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Endocrine effects of 17 alpha-hydroxyprogesterone 
caproate during early pregnancy: a double-blind 
clinical trial 
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TOM K. A.  B. ESKES 

Summary. Thc clinical and endocrine effects of progestogen therapy in 
early pregnancy were investigated using a double-blind randomized 
trial in 64 patients who had a viable fetus at 6 weeks gestation and had an 
increased risk of miscarriage. The patients were randomly allocated to 
receive either 17 alpha-hydroxyprogesterone caproate or a placebo 
between 7 and 12 weeks gestation. Four fetal ultrasonographic variables 
and 17 maternal endocrine variables were studied in each woman. Only 
four maternal serum variables (17 alpha-hydroxyprogesterone, prolac- 
tin, thyroxin and thyroxin binding globulin) rose significantly. The 
serum progesterone levels in the hormone supplemented group were on 
average 20% higher than in the placebo group but the difference was not 
statistically significant. However, the relation between the progesterone 
levels and the fetal outcome was not clear. Therefore it is not advisable 
to prescribe 17-OHP-C during 
miscarriage. 

About 15% of all clinically recognized pregnan- 
cics end in miscarriage (Stirrat 1983), but when 
pregnancy is detected with very sensitive hormo- 
nal assays it appears that almost 60% will end in 
miscarriage before 11 completed weeks gesta- 
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early pregnancy to prevent a 

tion (Edmonds et a1 1982) However, after a 
viable fetus has bcen detected with ultrasound in 
the 10th week of an uncomplicated pregnancy 
the reported fetal loss is only 2-6% (Christiaens 
& Stoutenbeek 1984; Gustavii 1984; Gilmore & 
McNay 1985; McFadyen 1985) andin threatened 
miscarriage with a viable fetus only 3-13% will 
end in miscarnage (Anderson 1980; Mantoni 
1985). 

In almost 60%. the cause of fetal loss is related 
to chromosomal disorders of the conceptus 
(Lauritsen 1976). For most of the others, the 
causes are unknown, but some may be related to 
endocrine disorders. Laboratory studies have 
suggested that progesterone playc an important 
role in the maintenance of pregnancy (Csapo & 
Pulkkinen 197&), but clinical studies have not 
shown any beneficial effects of progestogens in 
early pregnancy (Shearman & Garrett 1963; 
Gddzieher 1964; Tognoni et al. 1980), perhaps 
because of the limited role of hormonal dis- 
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of management, based on an entry of40 patients 
per year, to enrol patients into the study for a 
period of '2 years. During this period 69 patients 
were selected according to one or more of the 
following selection criteria: pregnancy after 
ovulation induction two or more previous rnis- 
carriages (proven by histological examination or 
a positive pregnancy test). or a period of infer- 
tility of more than 12 months. Of these 69 
patients, only 64 with a viable fetus at 0 weeks 
(after ultrasound detection) were admitted to 
the study. All patients gave their informed con- 
sent. A total of 80 coded ampoules (40 con- 
taining placcbo and 40 17-OHP-C) were ordered 
randomly and administered to the patients 
according to their sequence of entry. The 
ampoules were coded by Schering AG and the 
code was held by the statistical department 
which also controlled the allocation procedure. 
At weekly intervals between 7 and 12 weeks 
gestation (menstrual age) the patients received 
500nig of 17-OW-C in 2ml  oil (Proluton- 
Depot. Schering AG, West Berlin) o r  a placebo 
(2 rril oil) injected intramuscularly. All patienth 
were seen weekly between 7 and 12 weeks gesta- 
tion and again at 14 and 16 weeks gestation. At 
each visit. blood was obtained from the cubital 
vein between 13.30 and 18.00 hour5 and the 
serum stored at  -70 "C. At  each visit during the 
study period the patients had their pregnancy 
checked by ultrasound (Real Time Linear Array 
Scanner. SAL-2DA. Toshiba Co., Tokyo. 
Japan). 

orders in the aetiology of early miscarriage. 
Furthermore. there is no reliable method for 
selecting patients who might henefit from hor- 
monal treatment. Some obstetricians prescribe 
progestogens for  patients with suspected corpus 
luteum insufficiency or a history of recurrent 
miscarriage. U p  to 28%' of the market share of 
progestogens was used for thc indication 'threat- 
ened abortion' (Tognoni e r a / .  1980). There are 
at present no known teratogenic effects of 17 
~-hydroxyprogesterone caproate (1 7-01 IP-C) 
(Michaelis et a l ,  1983; Katz ef nl. 1'185). In spite 
of the wide we of progestogens during preg- 
nancy (Michaelis et a/. 1983; Kat7 et al. 1985), 
there is hardly any information about the cndo- 
cri tie effects of these hormones when taken 
during the first trimester. This information could 
lead to a more rational basis for prescribing hor- 
monal agents in selected patients. 'Therefore we 
perfoi-med a double-hlind randomiLed control- 
led clinical trial in patients at increased risk of 
miscarriage in an attempt to  describe endocrine 
changes of  several variables known to be 
involved in the maintenance of pregnancy. 

