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Abstract
ALS is the most frequent motor neuron disorder in adults with suggested complex relationship regarding gender. Studies investi-
gating ALS and hormones have provided varying results. ALS onset during pregnancy is uncommon and pregnancy after the ALS
symptom onset is even rarer. We present three patients with the onset of ALS symptoms before or during pregnancy and propose a
putative disease modifying mechanism leading to attenuation of disease progression that we observed during the pregnancies.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative
motor neuron disorder leading to progressive weakness of
limb, bulbar, and respiratory muscles. Mean age of onset
varies between 60 and 65 years [1]. Epidemiological studies
have shown male predominance, especially in patients youn-
ger than 51 years of age [2]. Gender ratio is not equal in
familial ALS either, being 1.5:1 for most Mendelian ALS
genes [3]. Gender influences the clinical phenotype with limb
affection being more frequent in males, while bulbar form is
more frequent in females. Higher frequency of male cases,
particularly in younger age, suggests involvement of hormon-
al factors through either toxic effect of androgens or protective
effect of female sex hormones, both of which may play an
important role in modulating ALS risk. Considering

epidemiological data, ALS is not frequent in women of repro-
ductive age. Cases of ALS and pregnancy are sporadic and
pregnancy after ALS symptom onset/ALS diagnosis is even
more infrequent.

Case report

Here, we present three patients treated at the Department of
Neurology, Clinical Hospital Centre Zagreb; two of which
have become pregnant after the onset of ALS symptoms. All
patients were seen in outpatient clinic of neuromuscular de-
partment and diagnosed based on physical findings and EMG
studies according to revised El Escorial diagnostic criteria.
Neurological functional assessment was recorded with the re-
vised ALS Functional Rating Scale (ALS-FRSr) on every
clinic visit. Patients had unremarkable past medical history
and no familial ALS history.

In summary, two of our patients developed symptoms
up to 2 years before pregnancy and delivered healthy
babies, whereas one exhibited symptoms in the first trimes-
ter and had a stillbirth 2 months later. It is remarkable that
for all patients the disease did not substantially progress
during the pregnancies. Indeed, ALS FRSr did not show
significant worsening during pregnancy in none of our pa-
tients as presented in Fig. 1. It is of note that all three of our
patients had history of miscarriages/stillbirths, with only
one patient being diagnosed with hereditary thrombophilia
as the probable cause. Miscarriages have thus far not been
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characterised as the hallmark of ALS. However, a study of
fecundity in ALS has found that ALS patients exhibit ret-
rospective evidence of relative infertility [4].

Discussion

Great patient-to-patient variability is seen in ALS, suggesting
that it might not be a single disease [5]. Clinical variability
among those rare patients who developed ALS in pregnancy
has also been detected, and both cases of disease acceleration
and deceleration/plateau were described in literature. Notably,
the only two articles that have used ALS FRSr as a means of
quantifying ALS progression before, during or after pregnan-
cy showed results similar to ours—that pregnancy was not
associated with rapid worsening and was possibly associated
with slower disease progression [6, 7].

Pregnancy is characterised by substantially elevated levels
of both oestrogen and progesterone. Studies so far have found
both oestrogen and progesterone (endogenous as well as

exogenous) to be associated with neuroprotection [8, 9].
Oestrogen has been directly linked with neuroprotection via
oestrogen receptor (ER)-mediated signalling in neurons and/
or via its free radical scavenging potential independent of the
ER [10]. Neuroinflammation is an important driving force in
ALS; both oestrogen and progesterone substantially modulate
immune responses [11] which may also alter the course of the
disease [12]. Beneficial effect(s) of increased oestrogen and
progesterone levels during pregnancy in ALS could be medi-
ated through the modulation of the immune system.
Pregnancy is marked by an increase in regulatory T cells
(Treg) and a decrease in the proinflammatory activity of mac-
rophages, T and NK cells, resulting in an increase of various
anti-inflammatory cytokines. Such anti-inflammatory
skewing in pregnancy leads to remission of a number of
immune-mediated diseases [13]. This effect is most pro-
nounced during the peak of the hormone production [14].
Given that Treg numbers and anti-inflammatory status corre-
late with slower ALS progression in patients and mouse
models [15, 16], it is possible that slower disease progression
observed in our patients is also linked to hormone-mediated
immunosuppression. Of note, all immune subsets, including
microglia were shown to harbour oestrogen and progesterone
receptors [11]. However, at this point, it is difficult to distin-
guish the exact effects of individual hormones, and it is pos-
sible that they work in concert.

