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in lipoprotein profi le around the time of menopause, in-
cluding increases in total cholesterol, triglycerides, ApoB, 
and LDL cholesterol (LDL-C) ( 1, 4–7 ), which suggest a 
possible role of endogenous sex hormones. The reduction 
in plasma estradiol (E2) level that accompanies the meno-
pausal transition has been suggested as a possible mecha-
nism for this alteration of lipid profi les. This hypothesis 
was supported by the favorable infl uence of hormone 
therapy (HT) on lipids/lipoproteins ( 8, 9 ). 

 The conventional methods of measuring lipid/lipoprotein 
classes as VLDLs, LDL-C, and HDL cholesterol (HDL-C), 
provide concentrations of cholesterol carried by the li-
poprotein particles rather than the concentration of the 
particles themselves ( 10 ). The amount of cholesterol per 
particle varies from person to person, simply because of 
differences in the relative amounts of cholesterol ester 
and triglycerides in the particle core, as well as the differ-
ences in particle diameter ( 11 ). The NMR spectroscopy 
method provides a direct measure of lipoprotein particle 
size, distribution, and concentrations, and therefore may 
provide a more accurate way to quantify CVD risk. High 
concentrations of small LDL particles (LDL-Ps) and small 
HDL particles (HDL-Ps) ( 12, 13 ), and total VLDL particles 
(VLDL-Ps) and large VLDL-Ps ( 13, 14 ) have been found to 
be associated with greater risk of CVD, while larger LDL- 
and HDL-P sizes are signifi cantly associated with reduced 
incidence of CVD   ( 14 ). 

 Most of the studies which evaluated the associations be-
tween endogenous sex hormones and lipid/lipoprotein 
levels were mainly limited to lipoprotein classes as mea-
sured by the conventional methods ( 15–21 ). Results from 
these studies were not consistent; some failed to report 
signifi cant associations between lipids and sex hormones 
after adjusting for BMI ( 17, 18 ), while others showed sig-
nifi cant associations of E2 (negative) and androgens (pos-
itive) with LDL-C and total cholesterol ( 15, 16, 18–20 ). 
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 As women age, they are increasingly exposed to greater 
levels of CVD risk factors, including a poor lipid/lipoprotein 
profi le ( 1–3 ). Previous studies reported adverse changes 
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heparin-2M manganese chloride. LDL-C was calculated by the 
Friedewald equation for all subjects with triglycerides <400 mg/dl 
( 24 ). LDL-C was set to missing for those with triglycerides 
 � 400 mg/dl (only 1 participant). ApoA-1 and ApoB were mea-
sured by immunonephelometry (BN1A-100; Behring Diagnos-
tics, Westwood, MA). 

 Lipoprotein subclasses were determined by an automated 
NMR spectroscopic assay (LipoScience Inc., Raleigh, NC), using the 
LipoProfi le-3 algorithm ( 11, 25 ). Total particle concentrations 
of VLDLs and LDLs in nanomoles per liter units and HDLs in 
micromoles per liter units were determined by summing the con-
centrations of their respective subclasses [total VLDL-Ps as the 
sum of large, medium, and small VLDL-Ps; total LDL-Ps as the 
sum of large and small LDL-Ps and IDL particles; total HDL-Ps 
as the sum of large, medium, and small HDL-Ps], which were 
obtained from the measured amplitudes of the distinct lipid 
methyl group NMR signals they emit. Weighted-average VLDL-, 
LDL-, and HDL-P size was calculated by summing the diameter of 
each subclass multiplied by its relative mass percentage as esti-
mated by the amplitude of its methyl NMR signal. Particle diam-
eters and coeffi cients of variation (CVs) have been previously 
published for the NMR measures, with between-run CVs 7.1% or 
below for all particles except IDLs (13%) ( 25 ). 

