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Abstract

Measuring serum androgen levels in women has been challenging due to limitations in method
accuracy, precision sensitivity and specificity at low hormone levels. The clinical significance of
changes in sex steroids across the menstrual cycle and lifespan has remained controversial, in part
due to these limitations. We used validated liquid chromatography tandem mass spectrometry(LC-
MS/MS) assays to determine testosterone (T) and dihydrotestosterone (DHT) along with estradiol
(E2) and estrone (E1) levels across the menstrual cycle of 31 healthy premenopausal females and
in 19 postmenopausal females. Samples were obtained in ovulatory women in the early follicular
phase (EFP), midcycle and mid luteal phase (MLP).

Overall, the levels of T, DHT, E2 and E1 in premenopausal women measured by LCMS/MS were
lower overall than previously reported with immunoassays. In premenopausal women, serum T,
Free T, E2, E1 and SHBG levels peaked at midcycle and remained higher in the MLP, whereas
DHT did not change. In postmenopausal women, T, free T, SHBG and DHT were significantly
lower than in premenopausal women, concomitant with declines in E2 and E1. These data support
the hypothesis that the changes in T and DHT that occur across the cycle may reflect changes in
SHBG and estrogen, whereas in menopause, androgen levels decrease. LC-MS/MS may provide
more accurate and precise measurement of sex steroid hormones than prior immunoassay methods
and can be useful to assess the clinical significance of changes in T, DHT, E2 and E1 levels in
females.
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Introduction

Immunoassays to measure sex steroid hormones have presented a technical challenge to
both researchers and health care providers. Historically, testosterone (T) assays were
designed to measure levels in men and may not be accurate nor precise for use in women
where levels are usually 10-20-fold lower(1,2). With declining use of radioimmunoassays
(RIA) and the advent of radioimmunometric and other immunoassay methods, the
sensitivity, specificity and accuracy of many T measurements have been questioned (3), as
reviewed in a recent Endocrine Society position statement (2). In addition, estradiol (E2),
present in low quantities after the menopause, can be difficult to measure as well (4,5).
Santen et al. compared estradiol levels by RIA with mass spectrometry and contend that the
metabolites of estrogen may interfere with testing by RIA and elevate estradiol (4). The
development of accurate and sensitive androgen and estrogen assays are important to define
reference ranges in women and men for the diagnosis of hormone deficiency or excess
states. In addition, precise assays are important for monitoring hormonal therapy to ensure
that supplemental treatment results in levels within the physiological range.

Prior studies using RIA have suggested that T levels in women are highest between days 8-
18 of the menstrual cycle and lowest in the early follicular phase and late luteal phase (6-9).
In addition, the “normal range” of testosterone levels in women did not account for varying
degrees of hirsutism, acne, BMI, presence of polycystic ovarian syndrome or medications
that could alter androgen levels (10,11). Although many commercial assays list the “normal
range” of T in women to be up to 90 ng/dl (conversion factor to Sl units 3.47), from a
clinical standpoint, most experts have argued that a testosterone above 50ng/dl is often
associated with clinical hyperandrogenism, such as acne and/or hirsutism (12). A task force
appointed by the Endocrine Society published a position statement emphasizing that T
values change with age and disease status as well as time of day and concluded that current
normative values for women by direct immunoassays across the lifespan are not accurate(2).
They suggested that RIA after extraction and chromatography, although more accurate and
sensitive than direct assays, needed further validation. The requirement to correct for
recovery may affect precision.(2)

Given these limitations, scholars have debated whether true alterations in serum testosterone
occur with menopause. Most studies suggest that peak T levels occur in the second decade
and then decline with age(13), but they do not abruptly fall in naturally menopausal women
due to preservation of theca cell function (14,15). A cross sectional study by Davison et al.
of 1423 women showed no effect of menopause on T levels, but did show a decline
dependent on age (14,16). Surgical menopause, however, results in abrupt decreases in T, by
as much as 50% (17-19). To reexamine the changes in sex steroids in women with validated
LC-MS/MS methods, we simultaneously measured T, dihydrotestosterone (DHT), (20) E2
and estrone (E1) in pre and post menopausal women screened for absence of signs or
symptoms of androgen.
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Experimental

Study participants

Healthy female volunteers, ages 20—79 were recruited locally with flyers approved by the
Institutional Review Board of the University of Colorado. 31 premenopausal women (ages
23-49) and 19 post menopausal women (ages 42 to 72) were enrolled. Postmenopausal
women were not on hormone therapy and were categorized into two groups: less than 5
years (n=9) or more than 5 years after menopause (n=10). Menopause was defined as no
menstrual cycle for more than 6 months. A telephone screening provided a review of
inclusion and exclusion criteria including: current and prior medical conditions, medication
use, menstrual history, and symptoms of hyperandrogenism. Subjects were excluded for any
acute or chronic illness, known pituitary or ovarian dysfunction, abnormal liver function, use
of oral contraceptives, narcotics, glucocorticoids and/or any medications known to alter sex
hormone levels or pituitary function. Premenopausal women were excluded for history of
irregular cycles, as well as current or past medical treatment for acne or hirsutism.

