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A B S T R A C T

Background: The pathophysiology of systemic sclerosis (SSc) is complex and elusive, however, considering
the strong female preponderance and different clinical characteristics between men and women, a contribu-
tion of sex hormones has been proposed.
Objectives: We undertook this systematic literature review to investigate: (1) the role played by male and
female sex hormones in the pathogenesis of SSc; (2) how sex hormone levels change in SSc patients and how
hormonal variations modify the progression of SSc; (3) the effect of therapies targeting sex hormones on the
disease course.
Methods: A literature search was performed in Pubmed, Embase, Web of Science, and Cochrane library data-
bases. Given the heterogeneity in study design, different quality assessment tools were applied where
appropriate.
Results: We retrieved 300 articles and 30 were included in the review. The available evidence points to a
fibrogenic, but also a vasodilatory, role of estrogens in SSc. With the limitation of small sample sizes, women
with SSc tend to have lower levels of androgens and non-significantly higher levels of estradiol compared to
healthy controls, while in men we found increased levels of estradiol and discordant results for androgens.
After menopause the skin score seems to decrease and prevalence of pulmonary artery hypertension seems
to rise, which might be prevented by the use of hormone replacement therapy. No recent high-quality trial
evaluated the efficacy of hormone-targeting therapies in SSc.
Conclusions: Few translational studies of varying quality evaluated the role of sex hormones in SSc showing
possible profibrotic and vasodilatatory effects of estrogens, but more research is needed to elucidate the extent
of this contribution. Insights on the influence of sex hormones, along with the availability of new compounds
acting on estrogen pathways, might provide ideas for additional studies on the application of sex hormone-
targeting therapies in SSc.

© 2019 Elsevier Inc. All rights reserved.
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Introduction

Systemic sclerosis (SSc) is a rare autoimmune connective tissue
disease characterized by vasculopathy, generalized fibrosis and
deregulation of innate and adaptive immune system. The pathogene-
sis is complex, multifactorial, and incompletely understood, with
evidence suggesting contribution from genetic, environmental, and
occupational factors [1,2]. As in most autoimmune diseases, SSc has a
strong female preponderance, with women being involved between
3 and 14 times more frequently than men [1]. Moreover, clinical and
immunological differences between male and female patients have
been observed [3,4]. The prevalence of diffuse cutaneous SSc is higher
in men [3,4], as well as cardiac involvement [3,4] and anti-topoisom-
erase I antibody (ATA) positivity, while women more often present
anti-centromere antibodies (ACA). One study showed that overall
peripheral vascular involvement is more common in female patients
than in men [4], but male patients have higher risk of developing dig-
ital tip ulcers or gangrene [4]. However, contrasting results have
been reported about the association between gender and digital
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ulcers in SSc [5]. Interstitial lung disease (ILD) prevails in men [3,4],
for which it represents the leading cause of death [3,4]. In women,
who have a better cumulative survival [3,4], the leading cause of
death is pulmonary arterial hypertension (PAH) [3,4].

To account for the gender gap and disease dissimilarities, a role of
sex hormones has been proposed [6], but few studies tried to assess
their relevance in SSc, while it would be valuable, especially consider-
ing that hormone pathways can be modulated. The most important
sex hormones in women are estrogens, with a predominance of
estradiol (E2) and estrone, respectively before and after menopause,
while in men testosterone is the main androgen. Dihydrotestosterone
and androstenedione are the other two important androgens, while
dehydroepiandrosterone (DHEA) and the sulphated form dehydro-
epiandrosterone sulphate (DHEAS) are considered as a reservoir for
the production of both androgens and estrogens [7].

In men, androgen levels peak after puberty and then progressively
decline with aging. In women the physiology of sex hormones is more
complex and liable to high variability, especially during childbearing
age, when estrogen and progesterone levels influence, and are influ-
enced by, the different phases of menstrual cycle, pregnancy, and
breastfeeding. Furthermore, medical interventions [8,9], genetic disor-
ders [10], and daily life habits [11�14] can alter sex hormone levels.

Both androgens and estrogens affect the immune system and
inflammation [15], have been implicated in autoimmunity, and have
been reviewed in other rheumatic diseases [16,17]. Despite their
putative role in SSc, their involvement has not been thoroughly
explored and in particular the extent of contribution to fibrosis and
vasculopathy, the disease hallmarks, is largely unknown. The aim of
this systematic literature review is to summarize the available evi-
dence on the association of androgens and estrogens with SSc, cate-
gorizing the research question into 3 areas of interest: (1) the role of
sex hormones in the pathophysiology of SSc; (2) how sex hormone
levels vary in men and women with SSc compared to healthy controls
and how changes in sex hormone levels modify the SSc course; (3)
the effect of sex hormone-targeting therapies on SSc onset, activity,
and progression.

Materials and methods

Eligibility criteria

Articles were deemed eligible if they investigated the association
between male or female steroid sex hormones and the pathogenesis,
clinical presentation, or disease progression of patients with SSc. The
following sex hormones were entered in the original search strategy:
DHEA, DHEAS, estradiol, estrone, estriol, progesterone, testosterone,
dihydrotestosterone, androstenedione, gonadotropin releasing hor-
mone (GnRH), follicle-stimulating hormone (FSH), luteinizing hor-
mone (LH), pituitary gonadotropins. Prolactin was encompassed by
the MeSH category “pituitary gonadotropins”, thus was part of the
search string, but articles only describing prolactin were not included
in the review. Complete details about the MeSH terms and synonyms
used are shown in Appendix.

Studies were included if they:

(1) Involved adult patients, or biological samples derived from adult
patients, with a diagnosis of SSc. According to publication date, a
statement reporting the fulfillment of classification criteria pro-
posed either by the American College of Rheumatology (ACR) in
1980 [18], by LeRoy in 1988 [19], or by ACR and European League
Against Rheumatism (EULAR) in 2013 [20], was considered valu-
able, but not essential for inclusion. Indeed, in order not to miss
relevant studies, research published before the availability of
classification criteria, or in which the fulfillment of criteria was
not clearly stated, could be included in the review after evalua-
tion of clinical and laboratory characteristics of the patients,
consistency of the diagnosis, and absence of diagnostic biases. In
studies where individual patients’ characteristics were described,
we also retrospectively applied the 2013 ACR/EULAR criteria [20].

(2) Measured levels of steroid sex hormones, FSH or LH, or if applied
therapies targeting sex hormones, as agonists or antagonists.

