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Long-term effects of hormone implants (estradiol oi 
estradiol plus testosterone) were examined in 7S meno
pausal women. Both therapies relieved vasomotor symp
toms with a return of significant flushing after six months, 
thus reimplantation was performed every six months. 
Estradiol levels had not returned to baseline by six months, 
and significant accumulation of estradiol occurred by three 
years. The patients gjven testosterone experienced a similar 
accumulation of testosterone. There was no significant 
change in mean weight, blood pressure, or liver function 
tests dyring three years. Both therapies reversed the bone 
biochemical changes' of menopause, and. in both groups 
ihece was no significant loss in bone density. Supplementa
tion of estradiol with testosterone in implant therapy was 
not observed to provide additional benefit in terms of the 
parameters studied. (Obstet Gynecol 67:321,1986) 

Steroid implant therapy is poptdar with menopause 
dinic patients and provides reliable relief from a wide 
spectrum of climacteric symptoms.' In recent years it 
has been shown to better reproduce the premenopaus
al balance of estradiol and estrone^ than oral thera
pies.* The addition of testosterone to estradiol for 
implantation is based on the reputed libido-improving 

' effect of testosterone.-*'̂  
Implantation is particularly suitable for hysterectom

ized patients, as nonhysterectomized women must 
receive intermittent courses of oral progesterone to 
prevent endometrial hyperplasia.* When 50-mg 
estradiol implants are used to provide long-term re
placement, the request for reimplantation tends to be 

• 8* six months because of a return of symptoms at five 
to seven-month intervals.* The hormone levels 
achieved with a single estradiol implant have been 
«°cuinented,=^ but the long-term effects of repeated 
'•^plantation have not been studied in depth. The aim 

inf'cf ^^^ompause Clinks, and Department of Clinical Biochemis-
; /and " ^"^^ Hospital and Western Infirmry, Glusgrn, Scot-

of the present work is to examine the effects of admin
istration of estradiol implants every six months or 
combined estradiol plus testosterone implants during 
•three years. 

Materials and Methods 

Ninety-six patients were recruited from the meno
pause research clinics at the Western Infirmary and 
Stobhill General Hospital, Glasgow, and were ran
domly allocated to receive either 50-mg estradiol im
plants (estradiol group) or 50-mg estradiol plus 100-mg 
testosterone implants (estradiol-testosterone group) 
repeated at six-month intervals in response to symp
toms. The three-year prospective study was completed 
by 75 women (estradiol group = 36, estradiol-
testosterone group = 39), and the reasons for patients 
not completing the three-year study are listed in Table 
1. 

The two groups studied were similar (Table 2), and 
all exhibited menopausal elevation of gonadotropins at 
the start of the study. The estradiol and estradiol-
testosterone groups lost three and one intact uterus 
cases by dropout, respectively. The women with an 
intact uterus received a seven-day course of norethis-
terone 5 mg daily at two-month intervals, which were 
timed to ensure that the patient would be o& the 
progestogen for at least one month at each clinic visit. 

Each patient attended for baseline assessment and 
then at two, six, eight, 12, 18, 24, 30, and 36 months 
after the first implant. At each visit a fasting venous 
blood sample was obtained, and sera and plasmas 
were stored at -20°C. At each visit flush symptomatol
ogy was assessed, the patient was weighed, and blood 
pressure was measured seated. Bone mineral content 
was assessed by single-beam photon absorptiometry, 
and measured at the midpoint of the third metacarpal 
by the method of Shimmins et al.'' 