All participants provided written informed consent. Blood samples were obtained between 8
and 10 am, centrifuged and sera stored in aliquots at —80 °C until assayed. Height and
weight were measured and body mass index (BMI) was calculated. Premenopausal women
were sampled three times. The first sample was drawn during the early follicular phase
(EFP) of their cycle (Days 1-5). At the initial visit, subjects were given a LH surge detection
kit (www.medimpex.com) to monitor morning urine samples 3-5 days prior to the expected
day of ovulation. After detection of the LH surge, a second blood sample was obtained
within 48 hours (midcycle). The third sample was drawn in ovulating women during the mid
luteal phase (MLP), obtained 7-10 days after ovulation. Women who did not detect
ovulation were excluded from additional sampling after the EFP (N=10). Post menopausal
women were sampled once. Eighteen women had undergone natural menopause, and one
woman had undergone surgical oopherectomy.

Hormone Measurements

All hormones except LH, FSH and SHBG were measured in de-identified serum samples by
the General Clinical Research Center Core Laboratory and the Endocrine Research
Laboratory at Harbor-UCLA Medical Center and Los Angeles Biomedical Research
Institute. Serum T and DHT concentrations were measured simultaneously with a validated
LC-MS/MS method previously described without modifications (20). Testosterone and DHT
(>99% pure Sigma—Aldrich, St. Louis, MO) were used as calibration standards. 1,2
deuterated (D,)-testosterone (>98% pure, Cambridge Isotope Laboratories, Inc., Andover,
MA) and 19, 19, 19 trideuterated (D3)-dihydrotestosterone synthesized by Dr. Barry Dent (>
98% pure, Wellington, New Zealand) were used as the internal standard for T and DHT
measurements respectively. Calibration standards and test samples were prepared for T and
DHT LC-MS/MS using a liquid/liquid extraction twice with 2 mL ethyl acetate: hexanes
(3:2 volume: volume). LC-MS/MS were performed with a Shimadzu HPLC system
(Columbia, MD) attached to an Applied Biosystems AP15000 LC-MS/MS (Foster City, CA)
equipped with a Turbolon Spray source. There was no interference of T in the DHT assay
and vice versa. The calibration standards showed a linear response from 1 ng/dL (0.35 nmol/
L) to 2000 ng/dL (69.3 nmol/L) for T and to 1000 ng/dL (34.4 nmol/L) for DHT. The within
and between run precision was less than 5 % for both T and DHT. The recovery of samples
spiked with the steroids was between 100 to 113% for T and 98 to 107 % for DHT. The
lower limit of quantification (LLOQ) was 2 ng/ 0.069 nmol/L for both steroids determined
as the lowest concentration of steroids that can be detected in serum spiked with the analyte
with a recovery CV of < 20% (21). Comparison of the results of T and DHT by LC-MS/MS
versus RIA has been previously described (22). The reference ranges for the female (n=133
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cycling females) were 9.5 to 58.2 ng/dL (0.33 to 2.0 nmol/L) for T and 2.6 to 26.5 ng/dL (.
09 to 9.2 nmol/L) for DHT. Free testosterone levels were calculated as described at
www.issam.ch (23).

