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Abstract

Background: Male sex is associated with worsening disability and a more rapid progression of multiple sclerosis (MS). This
study analysed structural sex differences in magnetic resonance images of the brain, comparing women whose disease
started before and after the menopause with a control group of men.

Methods: This was a case control study in which female patients whose MS started before (Group 1) and after (Group 2) the
menopause were included. The control group was matched by age, disease duration, Expanded Disability Status Scale and
disease-modifying treatment. Patients were analysed according to demographic and clinical variables, as well as in terms of
radiological measurements at disease onset and during the first 12 months of follow-up. These measurements included
normalised total brain volume (NTBV), normalised cortical volume (NCV), normalised white matter volume, left and right
hippocampus, the thalamus, brain stem volume, lesion load and percentage brain volume change. A linear regression
model was used to analyse the data.

Results: A total of 97 patients were included: 53 in Group 1 (27 females) and 44 in Group 2 (22 females). In Group 1, we
observed a reduction in brain volume in males compared with females at disease onset in NTBV (p=0.01), NCV (p=10.001)
and brain stem volume (p=0.01). We did not observe differences in Group 2 at disease onset in the brain volumes analysed.
Conclusion: We observed structural sex differences in brain volume at disease onset in the pre-menopausal group. However,
no structural differences were observed at disease onset between the sexes after the menopause had started.
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Introduction

differences in the structural magnetic resonance

Multiple sclerosis (MS) is a complex demyelinating dis-
ease of the central nervous system in which several
environmental factors act together in a genetically sus-
ceptible individual to cause disease.! Over the past
years, several studies on MS epidemiology have
reported differences in the frequency and the clinical
course of the disease between men and women.” ™
These studies have shown a higher incidence of the dis-
ease in women and a more aggressive course (reaching
the milestones of disability measured by the Expanded
Disability Status Scale (EDSS) at an early stage) in
men.’ The observations have led to a consideration of
the male sex as a marker of worse prognosis of the
disease.” Despite these observations, recent studies
have shown that the differential in the clinical course
in women compared with men occurs if the disecase
begins before menopause as a possible consequence of
hormonal regulation, but that if the disease starts after
menopause, the course is similar in both sexes.* These
studies have focused on the evaluation of clinical sex
differences, but there is scant information regarding

images (MRI) between the sexes.

Consequently, we designed the present case control
study to analyse structural differences in brain MRI at
disease onset, comparing women who started their dis-
ease before and after the menopause with a control
group of men.

Methods
Setting

The study was conducted at the MS Center of the Italian
Hospital of Buenos Aires, Argentina, between June 2010
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and June 2015.° The study was approved by the local
ethics committee (internal number 1492) and written
informed consent was obtained from all patients and
subjects before they were included in the study.

Patients with a MS diagnosis according to validated
criteria were included in the study.” ' Female patients
were split into two groups: those whose MS disease
started before (Group 1) and after (Group 2) the meno-
pause was defined. Menopause was defined as the per-
manent cessation of the menstrual cycle in women for at
least 12 months, and the condition was defined by a
trained physician in the field. The onset of MS was
defined as the appearance of the first signs/symptoms
suggestive of central nervous system demyelination
involving the optic nerve, brainstem, cerebellum or
spinal cord not attributable to other diseases. The initial
clinical evaluation and follow-up was performed in all
cases by a neurologist with expertise in the management
of demyelinating diseases. Female patients were
excluded if they were undertaking hormone replacement
therapy, and if they had prior exposure to mitoxantrone
or cyclophosphamide in order to minimise potential
confounding effects of iatrogenic menopause. We
included a male control group for female patients who
had not started the menopause as well as for the group of
female patients who had started the menopause. Each
control group was matched by age, disease duration,
EDSS and disease-modifying treatment. Finally, to be
included, all patients must have had at least one brain
MRI within the first 60 days of the first demyelinating
event and after 30 days of steroids (if used) and a second
MRI after 12 4+ 3 months of the first MRI in order to
perform longitudinal brain volume changes.