For clinical studies, we utilized the PICO (population, intervention,
comparator, outcome) framework [21]. We included randomized
controlled trials (RCTs), explorative non-randomized and open-label
trials, case-control studies, case series, case reports. Prospective and
retrospective studies were eligible. Exclusion criteria were: animal
studies; juvenile SSc; mixed population where a sub-cohort of SSc
patients could not be identified or a sub-analysis had not been per-
formed. Conferences’ proceedings and non-original publications
were excluded, as well as papers written in a language different from
English.

Search strategy and study selection

Articles were retrieved undertaking literature search in PubMed,
Medline, Cochrane Library andWeb of Science databases. The original
search strategy string can be found in Appendix. No date restriction
was applied and all studies published up to 18th April 2019 under-
went title and abstract screening by two independent authors (JC and
NvL). Both researchers then performed full text reading of eligible
articles and search of references to identify additional relevant
papers. Disagreements were discussed together, with the opinion of
a third investigator (JdV) when consensus could not be achieved.

Data extraction and quality assessment

Data were extracted and summarized by the first author (JC) and
revised by the second author (NvL). From each selected article, the
following information was gathered: first author, date of publication,
country, population size, inclusion and exclusion criteria, type of
intervention, duration of eventual follow-up, outcomes, statistical
methods, summary of key findings. Given the heterogeneity in design
of selected studies, different quality assessment methods were used.
The Cochrane risk of bias tool [22] was used for randomized trials,
the Newcastle-Ottawa scale [23] for non-randomized studies, and
the Johanna-Briggs Institute critical appraisal tools [24] for case
reports and case series.

Results

The search strategy identified 228 articles in PubMed, 185 in
Embase, 141 in Web of science, and 19 in Cochrane library. After
removal of duplicates, 300 unique articles were selected for title and
abstract screening. Fifty-three were considered potentially relevant
for full text evaluation. No additional papers were identified through
manual search of references. The full article review identified 30
studies that proceeded to data extraction and analysis (Fig. 1).

In 12 studies [25�36] the ACR 1980 preliminary criteria for SSc
were fulfilled. Of these, a study from the Canadian Scleroderma
Research Group [35] was included on the basis that, although not
mentioned in that article, we retrieved another manuscript [37] indi-
cating that 90% of the patients in the same cohort fulfilled the classifi-
cation criteria. In 3 studies [9,38,39] ACR/EULAR 2013 criteria were
met, while Le Roy 1988 criteria were satisfied in other 2 [40,41].
Additionally, 9 studies [42�50] were included after retrospective
application of the 2013 ACR/EULAR criteria. In 7 [42�48] of these
studies, patients were classified as having SSc on the basis of skin
thickening extending proximal to the metacarpophalangeal joints. In
one manuscript [49], all patients presented Raynaud’s phenomenon,
dermal sclerosis, pitting scars, puffy fingers and teleangiectasia. One
case report [50] described a patient with sclerodactily, Raynaud’s



Fig. 1. Flowchart showing the article selection process.
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phenomenon, nailfold abnormalities, and ILD, thus retrospectively
fulfilling the 2013 ACR/EULAR classification criteria for SSc. Finally, 4
articles [51�54], in which all patients had the diagnosis of SSc, but
fulfillment of classification criteria was not clearly specified, and
ACR/EULAR 2013 criteria could not be retrospectively applied due to
lack of sufficient clinical and laboratory information at individual
patient-level, were included in the review after evaluation of rele-
vance of the results, consistency of the diagnosis, and exclusion of
diagnostic biases.

Characteristics of included studies and description of populations

The geographical origin of the included studies was inhomoge-
neous, with a contribution of 24 publications from European centers,
4 studies undertaken in North America, and 2 by Asian teams. Ten
articles described only female patients, 10 only men, and in 7 both
sexes were included. In 2 laboratory studies, patients’ gender was not
clearly stated and one case series reported male to female transgen-
der patients. Overall, the selected literature, reports about 1842 SSc
patients. For the first research question � (1) � seven articles
[25,27,31,32,39,52,53] describing the potential role of sex hormones,
and in particular of estrogens, in the pathogenesis of SSc, were
retrieved. These 7 studies had a case-control design, 4 [25,39,52,53]
were performed ex-vivo on cultured fibroblasts obtained from skin
biopsies, while 3 [27,31,32] were in-vivo.

For the second research question � (2) � we found 9 articles
assessing sex hormone levels in patients with SSc [9,25,29,30,
33,41,49,51,54], 6 case reports [36,42,44,47,48,50] about the associa-
tion of male hypogonadism and SSc, and 2 retrospective cohort stud-
ies evaluating the effect of menopause on SSc [34,35]. Finally, for the
third research question � (3) � we included 7 studies on sex hor-
mone-targeting therapies and their potential effect on SSc
[26,28,38,40,43,45,46].
Quality score

Quality assessment yielded heterogeneous results. Fourteen case-
control [9,25,27,29�31,33,39,41,49,51�54] and three cohort studies
[34,35,40] were evaluated through the Newcastle-Ottawa scale. Six
studies [9,29,30,34,41,54] were of high quality and 11
[25,27,31,33,35,39,40,49,51�53] were of moderate quality. Five ran-
domized trials [26,28,32,45,46] were assessed using the Cochrane
risk of bias tool. Two studies were considered at moderate risk of bias
[28,32], and 3 were scored as high risk of bias [26,45,46]. Seven case
reports [36,42�44,47,48,50] and 1 case series [38] were deemed eli-
gible after the application of Johanna-Briggs critical appraisal tools.

Sex hormones in the pathophysiology of SSc {1}

Fibrosis {1a}
In 2013 Aida-Yasuoka et al. [25] evaluated the effects of E2, and

estrogen-receptors alpha (ERa) and beta (ERb), on fibronectin
expression in fibroblasts derived from skin biopsies of 6 SSc patients
and their 5 healthy twins. The authors found that physiological levels
of E2 induced fibronectin production in dermal fibroblasts of both
SSc patients and controls. This profibrotic influence was mainly regu-
lated through ERa, while treating the cells with genistein, an ERb
agonist, resulted in an only modest fibronectin production. Levels of
ERb were also lower in fibroblasts derived from SSc patients than in
controls. As a possible explanation of their findings, the authors
hypothesized a protective role of ERb in SSc.

