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Abstract
Oestrogens are given in high doses for the
treatment of tall stature in girls. The aim
of this study was to obtain data consider-
ing eYciency, side eVects, and acceptance
of the treatment of 50 constitutionally tall
girls treated with conjugated oestrogens
(7.5–11.25 mg/day). The mean (SD) adult
height predictions were 188.3 (4.4) cm and
the achieved height was 5.2 (3.3) cm less
than the predicted height. A greater
reduction from final predicted height
occurred when treatment was started at
an early bone age (<13.0 years) and with a
remaining growth potential of greater
than 10 cm. Even postmenarcheal girls,
however, had a mean reduction of 4.8 (3.2)
cm. The main side eVects were consider-
able weight gain (>10 kg), an increase in
triglyceride concentrations (37.5% of the
patients), and increased platelet aggrega-
tion (60% of the patients). Altogether
84.6% of the patients were satisfied with
the treatment and 15.4% regretted having
had it.
(Arch Dis Child 1998;78:148–151)
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The first studies aiming to influence the growth
of tall girls using oestrogens began in the 1940s
with Albright and colleagues at the Massachu-
setts General Hospital in Boston. In 1956,
Goldzieher published the first report on
successful oestrogen treatment of tall girls.1

Since then this treatment has been developed
further and numerous studies have reported on
new findings and therapeutical protocols.2–5

Various oestrogens have been used. Of these
the conjugated oestrogens and ethinyloestra-
diol have gained the widest acceptance. Today
there is widespread agreement that both
steroids are equally eYcacious. There does,
however, seem to be diVerences with respect to
their side eVects. Some authors have claimed
that the advantage of the conjugated oestro-
gens is their minimal adverse eVects on
coagulation.6–8 The eVects of treatment have
varied among girls when grouped on the basis
of skeletal age, growth potential, diminution in
growth rate, and/or advancement in skeletal
age.3 4 9 10 Another subject of discussion is the
eVectiveness of treatment if started after
menarche.3 9 11 12

Undesirable eVects have been noted and the
risk-benefit ratio remains uncertain, especially
with regard to the oncogenic potential of
oestrogen administration2 13 and the risk for

thromboembolic disease.14–24 This study, there-
fore is a further contribution in the clarification
of the facts and may improve treatment by
examining in greater depth three problem
areas: eVectiveness of treatment, factors aVect-
ing response to treatment, and side eVects and
risks.

Patients and methods
Between 1985 and 1994 50 constitutionally tall
girls were treated with 7.5 to 11.25 mg/day of
conjugated oestrogens in our endocrinological
department. In some girls we used the higher
dosage of 11.25 mg/day because of an ad-
vanced bone age at the onset of their treatment.
To protect against the carcinogenic potential of
oestrogens, a progesterone (lynestrenol) was
given from the 20th until the 29th day of every
month. None of the girls suVered from any
other disease.
During treatment the girls were seen at three

monthly intervals. They were examined, meas-
ured, weighed, side eVects were noted, and
blood samples were taken. Radiographs of the
left hand, to assess bone age, were taken every
six months. Measurements of the concentra-
tion of plasma lipids (cholesterol and triglycer-
ides; Kodak Ektachem), liver enzymes (gluta-
mate oxaloacetate transaminase, glutamate
pyruvate transaminase, ã-glutamyltransferase,
and alkaline phosphatase; Kodak Ektachem),
glucose homoeostasis (glycated haemoglobins
HbA1c and HbA1; Bio-Rad Diamat), and hae-
mostatic function tests were done. Anti-
thrombin III was determined by radial
immunodiVusion25 using Partigen plates (Beh-
ring). Calibration curves were done with
standard human plasma (Behring) and protein
standard plasma (Behring). Partial thrombo-
plastin time and thrombin time were deter-
mined by standard procedures with reagents
provided by Behring. Fibrinogen was deter-
mined according to Clauss26 and thrombocyte
aggregation in platelet aggregation test III
(PAT III) was tested.27 These data were used to
evaluate side eVects. We obtained a retrospec-
tive view, by questionnaire, of side eVects and
their impact from the girls who concluded their
treatment between 1991 and 1994.
Treatment was stopped at a bone age of 15.0