Serum E2 and E1 concentrations were measured simultaneously with a newly developed and
validated LC-MS/MS method which was a modification of the method reported by Nelson et
al. (24). The major difference from the reported method was in the sample preparation and
omission of derivatization. The new method did not employ the densyl chloride
derivatization used by Nelson et al.(24). Estradiol and estrone (>99% pure Sigma Aldrich,
St. Louis, MO) were used as calibration standards. 2,4,16,16-deuterated (D4)-E2 and E1
(>95% pure, Cambridge Isotope Laboratories, Inc., Andover, MA) were used as the internal
standard for E2 and E1 measurements. Calibration standards and test samples were prepared
for LC-MS/MS. First the proteins in the sera were precipitated using acetonitrile. The
supernatant was dried and reconstituted with phosphate buffered saline and then extracted
with 2ml of diethyl ether. LC-MS/MS were performed with a Shimadzu HPLC system
(Columbia, MD) attached to an Applied Biosystems AP15000 LC-MS/MS (Foster City, CA)
equipped with a Turbolon Spray source. There was no interference of E2 in the E1 assay and
vice versa. The calibration standards showed a linear response from 1.0pg/ml to 12000pg/mi
of E2, and 5.0pg/ml to 5000pg/ml for E1. Analysis of four pools with E2 concentrations
ranging from about 10pg/ml to 500pg/ml and for E1 from 140pg/ml to 1000pg/ml for E1,
showed the within run precision range to be from 2.78% to 3.58% for E2 and 1.92% to
6.10% for E1. The between run precision for E2 (computed over 27 runs) ranged from 3.7%
t0 9.8% for E2 and 3.8% to 13.2% for E1. The recovery of samples spiked with the steroids
was between 84.4% to 129% with a mean recovery of 101.8% for E2 and 84.2% to 132.6%
with a mean recovery of 98.7% for E1. The LLOQ was 2pg/ml for E2 and 5pg/ml for E1.
The reference ranges for the female with blood samples collected during the follicular phase
(n=35 cycling females) were 7.9 to 189.6 pg/ml for E2 and 21.7 to 234.3 pg/ml for E1.
Serum E2 measured by LC-MS/MS and RIA demonstrated good correlation with a
correlation coefficient of r = 0.9872 with an intercept of 11.7 pg/mL. When the differences
were plotted against the average of the two methods, serum E2 levels below the mean value
of 40pg/ml, were lower than corresponding levels from the RIA method. At higher
concentrations (>40pg/ml), however, LC-MS/MS results tended to be higher. Comparison
between E1 by LC-MS/MS and RIA were not done.

LH, FSH and SHBG levels were measured using validated methods as previously described
(25,26). Serum FSH and LH were measured by the highly sensitive and specific
fluoroimmunometric (FIA) assays with reagents provided by Delfia (Wallace, Gaithersburg,
MD). The intra-assay coefficient of variations for LH and FSH were 3.9% and 5.4%,
respectively; and the inter-assay variations for LH and FSH were 6.8% and 9.8%,
respectively (adult normal male range: LH 1.3-8.1 IU/L; FSH 1.4-9.5 IU/L). For both LH
and FSH assays, the LOQ was determined to be 0.1 IU/L. SHBG was measured by FIA with
reagents provided by Delfia (Wallace, Gaithersburg, MD). The LOQ was determined to be
0.5 nmol/L. The intra- and inter-assay coefficients were 2.3% and 6.1%, respectively. The
normal range for this assay is 10.8 to 46.6 nmol/L.

Statistical Analysis

Premenopausal women—Differences in the hormone levels across the menstrual cycle
were assessed using a mixed effects model (i.e., repeated measures ANOVA). The final
mixed effects model was adjusted for age and body mass index (BMI). A Tukey adjustment
was used for pairwise comparisons between different periods in the menstrual cycle. Only
subjects with complete data were in the analysis of change over time given that subjects with
missing data usually had only EFP data (N=15). In addition, one outlier subject with E2
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levels >400 at midcycle and MLP was excluded from analysis. All outcome measures were
natural-log transformed prior to analysis, with the exception of free T, which was analyzed
on its natural scale.

Postmenopausal women—Two-sample t-tests were used to assess whether hormone
levels differed between postmenopausal women <5 years from menopause and =5 years
from menopause. Because one-third of postmenopausal DHT values were below the
detection limit of the assay (<0.069 nmol/L ) (5 in <5 yr post menopause and 2 in =5 yr post
menopause), we applied two methods of analysis: 1) all values below the detection limit
were set equal to just below the detection limit (1.95 ng/dL; assay lower limit of
quantification was 2ng/dL) and 2) a truncated distribution method described by Huges (27)
and implemented in PROC LIFEREG in SAS v9.1, which more appropriately accounts for
variation in the data. The results were consistent with both methods so only the results using
the first method of analysis are presented. General linear models (ANCOVA) were used to
adjust for age and BMI in the final analyses. When comparing the pre- and postmenopausal
women, the EFP samples were used for the premenopausal group whether or not the women
ovulated (N=29). Two sample t-tests were used to compare the pre and postmenopausal
groups. Final analysis included adjustment for BMI in a general linear model. For all
analyses a two-sided p-value less than 0.05 was considered statistically significant.