These results are in accordance with those described by Soldano
et al. in 2009 [52] and 2010 [53]. In the first study [52], fibroblasts
obtained from skin biopsies of 6 SSc patients and 6 healthy controls,
were treated with physiological concentrations of either E2 or testos-
terone. E2 was found to enhance cell growth and extracellular matrix
protein (ECM) expression both in SSc and in normal fibroblasts,
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whereas testosterone had no effect on cell growth and inhibited lam-
inin and fibronectin production in cells from healthy controls, but
unexpectedly increased ECM protein synthesis in SSc fibroblasts, pos-
sibly due to enhanced aromatase activity. In a subsequent manuscript
[53] the same team demonstrated that when Tamoxifen, a selective
estrogen receptor modulator (SERM), was added to the cell culture of
normal or SSc fibroblasts, ECM protein synthesis was inhibited com-
pared to fibroblasts treated with E2 alone, and it was similar to that
observed in fully untreated fibroblasts.

In 2013 a study on the role of anti-ERa antibodies in SSc was pub-
lished by Giovannetti et al. [27]. The immunoreactivity of IgG to ERa in
the serum of 71 patients with SSc and 90 age- and sex-matched con-
trols was tested. Anti-ERa antibodies, that exert an agonistic behavior,
were not detected in healthy controls but were present in 42% of SSc
patients. Anti-ERa positivity correlated with diffuse disease subset,
European Scleroderma Study Group (EScSG) activity index, presence of
ATA, and late pattern at nailfold videocapillaroscopy. Emphasising the
similar association between anti-ERa and disease activity both in SSc
and in systemic lupus erythematosus, the investigators proposed a
potential application of therapies targeting estrogen and the use of
these antibodies as biomarkers in both diseases.

Interestingly, a recent article [39], presented the inhibitory action
on collagen production of 2-methoxyestradiol (2-ME), a natural
endogenous metabolite of E2 with low binding affinity for estrogen
receptors. Fibroblasts from affected skin of 3 SSc patients were har-
vested and cultured under hypoxic conditions. Hypoxia had been
proposed as a consequence of Raynaud’s phenomenon and tissue
fibrosis in the skin of SSc patients, and the authors aimed to investi-
gate whether 2-ME could inhibit the hypoxic pathways, mediated
mainly by hypoxia-inducible factor 1a (HIF-1a), responsible for
fibroblasts activation and collagen I synthesis. 2-ME resulted to have
an anti-fibrogenic action, attenuating fibroblast growth and the pro-
fibrotic effect of hypoxia, thus suggesting a possible therapeutic
application of 2-ME in SSc and other fibrotic diseases.
Vasculopathy {1b}
Together with fibrosis, vasculopathy is the distinguishing hall-

mark of SSc, and vascular manifestations are seen early and fre-
quently over the disease course. The effect of hormones on
endothelial dysfunction of patients with Raynaud’s phenomenon and
SSc, was investigated in two studies conducted by Lekakis et al. on 12
[31] and 9 [32] female patients, treated respectively with short-term
and long-term estrogen, and compared with healthy controls. In the
first study [31], basal vasodilator responses of the brachial artery
were evaluated with high-resolution echo-doppler ultrasound and,
in post-menopausal women, the assessment was repeated the next
Table 1
Summary table of hormone variations in male SSc patients compared to healthy matched con

MEN

Study Population DHEAS SHBG Total t

mmol/L p-value nmol/L p-value nmol/L

Jemec, 1991
[49]

Patients 10 4.5§ 2.8 n.s. 54.8§ 11.6 <0.01 24.7§ 7
Controls 14 7.6§ 4 38.9§ 14.7 17.4§ 6

Mirone, 2006
[51]

Patients 5 1.7§ 1.4 0.005 37.5§ 19.6 n.s. 15.3§ 4
Controls 8 5.3§ 1.6 43.2§ 18.4 17.7§ 4

Arnaud, 2017
[9]

Patients 29 36 (14�64) n.s. 10 (4.8�
Controls 17 39 (9.8�63) 13 (7�1

Baker-Frost,
2019 [54]

Patients 83
Controls 37
Controlsb 68

All reported values have been converted to SI units and rounded to one decimal place. The va
dehydroepiandrosterone sulphate; SHBG= sex hormone-binding globulin; DHT= dihydrotesto

a Not clear if total or free testosterone was measured.
b Post-menopausal women.
day after intravenous administration of conjugated estrogen. The
infusion induced flow-mediated dilatation in 6 of the 10 patients and
7 of the 8 controls, with a similar percentage of improvement in the
two groups. Thus, estrogen rapidly improved the endothelium-
dependent abnormal vascular reactivity secondary to the disease, but
had no effect on the functionality of smooth muscle cells. In the sec-
ond study [32], 9 post-menopausal patients were randomized to 4
weeks of either placebo or oral conjugated estrogens, with a cross-
over design after 4 weeks of washout. Vasoreactivity studies on the
brachial artery were performed with high-resolution echo-doppler
ultrasound to measure vasodilation at baseline and after each 4-
weeks period. Long-term conjugated estrogens significantly
improved flow-mediated vasodilation compared to placebo. In both
studies the authors suggested that estrogen, either acutely or chroni-
cally administered, enhanced endothelial relaxation.
Sex hormone levels and SSc {2}
How sex hormone levels vary in men and women with SSc {2a}
Overall, sex hormone levels were evaluated in 127 men, 152

women in post-menopause, and 52 in childbearing age. Differences
in measurements between patients and healthy controls are repre-
sented in Table 1 for men and in Table 2 for women. All reported
studies, with a case-control design, were assessed as moderate or
high quality. In the already mentioned article by Aida-Yasuoka et al.
[25], levels of E2 and estrone were measured in the sera of 68 post-
menopausal patients with SSc and compared to 35 healthy controls.
The mean values of hormone levels in patients and controls were not
indicated in the manuscript, and thus are not reported in Table 2. The
individuals were categorized as having low, intermediate, or high
concentrations of estrogens. The authors found significantly higher
percentages of SSc patients in the “high estrogen concentration”
group compared to healthy controls (p = 0.04 for E2 and p = 0.006 for
estrone) and no association with any specific disease manifestation.
No other study investigating E2 levels observed significant differen-
ces between women with SSc and controls [29,33], while in men
higher concentrations of E2 were found in 2 studies. In a recently
published manuscript, Baker Frost et al. [54] measured E2 levels in 83
diffuse SSc male patients older than 50 years, and compared the
results with 37 healthy controls and with a previously reported, and
abovementioned, cohort of 68 post-menopausal women. Mean
serum E2 concentration in the reference population was significantly
higher than in the two control groups (respectively p < 0.0001 and
p = 0.0063). Higher E2 levels were found in male patients with heart
involvement (p = 0.037), while no association with ILD and renal dis-
ease was observed. Serum E2 also correlated with the risk of death
trols in the reviewed studies

estosterone DHT Bioactive testosterone E2

p-value nmol/L p-value nmol/L p-value pmol/L p-value

.2 <0.01 2§ 0.5 <0.01 106.1§ 55.6 <0.05

.2 1.3§ 0.5 95.8§ 42.5

.8a n.s.

