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Summary

INTRODUCTION Low doses of androgen are used in
women for the symptomatic treatment of sexual dys-
function and premenstrual syndrome (PMS). How-
ever, little is known about the long-term safety of
androgen use in women. This study investigated the
effects of low dose exogenous testosterone (T) on
lipid metabolism, markers of activation of the coagu-
lation system and ultrasonographic ovarian morphol-
ogy in women.

PATIENTS Twenty-two patients with severe PMS (age
39-6+3-1years, mean = SD) treated with subcuta-
neous T implants (100 mg six monthly) for at least
two years (mean duration 3-3 ( £0-9years) were com-
pared with 22 age-matched (age 37-7 = 2-9years) con-
trol patients with severe PMS who had not previously
received T treatment. All women continued to have
regular menses.

MEASUREMENTS Fasting blood samples were
obtained for measurement of lipids and clotting fac-
tors and ovarian ultrasound examination carried out
between days 1-4 of the menstrual cycle
(2-:3x1-2months after the T implant in T-treated
group).

RESULTS Mean plasma T was 4-5 *2-2nmol/l, and
1.9+ 0-6nmol/l in the treated and control groups,

In addition very low density lipoprotein cholesterol
(VLDL-C) (treated 0-4 = 0-3vs controls0-2 = 0-1nmol/l,
P< 0-05) was increased in T-treated patients. There
were no differences in total serum cholesterol and
triglyceride or low density lipoprotein cholesterol
(LDL-C), apolipoprotein B (Apo-B), lipoprotein(a),
lecithin:cholesterol acyltransferase and cholesteryl
ester transfer protein activity. There was no difference
in clotting factors between the two groups which
included prothrombin time, fibrinogen, antithrombin-
I, protein-C, protein-S (total and free), tissue plasmi-
nogen activator, plasminogen activator inhibitor,
beta-thromboglobulin and prothrombin fragments
1.2. Ultrasound showed normal ovarian architecture
with no evidence of polycystic ovarian changes in any
patients in the T-treated group.

No patient experienced adverse symptoms while on
T treatment, in particular, there were no complaints of
hirsutism or acne and no one requested termination of
treatment.
CONCLUSION Low-dose testosterome administration
to women for over two years did not induce changes
in ovarian architecture but had small, potentially
atherogenic effects on some parameters of lipid and
lipoprotein metabolism. However, no differences were
detected in markers of activation of the clotting
system to indicate an actual increase in the risk of
thrombosis. Overall, this study provides largely reas-
suring data about the safety of low-dose androgen
treatment in women. However, caution should be
exercised in women with existing or a familial predis-
position to lipid abnormalities, because of the small
but significant changes found in HDL-C, apo-Al and
VLDL-C.

The role of androgens in normal female physiology is
incompletely understood. Androgens, however, are produced
in premenopausal women in higher molar quantities than
oestrogens and are obligate precursors for ovarian oestrogen
synthesis. In the female, androgens may have an effect on
sexual behaviour, affect and cognitive functions (Sherwin &
Gelfand, 1985; Sherwin, 1988; Kaplan & Owett, 1993) and low
doses of androgen are being increasingly used in women for the

