levels is trivial within this small 
range from the observed means, we have ar- 
bitrarily elected to utilize these same 2 cho- 
lesterol levels in the present analysis. The 
level of phospholipid (P’) calculated from 
the various regressions for these 2 selected 
levels of cholesterol (C) are shown in Table 
I1 before (I) and after 6 months of treat- 
ment (11). Table I11 shows probability lev- 
els, where significant, for the differences be- 
tween these calculated phospholipid levels. 

There was no significant difference among 
the 4 treatment groups before the start of 
therapy. Under treatment with Lynoral 
there was a significant increase in phospho- 
lipids, not only in comparison with their 



360 ESTROGEN EFFECTS ON INTERLIPID RELATIONS 

TABLE 11. Levels of Phospholipids (P’) Calcu- 
lated from the Various Regression Equations for 
Cholesterol (C) Levels of 225 and 255 mg %. Data 

for normal males (WC) reported elsewhere( 2). 

P’ c:tlculnted for : 
Group C = 2 2 5  C=255  

Norinal ilialev WC 226 246 

Present series : I : Before treatment: 
No estrogen No1 207 
Premarin PrI 205 

219 
222 Anvene An1 

No estrogen No11 216 
Prema r in PrII 203 
Lyiioral LyII 251 
Anvene An11 238 

Lynoral LYI 

Present series : I1  : After treatment : 

227 
229 
237 
235 

228 
228 
264 
245 

previous level in these same persons but also 
in comparison with the other treatment 
groups. Phospholipids also tended to rise in 
the Anvene group under therapy, though here 
the differences were less marked and failed 
to achieve significance. The groups receiv- 
ing Premarin or No estrogen showed no ap- 
preciable change during treatment. 

The previously reported abnormality in 
interlipid relationships characteristic of clini- 
cal atherosclerosis persisted unchanged dur- 
ing 6 months of treatment with Premarin or 
No estrogen but was abolished by treatment 
with Lynoral(2). The effects of Anvene 
treatment upon these interlipid relationships 
were uncertain although, as noted above, 
there was a significant reduction in mean 
cholesterol in this group. 
Discussion. We have noted elsewhere that 

men with clinical manifestations of athero- 
sclerosis (myocardial infarction or cerebral 
thrombosis) show a significant abnormality 
in interlipid relationships, characterized by 
a lower level of phospholipid associated with 
any given level of cholesterol. We also ob- 
served, in confirmation of Popjak( 1), that 
in various other clinical states, which may 
show marked differences in both mean cho- 
lesterol and mean phospholipid, the interlipid 
relationship tends to remain quantitatively 
constant. We believe this observation to be 
clinically important because it indicates some 
basic abnormality in atherosclerosis that is 
present over a broad spectrum of lipid levels. 

Data presented here indicate that treat- 

ment with Lynoral actually resulted in abol- 
ishing this abnormality. In men receiving 
Premarin, and in those treated with No estro- 
gen, there was no significant change in inter- 
lipid relationships. I t  should be emphasized 
that treatment utilized small, well-tolerated 
doses causing minor breast manifestations. 
In the case of Premarin, doses were usually 
1.25 to 2.5 mg/day. While other investiga- 
tors have not reported the effect of Premarin 
on interlipid relationships, they have noted 
that little or no change in mean cholesterol 
or phospholipid occurs in men given small 
doses of this preparation (28). 

The positive effect of Lynoral on the se- 
rum lipids and the lack of any effect of 
Premarin, in the doses used in this study, 
are of great interest in conjunction with 
their effects, in this same clinical trial, on 
(a) production of clinical manifestations (29) 
of estrogen therapy (such as breast changes) 
and (b)  incidence of death or new events 
(22,23). All 3 estrogenic preparations were 
given in dosages causing minor breast 
changes that were easily tolerated by the in- 
dividual subject: thus all 3 estrogens were 
given in approximately equal doses as gauged 
by “feminizing” potency. Lynoral and An- 
ven3 failed to improve survival rate or re- 
duce the frequency of new events, but signi- 
ficantly altered the serum lipids toward those 
found in normal individuals. Premarin, on 
the other hand, appears to improve survival 
rate with no effect on the serum lipids. 

We therefore have observed dissociation 
among 3 effects of estrogens given to men 
with myocardial infarction: the estrogen ef- 
fect, serum lipid effect and clinical outcome 
effect. In each of these respects, Lynoral 
and Anvene appear quite similar; both of 

TABLE 111. Probability Values for Comparisons 
Found Significant by the Dunn Multiple Compari- 
sons Test(27) for Differences Between P’ Levels 
Shown in Table 11. Critical t ratios used are 3.30 

for P < .05 and 3.80 for P < .01. 

Proba- Proba- 
P’c=225 bility P’,=255 bility 

NoII-LyII  216-251 .01 228-264 .01 
PrII -LyII  203-251 .01 228-264 .01 
PrII -An11 203-238 .05 228-245 - 
LyI -LyII  219-251 .01 237-264 .05 
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these preparations are synthetic, chemically 
pure estrogens. Premarin, however, is a natu- 
ral preparation containing estrogenic as well 
as possibly non-estrogenic components. Our 
findings suggest that i t  may contain constitu- 
ents relatively potent in influencing survival 
in men with myocardial infarction without 
modifying serum lipids. These data suggest 
that reduction of cholesterol or C/P ratio is 
not necessarily clinically beneficial and sub- 
stances that are antiatherogenic need not 
necessarily modify the serum lipids. 

Conclusions. 1 .  A total of 223 men recov- 
ered from myocardial infarction were allo- 
cated to treatment groups and serum cho- 
lesterol and phospholipids determined (I)  
before and (11) following 6 months of un- 
interrupted treatment with No estrogen, 
Premarin, Lynoral or Anvene. 2. The ab- 
normality in interlipid relationships charac- 
teristic of men with clinical atherosclerosis 
was unaltered in the subjects receiving 
Premarin, but this abnormality was abol- 
ished by treatment with Lynoral. 3. There 
is no necessary correlation between the femi- 
nizing, lipid-altering and outcome-altering 
effects of estrogen therapy in men with myo- 
cardial infarction. 
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