The estradiol and testosterone estimations were by 
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Table 1. • Reason for Discontinuing bnplantation 

Reason E group ET group 

Table 3. Flush Scores in Patients Receiving Six-Month 
Estradiol or Estradiol-Testosterone Implants* Table 

Intolerance of side effects 
Breast symptoms 1 3 
Uterine bleeding 3 1 

Concomitant conditions or symptoms 
Chest pain 1 1 
Psoriasis 1 
Leg pain 1 
Rectal bleeding 1 
Recurrent backache 1 
Had pelvic floor repair and disconiimied 1 

therapy 
Nonmedical reasons 3 3 

Total 12 9 

E = estradiol; ET = estradiol-testosterone. 

radioimmunoassay methods as described.* A Standard 
Technicon AutoAnalyser was used to estimate cal
cium, inorganic phosphate, alkaline phosphatase, cre
atinine, albumin, and liver function tests. Serum cal
cium was corrected for the albumin concentration. 
Urinary hydroxyproline concentrations were mea
sured by the method of Stegemann and Stalder.^° The 
ratios of caldum to creatinine and hydroxyproline to 
creatinine were calculated. The clearance ratio of phos
phate to creatinine also was calculated and the renal 
tubular reabsorption of phosphate fTmPOi/GFR) thus 
derived." 

The effect of an individual treatment with fame was 
tested using Student t test for paired data, with the 
patient's prctreatment level serving as a control value. 
Comparison between forms of therapy was by Student 
t test for impaired data and by analysis of variance. 

Results 

Flush symptoms were recorded on a three-point scale 
according to each patienf s subjective assessment of 

Table 2. Parameters of Patient Groups* 
Parameter E group ET group 

N 36(12) 39(9) 
Intact uterus 0 (3) 4 (1) 
Hysterectomy only 4 (1) i (1) 
Hysterectomy and oophorectomy 32 (8) 31 (7) 
Mean age at menopause 42.9 ± 4.8 42.0 ± 6.2 
Age range fyr) ' 31-50 33-49 
Mean age at start of study 43.9 ± 4.8 45.2 4 6.B 
Mean menopause to treatment interval 1.6 ± 2.4 3.1 ± 4.3 
Mean height (m) 160.3 ± 4.9 160.6 ± 5.5 
Mean weight (kg) 63.1 ± 10.7 64.4 ± 8.0 

Flush score (mean ± SEM) 

E ET 
Months (N = 36) (W = 39) 

0 2.50 i: 0.27 2.13 ± 0.73 
2 0,25 ± 0.09 0.30 ± o . n 
6 0.86 S 0.12 0,80 ± 0.16 
8 0,46 ± 0.12 0.36 ± o.:o 

12 0.91 ± 0.13 0.82 ± 0.17 
24 0.76 ± 0.13 0.81 ± 0.18 
36 0.96 ± 0.17 1.00 ± 0.25 
See Table 1 for abbreviadons. 
* Scoring based on severity rating; maximum severity • 3. 

See Table 1 for abbreviations-. 
* Dropout numbers in parentheses. 

severity (Table 3). In both groups, the mean flush score 
• was high before treatment and was near zero by two 

months on treatment. By six months, when reimplan
tation was being requested, there had been a signifi
cant increase in the flush score (P < .05 for both 
groups). A similar pattern of flushing was seen with 
the second implant with a significant rise in the flush 
score at 12 months compared with eight months (P < 
.05 for both groups). The flush scores at 24 and 36 
monttis were similar to those at sbc and 12 months. 

Plasma estradiol was significantly elevated (P < 
.001) above the pretreatment baseline at all mtervals 
measured up to three years (Table 4). In both groups 
mean estradiol at 36 months (six months after the sixth 
implant) was significantly higher (P < .001) than at six 
months, indicating an accuirmlatidn of estradiol witli 
repeated implants. There was no overall difference m 
fee estradiol profile, comparing the estradiol and 
estradiol-testosterone treatment groups. The range of 
estradiol levels on treatment was wide and similar in 
both groups so that by 36 months on treatment the 
ranges of plasma estradiol were 322 to 1158 pmoI/L 
(estradiol group) and 228 to 1227 pmol/L (estradiol-
testosterone group). 

The plasma testosterone profile (Table 5) remained 
unchanged over the three years in the estradiol group. 
In the patients receiving testosterone implants (the 
estradiol-testosterone group) there was evidence of 
accumulation of testosterone. -At six months mean 
testosterone was significantly elevated (P < .01) above 
the pretreatment baseline, and the second implant 
produced a further testosterone rise. In the longer 
term, mean T levels at 24 and 36 months were both 
significantly higher (P < .005) than at 12 months. The 
mean estradiol and testosterone levels were not dif
ferent when the dropout cases were included. 

