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ABSTRACT 

High density lipoprotein (HDL) levels are known to be higher in women than in men, and to 
increase with estrogen use. To assess the effects of estrogens on HDL subspecies, analytic ultracentri- 
fuge measurements of HDL were compared in 11 menopausal estrogen users and 16 controls. The 
difference in mean schlieren patterns between the groups showed a significantly higher level of HDL 
with flotation rate (F~.20) > 1.5 (predominantly HDL2) in the users. This was similar to the dif- 
ference in HDL seen between nonusers of hormones and age-matched males. A previous study had 
shown that users of combination oral contraceptives had increased levels of HDL with F~.20 -<< 3.5 
(primarily HDL3) suggesting that the estrogen effect on HDL is altered by the presence of added 
progestin. The progestin effect was studied here in more detail in two women with type V hyper- 
lipoproteinemia treated with norethindrone acetate. Reduction in serum triglyceride was accompanied 
by a reduction in HDL, predominantly in the less dense species (HDL2). Among groups of oral 
contraceptive and noncontraceptive estrogen and progestin users whose HDL-cholesterol levels have 
been reported recently, there was a direct correlation (r = 0.86, p < .001) between mean HDL- 
cholesterol and triglyceride levels. Endogenous hormonal influences on HDL were assessed by serum 
hormone and lipoprotein measurements at weekly intervals during two consecutive menstrual cycles 
in four healthy females. An increase in HDL of highest flotation rate (F~.20 5-9) was seen, which 
corresponded with the time of ovulation, raising the possibility of pituitary as well as gonadal 
hormone effects on HDL. 

INTRODUCTION 

It has long been  recognized tha t  p r emeno-  
pausal  w o m e n  have higher  levels of h igh  dens i ty  
l ipopro te in  (HDL)  t h a n  m en  (1-6), and  t ha t  
admin i s t r a t i on  of  es t rogens  to  e i the r  sex m ay  
increase to ta l  HDL (6-8). The effects  on  HDL 
of  ano the r  of the  ma jo r  female gonada l  hor-  
mones ,  p roges te rone ,  have no t  been  ident i f ied.  
There  has been  renewed  in teres t  in the  in- 
f luence of these  h o r m o n e s  and  of c o m b i n a t i o n  
es t rogen-proges t in  oral  con t racep t ives  on  HDL 
because of  the  increased incidence  of  co rona ry  
disease r epor ted  in "p i l l "  users (7-11),  and  the  
s t rong  inverse re la t ionships  be t w een  levels of  
HDL and co rona ry  risk (12,13) .  

Data  are p resen ted  and  reviewed here which  
indica te  t ha t  exogenous  estrogens,  proges t ins  
and  c o m b i n a t i o n s  have differ ing effects  on  
specific subf rac t ions  of  HDL and  on  HDL- 
cholesterol .  Also, f luc tua t ions  of HDL dur ing 
the  n o r m a l  m e n s t r u a l  cycle are shown  in rela- 
t ion  to e n d o g e n o u s  est rogen,  proges t in ,  and 
lute iniz ing h o r m o n e  levels. 

METHODS 

Subjects 

Several groups of  subjects  were s tudied.  
Es t rogen  effects  on  HDL were ana lyzed  in 11 
menopausa l  w o m e n  aged 44-66 who were using 
con juga ted  es t rogens  (0 .625-1 .25  mil l igrams per  
day)  and in 16 m e n o p a u s a l  w o m e n  of  com- 

parable  age who  had  no t  used es t rogens  or con- 
t r a c e p t i v e s  for  at  least six m o n t h s .  The  
m e a s u r e m e n t s  were p e r f o r m e d  previously  as 
par t  of  a s tudy  of  lipids and  l i popro te ins  in a 
s a m p l e  o f  t h e  p o p u l a t i o n  of Modes to ,  
Cal i fornia  (14).  Fo r  ca lcula t ion  of male-female  
d i f ferences  in HDL, analyt ica l  u l t racen t r i fuge  
data  f rom the  Modes to  s tudy  p o p u l a t i o n  were 
also used. In the  age group 27-46 years,  there  
were 40  men  and  29 w o m e n  who  were no t  
using es t rogens  or oral  con t racep t ives ,  and  in 
the  age group 47-66 years,  the re  were 40  men  
and 25 w o m e n  who  were n o t  using h o r m o n e s .  
Blood samples  were ob ta ined  wi th in  8 h r  of  a 
light, fat-free breakfas t  or b reakfas t  and  lunch .  