respectively. In the T-treated group apolipoprotein-
Al (Apo-Al) (treated 99-2 *12 wvs controls
116-2 = 27-7g/l, P< 0-01) and high density lipoprotein
cholesterol (HDL-C) (treated 1-3 =*=0-3 vs controls
1.5+ 0-4nmol/l, P<0-01)were significantly decreased.
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treatment of sexual dysfunction (Burget al, 1987) and +1.2years) presenting with PMT who had not previously
premenstrual syndrome (Bucklet al., 1989). received T treatment. Body mass index was similar in both
There is a fall in circulating androgens in postmenopausal groups (T treated group 24#02-1, control group 23-Z 2-3).
women (Longcope 1986) and testosterone levels significantly The mean length of T treatment in the testosterone-treated
decrease following oophorectomy (Vermeulen, 1976). The groupwas 3-% 0-9, range 2-2—5-1years. Allwomen continued
addition of testosterone implants to oestradiol implants to have regular menses and used effective nonhormonal
enhances sexuality in postmenopausal women and cancontraception if sexually active.
significantly benefit women who complain of low sexual Fasting blood samples for measurement of lipids (choles-
interest despite adequate oestradiol replacement (Betgsr, terol, TC; triglycerides, TG; VLDL-C; HDL-C; LDL-C;
1987). Oestradiol and testosterone implant therapy has beenlipoprotein(a), Lp(a); apolipoprotein Al, apo-Al; apolipopro-
shown to have an additive effect on bone density in tein B, Apo-B; lecithin:cholesterol acyltransferase, LCAT and
postmenopausal women (Daws al,, 1995). Androgens may  cholesterol ester transfer protein activity, CETP) were
reverse inhibitory effects of oestrogen on bone formation (Raisz performed between day 1-4 of the menstrual cycle. Clotting
et al., 1996). This therefore suggests a potential therapeutic role factors (prothrombin time; fibrinogen; antithrombin-111, AT-lII;
for androgen therapy in osteoporosis prevention. protein C; total protein S; free protein S; tissue plasminogen
Little is known about the long-term safety of androgen activator, tPA; plasminogen activator inhibitor, PAI-1; beta
treatment in women. It is, however, of great importance in view thromboglobulin,8TG; prothrombin fragments 1:2) were also
of the well established difference in the epidemiology of performed on fasting blood samples between day 1-4 of the
coronary heart disease and arterial thrombosis between menmenstrual cycle. Transvaginal pelvic ultrasound scanning was
and women. Several lines of evidence suggest a protective roleperformed blinded in the follicular phase by the same examiner.
of oestrogens against coronary artery disease. Bilateral Serum for the measurement of testosterone levels by RIA was
oophorectomy has been found to significantly increase the obtained weekly throughout one menstrual cycle. In the T
risk of coronary heart disease and postmenopausal oestrogertreatment group the T levels were measured 2132 months
for patients with surgical or natural menopause may decrease after their last T implant. The mean of the four levels was used
this risk (Stampfeet al., 1985). Although women appear to be for comparison between the groups. Statistical comparisons
protected from coronary artery disease up until the time of the were performed by paired Studenttsest for testosterone
menopause, this protection may be reduced if androgens arewhich was normally distributed and the Mann—Whitrigyest
administered to women even in low doses. It may be expected was used for the other non-normally distributed variables (all
that androgens would reduce serum TG, VLDL-C and HDL and lipids and clotting factors).

increase LDL-C (Furmaret al, 1967). Anabolic steroid Lipoproteins were isolated by sequential ultracentrifugation
hormones have been reported to reduce lipoprotein(a) levels using the Beckman L8-5b ultracentrifuge (Beckman, Palo
(Alberset al.,, 1984; Crooket al., 1992). Alto, California) (Mackness & Durrington, 1991). Total

The polycystic ovarian syndrome (PCOS) is characterized by cholesterol was measured by the CHOD-PAP method (Biostat,
a heterogenous clinical picture including anovulation, men- Stockport, UK), free cholesterol was measured by the
strual disturbances, hirsutism, raised circulating androgens andcholesterol oxidase method (BCL, Lewes, U.K.) and triglycer-
typical polycystic ovarian morphology (Yen, 1980). Raised ides were measured by the GPO-PAP method (BCL, Lewes,
androgen levels may be important in the pathogenesis of PCOS.U.K.). Lipids in the lipoprotein subfractions were measured by
The effect of the adminisration of exogenous androgens on adding 2,4,6-tribromo-3-hydroxybenzoic acid to the reagent to
ovarian morphology has been examined. enhance the sensitivity of the colourimetric reagent (Trinder &