.2a

16) 0.03 4.8 (2.2�7.2) 0.02
7) 5.9 (2.4�8.2)

112.3§ 63.9
47.4§ 22.4 <0.0001
88.8§ 61.3 0.0063

lues represent means § standard deviations or medians (interquartile ranges); DHEAS=
sterone; E2= estradiol; n.s.= non-significant.



Table 2
Summary table of hormone variations in female SSc patients compared to healthy matched controls in the reviewed studies

WOMEN

Study Population DHEAS SHBG Testosteronea A4 E2

mmol/L p-value nmol/L p-value nmol/L p-value nmol/L p-value pmol/L p-value

La Montagna, 2001 [30] CB Patients 11 2.4§ 2.3 <0.001
Controls 11 7.5§ 1.1

PM Patients 29 1.2§ 1.1 n.s.
Controls 29 1.4§ 0.7

La Montagna, 2001 [29] CB Patients 12 309.9§ 42.2 n.s.
Controls 12 238.6§ 32.3

PM Patients 6 48.8§ 6.2 n.s.
Controls 6 36.7§ 3.3

Mirone, 2006 [51] CB Patients 12 2.7§ 2.1 0.001 53§20.5 n.s. 0.8§ 0.7 0.005
Controls 14 5.7§ 2 41.8§ 17.5 1.5§ 0.4

PM Patients 22 1.8§ 1 n.s. 41.5§ 20.4 n.s. 0.6§ 0.3 0.03
Controls 23 1.7§ 0.7 46§21.7 0.9§ 0.6

Imrich, 2006 [41] CB Patients 17 3.5§ 2.7 n.s.
Controls 18 4.7§ 3.3

Perkovic, 2014 [33] PM Patients 27 1.2§ 1 0.008 0.8§ 0.6 <0.001 3.3§ 3.1 0.004 180§84 n.s.
Controls 27 2§ 1.1 1.6§ 1 5.8§ 2.8 160§60

All reported values have been converted to SI units and rounded to one decimal place. The values represent means § standard deviations.
CB= childbearing age; PM= postmenopausal; DHEAS= dehydroepiandrosterone sulphate; SHBG= sex hormone-binding globulin; A4= androstenedione; E2= estra-
diol; n.s.= non-significant.

a Not clear if total or free testosterone was measured.
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(HR 1.18, 95% CI 1.01, 1.39 for a 10 pg/ml increase in serum E2,
p = 0.042) and with skin thickness progression (10% increase in skin
thickness (95% CI �0.4, 21.5%) for a 10 pg/ml increase in serum E2,
p = 0.062 with significance set at p = 0.10 in multivariable model), and
lower levels were noted in patients with anti-RNA polymerase III
antibody positivity (p = 0.027). Also in a previous study published by
Jemec and Sindrup [49], E2 levels in SSc male patients were higher
than in controls (p < 0.05). The authors evaluated sex hormones in
10 men, and also levels of sex hormone-binding globulin (p < 0.01),
total testosterone (p < 0.01) and dihytrotestosterone (p < 0.01),
resulted to be significantly higher than in matched controls. Further-
more, androgen levels correlated with urinary excretion of collagen
metabolites, supporting the idea of a pathogenetic role played by sex
hormones in the development of SSc. These results are in contrast
with those obtained in a cohort of 29 men with SSc [9], where total
testosterone (p = 0.03) and bioactive testosterone (p = 0.02) levels
were found to be significantly lower than in healthy controls. Bioac-
tive testosterone deficiency was associated with the use of cyclo-
phosphamide in the 12 months before the study, while no
correlation with the use of prednisolone was noted. In the same
patients, the presence of ILD was associated with higher FSH levels
and both FSH, LH, and low testosterone, were correlated with the
EScSG activity index. Similarly, Mirone et al. [51] evaluated androgen
levels in SSc patients, including men and women in pre- or post-men-
opause. DHEAS concentrations were significantly reduced in men
(p = 0.005) and women in childbearing age (p = 0.001) compared to
healthy controls. The authors did not state whether total testoster-
one, or free testosterone, was measured, however low testosterone
levels were not found in male patients, but were present in both
childbearing age (p = 0.005) and post-menopause women (p = 0.03).
These results are at least partially concordant with those obtained by
Perkovic et al. [33] who observed, in 27 women in post-menopausal
age, significantly lower levels of testosterone (p < 0.001), DHEAS
(p = 0.008) and androstenedione (p = 0.004) compared to healthy con-
trols. Again, it was not indicated if total testosterone, or free testos-
terone, was assessed. No correlation of hormone levels with disease
activity or modified Rodnan Skin Score (mRSS) was detected, while
androstenedione levels were negatively associated with ACA and
positively with ATA, and a positive correlation between testosterone
and ATA was found. A reduction of DHEAS levels was also found in 11
premenopausal SSc patients compared to healthy fertile women
(p < 0.001) in a study published in 2001 [30], while no difference
was detected in the group of 29 women in post-menopausal status
compared with matched controls. Low DHEAS in fertile age was not
associated with disease duration, disease subset, or organ involve-
ment, but an impairing effect of glucocorticoid treatment on DHEAS
concentration was noted. Low basal levels of DHEA (p < 0.05), but
not of DHEAS, were also observed by Imrich et al. [41] in 17 child-
bearing age patients, who additionally presented androstenedione
and 17-OH progesterone concentrations similar to healthy controls.

Furthermore, a possible association between low testosterone lev-
els and SSc was identified in 6 reports describing cases of male hypo-
androgenism predating the onset of SSc. Five men with Klinefelter
syndrome [36,44,47,48,50], a condition of congenital hypogonadism,
developed SSc in adulthood, and another report [42] described the
case of a man diagnosed with SSc soon after being treated with orchi-
ectomy and androgen deprivation therapy (ADT) for prostate adeno-
carcinoma, a form of acquired hypogonadism.