I n  statistical terms the study was designed to 
test the nul l  hypothesis that for each of the hor- 
munal variables examined the distribution of the 
serum hormone concentration was the same in 
the placebo and the 17-OHP-C treated groups at 
any time during the treatment period. A second 
hypothesis tested was that in the 4-week period 
after hormone administration, the distribution 
of the change in serum hormone concentration 
was the same in the placebo and the 17-OHP-C 
treated groups. 

Patients and methods 
b f d j  deugn 

It was d e ~ i d e d  to concentrate i n  this study on 
chnnges in hormone levels due to the ndministra- 
t i on  of 17-OHP-C Suppose, tor B certain hor- 
monal varinhk-mensured once in an iiidividud 
pnticnt during a gicen week ot pregnancy-the 
coefficient of variation (SDimeanx 100%) I$  

about XI'; (as is the C A W  foi most of the > x i -  
ables studied) and 17-OHP-C tredment  chnnges 
the serum concentrntion b y  3 0 9  Then, with d 
probdbiiity of 80% the comparison of the two 
sdmple- distribution^ will reveal '1 qignifcant 
dillerence (t-te$t on the lognrtthm of the serum 
concenttation) u hen there are 40 patients i n  

each 4tudI group Su it  W A ~  decided for redsons 

Hormonc. ussays 

It can be expected that 17-OHP-C will cause 
changes i n  serum levels of l7a-hydroxy- 
progesterone (17-OHP). progesterone, and 
oestradiol (E2) and also in prolactin (PRL). 
human chorionic gonadotrophin (hCCr) and thy- 
roid hormones. These were all measured by 
radioimmunoassay (RIA) or immuno- 
enzymetric assay (TEMA) as described by Dony 
et nl. (1985), Thomas et ul. (1?77) and van 
Geelen et at. (1981) for 17-OHP, E2 and pro- 
gesterone and PRL respectively. hCG was deter- 
mined using a Tandem-E hCCi Immuno- 
Enzymetric Assay-kit, IIybritech, Europe SA,  
Liege. Belgium. Serum levels of thyroxine (T4), 
free thyroxine (,FT4), triiodothyronine (T3) and 
thyroid binding globulin (TBG) were deter- 
mined with RIA-kit donated by Clinical Assays1 
Travenol-Genetech Diagnostics (Cambridge, 
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MA, USA). The determination of thyroid-stim- 
ulating hormone (TSII) has been described 
elsewhere (Rcijnders 1985). In addition we 
determined serum concentrations of the free 
(3-hCG subunit, pregnancy specific B,-glycopro- 
tein (SPl), human placental lactogen (hPL), 
dehydroepiandrosterone (DHEA) and its sulph- 
ate (DlIEAS), a-fetoprotein (AFP) and cor- 
tisol, since little is known about the changes of 
thcse substances in the first trimester of preg- 
nancy in relation to hormonal supplementation. 
l h e  interassay coefficients of variation ranged 
between 5-4 and 9.810. The intra-assay vari- 
abilities were (7.0%. The cross-reactivity of 
17-OHP-C with the progesterone and 17-OHP 
assay systems was <0.01%~. 

F. J .  L. Reijnders etal. 

Slutistical method5 

Statistical analyses were performed by a distri- 
bution-free test (Koziol et al. 1981) to compare 
for each variable the result of the sequence of 
hormone assays (response curve) in both groups 
in the period that 17-OHP-C was administered. 
To analyse the change in hormonal values during 
the period following administration of 
17-OHP-C, the unpaired Wilcoxon test was 
used. For both group? estimates (after log-trans- 
formation) of the 5th and the 56th centile of the 
serum levels of all variables for uncomplicated 
singleton prcgnancics in each week were calcu- 
lated to compose a so-called ‘response model’. 
This response modcl can be used to analyse the 
endocrine, ultrasonographic and clinical events 
in normal and pathological pregnancies (Exalto 
1979). 

Results 

Of the 64 viablc pregnancies three ended in mis- 
carriage (two in the treatment group and one in 
the placebo group). There were six multiple 
pregnancies. In the treatmcnt group, one infant 
was born preterm with severe congenital malfor- 
mations and died (urethral obstruction. bladder 
distension, hydronephrosis). 

In the uncomplicated singleton pregnancies 
we found statistically significantly higher mean 
levels of 17-OIIP (P<0.001), PRL (P=0.04), T4 
( P  = 0-05) and TBG ( P  = 042) in the hormone 
supplemented group than in the placebo group 
(Fig. 1); the mean levels of progesterone and E2 
were also higher in the hormone supplemented 
group than in the placebo group, but the differ- 

ences were not statistically significant ( P  = 0.16 
and 0.26 respectively). The mean levels of hCG 
did not differ between the two groups 
(P = 0.57). This was also found for all the other 
serum variables measured in the first trimester of 
pregnancy. After treatment with 17-OHP-C was 
stopped at 12 weeks gestation, the differences in 
the mean hormone levels between the groups 
remained unchanged during the next 4 weeks. 
The ultrasound measurements (gestational sac 
diameter. crown-rump length, biparietal diam- 
eter and fetal heart rate) were not influenced by 
the administration of 17-OHP-C as shown in 
Fig. 2. Tn the response model, the course of the 

hormone levels were analysed for the pregnan- 
cies that miscarried and the multiple pregnan- 
cies. In the two patients with viable pregnancies 
that ended in miscarriage the administration of 
17-OHP-C did not prevent thc decline of pro- 
gesterone levels; nor the subsequent miscar- 
riage. Serum levels of all measured hormones in 
the multiple pregnancies were nearly all within 
the range (5th-95th centile) of uncomplicated 
singleton pregnancies. 