years (Greulich and Pyle28). All height meas-
ures were made using the same stadiometer. To
reduce variation every radiograph was assessed
again by the same experienced reviewer. Final
height was predicted using the tables of Bayley
and Pinneau.29 Height reduction was defined as
the diVerence between the predicted height at
the onset of treatment and the height achieved
at the end of treatment.30 All results are stated
as mean (SD).
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Results
Data and results are shown in table 1. The data
show a final height reduction of 5.2 (3.3) cm.
Skeletal maturation was accelerated by 1.8
years per year during treatment. The growth
rate diminished throughout the treatment. The
girls had a mean growth rate of 2.4 (1.6) cm
during the first six months of treatment, 1.6
(0.9) during next six months, and 0.9 (0.5)
during the 13th to 18th months.
The patients were subdivided into groups in

relation to bone age, growth potential, and
menarche before treatment to compare the
eVects of these diVerent factors on the final
height reduction. The data and results for these
subgroups are shown in table 2. The mean
reduction of final height increases when
treatment is started at a bone age of <13.0
years and for a growth potential >10 cm (fig 1).
In the group of 12 girls with menarche occur-
ring before treatment, the eVect on final height
reduction was comparable with girls without
menarche. These findings indicate that final
height reduction closely correlates with bone
age and growth potential at the onset of treat-
ment, but not with the onset of menarche.
The evaluation of side eVects is described in

table 3. No serious side eVects occurred. The
major complaint was considerable weight gain.
In 35 cases weight gain of more than 10 kg was
registered. Nineteen girls complained of side
eVects, some of them of several symptoms at
the same time. Thirty one girls had no clinical
complaints. Liver enzymes were within the
normal range. Glucose metabolism was also
normal. Furthermore, cholesterol and triglyc-
erides (fasting) were examined. For cholesterol
there was no deviation from the norm, however
triglycerides were increased in 37.5% of the
patients, fluctuating between 1.6 and 2.6
mmol/l. With respect to coagulation, we found
highly increased platelet aggregation in PAT III
in 60% of the girls’ profiles. All other coagula-
tion parameters (thromboplastin time, partial
thromboplastin time, fibrinogen, antithrombin
III) were normal.

Two months after completion of treatment, a
luteinising hormone releasing hormone test
was performed. Hormonal concentrations of
all girls were normal. The oestradiol plasma
concentration as well as gonadotrophins
showed that endogenous production of hor-
mones had recommenced. Spontaneous cyclic
bleeding occurred in all girls during the first six
months after treatment.
From the questionnaire we found that 84.6%

were grateful for having been treated and 15.4%
regretted it; 38.4% recalled the side eVects of
treatment as unpleasant, 61.5% did not.

Discussion
The achieved height reduction of 5.2 (3.3) cm
is in accordance with previously published
data. The division of the patients into bone age
subgroups confirmed height reduction is more
pronounced if the bone age at the onset of
treatment is at a young age (<13.0 years).2 3 9 In
accordance with the observations of Normann
and Bierich,4 6 we also found that the remain-
ing growth potential clearly influenced the
resulting height reduction. Whitelaw found no
eVective reduction of final height in pubertal
girls after menarche.10 In our study the mean
reduction of final height closely correlates with
bone age and growth potential at the onset of
treatment, but is independent of the time of
menarche.
Serious side eVects did not occur. Combin-

ing various studies, 1324 courses of treatment
have been analysed with respect to side
eVects.2 3 6 12 13 31 32 Among the most common
complaints were weight gain, transient nausea,
headaches, striae, and calf cramps. The devel-
opment of carcinoma has not been observed.
Serious side eVects seem to be very rare. The
literature is short of studies demonstrating
clinically significant eVects of oestrogens on
metabolism. Regarding the eVects of high dose
conjugated oestrogens on liver function, glu-
cose tolerance and lipids, only triglycerides
were found to be raised in our study.
During treatment with high doses of oestro-

gen, changes in the haemostatic system were
observed which were similar to those known
during treatment of women with oral contra-
ceptives.Many authors also report a direct rela-
tionship between the dosage of oestrogen of the
oral contraceptive and the risk of thrombosis.
Oestrogens contained in oral contraceptives are
ethinyloestradiol at a dosage of 20–50 µg/day or
mestranol at a dosage of 50–100 µg/day. Two