The  in f luence  of  oral  con t racep t ives  and  
n o n c o n t r a c e p t i v e  es t rogen and  proges t in  use on  
se rum HDL-choles te ro l  and  t r iglyceride were 
s tud ied  in 4 ,978  h e a l t h y  female vo lun tee r s  
enl is ted in the  Walnut  Creek Con t racep t ive  
Drug Study.  Details  of this  s tudy  and a descrip- 
t ion  of the  cohor t  have been  pub l i shed  (15,16) .  
In the  p resen t  analysis,  two  " m i s c e l l a n e o u s "  
t r e a t m e n t  groups  were omi t t ed ,  leaving 17 
groups of  h o r m o n e  users (n = 1382)  and a 
group of 3422  nonusers .  

HDL were also analyzed in two  w o m e n  ages 
58 and  62 wi th  type  V h y p e r l i p o p r o t e i n e m i a  
being t rea ted  wi th  the  progest in ,  n o r e t h i n d r o n e  
acetate .  Blood samples  were t aken  af te r  over- 
n ight  fast  at  in tervals  ind ica ted  in Results .  

Finally,  weekly m e a s u r e m e n t s  of  HDL were 
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FIG. 1. HDL as measured by analytic ultracentri- 
fugation in estrogen users and nonusers. The curves are 
the computer-derived means of individual curves in 
each group. 

carr ied ou t  on b lood  samples  ob ta ined  af ter  an 
overnight  fast dur ing the course of the  two  
sequent ia l  mens t rua l  cycles in each of four  
hea l thy  vo lun tee rs  ages 22-26.  The subjects  
were asked no t  to  vary the i r  diet  or exercise 
levels dur ing  the  course of  the  s tudy.  

Methods of  Measurement 

Analyt ica l  u l t racent r i fuge  m eas u r em en t s  of  
serum HDL were p e r f o r m e d  as descr ibed pre- 
v i o u s l y ( 1 7 ) .  C o m p u t e r  t echn iques  were em- 
p loyed  to generate  individual  and  m e a n  cor- 
rec ted  schl ieren pa t te rns ,  to  p lo t  curves repre- 
sent ing  di f ferences  be tween  pairs of  schlieren 
pat terns ,  and  to calculate  c o n c e n t r a t i o n s  of 
to ta l  HDL and HDL of  specified f lo ta t ion  rates 
(17). 

HDL-choles te ro l  was measured  by a modifi-  
c a t i o n  o f  the  hepar in -manganese  chloride 
m e t h o d  ( t 8 , 1 9 ) .  

Tota l  serum choles tero l  and tr iglyceride con- 
cen t r a t ions  were measured  using e i the r  the  
T e c h n i c o n  A u t o a n a l y z e r  (AA If) (18),  or enzy- 
mat ic  m e t h o d s  (20,21) .  

C o n c e n t r a t i o n s  of  serum estradiol ,  proges- 
t e rone  and luteinizing h o r m o n e  (LH) were 
measured  by r ad io im m unoas s ay  techniques .  

R ESU LTS 

Estrogen Effects on H D L  

The mean  cor rec ted  schl ieren pa t t e rns  of  
HDL measured  in the analyt ic  u l t racen t r i fuge  in 
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FIG. 2. Differences in HDL between estrogen user 
and  n o n u s e r  groups. The curve represents the 
computer-derived difference between the mean HDL 
curves for the two groups shown in Fig. 1. The area 
under the baseline (shaded) represents the increase in 
lipoproteins in the user group. 