How changes in sex hormone levels modify the SSc course {2b}
After menopause, even with some fluctuations, both estrogens

and progesterone decline, and two cohort studies retrospectively
explored the effect of this hypoestrogenic state on women with SSc.
In the Canadian multicentre CSRG cohort [35], 72% of the 1070
women were already in menopause at cohort entry and, after correc-
tion for confounders, their mRSS was lower than in pre-menopausal
patients. This difference was substantial in the group with diffuse SSc
(�2.62 units, 95% CI �4.44, �0.80), while the effect of post-meno-
pausal status on mRSS was less evident, and not significant, in
patients with limited SSc (�0.58 units, 95% CI �1.50, 0.34). Notably
when only women with a disease duration of less than 5 years were
analyzed, the impact of menopause on mRSS was stronger in both
disease subsets. The authors suggested that the beneficial effect of
hypoestrogenism on skin involvement could be explained by the
stimulatory role played by estrogens on the profibrotic cytokines
platelet derived growth factor (PDGF) and transforming growth fac-
tor-beta1 (TGF-beta 1).

At the same time, the positive influence of menopause on skin
involvement is offset by the possible detrimental effect on the risk of
developing pulmonary vascular disease revealed by a retrospective
cohort study of 189 female patients [34]. During the observation
period, 33% of patients were diagnosed with PAH, with a cumulative
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probability progressively increasing in post-menopausal women
while remaining stable in pre-menopausal patients. The authors con-
cluded that post-menopausal status was the main risk factor for
development of PAH, supporting the argument with the protective
role of estrogens in mediation and inhibition of pathogenic mecha-
nisms responsible for endothelial damage.

Effects of therapies targeting sex hormones on SSc {3}

The interest on a potential role of therapies targeting sex hor-
mones, on SSc, dates back to the seventies. We found 1 case report
[43] describing the improvement of a male patient with progressive
SSc, and 3 RCTs on the efficacy of Cyclofenil, a SERM with weak estro-
genic properties and partial agonist behavior. All 3 studies were scored
as high risk of bias. Two double-blind placebo-controlled trials [45,46]
were designed to assess superiority of the studied therapy compared
to placebo, and 1 open-label placebo-controlled trial [26], was con-
ceived to compare the efficacy of Cyclofenil to placebo and to Penicilla-
mine. Skin involvement, lung and heart function, gastrointestinal
complications, and laboratory tests, were assessed in all 3 studies,
which showed a high withdrawal rate and failed to demonstrate an
overall efficacy of Cyclofenil. In all 3 trials, the main reason for with-
drawal was significant hypertransaminasemia. Lack of efficacy and
potential liver toxicity lead to abandonment of Cyclofenil in SSc.

In 1991 the results of a double-blind placebo-controlled trial inves-
tigating the efficacy of the anabolic steroid Stanozolol in patients with
SSc were published [28]. This study was assessed as moderate risk of
bias. Twenty-four patients were assigned to receive either Stanozolol
or placebo for 24 weeks, and then to cross-over for other 24 weeks.
Seventeen patients completed both study phases. Periodic assessment
did not reveal significant changes in mRSS and in frequency of Ray-
naud’s phenomenon attacks. Side effects were more frequent during
active treatment period, and one case of possible treatment-related
fatal acute renal failure and hepatocellular damage was recorded. No
further studies on Stanozolol in SSc were found.

Campochiaro et al. [38] recently reported a small case series of 3
patients with no pre-existing autoimmune disease, who received the
diagnosis of SSc after being treated with feminizing hormone therapy
for gender transition purposes. Type and duration of hormone treat-
ment were different for each patient, but all underwent androgen-
lowering procedures, either surgical or pharmacological, before dis-
ease onset. Hormonal imbalance has been implicated in the patho-
genesis of autoimmune diseases, but the role of hormone therapy
used for male-to-female transition in the onset of SSc is not clear, nei-
ther it is the benefit of interrupting the transition path once SSc has
been diagnosed.

However, while the feminization process commonly combines the
use of female sex hormones with anti-androgens or orchiectomy, the
most frequent use of hormone replacement therapy (HRT) alone is to
mitigate the unpleasant symptoms experienced during the climac-
teric period. Beretta et al. [40] retrospectively analyzed a cohort of 61
female patients with limited cutaneous SSc, who at inclusion were in
post-menopause and had no signs or symptoms of PAH. In the
attempt to evaluate the effect of HRT on PAH development, the
authors defined the observation period as the time between meno-
pause and last negative echocardiography or last year of HRT use.
After a mean of 7.2§ 3.5 and 7.5§ 3.9 years respectively, none of
the 20 women in the HRT group had developed PAH, while 19.5% of
the non-HRT patients had been diagnosed with PAH (p < 0.05). No
other relevant clinical or laboratory differences were present
between the two groups to explain a higher PAH risk in the non-HRT
cohort. A possible limitation of the study is that right heart catheteri-
zation was not performed to confirm PAH, however the diagnosis
was robustly supported by echocardiographic parameters, presence
of symptoms, and decline of diffusing lung capacity for carbon mon-
oxide (DLCO) at pulmonary function tests. The authors thus
concluded that the use of HRT in early post-menopause might be pro-
tective against the development of PAH.
Discussion

Female preponderance in autoimmune diseases [55] raises the
question of a pathogenetic role of sex hormones. Whereas the
involvement of estrogens and androgens in rheumatoid arthritis [16]
and in systemic lupus erythematosus [17] has been extensively
investigated, the contribution to SSc is more difficult to define.

We reviewed the available literature to summarize: (1) the role of
sex hormones in the pathophysiology of SSc; (2) how sex hormone
levels vary in men and women with SSc compared to healthy controls
and how changes in sex hormone levels modify the SSc course; (3)
the effect of sex hormone-targeting therapies on SSc onset, activity,
and progression.

Categorizing the results, for the first research question we found
that E2 plays a profibrotic role and at the same time exerts a vasodila-
tory action at macrovascular level. For the second research question
we found that levels of DHEAS and testosterone are lower in women
with SSc compared to healthy controls, while in male patients the
limited sample size and the discordant results don’t allow to draw
conclusions about imbalances in androgen levels, but significantly
higher levels of E2 have been found at least in older men, and are
associated with heart involvement, skin progression, and death. In
women, after menopause, skin thickening seems to be less severe
and the risk of development of PAH seems to increase. In line with
this and concerning our third research question, there might be a
role for HRT in the prevention of PAH. Other attempts to treat SSc
patients with therapies modulating sex hormones, have not shown
promising results so far.