Table 1 Data and results of 50 girls treated with
conjugated oestrogens; values are mean (SD)

Chronological age (years) 12.8 (1.1)
Bone age (years) 12.0 (0.8)
Height at start of treatment (cm) 175.5 (3.7)
Predicted height at start (cm) 188.3 (4.4)
Final height prediction (cm) 183.0 (3.4)
Reduction of final height (cm) 5.2 (3.3)
Treatment period (months) 16.8 (4.2)

Table 2 Data of 50 girls treated with conjugated oestrogens, divided according to bone age, growth potential, and menarche; values are mean (SD)

Bone age (years) <12.0 Bone age (years) 12.0-13.0 Bone age (years) >13.0

No of girls 16 24 10
Reduction of final height (cm) 7.6 (3.4) 5.0 (2.2) 1.4 (1.3)

Growth potential (cm) <10.0 Growth potential (cm) 10.0–15.0 Growth potential (cm) >15.0

No of girls 12 24 14
Reduction of final height (cm) 2.2 (2.2) 5.2 (2.4) 7.4 (3.6)

Treatment after menarche Treatment before menarche

No of patients 12 38
Chronological age (years) 12.5 (0.9) 12.9 (1.1)
Bone age (years) 12.5 (0.8) 11.9 (0.7)
Reduction of final height (cm) 4.8 (3.2) 5.2 (3.3)
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cases have been published of severe deep vein
thrombosis during treatment of girls with tall
stature with ethinyloestradiol.8 33 Blombäck et al
observed lower conentrations of antithrombin
III during treatment of tall stature with
250–1000 µg/day of ethinyloestradiol in all
patients.14 Muntean and Borkenstein23 observed
with 500 µg/day ethinyloestradiol that all the
factors of the prothrombin complex (factors II,
VII, IX, X), fibrinogen, and platelet aggregation
were increased.24 Antithrombin levels were
decreased. Further studies on the influence of
oral contraceptives on coagulation confirm an
increase of coagulation factors II, VII, IX, X,
XII, of fibrinogen, protein C, and plasminogen,
as well as a decrease of antithrombin III and of
protein S.16 34 35 Petrykowski and Schmidt7

observed no decrease of antithrombin III
during tall stature treatment with 7.5 mg
conjugated oestrogens, and suggested that the
conjugated nature of the oestrogen preparation
accounted for this eVect. Deficiency of anti-
thrombin III is known to be associated with an
increased risk of thrombosis.7 36 37 This leads to
the question of whether ethinyloestradiol, used
for both oral contraception and growth inhibi-
tion, causes greater changes leading to hyperco-
agulability than conjugated oestrogens. This
presumption has been confirmed by these
results. Platelet aggregation should be super-
vised during treatment. Further studies should

evaluate if a decreased dosage of oestrogens
comparable with those in the contraceptive or
hormone replacement preparations is still eVec-
tive to reduce final height in constitutional tall
stature girls with a lower amount of side effects.
Spontaneous menstruation occurred in all

girls one to six months after discontinuation of
treatment. These data are also in concordance
with the other studies mentioned above, where
the great majority of patients menstruated
within the first three months after the end of
treatment. However, there is the description of
cases where post-therapeutic amenorrhea
lasted up to 13 months.32 Later fertility was not
aVected. Wettenhall et al,5 Crawford,31 and
Prader and Zachmann32 found that patients
had normal number of children.