The marked rise in steroid hormone levels did not 
significantly affect body weight over the three years. 
The pretreatment mean weights were 63.1 ± lO-^ 

":. See Table 
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•j-jble 4. Plasma Estradiol Levels in Patients Completing 
the Three-Year Study* 

E implant group ET implant group 
(pmol/L) (pmol/L) 

Months W = 36 N = 39 

0 175 ± 67 176 ± 49 
2 491 ± 214 477 ± 257 
6 m ± 132 412 ± 139 
8 53$ ± 136 711 a: 283 

12 505 ± 158 562 ± 277 
24 590 ± 206 585 ± 165 
36 669 ± 211 614 ± 222 

See Table 1 for abbreviations. 
• Mean ± SD. 

(SD) (estradiol group) and 62.7 ± 11.5 kg (estradiol-
testosterone group), and at three years the weights 
weie 65.2 ± 11.0 kg (estradiol group) and 64.4 ± 11.3 
leg (estradiol-testosterone group). Foiu: women in each 
group had a 10% weight gain, and three and two 
women in the estradiol - and estradiol-testosterone 
groups respectively had a 10% weight loss. 

There was no significant effect on hlood pressure on 
either therapy. Over three years there was a similar 
tendency for pressures to fall or rise in both groups. 
There was a significant negative correlation between 
initial diastolic pressure and the change in pressure 
over three years (estradiol group R = -0.57, P < .(Ml; 
estradiol-testosterone group i? = -0.60, P < .001), 
indicating a tendency for the pressures to revert 
toward the mean. 

There was no significant elevation of y-glutamyl 
transferase, aspartate aminotransferase, alanine ami
notransferase, or bilirubin in either treatment group 
over the three years except in two women (one from 
each group). Both admitted to excessive alcohol con
sumption and were excluded from the liver function 
test analysis. 

Within two months of starting therapy there were 
significant reductions in circulating calcium and phos
phate in both groups (Table 6). Urinary calcium creat-
wine ratio was sigrdficantly reduced only in the 
estradiol group, but TmP04/GFR was reduced i n both. 
The estradiol and estradiol-testosterone groups 
showed a similar progressive fall in serum alkaline 
phosphatase and the hydroxyproline creatinine ratio 
fell significantly by six months and remained thus over 
^0 years of observation. 

The pretreatment bone densities of the groups were 
"''t significantly different. Over three years in the 
estradiol group there was no significant change in 
"density (-0-.8%), and in tihe estradiol-testosterone 
group the mean percentage change was 4-2.5%, which 
^as a significant rise (P < .05). There was no signifi

cant difference in the mean percentage change com
paring the two treatment groups (Table 7). 

Discussion 

The data presented indicate that implantation with 
testosterone in women receiving estradiol implants did 
not affect circulating estradiol levels but did produce 
an accumulation of plasma testosterone during three 
years. Although no patient noted an excess of hair 
growth, these women were exposed to chronically 
elevated androgen levels. Although the value of 
estradiol-testosterone implants i n treating loss of libido 
has been demonstrated,'-*'^ a detailed assessment of 
the effect of implant therapy on sexual dysfunction in 
postmenopausal women indicated that estradiol im
plantation was beneficial and that estradiol-testoste
rone did not achieve better results.^^ The authors 
suggest that where implants are to be used, the first 
option should be estradiol alone. Testosterone should 
be tried only as a supplement when sexual dysfunction 
has not responded to therapy wi th estradiol implanta
tion, because current evidence does not exclude the 
possibility that some individuals may benefit from the 
testosterone supplementation. 