 Endogenous sex hormones were measured at the University of 
Michigan Endocrine Laboratory using the Automated Chemilu-
misence System 180 automated analyzer (Bayer Diagnostics 
Corp., Norwood, MA). E2 was measured using a modifi ed off-line 
Automated Chemilumisence System 180 (E2-6). The lower limit 
of detection (LLD) was between 1 and 7 pg/ml. The averaged 
inter- and intra-assay CVs were 10.6 and 6.4%, respectively. Serum 
testosterone concentration was evaluated with the Automated 
Chemilumisence System 180 total testosterone assay modifi ed to 
increase precision in the low ranges. The LLD was between 2 and 
2.2 ng/dl. The inter- and intra-assay CVs were 10.5 and 8.5%, 
respectively. SHBG was measured with a two-site chemilumines-
cent immunoassay. The LLD was between 1.9 and 3.2 nM. The 
inter- and intra-assay CVs were 9.9 and 6.1%, respectively. The 
FAI was used to estimate the amount of the free active (unbounded 
to SHBG) testosterone. FAI was calculated as (100 × testosterone)/
(28.84 × SHBG) ( 26 ). Only E2 assays were conducted in duplicate. 
The arithmetic mean for the duplicate measures was calculated 
and reported (CVs of 3–12%). Hormone values below the LLD 
were replaced with a random value between zero and the LLD. 
For the current sample of SWAN women, only one participant 
had an E2 value that was below the LLD. None of the women had 
values for the other hormones that were below the LLD, and 
therefore the LLD was not an issue in the current analyses. Cycle 
day of blood draw was reported as days 2 to 5 (for regularly men-
struating women) or outside of that period (for irregularly and 
nonmenstruating women). 

 Study covariates.   Weight and height were measured at each 
clinic visit. BMI was calculated as weight/height 2 . Race/ethnicity 
was self-reported and age, smoking status (current vs. past/never), 
physical activity, and alcohol use were derived from interviews 
administered during clinic visits. Physical activity was assessed via 
a modifi ed Kaiser Permanente Health Plan Activity Survey ( 27 ). 
Alcohol use was reported as average weekly number of servings of 
beer, wine, liquor, or mixed drinks (none, <2 servings/week,  � 2 
servings/week). Menopausal status was determined annually 
based on reports about frequency, regularity of menstrual bleeding, 
and use of HT as follow:  1 ) premenopause: monthly bleeding 
with no perceived change in cycle interval;  2 ) early perimeno-
pause: monthly bleeding with a perceived change in cycle inter-
val, but at least one menstrual period within the past 3 months; 3) 
late perimenopause: 3 consecutive months of amenorrhea; and 

Sex hormone binding globulin (SHBG) was positively 
associated with a high level of HDL-C independent of 
BMI ( 21 ). 

 The associations between levels of endogenous sex hor-
mones and lipoprotein subclasses (size, distribution, and 
concentration), as measured by NMR in women transition-
ing through menopause, have never been evaluated before. 
To the best of our knowledge, only one study evaluated the 
associations between endogenous sex hormones and lipo-
protein subclasses from NMR; however that study was based 
on postmenopausal women ( 22 ). The aim of this study was 
to assess the associations between levels of endogenous sex 
hormones [E2, SHBG, and free androgen index (FAI)] and 
lipoprotein subclasses from NMR in a sample of women 
undergoing the menopausal transition. We hypothesized 
that higher levels of E2 and SHBG would be associated with 
a less atherogenic profi le (larger LDL- and HDL-P sizes and 
lower concentrations of total and large VLDL-Ps, total and 
small LDL-Ps, and small HDL-Ps), whereas FAI would be 
associated with a more atherogenic profi le  . 

 METHODS 

 Study participants 
 The Study of Women’s Health Across the Nation (SWAN) is an 

ongoing longitudinal multi-ethnic study of the biological, physi-
cal, psychological, and social changes during the menopausal 
transition. The study design has been previously reported ( 23 ). 
In brief, between 1996 and 1997, 3,302 participants aged 42–52 
years were recruited from seven designated sites (Boston, MA; 
Detroit, MI; Oakland, CA; Los Angeles, CA; Pittsburgh, PA; 
Chicago, IL; and Newark, NJ). The eligibility criteria for the 
SWAN study were:  1 ) an intact uterus and at least one ovary;  2 ) 
not pregnant or breastfeeding;  3 ) at least one menstrual period 
within the past 3 months; and  4 ) no HT use within the past 3 
months. 

 Participants of the current study were part of an ancillary 
study to SWAN at the Pittsburgh site where enrollment began 
between 1998 and 2003. Lipoprotein subclasses were available 
from blood samples (collected at SWAN core visits 1 through 5) 
of 120 participants who were selected from the larger Pittsburgh 
sample of participants who were not using HT (43.3% were pre-
menopausal or early perimenopausal and 56.7% were late peri- 
or postmenopausal). Research protocols were approved by the 
University of Pittsburgh institutional review board and all the par-
ticipants provided written informed consent prior to enrollment. 