Conclusion
We conclude that when starting treatment for
girls with tall stature at a bone age of <13.0
years and with a growth potential of >10 cm,
satisfactory results, with an average reduction
of 5.2 cm, will be achieved. Menarche before
the onset of treatment is not detrimental to a
successful height reduction. Only minor side
eVects were observed during treatment. The
great majority of the girls expressed their satis-
faction with the treatment. The good accept-
ability of conjugated oestrogens, especially
regarding their minimal eVects on metabolism
and haemostasis, has been shown.
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Table 3 Side eVects of 50 girls treated with conjugated
oestrogens

Side eVects
Percentage of
registrations

Weight gain >10 kg 70
Headache 14
Nausea 10
Striae 6
Calf cramps 6
Breast discomfort 6
Abdominal pain 6
Dysuria (without infection) 6
Hyperthermia 6
Oedema 6
Allergic skin reaction 6
Hypertension 2
Fatigue 2
Increased pigmentation 2

150 Weimann, Bergmann, Böhles

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.78.2.148 on 1 F

ebruary 1998. D
ow

nloaded from
 

http://adc.bmj.com/


21 Meade TW. Oral contraceptives, clotting factors, and
thrombosis.Gynecology 1982;142:758–61.

22 Meade TW, Stirling Y, Wilkes H, et al. EVects of oral
contraceptives and obesity on protein C antigen. Thromb
Haemost 1985;53:198–9.

23 Vin F, Allaert FA, Levardon M. Influence of estrogens and
progesterone on the venous system of the lower limbs in
women. Journal of Dermatology and Surgical Oncology 1992;
18:888–92.

24 Muntean W, Borkenstein M. Haemostatic changes in tall
girls treated with high doses of ethinyloestradiol. Eur J
Pediatr 1980;134:245–8.

25 Mancini G, Carbonara AO,Heremans JF. Immunochemical
quantitation of antigens by single radial immunodiVusion.
Immunochemistry 1965;2:235.

26 Clauss A. Gerinnungsphysiologische Schnellmethode zur
Bestimmung des Fibrinogens.Acta Haematol 1975;17:237.

27 Breddin K, Grun H, Krzywanek HJ, et al. Measurement of
spontaneous platelet aggregation. Platelet aggregation test
III. Klin Wschr 1975;53:81–9.

28 Greulich WW, Pyle Sl. Radiographic atlas of skeletal
development of hand and wrist. 2nd Ed. Stanford, California:
Stanford University Press, 1959.

29 Bayley N, Pinneau SR. Tables for predicting adult height
from skeletal age: revised for use with the Greulich-Pyle
hand standards. J Pediatr 1952;40:423–41.

30 Reeser HM, Heremans GFP, van Gelderen HH. Reduction
of adult height in tall girls. Eur J Pediatr 1979;132:37–41.

31 Crawford JD. Treatment of tall girls with estrogen. Pediatrics
1978;62:1189–95.

32 Prader A, Zachmann M. Treatment of excessively tall girls
and boys with sex hormones. Pediatrics 1978;62:1202–9.

33 Werder CA, Waibel P, Sege D, et al. Severe thrombosis dur-
ing oestrogen treatment for tall stature. Eur J Pediatr 1990;
149:389–90.

34 Melissari E, Kakkar VV. The eVects of oestrogen adminis-
tration on the plasma free protein S and C4b-binding pro-
tein. Thromb Res 1988;49:489–95.

35 Wessler S. Estrogen-associated thromboembolism.Ann Epi-
demiol 1992;2:439–43.

36 Davies JA. The pre-thrombotic state. Clin Sci 1985;69:641–
6.

37 Reeve EB. Steady state relations between factors X, II, lla,
AT III, and alpha-2 macroglobulin in thrombosis. Thromb
Res 1980;18:19–31.

Oestrogen treatment of constitutional tall stature 151

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.78.2.148 on 1 F

ebruary 1998. D
ow

nloaded from
 

http://adc.bmj.com/