Considering the role of steroid sex hormones in the pathophysiol-
ogy of SSc, we could not find data about androgens, while estrogens
seem to be profibrotic. The results, however, derive from small stud-
ies, with limited number of patients, and approaching the topic from
different perspectives. Estrogens have been demonstrated to be vaso-
dilatory in large vessels, but there is no evidence about effects on
microvasculature. Studies exploring how steroid sex hormone levels
vary in SSc compared to healthy controls, were frequently limited by
small sample sizes, especially in men, and not all of them explored
the same hormones. Past experiences with hormone-targeting thera-
pies in SSc were not positive, but no high-quality study has been con-
ducted, while deeper knowledge of the role played by sex hormones
in SSc might provide ideas for further research.

In our first research question, we aimed at assessing how sex hor-
mones contribute to SSc fibrogenesis, as evidenced by ex-vivo studies
on cultured fibroblasts [25,52,53] and by the association of anti-
estrogen receptor antibodies with the diffuse disease subset [27]. As
the authors propose, these functional autoantibodies, full estrogen
agonists, could be useful as biomarkers [27] but, in our opinion, also
to identify patients who could eventually be candidates to assess the
efficacy of estrogen-targeting therapies. The fibrogenic role of female
sex hormones is corroborated by the finding that after menopause,
when estrogens decline, skin involvement is less severe than in child-
bearing age [35]. This is in agreement with what is observed in the
general female population, in which menopause entails skin thinness
and decreased collagen content [56]. However, it is interesting to
note that a recent study [39] explored the antifibrotic effect of 2-ME
in skin biopsies obtained from SSc patients. For its anti-proliferative
and anti-angiogenic properties, 2-ME has been studied in the treat-
ment of advanced malignancies and has been shown to inhibit fibro-
sis in bleomycin-induced SSc mice models [57]. The authors of the
reviewed article propose 2-ME as a prospective treatment for SSc but
our opinion is that the results attained ex-vivo in cultured SSc fibro-
blasts, would be difficult to replicate in SSc patients, especially
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considering the hazard of using an anti-angiogenic medication in a
disease frequently burdened by vasculopathy.

Whether estrogens affect vasculopathy of SSc patients has been
evaluated in two studies [31,32], both pointing to an endothelium-
dependent vasodilatory action, that can be retrieved also in the evi-
dence that HRT use after menopause might be protective against the
onset of PAH [40], for which the hypoestrogenic state of menopause
has been hypothesised to represent a major risk factor [34]. In the first
[40] of the latter two studies, no statistically significant differences
were found in the clinical or demographic characteristics of the com-
pared groups, while in the second [34] patients who developed PAH
were significantly older at SSc onset. However, the results were not
adjusted for age and disease duration. The prevalence of PAH is higher
in women not only if we consider patients with SSc, but also in the
general population, although estrogen has been demonstrated to be
protective against the disease, leading to the idea of an “estrogen para-
dox” [58]. In this regard it is remarkable that, while HRT has been
shown to reduce the risk of PAH in SSc patients, a cross-sectional study
[59] demonstrated an association between unopposed estrogen ther-
apy and primary Raynaud’s phenomenon. No association with com-
bined HRT could be observed, suggesting that the action on the
vasculature might be dependent on hormonal formulation.

Concerning the second research question, although recent find-
ings indicate an association between elevated E2 levels and disease
manifestations or progression in older men, it is difficult to draw firm
conclusions about how sex hormone levels vary in SSc, and in partic-
ular it is impossible to say if the observed imbalances are a conse-
quence of the disease, or if they played a pathogenetic role in its
development. It is conceivable that in the future, measuring sex hor-
mones in early patients identified through the application of VEDOSS
(Very Early Diagnosis Of Systemic Sclerosis) criteria [60], and moni-
toring them over time, could help to elucidate how estrogens and
androgens change during the disease course and their potential con-
tribution to SSc progression. The finding of a possible association
between male hypogonadism and SSc onset, suggested by few cases
of patients with Klinefelter syndrome [36,44,47,48,50], cannot be
considered conclusive, although the occurrence of different autoim-
mune rheumatic diseases has been described in patients with Kline-
felter syndrome [61]. The report of a patient developing SSc soon
after treatment with ADT [42], does not find confirmation in a recent
study comparing the risk of autoimmune diseases between over
11.000 prostate cancer patients treated with ADT or not, where no
case of SSc was diagnosed in either group [62].

Finally, addressing the third research question, we encountered
the major limitation of this review, which was the lack of high-qual-
ity research about the efficacy of therapies targeting sex hormones in
SSc. Furthermore, with the exception of an exploratory study on
Tamoxifen [63], excluded from this review due to unacceptably high
risk of bias, we could not find any study conducted in recent years. In
particular no RCTs have been published since the early nineties.

Conclusions

In conclusion, this systematic review of the literature observed
possibly profibrotic and vasodilatory effects of estrogens in SSc. Sex
hormone imbalances are not uncommon in patients with SSc, but
their significance and role in disease onset or progression need to be
further investigated, preferably with a longitudinal approach. Clinical
trials are old and did not show any efficacy of the SERM Cyclofenil or
of the anabolic steroid Stanozolol. However, the striking female prev-
alence, and the clinical and autoantibody differences observed
between men and women with SSc, might be contributed by sex hor-
mones, but also by an interplay of other factors that, to date, have not
been thoroughly determined. In addition, although the results of past
attempts have not been promising, new insights on the profibrotic
influence of sex hormones and on the role of anti-estrogen receptor
antibodies, along with the availability of compounds acting on estro-
gen pathways, might worth additional clinical research.
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Appendix. Search strategies in databases