 Study measures 
 Blood assays.   Phlebotomy was performed in the morning 

after 12 h of fasting. The participants were scheduled for veni-
puncture on days 2 to 5 of a spontaneous menstrual cycle. Two 
attempts were made to obtain a sample at days 2 to 5. If a timed 
sample could not be obtained (because menstrual cycles became 
less regular, samples tied to the early follicular phase were not 
feasible), a random fasting sample was taken within 90 days of the 
annual visit. Blood was maintained up to 1 h at 4°C until sepa-
rated and then frozen ( � 80°C) and sent on dry ice to the Medical 
Research Laboratories. EDTA-treated plasma was used to analyze 
lipids and lipoprotein subclasses. Triglycerides were determined 
by enzymatic methods (Hitachi 747 analyzer; Boehringer Man-
nheim Diagnostics, Indianapolis, IN). HDL-C was isolated with 
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participants in the current study. This threshold effect was evalu-
ated by testing signifi cant differences in lipoprotein subclasses 
among women with an E2 level below 25.7 pg/ml and those with 
an E2  � 25.7 pg/ml. Effect modifi cations of menopausal status, 
BMI, and race on associations between sex hormones and lipo-
protein subclasses were also evaluated. Analyses were performed 
with SAS version 9.2 (SAS Institute, Cary, NC). 

 RESULTS 

 Summary statistics of characteristics, lipoprotein sub-
classes, and endogenous sex hormones are presented for 
the total group and by menopausal status in   Table 1  .  Par-
ticipants were 50.4 (±1.9) years old with 42.5% being Black. 
About 57% of the study participants were late peri-/post-
menopausal and 43% were pre-/early perimenopausal. In 
general, late peri-/postmenopausal participants had a worse 
lipoprotein profi le compared with pre-/early perimeno-
pausal participants. As expected, late peri-/postmenopausal 
participants had signifi cantly lower levels of E2. They also 
had signifi cantly higher levels of testosterone and marginally 
higher levels of FAI. 

 As hypothesized, E2 and SHBG were found to be signifi -
cantly related to a less atherogenic profi le, while FAI was 

 4 ) postmenopause: 12 consecutive months of amenorrhea. Both 
pre- and early perimenopausal women were combined in one 
group while late peri- and postmenopausal women were com-
bined in a second group. 

 Statistical analysis 
 The distribution of each continuous variable was examined 

and variables were log transformed or categorized if the distribu-
tion was not normal. Two-sample  t -test, two-sample Wilcoxon 
rank sum test, and chi-square test were utilized to compare par-
ticipant characteristics between pre-/early perimenopausal and 
late peri-/postmenopausal. 

 Spearman correlations and partial Spearman correlations 
were used to assess the strength and direction of the associations 
between endogenous sex hormones and lipoprotein subclasses 
(separate model for each sex hormone with each lipoprotein 
subclass). Partial correlation coeffi cients were adjusted for cova-
riates known to impact lipoprotein levels (physical activity, alco-
hol use, BMI) ( 18 ) in addition to age, cycle day of blood draw, 
and race. Quintiles of E2 were created and evaluated in relation 
to lipoprotein subclasses that were found to be signifi cantly cor-
related with E2 level, using linear regression. Adjusted geometric 
means of lipoprotein subclasses were estimated for E2 quintiles 
and graphed. These graphs suggested a potential threshold ef-
fect of E2 at the third quintile (E2  � 25.7 pg/ml), which was close 
to the median value of E2 among late peri-/postmenopausal 

 TABLE 1. Characteristics and clinical measures of the study participants by menopausal status      