In this study we have investigated the effects of exogenous Webster, 1984). Serum apo-Al and B concentrations were
testosterone on lipid metabolism, clotting factors and ultra- measured by immunonephelometric assays using the Beckman
sonographic ovarian morphology in premenopausal women assay with antisera and standard supplied by the manufacturers.
receiving low dose testosterone therapeutically. Lipoprotein(a) was measured by a two-site IRMA (Pharmacia,
Sweden). LCAT activity was measured by the modification of
the Stokke and Norum method (Stokke & Norum, 1971) and
CETP activity was determined by the rate of accumulation of
Twenty-two women (age 39:61-2 years, meart SD) who had radiolabelled cholesteryl esters on LDL and VLDL in an assay
received 100 mg testosterone implants six monthly for greater that uses endogenous lipoproteins (Chanabml, 1990). In
than two years for the treatment of severe pre—menstrual brief, plasma was incubated at°& with a (3)H cholesterol:
syndrome (PMS) were included. They were compared with a albumin emulsion for three hours and the appearance of
control group = 22) of age-matched women (mean age 37-7 radiolabelled cholesteryl esters on VLDL and LDL was

Materials and methods
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Table 1 Lipid and lipoprotein levels in testosterone treated and control groups.

Treated Control Normal
Range
TC nmol/l 5.8+ 11 5711 <65
TG nmol/l 0-9 (0-8-1-2) 0-8 (0-6-1-1) <20
Apo Algl/l 99.2+13.9 116-2- 27-7* 70-00-210-0
Apo B g/l 88-2+29-4 826+ 26-2 54.00-150-0
Lp (a) nmol/l 11-5 (5-9-40-6) 9.8 (5-1-12-8) 0-20-87-4
VLDL-C nmol/l 0-26 (0-16-0-49) 0-18 (0-12—0-29)** 0-10-1-2
LDL-C nmol/l 4.1+-11 3.9-1.0 1-80-6-8
HDL-C nmol/l 1.3+0-3 1.5+ 0-4* 0-8-2-6
LCAT mmol/ml plasma/ h 53-+17-8 57-3-12-4 41-0-13-0
CETP mmol/ml plasma/h 13:26-5 13-6£9-5 17-3:7-0

** P< 0-01; *P< 0-05. meant SD shown except for TG, Lp(a) and VLDL-C when median and interquartile range are shown.

measured by precipitation of these lipoproteins from VLDL which are shown as mean and interquartilerange.
incubated serum by sodium phosphotungstate/magnesiumStudentst tests are used for analysis of data that is normally
chloride. The rate of cholesteryl ester transfer was estimated distributed and the Mann Whitney test for non-normally
from the radioactivity in the HDL containing supernatant and distributed data
the accumulation of radiolabelled cholesteryl esters in the
precipitate containing VLDL and LDL. The coefficients of
variation from the LCAT and CETP activity were 4 and Results
12%, respectively. The coagulation component assay methods
were as follows.3-thromboglobulin (RIA kit, Amersham
International), tissue plasminogen activator and plasminogen Testosterone levels in the testosterone-treated group were
activator inhibitor (Spectrolyse, Biopool AB), antithrombin 4.-5*2-2nmol/l as opposed to 1¥90-6 P< 0-001) in the
Il (Immunochrom AT3, Immuno Limited), protein C (Coa  control group.
test, Kabi Vitrum Limited), protein S (free and total) (in-
house enzyme-linked immunosorbent assay), prothrombin
fragments 1-2 (Enzygnotes K12, Behring). Protein C, Lipid levels
AT-Ill, PAI-1 and tPA were measured by activity assays
while the other haemostatic parameters were quantified by
ifi ti . Fibri d by th
é[l)zlj:lsjsct;nhlrﬂezeassays forinogen was measured by etes.tosterone-treated group (HDL-C, 1-30-3 vs 1.5
que. . . +0-4nmol/l apo-Al 99-2+13.9 vs 116-2 +27-7g/l). The
Plasma T concentration was measured by radioimmunoassay . .
. L concentration of VLDL-C P< 0-05) was, however, higher
(Corker & Davidson, 1978). Sensitivity of the assay was . .
o - . in the testosterone-treated group. There was no change in
0-2 nmol/l, within and between assay coefficients of variations . . . . .
. - . any other lipid or lipoprotein levels including total
were 8 and 15%, respectively, cross-reactivity with—5 - .
. cholesterol, triglyceride, LDL-C, apoB, Lp(a), LCAT and
dihydrotestosterone was 12-1%, normal range for adult male L
CETP activity.
was 10—30 nmol/l and female 0-8—2-2 nmol/l. .
. . . There was no correlation between testosterone levels and
Transvaginal ovarian ultrasonography was performed during triglycerides, VLDL, HDL, Ip(a) or apo-Al
the early follicular phase, blinded, by the same observer. The gy ' ' 1P P '
criteria of Adamset al. (1985) were used for the diagnosis of
the appearances of polycystic ovaries.