estrogen users and  con t ro l s  are s h o w n  in Figure 
1. Est rogen users had h igher  levels of  HDL wi th  
f lo ta t ion  rate  (F~ .2o )  greater  t han  1.5. The  
di f ferences  are shown  more  precisely by  sub- 
t rac t ing  the  curve of  the nonuse r s  f rom tha t  of  
the  users (Fig. 2). This yields a "d i f fe rence  
curve"  wi th  three  peaks:  two which  are h igher  
in the fas ter  f loat ing region, and one  which  is 
lower in the  es t rogen users in the  slower 
f loa t ing  region. The  posit ive difference,  82 
mg/d l  or 20% of the con t ro l  level, was signifi- 
can t  at p ~ 0.05, while the  negat ive di f ference 
was no t  s ta t is t ical ly  significant.  

It is possible  to compa re  these di f ferences  in 
HDL wi th  those  be tween  men  and women  
(nonusers  o f  h o r m o n e s )  in the  same popu la t ion  
(14 ,22)  (Fig. 3). The  same three  f lo ta t ion  peaks  
are present ,  the  two higher  in women  corre- 
sponding  to those  h igher  in the es t rogen users, 
and  the  th i rd  wi th  slower peak  f lo ta t ion  rate 

lower  in b o t h  groups. These th ree  peaks re- 
cent ly  have been  shown  by A n d e r s o n  et al. to  
be due to the  presence  of  th ree  subf rac t ions  of 

HDL separable by  equi l ib r ium dens i ty  gradient  
u l t r acen t r i f uga t i on  (22)  and have been desig- 
na t ed  as HDL2b ,  HDL2 a, and  HDL 3. Thus,  
estrogen use appears  to be associated wi th  
higher  levels of HDL2b  and  HDL2a , bu t  no t  
HDL 3 and  the  d i f ference  in HDL be tween  users 
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FIG. 3. Differences in HDL between men and 
women (nonusers of hormones) in age groups 27-46 
and 47-66 in the Modesto population study (14). 
Mean HDL difference curves were computer-plotted as 
in Fig. 2. The shaded areas represent the lipoproteins 
higher in women than men. 

and nonusers resembles the difference in HDL 
between women and men. 

Norethindrona Acetate Effects on 
HDL and Triglyceride 

The effect of estrogen on HDL (Fig. 2) is in 
contrast to the findings previously reported in 
users of oral contraceptives, namely an increase 

o 
in HDL of Ft .2o 0-3.5, but not in faster 
floating HDL (23). On the basis of the HDL 
subclassification described above, the increase 
appears to include predominantly HDL3 and to 
a lesser extent HDL2a, but not HDL2b. 

The most likely cause of the different results 
in estrogen and contraceptive users was an 
effect of the added progestin on HDL. The 
effect on HDL of one of the progestins, 
norethindrone acetate, was studied in detail in 
two female subjects with type V hyperlipopro- 
teinemia. Figure 4 shows serum total HDL as 
measured in the analytic ultracentrifuge and 
serum triglyceride in one of the subjects before, 
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during, and following treatment with norethin- 
drone acetate. The initial values were obtained 
when she was using conjugated estrogens. Upon 
withdrawal of estrogen, there was a reduction 
in serum triglyceride and total HDL, predomi- 
nantly in the HDL 2 region. Within one week of 
introduction of norethindrone acetate, there 
was a further reduction in these measurements, 
progressing slightly with time and increased 
dosage to involve a reduction in HDL3 as well. 
Drug withdrawal resulted in a return in all 
measurements towards baseline levels. 

In the second subject, serum triglyceride fell 
from 4994 mg/dl to 2772, 2344, and 2073 
mg/dl after one, two and three weeks of treat- 
ment with norethindrone acetate, 5 mg per day. 
Serum total HDL fell from 299 mg/dl to 229, 
195, and 168 mg/dl at the same three points. 
As in the first subject, the reduction in HDL 
was predominantly in less dense HDL (F].2o 
2-9), and in this case there was also a slight 
increase in HDL of F~.2o 0-2. 