Discussion 

In this study thc prevalence of miscarriage in 
pregnancies with a viable fetus at 6 weeks gesta- 
tion was 4.7% (95% C1 1.0 to 13.1%). The 
mother of the preterm baby born with severe 
congenital anomalies had high levels of 17-OHP 
(above the 95th centile of reference pregnan- 
cies) in the first trimester, but this could only 
partly he attributed to I7-OHP-C, as 17-OHP 
levels were already high before administration 

The clinical significance of the higher mater- 
nal serum levels of 17-OHP, PRL, T4 and TBG 
in the first trimester after administration of 
17-OHP-C could not be assessed. Furthermore, 
there are no theoretical grounds for expecting 
these higher maternal serum levels in the first 
trimester to have a beneficial effect on maintain- 
ing the pregnancy. Further studies are needed to 
investigate whether measurement of serum 
PRL, T4 or TBG can identify patients with a 
viable pregnancy who are at risk of miscarriage, 
since levels of these hormones can be influenced 
by hormonal treatment as 17-OHP-C. 

Serum levels of progesterone, probably the 
most important hormone for the maintenance of 
pregnancy, were not significantly higher in the 
17-OHP-C treated group than in the placebo 

of 17-OHP-C. 
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Fig. 1. Response curves of 17-OHP. progesterone, E2, T4. PRL and TBG (mean serum level 
i2 SEM) in the group who received 17-OHP-C (-) and in the placcbo group (---) 
duriiig the first trimester of pregnancy. 
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Fig. 2. Response curves ol the gestational sac diameter, the fetal crown-rump length, biparietal diameter and fetal 
heart rate (mean +2 SEM) in women treated with 17-OIIP-C (-) and in the placebo group (- - -) during the 
first trimester of pregnancy. 

group. Mean serum progesterone levels in the the luteo-placental shift described by Csapo et 
placebo group showed a nadir at 8 weeks al. (1972). but in the group receiving 17-OHP-C 
(Fig. l), in agreement with the phenomenon of thcre was no such nadir. The clinical con- 
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scribe 17-OHP-C in early pregnancy in order to 
prevent miscarriage. 

sequence of this observation could not be 
assessed because of the small number of 
patients. 

In the placcbo group there was a significant 
correlation (P<0.05) between the 17-OHP and 
progesterone levels; women with a high serum 
17-OIIP level during the first trimester of preg- 
nancy generally had a high progesterone level as 
well. It is questionable whether this finding in  
uncomplicated, high-risk pregnancies can be 
applied to pathological pregnancies, since 
17-OHP-C treatment in two viable pregnancies 
that endcd in miscarriage had not the expected 
cffect on the progesterone levels. 

The alterations in maternal serum hormone 
levels after 17-OHP-C treatment probably have 
no adverse effects on the child. The response 
curves showed no accumulation of 17-OHP in 
the serum with a dosage of 500mg 17-OHP-C 
weekly. Maternal serum thyroxine, which was 
increased in the 17-OHP-C supplemented 
group, does not readily cross the placental bar- 
rier (Furth 1983). Besides, it has never becn 
proven that mild hyperthyroidism has adverse 
effects on the developing pregnancy (Prout 
1975). It is also unlikely that the elevated serum 
prolactin levels after administration of 
17-OHP-C have adverse effects on the child 
(Gemzell & Wang 1979). but there is very little 
information on the long-term effects of pro- 
gestogen treatment during pregnancy. The 
serious cffects of exposure to diethylstilboestrol 
in utero are well known (Herbst et al. 1971). It is 
less well known that administration of 
stilbocstrol together with ethisterone during 
pregnancy can also have serious long-term 
maternal effects, increasing the risk of breast 
cancer (Beral & Colwell 1980). 

Administration of 17-OHP-C had no benefi- 
cial effects on the two pathological pregnancies 
and effected only small changes in maternal 
serum hormone concentrations in the uncompli- 
cated pregnancies. Progesterone levels were on 
average 20% higher in the hormone sup- 
plemented group compared with the placebo 
group but the difference was not statistically sig- 
nificant. Hence it seems worthwhile to study the 
relation between progesterone levels and fetal 
outcome (miscarriage) by meta-analyses. It 
should be kept in mind that such studies will 
have to be based on a sufficiently large number 
of cases, probably requiring multicentre collab- 
oration. Until then it is not advisable to pre- 
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