Testosterone levels

Lipid levels in both groups are shown in Table 1. HDL-C
(P< 0-05) and apo-A1R< 0-01) levels were lower in the

Levels of haemostatic measurements

The haemostatic components in both groups are shown in Table
2. These all remained within the normal range, there was no
Testosterone, lipid and markers of activation of the coagulation change in any of the clotting factor levels measured between the
system are displayed as mean and SD except for TG, Lp(a) andcontrol and testosterone-treated group.

Statistics
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Table 2 Clotting factor levels.

Treated Control Normal range
Prothrombin time (s) 122 0-7 12-3t 1.3 10-5-14.5
Fibrinogen (g/) 2-8-0-6 2.7+11 1.5-4.0
AT 1l (iu/ml) 1.1+02 1.1+0-2 0-8-1-2
Protein C (iu/ml) 1.21#+0-27 1-22:0-30 0-67-1-38
Protein S total 1-04 0-26 0-98+ 0-30 0-64-1-54
Protein S free 1.086040 1-08-0-43 0-61-1-54
t-PA (iu/l) 0-5+0-3 0-5-0-2 0-2-2-0
PAI (au/ml) 11-0:9-2 7.9-81 <150
B-TG (ng/ml) 45.8-33.6 51.3:50-2 <520
Proth frag 1 & 2 (nmol/l) 1-4-0-6 1-6+1.9 0-4-2-1

Mean = SD shown.

Ultrasonographic ovarian morphology

decrease triglycerides and VLDL (Bagatell & Bremner, 1996).
Anabolic steroid hormones (Alpees al. 1984; Crooket al,
1992) and norethisterone (Farisét al, 1991) appear to
decrease the Lp(a) level.

Little is known about the effects of exogenous androgens in
the female (pre and postmenopausally). In view of the
increasingly prevalent use of androgens in hormone replace-
ment therapy (HRT). It is therefore important to investigate
whether the addition of T would mitigate against the beneficial
effects of oestrogen on lipids if the two were administered
together and whether the use of low-dose T in women can
induce changes in lipoprotein profile similar to men and
therefore potentially increase the risk of cardiovascular disease.
Although this study has shown a decrease in serum HDL-C and
apoAl, and an increase in VLDL in premenopausal women
receiving T forgreater than 2years the magnitude of the
changes are small.

This contrasts with the study of Burgetal.,1984) where no

Testosterone-treated group.—Uterine appearances were normathanges in the concentration of cholesterol, its subfractions or
except in two women where the following were found: (1) a triglyceride over six months in postmenopausal women treated
1-3 cm uterine fibroid, (2) a 3-8 cm haemorrhagic cyst. Ovarian with either estradiol implants alone or with T implants, was

morphology was normal and no patient had any findings typical found. Reductions in total cholesterol and LDL-C have been

of PCOS (Adamset al, 1985). Ovarian volumes were: right
6-8+ 1-3cnf, left 7-4= 1-3cni.

Control group.—Uterine appearances were normal.
patients (18%) had typical findings of PCOS. Ovarian volumes
were: right 10-6+ 2.3 cnf, left 7.4+ 2.1 cnf.