Since norethindrone acetate treatment re- 
suited in simultaneous lowering of triglyceride 
and HDL in these patients, the relationship of 
serum triglyceride and HDL-cholesterol was 
further examined using the Walnut Creek Oral 
Contraceptive Drug Study population (Fig. 5) 
(see Methods). A strong positive correlation is 
seen among the user groups, suggesting that use 
of contraceptive steroids, estrogens, and pro- 
gestins results in parallel changes in serum 
HDL-cholesterol and triglyceride. 

HDL and the Menstrual Cycle 

Having investigated the effects of exogenous 
sex hormones on HDL, we turned to the study 
of changes in HDL as influenced by endogenous 
hormones in the normal menstrual cycle. Due 
to variation in cycle length and timing of hor- 
monal peaks, it is not possible to group the data 
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FIG. 4. Serum triglyceride and total HDL as measured by analytic ultracentrifugation in a subject with type 
V hyperlipoproteinemia and taking estrogen or norethindrone acetate. 
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for the four subjects studied. Fig. 6 shows the 
HDL (lower panel) and gonadal hormone levels 
(upper panel) in one subject during two se- 
quential menstrual cycles, the results being 
representative of those in the other subjects. 
Ovulation occurs at the time of the midcycle 
peak in level of LH, after which progesterone 
concentra t ion increases markedly. Estrogen 
levels before and after ovulation are com- 
parable. Concentration of HDL of F~.20 0-1.5 
and 3-4 showed no systematic changes during 
the cycle, while levels of HDL of F~.20 5-9, 
representative of HDL2b, increased at or just 
after the time of ovulation and then declined 
rapidly. Due to the complexity of the various 
hormone patterns and the fact that other 
gonadal and pituitary hormones were not 
measured, it is not possible to link the mid- 
cycle increase in HDL 2 to any specific hormone 
change, but the temporal association with LH is 
suggestive. 

D I S C U S S I O N  

Exogenous gonadal hormones (6-8) and deri- 
vatives (16, 23, 24-26) may exert major effects 
on serum HDL. Interest in these effects derives 
not only from the possible consequences of 
altered HDL in the large number of women 
using such preparations, but also from the in- 
sights that may be gained regarding the in- 
fluence of endogenous gonadal hormones on 
the control of HDL levels. 

Estrogens are known to increase HDL, and 
in the present paper this increase has been 
shown to involve primarily the less dense HDL 2 
subfractions. Synthetic progestins may lower 
HDL, at least in women with hypertrigly- 
ceridemia. Again the major effect is on HDL2. 
In combination with estrogen, progestins tend 
to shift the increase of HDL towards the more 

FIG. 6. Measurements of serum estradiol, pro- 
gesterone and LH (upper panel), and HDL (lower 
panel) during two consecutive menstrual cycles in a 
healthy female. Cycles begin with the first day of 
menstruation at days 1 and 35. HDL concentrations, 
measured by analytic ultracentrifugation, are shown in 
three flotation intervals: F~ 20 0-1.5 (contained with- 
in the HDL 3 subgroup), FI'20 3-4 (contained within 
HDL2a ) and F~ 20 5-9 (contained within HDL2b) 
(cf. Ref. 22). ' 

dense HDL 3 subspecies (23), and specific 
progestins may increase or decrease HDL- 
c h o l e s t e r o l  (16).  That these effects are 
pharmacologic is self-evident, but it is instruc- 
tive to identify the possible differences between 
p h a r m a c o l o g i c  and physiologic hormone 
actions that might be involved in influencing 
HDL. 

E s t r o g e n s ,  c o m m o n l y  administered as 
synthetic estrogen derivatives, or as conju- 
gated "natural"  estrogens (primarily estrone 
and equilin), result in supra-normal HDL levels. 
This may be due to specific drug effects, to 
unphysiologically high serum estrogen levels, or 
possibly to alterations in the normal pituitary- 
gonadal feedback relationships. It has not been 
d e t e r m i n e d  whether  elevated endogenous 
e s t r a d i o l  or estrone levels, as seen with 
estrogen-producing ovarian tumors, have a 
similar effect on HDL. 