Total (N = 120) Pre-/Early Peri (N = 52) Late Peri/Post (N = 68)  P 

Age, years  50.4 (1.9) 50.0 (1.6) 50.6 (2.1) 0.11
Black, n (%) 51 (42.5) 24 (46.2) 27 (39.7) 0.48
Smoker, n (%) 21 (17.7) 8 (15.7) 13 (19.1) 0.63
Alcohol consumption, n (%) 0.20
 None 71 (60.2) 33 (66.0) 38 (55.9)
 >2 servings/week 21 (17.8) 10 (20.0) 11 (16.2)
  � 2 servings/week 26 (22.0) 7 (14.0) 19 (27.9)
BMI, kg/m 2 30.2 (7.5) 29.7 (7.5) 30.6 (7.6) 0.53
Physical activity 7.8 (1.7) 8.1 (1.5) 7.6 (1.8) 0.12
HDL-C, mg/dl  a  56.6 (14.9) 56.7 (16.2) 56.5 (14.1) 0.94
LDL-C, mg/dl  a  124.9 (38.7) 113.0 (33.3) 133.7 (40.3) 0.009
ApoA, mg/dl  a  165.0 (26.7) 162.1 (27.7) 167.2 (26.0) 0.36
ApoB, mg/dl  a  114.0 (33.9) 104.0 (27.2) 121.5 (36.7) 0.01
Triglycerides, mg/dl  a  107.0 (80.0,158.0) 100.5 (77.0, 146.0) 111.5 (80.0, 186.0) 0.35
VLDL-P concentration, nmol/l
 Total 78.6 (38.2) 69.4 (28.1) 85.7 (43.2) 0.01
 Large 1.4 (0.3, 4.2) 1.1 (0.3, 2.7) 1.6 (0.3, 5.9) 0.14
 Medium 19.5 (8.9, 34.8) 15.6 (7.8, 28.0) 21.7 (10.0, 43.4) 0.08
 Small 49.9 (20.7) 46.6 (15.6) 52.4 (23.6) 0.11
LDL-P concentration, nmol/l
 Total 1,180.6 (1,026.6, 1,420.9) 1,154.2 (955.6, 1,297.9) 1,231.9 (1,053.5, 1,458.5) 0.006
 Large 604.0 (478.0, 795.2) 606.4 (480.8, 774.0) 602.2 (476.0, 846.6) 0.71
 Small (total) 476.1 (291.3, 708.7) 428.7 (291.3, 629.7) 532.5 (290.6, 761.6) 0.25
 Medium small 90.8 (61.8, 134.2) 86.8 (61.2, 124.4) 108.0 (62.7, 147.0) 0.23
 Very small 373.3 (223.9, 570.5) 354.9 (223.9, 517.7) 408.8 (225.0, 599.8) 0.32
HDL-P concentration, umol/l
 Total 32.7 (6.9) 31.9 (6.6) 33.3 (7.1) 0.25
 Large 6.8 (3.1) 6.9 (2.7) 6.7 (3.4) 0.64
 Medium 1.5 (0.3, 4.8) 1.7 (0.6, 4.5) 1.3 (0, 5.6) 0.47
 Small 22.9 (6.0) 22.0 (0.6) 23.7 (5.4) 0.11
VLDL-P size, nm 48.1 (9.3) 48.2 (9.8) 48.0 (9.0) 0.93
LDL-P size, nm 21.6 (0.7) 21.7 (0.6) 21.5 (0.7) 0.28
HDL-P size, nm 9.2 (0.5) 9.2 (0.4) 9.1 (0.5) 0.13
E2, pg/ml 31.8 (19.3, 83.1) 48.4 (21.7, 109.0) 27.4 (15.6, 47.9) 0.007
SHBG, nM 37.0 (24.9, 51.2) 36.9 (24.3, 51.2) 37.4 (25.1, 51.3) 0.77
Testosterone, ng/dl 32.2 (22.2, 49.15) 29.7 (20.6, 36.1) 38.8 (26.3, 53.9) 0.007
FAI 3.2 (1.7, 6.1) 2.5 (1.5, 5.1) 3.6 (2.1, 6.6) 0.11

Continuous variables were presented as mean (SD) or median (Q1, Q3) while categorical variables were presented as n   (%).
  a   Only available for 98 participants.
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found to be associated with a more atherogenic profi le 
(  Table 2  ).  Signifi cant negative correlations were found for 
E2 and medium-small LDL-P concentrations. Further, E2 was 
positively correlated with HDL-P size. For SHBG, indepen-
dent negative correlations were found with concentrations of 
all small LDL-P subclasses. SHBG was also positively corre-
lated with LDL-P and HDL-P sizes. Total testosterone was 
only negatively correlated with HDL-P size. For FAI, signifi -
cant positive correlations were found with concentrations of 
total VLDL-P, total LDL-P, and all small LDL-P subclasses. 
Additionally, FAI was negatively correlated with large HDL-P 
concentration, and HDL-P and LDL-P sizes. The above re-
sults were independent of age, race, cycle day of the blood 
draw, BMI, physical activity, and alcohol consumption. Ad-
ditional adjustment for menopausal status did not change 
the results except for medium-small LDL-P correlation 
with E2, which was slightly attenuated ( �  =  � 0.170,  P  = 
0.07), (data not shown). 