Discussion

This present study confirmed that T implant 100mg six
monthly raised plasma T levels in women by 2-3 fold
compared to controls (Dewigt al, 1986). As reported

previously, these patients continue to have regular menstrual
cycles and seldom display clinical evidence of hyperandrogen-

ism (e.g. hirsutism, acne) (Dewét al., 1986).

found in patients treated with oestradiol and T implants (Davis
et al, 1995; Farishet al, 1984) and withan oral oestrogen/

Four androgen preparation but this also reduced HDL-C (Weitts

al., 1995) and produced a potential detrimental increase in the
HDL-C/total cholesterol ratio (Hickolet al, 1993). Intramus-
cular administration of an oestrogen and androgen containing
formulation did not induce an increased atherogenic lipid
profile (Sherwinet al., 1987). A large cross-sectional study of
the longer term effects of adding T to various regimes of HRT
did not reveal any significant effects of the added T on
lipoproteins (Gambrell & Teran, 1991).

Increased T levels have been associated with increased
triglyceride and LDL levels and reduced HDL levels (Furman
et al, 1967; Haffneret al., 1989; Wildet al., 1990). Patients

Gender has been regarded as one of the major determinantswith polycystic ovarian syndrome and androgen excess have
of cardiovascular disease risks. Premenopausal women have dncreased triglycerides and decreased HDL levels (Wildl,
lower risk of cardiovascular disease than men who have higher 1990). Therefore we may have expected to have found a more

triglyceride and VLDL-C, and lower HDL-C concentrations
than women (Heisgt al, 1980). In postmenopausal women
serum lipids and lipoproteins appear to show a pattern of
increased serum concentrations of triglycerides, LDL and
lipoprotein(a) (Seed & Crook, 1994) but there is little change in
HDL cholesterol (Stevensaet al., 1993). Oestrogen treatment

marked decrease in HDL and apo-Al in our study. The route of
administration may modulate the response to androgens: it may
be that oral administration has more effect on lipoproteins than
the parenteral route (Thompsenal., 1989). This suggests that
excessive androgen exposure of the liver following oral
androgen ingestion increases the likelihood of alterations in

counters the increase in LDL-C and Lp(a) and increases HDL-C [ipoproteins.

levels (Lobo, 1991).

The effect of T on the haemostatic system is largely

In normal men and women a strong negative association unknown. There are reports of thromboembolism following
between levels of testosterone and of HDL has been reportedthe abuse of anabolic steroids (Loweal., 1979; Ferenchick,

(Semmenst al, 1983). In general, the effect of androgens is
thought to reduce serum HDL cholesterol, raise LDL and to

1990; Robinson & Wise, 1993). However, an increase in
fibrinolysis has been described with stanazolol (Klettal,
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1984; Greeet al., 1985) and with T (Miranet al., 1965). In a of testosterone treatment for sexual dysfunction (Busgel.,
study to examine the effects of exogenous T on the haemostatic1987) reduced well being (Sherwin, 1988) and possible
system in men with supraphysiological levels of T (Anderson prevention of osteoporosis (Davet al., 1995) in postmeno-
et al, 1995), there appeared to be a mild activation of the pausal women or for PMS (Bucklezt al., 1989), there is
haemostatic system during initial treatment. After several enough persuasive evidence that androgen replacement therapy
months the raised activation markers had returned to pretreat-in women merits further investigation.
ment levels. There was a fall in plasma fibrinogen during T
treatment. Levels of AT-lll and prothrombin fragments 1-2 rose  Acknowledgements
initially and levels of protein-C and protein-S (free) and PAI-1
fell, but concentrations of all these factors returned to
pretreatment levels during continued treatment. There was no
change ilBTG, TPA and protein-S (Andersat al,, 1995). Our
female subjects have been on treatment for over 2 years so thatReferences
effects, if .a.ny, on clottlng fe_lctors would be expected tg have Adams, J., Polson, D.W., Abdulwahid, N., Morris, D.V., Frank, S.,
been stabilized and any initial changes on starting T will have  mason, H.D., Tucker, M., Price, J. & Jacobs, H.S. (1985)
een missed. ultifollicular ovaries: clinical and endocrine features and response
b d Multifollicul | | and end fi d resp
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