MRI assessment

A brain MRI was performed on a 1.5 Tesla machine
with a standard head coil (Siemens Avanto) within two
months of the first demyelinating event. The MRI study
included images obtained in the following sequences:
T1-weighted conventional spin-echo; T2-weighted fast
spin-echo; FLAIR spin-echo; T1-weighted conventional
spin-echo after a single dose of gadolinium (0.1 mg/kg);
and 3D-T1 image sequence (MPRAGE). All images had
a section thickness of 3mm, an intersection gap of
0.3mm with 256 x 256 x 170 acquisition matrix and
a voxel size of 1.25mm x 1.25mm x 1.2mm. 3D
T1-weighted image sequence parameters were: 176 par-
titions; flip angle 15°, 1.2mm slices, matrix size
256 x 256, voxel size 1 mm x I mm x 1 mm after inter-
polation, repetition time (TR) 1900 ms; echo time
(TE) 4.0ms; inversion time (TI) 300ms, FOV
192mm x 192mm. The MRI software and hardware
did not change during the study period.

MRI post-processing

Lesion volume (LV) analyses were assessed by an
experienced neuroradiologist unaware of each subject’s

condition and were subsequently reviewed by one MS
specialist who was blinded to the formal reading.
Labelling of T2-W and T1-W LV was then performed
by employing a semi-automated segmentation tech-
nique based on user-supervised local thresholding
(SepINRIA software).!' The value of both T2-W and
T1-W total brain LV was calculated by multiplying the
lesion area by the slice thickness.

Brain volumes were measured on 3D-T1 image
sequence (MPRAGE) by using the cross-sectional
version of the Structural Image Evaluation using
Normalization of Atrophy (SIENA) software,
SIENAX, which forms a part of FSL.'? SIENAX
allows global measurements of normalised total brain
volume (NTBV) as well as selective measurements of
normalised cortical volume (NCV) and normalised
white matter volume (NWMYV)."* Normalisation was
done for skull size. To avoid misclassification due to
WM lesions, this was masked out and refilled with
intensities matching the surrounding normal-appearing
WM (NAWM) before each tissue-class segmentation
analysis.'*!?

The volume of the hippocampus (HV), brainstem
(BV) and thalamus (TV) was estimated using FIRST
software (FMRIB’s Integrated Registration and
Segmentation Tool) incorporated into the FSL library
(www.fmrib.oxlibrary.ac.uk).'> The longitudinal per-
centage of brain volume change (% BVC) between the
first MRI and the second MRI performed 12+3
months later was done by using SIENA.

Statistical analysis

The population was separated into those female
patients whose disease began before the menopause
with their corresponding male control group (Group
1) and those female patients whose disease began
after the menopause with their corresponding male con-
trol group (Group 2). Baseline characteristics of the
sample evaluated were reported as percentages for cat-
egorical data and means with SDs for continuous data.
Data were compared between groups (females and
males) using Fisher’s exact test and Mann—Whitney’s
U-test for categorical and continuous data, respectively.
A linear regression model was used to analyse the entire
data. p-Values of <0.05 were considered significant.
The collection and data analyses were performed
using Stata v10.1.

Results

A total of 97 patients were included, of whom 48
(49.4%) were women. When patients were separated
into the two groups, MS had started in 26 females
before the menopause, and it has started after the
menopause in 22 women (Groups | and 2, respectively).
A total of 27 and 22 males were included in Groups
1 and 2, respectively, in order to provide sex compari-
sons. The average time between the onset of disease
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and performing the baseline MRI was 45+ 12 days
(range 25-58 days). No significant differences in demo-
graphic and clinical variables were observed between
the groups and sexes (Table 1). Regarding the struc-
tural analysis of MRI at disease onset, differences
between men and women in Group 1 in the NTBV
(p=0.01), NCBV (p=0.001) and BT (p=0.01) were
observed without other differences. A trend without
significant differences was observed regarding %BVC
in Group 1 between males and females (p =0.09). No
significant differences were observed between men and
women in Group 2 (Table 2).

Discussion

Our study showed structural differences at disease onset
between women whose disease started before meno-
pause and the control group of men, while no differ-
ences were observed between the sexes in patients
whose disease began after the menopause.