 Geometric means of lipoprotein subclasses that were 
found to signifi cantly correlate with E2 level are estimated 
and graphed in   Fig. 1  .  Clear differences in HDL-P size and 
medium-small LDL-P concentration were observed at the 
third quintile of E2. Women with an E2 level <25.7 pg/ml 
had signifi cantly smaller HDL-P size ( �  =  � 0.18,  P  = 0.03) 
and higher concentrations of medium-small LDL-Ps ( �  = 
0.50,  P  = 0.002) compared with women with an E2  � 25.7 
pg/ml. Results did not change after further adjustment 
for menopausal status (data not shown). No signifi cant in-
teractions were found with menopausal status, BMI, or 
race and endogenous sex hormones in relation to lipopro-
tein subclasses after adjusting for multiple testing. 

 DISCUSSION 

 Our results support the hypothesis that levels of endog-
enous sex hormones in women at midlife are associated 

 TABLE 2. Partial correlations of lipoprotein subclasses and endogenous sex hormones          

Lipoprotein Subclasses

E2 (pg/ml) SHBG (nM)
Testosterone 

(ng/dl) FAI

 �  P  �  P  �  P  �  P 

VLDL-P concentration, nmol/l
 Total  � 0.049 0.61  � 0.128 0.18 0.141 0.14 0.218 0.02
 Large  � 0.097 0.31  � 0.164 0.09 0.004 0.96 0.154 0.10
 Medium  � 0.102 0.28  � 0.053 0.58 0.111 0.25 0.139 0.14
 Small 0.045 0.64  � 0.041 0.67 0.175 0.07 0.150 0.11

LDL-P concentration, nmol/l
 Total  � 0.162 0.09  � 0.133 0.16 0.116 0.22 0.208 0.02
 Large 0.032 0.74 0.119 0.31 0.003 0.97  � 0.112 0.24
 Small (total)  � 0.143 0.14  � 0.193 0.04 0.104 0.28 0.249 0.008
 Medium small  � 0.188 0.048  � 0.204 0.03 0.105 0.27 0.273 0.004
 Very small LDL  � 0.133 0.17  � 0.188 0.048 0.120 0.21 0.244 0.01

HDL-P concentration, umol/l
 Total 0.043 0.66 0.026 0.78 0.000 0.99  � 0.081 0.39
 Large 0.120 0.21 0.090 0.35  � 0.110 0.25  � 0.193 0.04
 Medium  � 0.167 0.08 0.039 0.69  � 0.132 0.17  � 0.142 0.14
 Small 0.052 0.59  � 0.032 0.74 0.083 0.39 0.030 0.75
VLDL-P size, nm  � 0.011 0.91  � 0.070 0.46  � 0.001 0.95 0.079 0.41
LDL-P size, nm 0.099 0.30 0.211 0.03  � 0.104 0.28  � 0.263 0.005
HDL-P size, nm 0.217 0.02 0.247 0.009  � 0.190 0.045  � 0.353 0.0001

All models adjusted for age, race, cycle day of the blood draw, BMI, physical activity, and alcohol consumption  .

with lipoprotein subclass profi les. We found that lower 
levels of E2 and SHBG and higher levels of FAI were in-
dependently associated with smaller/denser LDL-Ps and 
smaller LDL-P and/or HDL-P sizes in women at midlife. 
Further, higher levels of FAI were associated with higher 
total VLDL-P concentration. Previous reports showed that 
small LDL- and HDL-Ps ( 12, 13 ) and total VLDL- and large 
VLDL-Ps ( 13, 14 ) were associated with greater risk of CVD, 
while larger LDL- and HDL-P sizes were signifi cantly asso-
ciated with reduced incidence of CVD ( 14 ). Consistent 
with that, serum levels of triglycerides among the current 
study participants were found to be positively correlated 
with concentrations of lipoprotein subclasses related to 
CVD risk (total VLDL-Ps, small LDL-Ps, and small HDL-Ps) 
(data not shown). Taken together, our results suggest that 
the alterations in endogenous sex hormones that charac-
terize the menopausal transition may render women’s li-
poprotein profi les to be more atherogenic. This altered 
lipoprotein profi le may in turn subject midlife women to a 
higher risk for coronary heart disease. Given the cross-
sectional nature of the current report, future longitudinal 
studies are needed to evaluate this possibility. 