((“Scleroderma, Systemic”[Mesh] OR “systemic sclerosis”[tw] OR
“systemic scleroderma”[tw] OR “diffuse scleroderma”[tw] OR “lim-
ited scleroderma”[tw] OR “scleroderma”[tw] OR scleroderm*[tw] OR
“CREST Syndrome”[tw] OR (“SSc”[tw] AND (scleroderm*[tw] OR
“sclerosis”[tw]))) AND (“Gonadal Steroid Hormones“[mesh] OR
“gonadal steroid hormone”[tw] OR “gonadal steroid hormones”[tw]
OR “sex hormone”[tw] OR “sex hormones”[tw] OR “Estradiol Conge-
ners”[tw] OR “Equilenin”[tw] OR “Equilin”[tw] OR “Estradiol”[tw] OR
“Estriol”[tw] OR “Estetrol”[tw] OR “Alkylated Estrogenic Ster-
oids”[tw] OR “Ethinyl Estradiol”[tw] OR “Ethinyl Estradiol-Norgestrel
Combination”[tw] OR “Mestranol”[tw] OR “Quinestrol”[tw] OR “Cate-
chol Estrogens”[tw] OR “Conjugated Estrogens”[tw] OR “Esterified
Estrogens”[tw] OR “Estrone”[tw] OR “Progesterone Congeners”[tw]
OR “Pregnenolone”[tw] OR “17-alpha-Hydroxypregnenolone”[tw]
OR “Progesterone”[tw] OR “20-alpha-Dihydroprogesterone”[tw] OR
“5-alpha-Dihydroprogesterone”[tw] OR “Hydroxyprogesterones”[tw]
OR “17-alpha-Hydroxyprogesterone”[tw] OR “Pregnanetriol”[tw] OR
“Pregnanediol”[tw] OR “Testosterone Congeners”[tw] OR “Andros-
tane-3,17-diol”[tw] OR “Androstenediol”[tw] OR “Androstenedio-
ne”[tw] OR “Androsterone”[tw] OR “Dehydroepiandrosterone”[tw]
OR “DHEA-S”[tw] OR “DHEA”[tw] OR “Dihydrotestosterone”[tw] OR
“Etiocholanolone”[tw] OR “Nandrolone”[tw] OR “Testosterone”[tw]
OR “Epitestosterone”[tw] OR “Hydroxytestosterones”[tw] OR “Meth-
enolone”[tw] OR “Methyltestosterone”[tw] OR “Testosterone Propio-
nate”[tw] OR “Catechol Estrogen”[tw] OR “Conjugated Estrogen”[tw]
OR “Esterified Estrogen”[tw] OR “Estrones”[tw] OR “Pregnenolo-
nes”[tw] OR “Progesterones”[tw] OR “Hydroxyprogesterone”[tw] OR
“Androstenediones”[tw] OR “Androsterones”[tw] OR “Dehydroepian-
drosterones”[tw] OR “Dihydrotestosterones”[tw] OR “Etiocholanolo-
nes”[tw] OR “Testosterones”[tw] OR “Epitestosterones”[tw] OR
“Hydroxytestosterone”[tw] OR “Estrogens”[mesh] OR “Estrogen-
s”[pharmacological action] OR “estrogen”[tw] OR “estrogens”[tw] OR
“oestrogen”[tw] OR “oestrogens”[tw] OR “phytoestrogen”[tw] OR
“phytoestrogens”[tw] OR “2,3-bis(30-hydroxybenzyl)butane-1,4-dio-
l”[Supplementary Concept] OR “2,3-bis(30-hydroxybenzyl)butyrolac-
tone”[Supplementary Concept] OR “4-octylphenol”[Supplementary
Concept] OR “8-prenylnaringenin”[Supplementary Concept] OR “bio-
chanin A”[Supplementary Concept] OR “bisphenol A”[Supplementary
Concept] OR “Chlorotrianisene”[mesh] OR “Coumestrol”[mesh] OR
“daidzein”[Supplementary Concept] OR “Dienestrol”[mesh] OR
“Diethylstilbestrol”[mesh] OR “diethylstilbestrol dipropionate”[Sup-
plementary Concept] OR “Epimestrol”[mesh] OR “Equol”[mesh] OR
“Estradiol“[mesh] OR “estradiol enanthate”[Supplementary Concept]
OR “Estrogenic Steroids, Alkylated“[mesh] OR “Estrogens, Conjugated