Steroid hormone levels in women across the menstrual cycle and after menopause

Premenopausal women—As expected, average LH levels increased at midcycle
concomitant with significant increases in E1, E2, and SHBG, which remained high in the
MLP (Table 1; Figure 1A and 1B[p| 17). Average T levels significantly changed over the
menstrual cycle (p<0.001) (Figure 1C), with midcycle levels approximately 50% higher than
those in EFP, 22.7 +/— 1.7 and 15.4 +/— 1.6 ng/dl respectively (p<0.001). The average MLP
level of T was 18.7 +/— 1.5 ng/dl, approximately 25% higher than that at EFP (p=0.056), but
the midcycle and MLP T levels were not different (p=0.073). This pattern remained
consistent after adjusting for age and BMI. Average free T was .20 +/— .017 ng/dl at
midcycle, 35% higher than EFP at .15 +/— 0.013 (p<0.013), and did not change from
midcycle to MLP (p=0.063). In contrast to T and free T, DHT levels did not change
significantly across the menstrual cycle (p=0.59).

Postmenopausal women compared to premenopausal women—As expected,
average LH and FSH levels were significantly higher in postmenopausal women compared
to premenopausal women (p<0.001; Table 2 and Figure 2A). All post menopausal women in
the <5 year category had elevated FSH ( range 34-118 1U/L). E2 levels were 10 times
higher in premenopausal than postmenopausal women (p<0.001; Figure 2A). E1 levels were
100.6 +/— 21.8 pg/ml, approximately two times higher in premenopausal women compared
to postmenopausal women. (p<0.029; Figure 2A). Testosterone levels in premenopausal
women were 1.5 times the average level of postmenopausal women (p<0.001; Figure 2B). In
contrast to the lack of change seen across the menstrual cycle, DHT levels decreased by
more than half in postmenopausal women (p<0.001; Figure 2B). As expected, free T levels
were also lower in postmenopausal compared to premenopausal women (p=0.013; Figure
2C). The results remained consistent after adjusting for BMI.

With the exception of E2, sex hormone levels did not significantly differ between women <5
and >5 years after menopause (Table 2). E2 levels were more than >50% lower in women
>5 years after menopause at 1.3 +/— 0.3 pg/ml when compared to women <5 years after
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menopause at 4.9 +/— 1.3 pg/ml (p<0.001). Again, results did not change after adjusting for
BMI.

Discussion

In this study, we used validated LC-MS/MS methods to measure T, DHT, E2 and E1 levels
to assess changes in androgen and estrogen levels in pre and postmenopausal women. In the
postmenopausal female, accuracy and sensitivity at the lower levels are particularly
important. LC-MS/MS specifically measures each steroid hormone without any interference
from structurally similar steroids and are not affected by non specific binding to the primary
antibody in immunoassays. Thus, it is anticipated that hormone levels will be lower using
LC-MS/MS because of the lack of interference. Overall, serum levels of these sex hormones
were lower when measured with mass spectrometry when compared with RIA, confirming
recent reports by others in men and women (4,28). Others have suggested that precise
measurement of post menopausal estradiol levels may be useful in predicting fracture risk as
well as breast cancer (4). LC-MS/MS provides more accurate and precise T measurements
in the lower range than many radioimmuno- or immunometric assays (2,29-31). These data
suggest that prior studies defining “low T” states may have been limited by their lack of
sensitivity to accurately measure low levels in women.

In premenopausal women, our data confirmed earlier reports based on RIA that indicated T
levels peak at mid cycle. These changes in total T levels across the menstrual cycle reflect
those of SHBG and E2 levels, which progressively increase across the follicular phase
However, the peak absolute concentrations were lower in our data. Our highest T levels
occurred midcycle at 22.7 +/— 1.7 ng/dl. (Table 1) A recent study by Salameh et al. using
high turbulence LC-MS/MS gave the upper limit of normal for women aged 18-29 as 44ng/
dL (30). They included 235 women who were “normal” by self report and did not
specifically exclude women with clinical or biochemical hyperandrogenism and/or
anoulvation, which may explain lower levels in our population.