We propose another possible mechanism for disease-
modifying effect we observed in ALS during pregnancy
that could partially explain gender differences. Research
so far has established clear anatomical association be-
tween motor neurons and androgen signalling, with an-
drogen receptor being highly expressed in motor neurons
of the cranial nerves and motor neurons of the spinal cord
[17, 18]. Sex hormones in serum are bound to albumin,
corticosteroid binding globulin and sex hormone binding
globulin (SHBG). Only unbound (free) hormones can
cross blood brain barrier. Dihydrotestosterone binds to
SHBG with about five times the affinity of testosterone
and about 20 times affinity of estradiol. High oestrogen
levels in pregnancy activate SHBG production in the liver
and SHBG level increases up to tenfold [19]. This elevat-
ed serum SHBG possibly binds significantly more testos-
terone thus reducing free testosterone fraction and
preventing it from crossing the blood brain barrier and
exerting its effects on motor neurons. As SHBG also in-
creases with the use of oral contraceptives, this could
explain the findings by Rooney et al. [9] who argue that
exogenous hormones may exert neuroprotective effects,
exhibiting negative association between oral contraceptive
use and ALS risk.

Mechanism by which testosterone may be modifying ALS
progression rate could be also through its interaction with
DNA transcription as the case of FUS (FUsed in Sarcoma)
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Fig. 1 ALS FRS through months. The time-course of pregnancies and
ALS FRSr is depicted since the appearance of the first ALS symptom.
The time of diagnosis is marked by Δ. Patient 1 was 41 years old at ALS
symptom onset. Two months following a miscarriage, she developed a
slight dysarthria. Twelve months after symptom onset she became
pregnant again. At that time, she developed non-fluent aphasia and
started exhibiting cognitive impairment with her executive functions
being most affected but also with some deficiency in her anterograde
episodic memory. She delivered full-term healthy baby and was
diagnosed shortly after the delivery (i.e. 21 months after the onset of
the first symptom) with clinically probable/laboratory supported ALS-
FTD. She died 52 months from the onset of symptoms. Patient 2 was
35 years old at symptom onset. In the third month of pregnancy, she
noticed a change in the fine motor movements of the left hand. Two
months after symptom onset she had stillbirth in 23rd week of
pregnancy. Shortly after the miscarriage, i.e. 6 months after symptom
onset, she was diagnosed with possible ALS. Patient 3 was 32 years old
at ALS symptom onset. Her initial symptom was discreet right hand
weakness; 21 months later, she became pregnant; after a full-term
pregnancy, she vaginally delivered a healthy baby boy. She was
diagnosed with definite ALS 1 month after the delivery. Her disease
rapidly progressed shortly after the delivery, reaching ALS-FRSr 14
within 6 months.
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gene seems to suggest. FUS is a multifunctional DNA/RNA
binding protein with over 50mutations found inALS families.
It regulates DNA transcription and is involved in mRNA pro-
cessing. It also repairs DNA damage and has a role in regu-
lating miRNA activities in gene silencing [20]. Yamaguchi &
Takanashi have found that FUS represses androgen receptor
(AR)-mediated transcriptional activity [21]. It is therefore pos-
sible that, in the cases of mutation in FUS, AR transcriptional
activity is not repressed and contributes to disease by contrib-
uting to further formation of cytoplasmic aggregates. Lower
levels of free testosterone (due to pregnancy or use of oral
contraceptives) would decrease this transcriptional activity
(and need for its repression) thus modifying the disease
progression.

In two of our patients with full-term pregnancies disease
appeared to have postpartum acceleration. Another neurolog-
ical disorder shows similar pattern in pregnancy; studies in-
vestigating multiple sclerosis show significant decrease in re-
lapse rate during pregnancy and increased relapse rate in
months following delivery [22]. Reasons for this increase in-
clude abrupt drop in oestrogen, progesterone and glucocorti-
coid levels with rapid normalisation of immune function to
pre-pregnancy conditions [23].

It is of note that free testosterone levels increase after 28th
week of pregnancy due to increased production rate [24].
Possible link to disease acceleration could be trough increased
AR binding and slower genomic effects taking place towards
the end of pregnancy.

In conclusion, a review of literature has shown that, al-
though infrequent, ALS in pregnancy has been reported in
45 patients since 1920 with differing impressions regarding
the effect of pregnancy on the disease progression. Cases with
documented ALS FRSr have shown disease progression at-
tenuation during pregnancy. Our proposed disease-modifying
mechanism could possibly encourage further research into the
effect of hormones on the disease progression, especially in
the cases of ALS mutations known to affect hormone receptor
transcription.
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