J. Ciaffi et al. / Seminars in Arthritis and Rheumatism 50 (2020) 140�148 147
(USP)“[mesh] OR “estrogens, conjugated synthetic A”[Supplementary
Concept] OR “estrogens, conjugated synthetic B”[Supplementary
Concept] OR “Estrogens, Esterified (USP)”[mesh] OR “Estrone”[mesh]
OR “Ethinyl Estradiol”[mesh] OR “formononetin”[Supplementary
Concept] OR “Genistein”[mesh] OR “glycitein”[Supplementary Con-
cept] OR “glycitin”[Supplementary Concept] OR “Hexestrol”[mesh]
OR “Infecundin”[Supplementary Concept] OR “Mestranol”[mesh] OR
“nylestriol”[Supplementary Concept] OR “o,p'-DDT”[Supplementary
Concept] OR “O-desmethylangolensin”[Supplementary Concept] OR
“polyestradiol phosphate”[Supplementary Concept] OR “Quines-
trol”[mesh] OR “secoisolariciresinol”[Supplementary Concept] OR
“Zearalenone”[mesh] OR “Zeranol”[mesh] OR “2,3-bis(30-hydroxy-
benzyl)butane-1,4-diol”[tw] OR “2,3-bis(30-hydroxybenzyl)butyro-
lactone”[tw] OR “4-octylphenol”[tw] OR “8-prenylnaringenin”[tw]
OR “biochanin A”[tw] OR “bisphenol A”[tw] OR “Chlorotrianise-
ne”[tw] OR “Coumestrol”[tw] OR “daidzein”[tw] OR “Dienestrol”[tw]
OR “Diethylstilbestrol”[tw] OR “diethylstilbestrol dipropionate”[tw]
OR “Epimestrol”[tw] OR “Equol”[tw] OR “Estradiol”[tw] OR “estradiol
enanthate”[tw] OR “Estrogenic Steroids, Alkylated”[tw] OR “Estro-
gens, Conjugated (USP)”[tw] OR “estrogens, conjugated synthetic
A”[tw] OR “estrogens, conjugated synthetic B”[tw] OR “Estrogens,
Esterified (USP)”[tw] OR “Estrone”[tw] OR “Ethinyl Estradiol”[tw] OR
“formononetin”[tw] OR “Genistein”[tw] OR “glycitein”[tw] OR “glyci-
tin”[tw] OR “Hexestrol”[tw] OR “Infecundin”[tw] OR “Mestranol”[tw]
OR “nylestriol”[tw] OR “o,p'-DDT”[tw] OR “O-desmethylangolen-
sin”[tw] OR “polyestradiol phosphate”[tw] OR “Quinestrol”[tw] OR
“secoisolariciresinol”[tw] OR “Zearalenone”[tw] OR “Zeranol”[tw]
OR “Progestins”[mesh] OR “Progestins”[Pharmacological Action] OR
“Progestin”[tw] OR “Progestins”[tw] OR “11-hydroxyprogesterone”
[Supplementary Concept] OR “17-alpha-hydroxy-progesterone cap-
roate”[Supplementary Concept] OR “20-alpha-Dihydroprogestero-
ne”[mesh] OR “Algestone”[mesh] OR “Algestone
Acetophenide”[mesh] OR “Allylestrenol”[mesh] OR “altrenogest”[-
Supplementary Concept] OR “delmadinone”[Supplementary Con-
cept] OR “Desogestrel”[mesh] OR “Dydrogesterone”[mesh] OR
“Flurogestone Acetate”[mesh] OR “Gestodene”[Supplementary Con-
cept] OR “Gestrinone”[mesh] OR “Infecundin”[Supplementary Con-
cept] OR “Progesterone”[mesh] OR “quingestrone”[Supplementary
Concept] OR “11-hydroxyprogesterone”[tw] OR “17-alpha-hydroxy-
progesterone caproate”[tw] OR “20-alpha-Dihydroprogesterone”[tw]
OR “Algestone”[tw] OR “Algestone Acetophenide”[tw] OR “Allylestre-
nol”[tw] OR “altrenogest”[tw] OR “delmadinone”[tw] OR “Desoges-
trel”[tw] OR “Dydrogesterone”[tw] OR “Flurogestone Acetate”[tw]
OR “Gestodene”[tw] OR “Gestrinone”[tw] OR “Infecundin”[tw] OR
“Progesterone”[tw] OR “quingestrone”[tw] OR “Androgens”[Pharma-
cological Action] OR “Androgens”[mesh] OR “Androgen”[tw] OR
“Androgens”[tw] OR “19-nortestosterone 4-hexoxyphenylpropiona-
te”[Supplementary Concept] OR “3-methyl-5-trifluoromethyl-3,4-
dihydro-2H-pyrazole-3-carboxylic acid (4-cyano-3-trifluoromethyl-
phenyl)amide”[Supplementary Concept] OR “acetothiolutamide”
[Supplementary Concept] OR “Dihydrotestosterone”[mesh] OR “LG
12107100[Supplementary Concept] OR “Nandrolone”[mesh] OR
“Oxandrolone”[mesh] OR “Oxymetholone”[mesh] OR “Stanozolol”
[mesh] OR “Testosterone”[mesh] OR “testosterone 17 beta-cypiona-
te”[Supplementary Concept] OR “testosterone enanthate”[Supple-
mentary Concept] OR “tstosterone undecanoate”[Supplementary
Concept] OR “tetrahydrogestrinone”[Supplementary Concept] OR
“19-nortestosterone 4-hexoxyphenylpropionate”[tw] OR “3-methyl-
5-trifluoromethyl-3,4-dihydro-2H-pyrazole-3-carboxylic acid
(4-cyano-3-trifluoromethylphenyl)amide”[tw] OR “acetothiolutami-
de”[tw] OR “Dihydrotestosterone”[tw] OR “LG 12107100[tw] OR
“Nandrolone”[tw] OR “Oxandrolone”[tw] OR “Oxymetholone”[tw]
OR “Stanozolol”[tw] OR “Testosterone”[tw] OR “testosterone 17
beta-cypionate”[tw] OR “testosterone enanthate”[tw] OR “tstoster-
one undecanoate”[tw] OR “tetrahydrogestrinone”[tw] OR “Androste-
nedione“[Mesh] OR “Androstenedione”[tw] OR “Gonadotropin-
Releasing Hormone“[Mesh] OR “gonadotropin releasing hormo-
ne”[tw] OR “gonadotropin releasing hormones”[tw] OR “GnRH”[tw]
OR “GnRHs”[tw] OR “Buserelin”[tw] OR “Goserelin”[tw] OR “Leuproli-
de”[tw] OR “Nafarelin”[tw] OR “Triptorelin”[tw] OR “Pamoate”[tw]
OR “Follicle Stimulating Hormone“[Mesh] OR “follicle stimulating
hormone”[tw] OR “follicle stimulating hormones”[tw] OR “FSH”[tw]
OR “FSHs”[tw] OR “Follitropin”[tw] OR “Luteinizing
Hormone“[Mesh] OR “luteinizing hormone”[tw] OR “luteinizing hor-
mones”[tw] OR “luteinising hormone”[tw] OR “luteinising hormo-
nes”[tw] OR “Prolactin“[Mesh] OR “prolactin”[tw] OR
“prolactins”[tw] OR “male hypogonadal disorders”[tw] OR “male
hypogonadal disorder”[tw] OR hypogonad*[tw] OR “Klinefelter Syn-
drome“[Mesh] OR Klinefelter*[tw] OR “Hormone Replacement Thera-
py“[Mesh] OR “hormone replacement therapy”[tw] OR “HRT”[tw] OR
“Estrogen Replacement Therapy”[tw] OR “Contraceptives, Oral, Hor-
monal“[Mesh] OR “Contraceptives, Oral, Hormonal”[Pharmacological
Action] OR “hormonal contraception”[tw] OR “Aromatase Inhibi-
tors“[Mesh] OR “Aromatase Inhibitors”[Pharmacological Action] OR
“aromatase inhibitors”[tw] OR “aromatase inhibitor”[tw] OR “trans-
gender hormone therapy”[tw] OR “Transgender Persons”[mesh] OR
transgender*[tw] OR “Menopause”[mesh] OR Menopaus*[tw] OR
Postmenopaus*[tw] OR Premenopaus*[tw] OR “Cyclofenil“[Mesh]
OR “cyclofenil”[tw] OR cyclofenil*[tw] OR “Cyclophenil”[tw] OR
“4-((4-(Acetyloxy)phenyl)cyclohexylidenemethyl)phenol Aceta-
te”[tw] OR “Ondogyne”[tw] OR “F-6066”[tw] OR “F 6066”[tw] OR
“F6066”[tw] OR “Fertility Agents, Female”[mesh] OR “Fertility Agents,
Female” [Pharmacological Action] OR “Buserelin”[tw] OR “cetrore-
lix”[tw] OR “Clomiphene”[tw] OR “Enclomiphene”[tw] OR “Pituitary
Gonadotropins”[tw] OR “Pituitary Gonadotropin”[tw] OR “Leuproli-
de”[tw] OR “Menotropins”[tw] OR “Menotropin”[tw] OR “Nafare-
lin”[tw] OR “onapristone”[tw] OR “Zuclomiphene”[tw]) AND (english
[la] OR dutch[la]) NOT (“Animals”[mesh] NOT “Humans”[mesh]) NOT
((“child”[mesh] OR “infant”[mesh]) NOT (“Adult”[mesh] OR “Adoles-
cent”[mesh])))
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