At present, no direct free T assay by LC-MS/MS is available and the commercially available
direct free T assay measurements are inadequate and often reflect total T(1). Cappola and
colleagues measured free T in post menopausal women by equilibrium dialysis method with
mean levels of 2.8 +/— 2.5 pg/ml (32). The range of their normal levels was broad, from 0.3
to 20.6 pg/ml, but 60% of subjects had a BMI>25. These assays, however, are more
technically challenging and are generally limited to research laboratories. A similar mid
cycle peak was also noted in a study using equilibrium dialysis examining free T across the
cycle of healthy females by Sinha-Hikim et al.(33). In our study, we calculated free T using
a previously validated formula (34) and a similar but very modest trend to peak mid cycle
was noted for free T (.20 +/—.017. (Table 1)). Calculation of free T is reported to correlate
well with measurements by equilibrium dialysis(2,34). However, with the myriad of factors
that modulate SHBG in many disease conditions, it is unclear if the calculation of free T
always reflects bioavailable T activity (35). Development of direct free T measurements by
LC-MS/MS would confirm or refute the trend we and others have noted.

In contrast to T and free T, DHT levels did not change across the menstrual cycle, but did
decrease significantly with menopause. DHT levels in the post menopausal female have not
previously been reported by LC-MS/MS methods. These data suggest that the changes seen
in total T over the menstrual cycle may be predominantly reflective of an estrogen-induced
effect to increase levels of SHBG, consistent with the modest effect on free T, and no effect
on DHT levels. In contrast, a consistent decrease in both androgens occurs with menopause.
We interpret this cautiously, as many have questioned the importance of circulating levels of
DHT in women, suggesting that serum androgen levels may not reflect the effects seen at
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the tissue level (36). Since DHT levels in women are quite low (only 1/10 of T levels), it is
not surprising that the relevance of these low values has not been explored using the
traditional and relatively insensitive commercial radioimmunoassay. DHT is produced in
individual tissue compartments from 5 a reduction (5 a-reductase 1 and 2) of testosterone
and from androstenedione after conversion to 5 a-androstane-3,17-dione (36). In men, DHT
levels have been shown to play a role in balding at the level of the hair follicle, and
inhibitors of 5 a-reductase are used for its treatment (37). However, in females, the role of
DHT is less clear. In our study, despite improved assay sensitivity, one-third of the
postmenopausal women had undetectable DHT levels. The significant decrease in serum
DHT levels in menopausal women in this study suggests that levels do decline with
cessation of ovarian function and raises the issue as to whether some postmenopausal
women may be relatively androgen insufficient. Future studies are needed to assess if DHT
levels measured by LCMS/MS will be useful in different physiologic and pathophysiologic
states of androgen deficiency or excess.

Our findings describing changes in E1, E2 and SHBG with menopause are consistent with
earlier findings by RIA (38,39). E2 is converted to E1 in the presence of hydroxysteroid
dehydrogenase in fat (40) and therefore BMI correlates more with E1 than E2. SHBG also
decreases with increasing BMI (39)and with menopause (38,39). Others have reported an
increase in E1/E2 ratio during the perimenopause (39) and some have advocated using the
ratio of E1/E2 to monitor the menopausal transition (39). Kushnir et al. reported post
menopausal ranges by LCMS/MS, for E1 and E2 as 3-32 pg/ml and 2-21 pg/ml
respectively, however they did not delineate the changes in E1 occurring over the course of
a menstrual cycle in their premenopausal samples (41). Whether more sensitive E1 assays
will be useful in addition to E2 levels in clinical medicine remains to be tested.

Strengths of our study were that the subjects were carefully screened as a healthy population
free of androgen excess. In addition, normal menstrual cycles were documented in 21 of our
31 premenopausal women. Ovulation kits confirmed that the sampling in premenopausal
women was performed accurately at the midcycle peak. One third of subjects were non-
ovulatory (10/31; 32%) and were excluded from sampling after EFP. This could be due to
several reasons. Many healthy ovulatory women have some non-ovulatory cycles over the
course of a year (42). There may have been variability in subject interpretation of the LH
surge kit despite attempts at training, and some women may have had anovulatory disorders
that were not detected by our screening procedures. Measurement of progesterone in the
luteal phase would have clarified this issue but was not available.

There are several advantages and limitations to LC-MS/MS measurement of sex hormones
when compared with immunoassays(30,43). LC-MS/MS is useful for small molecules and is
highly sensitive. Limitations are that the initial instruments cost is higher than the automated
assays, although the cost per sample can be low. In addition, the LC-MS/MS approach
requires processing of samples by extraction and a higher level of technical training to
utilize the equipment. However, the accuracy at low levels and ability to run multiple
analyses on the same sample will likely decrease costs and increase clinical utility (43).
Additional studies are needed in normal patient populations and those with hormone excess
and deficient states to further characterize the clinical utility of these new approaches to the
measurement of sex steroids.

research highlights

Levels of T, DHT, E2 and E1 in premenopausal women measured by LCMS/MS are
lower overall than reported with immunoassays.
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In premenopausal women, testosterone and free testosterone peak at midcycle but DHT
does not change.