The authors prefer to restrict the implant therapy 
principally to hysterectomized women, thus avoiding 
problems of patient noncompliance in taking 
progeistagen supplements. Some groups do not apply 
this restriction and report difficulties wi th progester
one side effects.'* In the present study, for example, 
four of the eight nonhysterectomized women left the 
study because of dislike of uterine bleeding. If a patient 
on oral therapy dislikes uterine bleeding or other 
progestagen side effects, the therapy can be discontin
ued when she declines treatment, but the implant 
patient who declines further progestagen faces many 
months of estrogen stimulation of the endometrium. 
Because implant therapy provides relief from a vride 

Table 5. Plasma Testosterone Levels in Implant Patients 
Completing the Three-Year Study* 

Months 

E Implant group 
(nmol/L) 
N = 3 6 

ET Implant group 
(nmol/L) 
N=-39 

0 1.62 * 0.43 1,49 ± 0.42 
2 1.79 ± 0.59 3.70 * im 
6 1.75 ± 0.39 1.96 ± 0.69 
8 1.69 ± 0,54 4.79 d: 2.27 

12 1.70 ± 0.52 1.96 ± 0.77 
24 1.36 ± 0.35 2.89 ± 0.79 
36 1.61 ± 0.58 2.56 ± 1.09 

See Table 1 for abbreviations. 
» Mean ± SD. 

•• 67, NO. 3, MARCH 1986 Bailow et al Long-Term Hormone Implant Therapy 323 



Table 6. Effect of Implants of Estradiol or Estradiol-Testosterone on Biochemical Parameters of Bone Metabolism* 

Months 

Biochemical parameters type 0 2 6 36 

Semm 
Calcium E 2.42 ± 0.01 2.37 ± o . o f 2,36 0.01* 2.34 S 0.02' 
mmoI/L ET 2.43 a 0,02 2.35 a: 0.02* 2,36 0.01* 2.35 s 0.02* 
Phosphate E 1.18 ± 0.03 1.03 ± 0.03* 1.03 0.03* 1.00 * 0.03' 
mmol/L ET 1.18 a 6.03 1.00 + O.03* 1.06 0.03 0.94 ± 0.03' 
Alkaline phosphatase E 77-5 + 3-9 75.9 ± 4.2 67.9 4.0* 58.4 ± 2.8' 
lU/L ET 87.2 ± 7.8 73.9 ± 6.2 69.2 6.4 54.8 ± 3.5' 

Urinary 
0.042-* Caldum creatinine ratio E 0.405 ± 0.053 0.270 * 0.034' 0.282 0.042-* 0.264 4,0.024' 

mmol/mmol ET 0.262 ± 0.035 0.2{K) ± 0.022 0.233 * 0.028 0.282 s 0.045 
Tubular maximum for phos E 1.127 * 0.055 0.945 i: 0.045' 1.070 0.071 0.934 4 0.038' 

phate reabsorption ET 1.214 ± 0.067 0.971 ± 0.052 0.962 0.037* 0.852 * 6.032' 
24 months • 

Hydroxyproline creatinine rati6 E 0.030 + 0.003 0.020 ± 0.002* • 0.019 + 0.002' 0.019 ± 0.002' 
mmol/mmol ET 0.026 ± 0.[»3 0.022 ± O.002 0.019 4; 0.002 - 0.017 ± 0.002 
Sec Table 1 for abbreviations. 
' Mean ± SEM. 
* Change relative to pretreatment, P < .01. 
* Change relative to pretreatment, P < .01. 

spectrmn of symptoms in menopausal women' it is 
worthwhile considering this form of therapy in women 
not tolerating oral hormone replacement, as the less 
fluctuant hormone levels and the estrogen balance 
more closely resembling the premenopausal state^ may 
induce greater toleration- of the therapy.^' 

The study demonstrates that implant therapy as 
currently practiced leads to a long-term increase in 
plasma estradiol levels whether or not testosterone is 
added. The common practice of reimplantation at the 
time of S3?mptom recurrence usually leads to requests 
for reimplantation at approximately sk-month inter
vals using the 50-mg estradiol implant. The cross-
sectional data of Cardozo et a P suggested that 
estradiol did not accumulate over three years, but the 
longitudinal series presented herein with a larger num-