 Previous studies demonstrate adverse changes in lipopro-
tein profi le around the time of menopause ( 1, 4–7 ). In these 
studies, decreases in large HDL-P (e.g., HDL 2 -C) ( 1, 6, 28 ) 
and possible shift in LDL-P size toward a smaller denser 
phenotype ( 5, 28 ) have been shown to accompany the 
menopausal transition. The current fi ndings of signifi cant 
correlations between endogenous sex hormones and lipo-
protein subclasses are in agreement with the above studies 
and suggest sex hormones as a possible mechanistic path-
way for the alteration in lipoprotein profi le around the 
time of menopause. 

 Several studies have evaluated associations between en-
dogenous sex hormones and lipid levels as measured by 
the conventional methods ( 15–21 ). However, to the best 
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accelerates the conversion of LDL-Ps from large to small and 
converts HDL 2 -C to HDL 3 -C (smaller HDLs) ( 16, 32, 33 ). 
Postmenopausal women have been found to have higher 
hepatic lipase activity ( 32 ). In a cross-sectional analysis 
in Japan that included 20 premenopausal, 10 postmeno-
pausal, 10 bilateral oophorectomized women, a negative 
correlation between postheparin plasma lipase and E2 lev-
els was reported ( 16 ). We postulate that changes in lipolytic 
enzymes may be a mechanistic pathway by which meno-
pause and E2 infl uence lipoprotein characteristics. 

 Our fi nding that SHBG was associated with favorable 
lipoprotein subclass profi les (positively correlated with 
LDL-P and HDL-P sizes and negatively correlated with 
total small LDL-P concentration and its fractions) was con-
sistent with other studies conducted either in women 
transitioning through menopause ( 34 ) or in postmeno-
pausal women ( 22, 35 ). Signifi cant positive relationships 
between SHBG and HDL-C and HDL 2 -C were reported in 
352 pre- and perimenopausal women ( 34 ). In 172 post-
menopausal women from the Atherosclerosis Risk in Com-
munities Study, higher SHBG was signifi cantly associated 
with lower total cholesterol and LDL-C and higher HDL-C 
( 35 ). Higher SHBG was also associated with smaller and 
fewer VLDLs, larger and fewer LDLs, and larger and 
more numerous HDL-Ps among postmenopausal women 
from the Multi-Ethnic Study of Atherosclerosis baseline 
examination ( 22 ). 

 SHBG binds with higher affi nity to androgens than es-
trogens, and therefore it could be used as a marker of an-
drogenicity ( 36 ). Hepatic triglyceride lipase is known to be 
stimulated by androgens. Therefore, high SHBG would 
result in low free androgen which maintains low hepatic 
triglyceride lipase activity ( 37 ). Suppressing hepatic trig-
lyceride lipase would decelerate the conversion of LDL-Ps 
from large to small and HDL 2 -C to HDL 3 -C (smaller HDLs) 
( 16, 32, 33 ). However, the reported results for SHBG did 
not change even after further adjustment for androgenic-
ity, as measured by total testosterone (data not shown). It 

of our knowledge, no previous study has assessed associa-
tions between endogenous sex hormones and lipoprotein 
subclasses from NMR spectroscopy in women transition-
ing through menopause. Kuller et al. ( 29 ) evaluated the 
relationships between circulating estrogens and lipoprotein 
lipids and apolipoproteins in 120 midlife women of the 
Pittsburgh Healthy Women Study. Serum E2 was found to 
be positively related to larger HDL subfractions (HDL 2 -C) 
as measured by precipitation procedure. Additionally, a 
decline in E2 between the perimenopause and post-
menopause was reported and accompanied by a decrease 
in HDL 2 -C (a decrease in larger HDL-Ps). Results from 
HT studies were consistent with the above. Oral 17 � -E2 
(2 mg/day) for 6 weeks shifted HDL-Ps from HDL 3 -C to 
HDL 2 -C (large HDLs) in healthy women ( 30 ). Addition-
ally, 12 weeks of 17 � -E2 and medroxyprogesterone acetate 
signifi cantly increased average HDL-P size by 4.2% by 
altering the concentrations of two HDL subclasses in a 
sample of postmenopausal women ( 31 ). Consistent with 
these studies, we also reported positive correlations be-
tween E2 and HDL-P size. Additionally, we found a nega-
tive correlation between E2 and medium-small LDL-Ps. 
Although this latter fi nding was not evaluated in Kuller 
et al. ( 29   ), it was consistent with the independent negative 
association between E2 and LDL-C that was reported in 
a sample of women undergoing the menopausal transition 
( 15 ). Thus, it appears that higher E2, whether endoge-
nously measured or exogenously administered, is associ-
ated with larger HDL-Ps, a favorable profi le. Conversely, a 
loss of E2 appears associated with a shift to smaller more 
atherogenic HDL-P sizes. However, the effect of HT on CVD 
risk is still controversial. 