In the case of progestins, the situation is 
even more complex due to the number of 
pharmacological actions associated with these 
drugs ,  namely,  progestational, androgenic, 
estrogenic, anabolic, and anti-estrogenic (16, 
27). In a previous publication (16), we have 
suggested that the effects on HDL-cholesterol 
of progestins in oral contraceptives appear to 
bear some relation to the progestins' relative 
anti-estrogenic or estrogenic effects, but other 
properties such as androgenicity Cannot be 
dismissed, particularly since androgens are 
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known  to lower  HDL levels (6,8). Fu r the rmore ,  
as wi th  o the r  cross-sectional  data, it is not  
possible to rule out  pa t ien t  select ion factors  
which might  have inf luenced HDL levels in the 
t r ea tmen t  group. 

A final aspect  of the pharmacology  of  exo- 
genous h o r m o n e  effects  on HDL is the  direct  
corre la t ion wi th  effects  on serum triglyceride 
and presumably  VLDL. Al though prel iminary 
analyses (Wingerd and Krauss, unpubl i shed)  
indicate  tha t  within groups  of h o r m o n e  users 
the expec ted  inverse relation be tween  HDL and 
tr iglyceride (28) is generally seen, the  p resen t  
results and those  of o thers  (8) suggest that  the 
overall metabol ic  relat ionships be tween  HDL 
and VLDL are inf luenced by h o r m o n e  use, 
possibly by parallel effects  on synthesis  and /o r  
ca tabol ism of these l ipoproteins .  

Studies of  l ipoprote ins  in the normal  men- 
strual cycle,  while conf i rming an increase in 
HDL in mid-cycle (29,30),  have n o t  he lped  to 
def ine the  ho rmona l  de te rminan ts  of  this in- 
crease except  to suggest tha t  factors  o the r  than 
es t rogen level are likely to be involved. It is no t  
k n o w n  what  effects  endogenous  p roges te rone  
(as opposed  to synthet ic  progest ins)  may  have 
on HDL, but  it may be that  the pos tovu la to ry  
surge in proges te rone  has a role in reducing 
HDL toward  basefine levels. A possible role of 
p i tu i tary  gonado t rop in  in cont r ibut ing  to the 
ovula tory  peak in HDL must  also be con- 
sidered.  

Since HDL levels are k n o w n  to increase wi th  
age in w o m e n  (16,29) it is difficult  to sort  out  
effects  due to menopause  per  se. It may  be, 
however,  tha t  loss of  progesterone effect  or 
enhanced  gonado t rop in  levels might con t r ibu te  
to the increase in HDL in older  women.  

Since the  inverse relat ionship in HDL and 
coronary  risk has recent ly  received renewed  
interest  (12,12),  it would seem appropr ia te  to  
c o m m e n t  on the possible role tha t  ho rmone -  
induced  changes in HDL might  have in re la t ion 
to this risk. An argument  has recent ly  been  
brought  for th  that  HDL2, by virtue of  its corre- 
lat ion wi th  tota l  HDL and HDL-cholesterol ,  
represents  the HDL c o m p o n e n t s  mos t  l ikely to 
correlate wi th  coronary  disease inc idence  (31). 
Thus, in te rms of  HDL alone, estrogens would  
theoret ica l ly  have an ameliorat ing effect  on 
coronary  risk, and the major i ty  of proges t ins  
and cont racept ives  a neutra l  or negative effect .  
It has been  shown,  however ,  tha t  es t rogen use 
increases the incidence of coronary  events in 
ei ther  sex (32-35), and recently high endo-  
genous es t rad io l / t es tos te rone  ratios have been  
ident i f ied  in men  with  accelerated coronary  
disease (36). Any  putat ive "p ro t ec t ive"  role of  
enhanced  HDL in es t rogen users might  well be 

reversed by o ther  es t rogen effects ,  such as 
increases in VLDL or changes in o the r  l ipopro-  
tein fract ions (8), or in b lood  pressure (37). 
Similar considera t ions  hold  t rue for the effects  
of  oral contracept ives ,  a l though here it is 
t empt ing  to suggest that  specific prepara t ions  
associated with reduced  HDL-choles terol  might  
con t r ibu te  to increased coronary  disease in pill 
users. 
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