TaWe ?., Metacarpal Mineral' Content in Implant 
Treatment Groups* 

Hme 
E group 
N = 36 

ET group 
N-= 39 

0 46.85 ± 5.18 44.09 ± 5.81 
2 46.99 + 5.71 44.56 ± 3.01 
6 46.69 ± 5.72 45.10 ± 5.36 
8 48.03 ± 6.03 45.11 ± 5.72 

12 48.19 ± 5.83 45.49 •± 5.43 
24 47.12 ± 4.95 45.41 ± 5.12 
36 46.36 * 4.96 45.36 ± 4.73 

Mean percentage change -0.8% ±2.5% 
Qver3yT 

See Table 1 for abbreviations. 
* Estradiol, SO mg; estradiol-testosterone, 50-l(X) mg. 
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ber of hormone measurements at each interval does 
demonstrate accumulation. The implants relieve a 
wide specixum of menopausal symptoms,including 
vasomotor effects. The vasomotor S5Tiiptora assesi-
ment presented confirms that the requests far 
reimplantation occurred when flushes were returning 
but were less severe than before the first implant. TWs 
raises the interesting question as to the mechanism of 
a return of flushing at circulating estradiol levels in tlie 
reproductive range. Thom et aP demonstrated that a 
50-mg estradiol implant produces" an elevation in-
plasma estradiol which plateaus for four to-five months 
before declining. I t may be that, the start of the fail io 
plasma estradiol from a very consistent level induces 
vasomotor instability despite the level of estradiol not 
being low. I t is clear that fuffiier boosting- the estradiol 
level by reimplantation relieves the symptoms once 
more. Reimplantation When the previous implant still 
functions may be responsible for the accumulation of 
estradiol. I t is of some reassurance that the rising 
estradiol baseline was. not associated with any adverse 
charge in blood pressure, weight gain, or liver funCv 
tion tests. 

It is known that bilateral oophorectomy induces a 
negative caldiun balance wi th increased serum calcwm 
and phosphate and altered urinary caldum and phos
phate dearances.." There is increased bone resorp
tion^ and evidence'that sensitivity to parathyroid 
hormone is increased." Estrogen administration can 
reverse these biochemical changes,''' and in the pre
sent study this estrogenic effect was observed with 
both treatments with the exception of the effect on 
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urinary caldum excretion. Both therapies reduced se-
calcium and had a hypophosphateraic, hyperphos-

pjiaturic effect. Urinary caldum excretion was reduced 
on estradiol therapy only, but the profiles were similar 
in both groups from two rtionths. The reduction in 
senim alkaline phospha'tase activity suggests reduced 
bone turnover as does the reduction in excretion of 
[ij'droxyproline, which is derived largely from break-
iom. of bone. The data indicate that the effects 
achieved are sustained long term. 

The assessment of bone density, by single-beam 
jbsorpHometiy of the third metacarpd provides accu-
late information on mineral mass at the scan site and 
torrelates well wi th long bone weight and total body 
caldum, but the measurements correlate less well vrith 
spinal bone density.'^ Despite this recognized limita
tion the technique has been applied widely in studies 
on bone density. The authors, previously have applied 
iJie technique to study bone density change after 
oophoredomy.^'' Sigruficant reductions in bone den-
at)' occurred with a high loss over the first three years ' 
after oophrectomy (9.'3%) arid it lower loss between the 
third and sixth years (1.6%).'^ In the present study the 
estradiol and estradiol-tesfosferone groups were 1.6 
and 3,1 years after menopause respectively at the start 
of treatment. The estradiol group was thus within the 
more rapid loss phase but did not lose bone density, 
and the estradiol-testosterone group whiph was in a 

.lessrapid loss phase was thus able to demonsfrate a 
small Increase in bone density. The effect can therefore 
be explained on the basis of the effect of estradiol in 
both groups. 

Thus, estradiol implants prevented the significant 
bone changes that occur after menopause, but addi-

:tional testosterone did not significantiy augment this 
•effect. 
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