 A reduction in plasma estrogens enhances the activity 
of lipolytic enzymes, such as lipoprotein lipase and hepatic 
triglyceride lipase, which play critical roles in lipoprotein 
catabolism. Lipoprotein lipase catalyzes the hydrolysis of 
VLDL-C to IDL-C and HDL-C. Hepatic triglyceride lipase 
hydrolyzes the triglycerides in IDL-C to produce LDL-C, 

  Fig.   1.  Estimated geometric means of selected lipoprotein subclasses by E2 quintiles.   a  Q1, E2 <15.6 pg/ml; 
Q2, 15.6 pg/ml  �  E2 < 25.7 pg/ml; Q3, 25.7 pg/ml  �  E2 < 42.05 pg/ml; Q4, 42.05 pg/ml  �  E2 < 98.05 pg/ml; 
Q5, E2  � 98.05 pg/ml.   b P  for comparisons between women with E2  � 25.7 pg/ml and women with E2 
<25.7 pg/ml.   
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is also well-known that SHBG is negatively associated with 
BMI ( 38 ), and therefore could impact lipoprotein sub-
classes via this path. Importantly, the reported results for 
SHBG in the current study were independent of BMI. 
Taken together, this supports different pathways by which 
SHBG may impact lipoprotein profi le. Additional research 
is needed to better understand the mechanistic pathways 
by which SHBG may alter the lipoprotein subclass profi le 
in women at midlife. 

 Consistent with the literature, we reported an unfavorable 
lipoprotein profi le with higher levels of FAI. Higher FAI was 
associated with higher cholesterol, triglycerides, and LDL-C 
and lower HDL-C in premenopausal women at midlife ( 38 ). 
In postmenopausal women with minimal to severe carotid 
atherosclerosis from the Atherosclerosis Risk in Commu-
nities Study, FAI was associated with increased LDL-C, total 
cholesterol, and triglycerides ( 35 ). As we indicated above, 
androgens may impact lipoprotein catabolism via their posi-
tive effect on hepatic triglyceride lipase enzyme ( 37 ). 

 The main limitations of the current study include the 
cross-sectional design that prevents us from assessing tem-
porality of the evaluated associations. The small sample 
size is another limitation, which reduced the statistical 
power to detect signifi cant interactions with menopausal 
status, BMI, or race. Hormone assays were collected dur-
ing the early follicular phase of the menstrual cycle, which 
might not be optimum for all hormones that were measured. 
All our analyses were adjusted for cycle day. Biologically 
active testosterone was not measured directly, although 
our estimation of FAI is a valid measure of free testoster-
one ( 26 ). 

 Future studies should evaluate the longitudinal changes 
in these lipoprotein subclasses over the menopausal transi-
tion and defi ne patterns of these changes. It will be crucial 
to link these changes over time to CVD events and sub-
clinical measures of atherosclerosis to better understand 
the potential role of alteration of lipoprotein subclass pro-
fi les on CVD risk after menopause. 

 In conclusion, in women transitioning through meno-
pause, lower levels of E2 and SHBG, and higher levels of 
FAI were independently associated with smaller/denser 
LDL-Ps and smaller LDL-P and/or HDL-P sizes. Further, 
higher levels of FAI were associated with more total VLDL-Ps. 
These results suggest that sex hormone oscillation at midlife 
may increase women’s risk of coronary heart disease  .  

 The authors thank the study staff at each site and all the women 
who participated in SWAN. 
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