The results of this study are in line with recent cross-
volumetric findings in patients with MS. Antulov

Table 1. Clinical characteristics of included patients at study entry.

et al.'® showed a pronounced commitment of NTBV

and NCBV in men compared with women matched
by age and disease onset. Another recent study that
evaluated clinical aspects between men and women
before and after the menopause found no differences
in disability as measured by the EDSS, relapse rate
and the rate of atrophy measured longitudinally.
However, that study did not assess more sensitive quan-
titative aspects of neurodegeneration.'” Klistorner et al.
also showed sex-specific differences in the progressive
change of lesional diffusivity, mainly an increase in par-
allel and perpendicular diffusivity during the 12-month
follow-up in males compared with female RRMS
patients.'®

A possible explanation of our finding is the
possible role that sex hormones may have on
immune response.'®!” Oestrogens may mediate
neuro-inflammatory signals and protect against neuro-
degeneration. In other inflammatory diseases such as
systemic lupus erythematous and rheumatoid arthritis,
the onset of the menopause has been associated with
a modification of the disease course, presumably by

Before menopause started (Group 1)

After menopause started (Group 2)

Variable Males Females p Males Females p

n 27 26 22 22

Age at onset, years = SD 34+2.9 35.4+3.5 0.27 52.14+3.1 53.4+1.1 0.17
RRMS, n (%) 27 (100) 26 (100) 1 12 (54.5) 11 (50) 0.82
PPMS, n (%) 0 0 - 10 (45.5) 11 (50) 0.75
EDSS 2+0.5 1.7+1 0.23 441 3.5+1.1 0.32
Positive oligoclonal bands in CSF, n (%) 26 (96) 24 (92) 0.68 22 (100) 21 (95) 0.64
Disease-modifying treatment, n (%) 27 (100) 26 (100) 1 14 (63.6) 13 (59) 0.19

RRMS: relapsing remitting MS; PPMS: primary progressive MS; EDSS: Expanded Disability Status Scale.

Table 2. Comparison of magnetic resonance imaging (MRI) variables among groups. Statistically significant values are shown in bold.

Before menopause started (Group 1) After menopause started (Group 2)

Variable Males Females p Males Females p

n 27 26 22 22

NTVB x 10°mm?, mean 5D 1.56 £0.22 1.66 £0.2 0.01 1.47+£0.11 1.48+0.8 0.31
NCV x 10®mm?, mean 5D 0.60 4-0.09 0.66 4-0.05 0.001 0.5240.03 0.5140.09 0.21
NWMV x 10°mm?, mean & SD 140.12 1.1+£0.09 0.1 0.89 4+ 0.02 0.924+0.05 0.1
HV left (cm3), mean =+ SD 3.940.1 4.140.06 0.12 3.440.01 3.6 0.03 0.04
HV right (cm3), mean £ SD 4+0.09 4.140.08 0.13 3.540.08 3.740.05 0.06
BV (cm3), mean £ SD 17.6 £0.2 18 4+0.5 0.01 15.6 £ 0.4 16 £ 0.49 0.11
TV right (cm3), mean £ SD 7.940.07 8+0.2 0.09 7.440.04 7.64+0.23 0.2
TV left (cm3), mean £ SD 8+0.1 8.14+0.2 0.13 7.44+0.1 7.54+0.3 0.86
Lesion load (mm3), mean £ SD 1252 452 1324 4331 0.22 1548 +526 1489 +-478 0.54
%BVC —0.46 +0.05 —0.4040.03 0.09 —0.6210.08 —0.60 +0.05 0.10

NTVB: normalized total brain volume; NCV: normalized cortical volume; NWMV: normalized white matter volume; HV: hippocampus volume; BV: brainstem
volume; TV: thalamus volume; %BVC: percentage of brain volume change.
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modulating immunological activity.*'"!* Hormone

replacement therapy has been associated with modulat-
ing effects on some neurological and inflammatory con-
ditions, but this has not been evaluated in depth in
MS.? The protective effect against neurodegeneration
by oestrogen has been demonstrated in animal models,
but the exact mechanism that could lead to this effect
has not been defined. The role of testosterone should
also be mentioned. Physiological levels of testosterone
have been shown to be protective in EAE, since the
castration of young male mice leads to the disease wor-
sening,”"** while supplemental testosterone treatment
has shown to be protective in gonadally intact male
mice.”! These results suggest that a mechanism of dis-
ease protection conferred by endogenous testosterone
exist. However, the exact role in humans is not com-
pletely understood.

Important limitations of our study are the observa-
tional design and the low number of patients included.
However, on balance, the strict inclusion criteria and
the automated evaluation of the study variables reduce
the possibility of bias and confounding factors.

In summary, our study shows the presence of struc-
tural sex differences when MS occurs before the meno-
pause, while no differences were observed between the
sexes when MS began after the menopause. The differ-
ences may be mediated by hormonal factors and could
explain the difference between men and women in terms
of clinical course and prognosis. Future studies will
help to confirm our initial observations and establish
the possible role that sex hormones could have on the
evolution of the disease.
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