In postmenopausal women, T, free T, SHBG and DHT are significantly lower than in
premenopausal women.

Changes in T and DHT across the cycle may reflect changes in SHBG and estrogen,
whereas in menopause, androgen levels decrease.

LC-MS/MS may provide more accurate measurement of sex steroid hormones than prior
immunoassay methods.
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Figure 1.

Panel A

LH and SHBG levels during the EFP, midcycle and MLP) measured by
fluoroimmunometric assay. (*p<0.01)

Panel B

E2 and E1 levels during the EFP, midcycle and MLP measured by LCMS/MS. (*p<0.01)
Panel C

T, free T and DHT levels during the EFP, midcycle and MLP. T and DHT were measured
by LCMS/MS (**p<0.001 and p=0.59). Free T was calculated as described in methods.
(*p<0.01).
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Figure 2.

Panel A

E2, E1, SHBG and FSH levels during EFP in premenopausal women compared to
postmenopausal women. E2 and E1 were measured by LCMS/MS (**p<0.0001). SHBG and
FSH levels were measured by fluroimmunometric assay (*p<0.05 and **p<0.0001).

Panel B

T and DHT levels during EFP in premenopausal women compared to postmenopausal
women. T and DHT were measured by LCMS/MS (**p<0.001).

Panel C

Free T during EFP in premenopausal women compared to postmenopausal women. Free T
was calculated as described in methods. (*p<0.05).
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Mean and SEM’s of age, BMI, and hormone levels for phases of the cycle for premenopausal women with

complete data (n=14).

Measure EFP Midcycle MLP P-value?
Age, yr 35.6 (2.1)

BMljcq (kg/m?) 235 (1.4)

Ticws) (ng/dI) 15.4 (1.6) 22717  187(L5)  0.0003
DHT (ng/dl) 8.1 (0.85) 8.4(0.75  85(0.88) 059
SHBG (nmol/l)  85.3(9.2) 99.0(8.8) 103.4(10.7)  0.0011
E2 (pg/ml) 68.1(18.6) 98.1(19.0) 106.8(8.3)  0.0037
E1 (pg/ml) 1254 (43.7)* 1758(36.3) 134.1(9.6)  0.0098
FreeT (ng/dl) 0.15(0.013)* 0.20(0.017) 0.16(0.021)  0.013
LH (IU/L) 5.1 (0.50) 11.2(28)  38(0.56)  0.0020
FSH (IU/L) 6.5 (0.58) 69(0.70)  3.0(045)  <0.0001

EFP=Early follicular phase and MLP=Mid luteal phase

a .
P-values are for the overall test that any two groups differ.

Bolded values indicate that the period significantly (p<0.05) differs from the other two periods of the cycle.
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Table 2

Mean and SEM’s of the age, BMI and hormones levels for EFP for all premenopausal women and all

postmenopausal women.

Measure Premenopause

Postmenopause

EFP (N=29)

<5years (N=9) 25 years (N=10)

Age, yr 34.6 (2.1)
BMIcg) (kg/m?) 24.8 (0.98)

T (ng/dl) 18.3(1.2)
DHT (ng/dl) 9.2 (0.67)
SHBG (nmol/l) 85.4 (6.0)
E2 (pg/ml) 55.4 (10.3)
E1 (pg/ml) 100.6 (21.8)
FreeT (ng/dl) 0.18 (0.015)
LH (1U/L) 5.4 (0.35)
FSH (IU/L) 7.6 (0.88)

53.0 (2.4) 59.3 (5.60)
257 (3.2) 252 (3.7)
11.3 (1.8) 10.5 (1.3)
2.6(0.8) 35(05)
57.1(7.2) 67.7 (8.4)
49 (1.3 1.3 (0.30)
39.8 (6.5) 35.0(3.7)
0.14 (0.023) 0.12 (0.01)
448 (5.5) 37.2(3.7)
85.9 (9.4) 81.0 (6.9)

Bolded values in the EFP column indicate that premenopausal women significantly differ compared to postmenopausal women.

aLI'here is a significant difference (p<0.05)between women <5 and >5 years postmenopausal.
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