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Abstract

Background: Considering that many recent studies have reported the prevalence of familial multiple sclerosis
(FMS), we performed an updated meta-analysis of the worldwide prevalence of FMS by the addition of recent
publications.

Methods: A search in PubMed, Scopus, the ISI Web of Science, and Google Scholar was undertaken up to
20 December 2020. The inclusion criteria were based on the CoCoPop approach (condition, context, and
population). Meta-analysis of the qualified studies was conducted by comprehensive meta-analysis ver. 2
software.

Results: The pooled prevalence of MS in relatives of 16,179 FMS cases was estimated to be 11.8% (95% CI:
10.7–13) based on a random-effects model. The pooled mean age of disease onset in adult probands was
calculated to be 28.7 years (95% CI: 27.2 ± 30.2). Regarding 13 studies that reported the data of FMS in
pediatrics (n = 877) and adults (n = 6636), the FMS prevalence in pediatrics and adults was 15.5% (95% CI:
13.8–17.4) and 10.8% (95% CI: 8.1–14.2), respectively. The prevalence of FMS in affected males (n = 5243)
and females (n = 11,503) was calculated to be 13.7% (95% CI: 10.1–18.2) and 15.4% (95% CI: 10.3–22.4),
respectively. The odds ratio of male/female in FMS cases was not statistically significant (OR = 0.9; 95% CI:
0.6–1.2, P = 0.55). Subgroup analysis demonstrated a significant difference in the prevalence of FMS between
the geographical areas (P = 0.007). The meta-regression model indicated that the prevalence of FMS is lower
with higher latitude and higher MS prevalence (P < 0.001). In contrast, meta-regression based on prevalence
day was not statistically significant (P = 0.29).

Conclusions: The prevalence of FMS is higher in the pediatric group than that of adults, distinct between
geographical areas, and diminishes with the increment of MS prevalence and latitude. Also, the symptoms
initiate relatively at younger ages in the FMS cases. Interestingly, our analysis unveiled that FMS is not more
prevalent in men than women and the risk of MS development in relatives is not higher when the affected
proband is male.
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Background
Multiple sclerosis (MS), chronic inflammatory demyelin-
ating disorder of the central nervous system, is the most
common cause of non-traumatic neurological disability
in a range of age groups especially young adults and af-
flicts more than 2.5 million individuals in the world [1].
Both genetic variations and environmental factors par-
take synergistically in the development of MS. The effect
size of genetic risk factors ranges from small to modest.
For instance, HLA-DRB1*15:01, as the major genetic de-
terminant, has an odds ratio (OR) ~ 3.5, which increases
to 8 in homozygous carriers [2, 3] The identified envir-
onmental risk triggers for MS development subsumes
distance from the equator (latitude), vitamin D defi-
ciency, lack of sunlight, smoking, obesity, and most im-
portantly infection by Epstein-Barr virus, which is the
largest environmental risk (OR ~ 3.6) [4]. The heteroge-
neous distribution of MS in distinct populations has
been attributed to the interplay between different genetic
backgrounds and environmental exposures [5].
The earliest report of the existence of MS in more than

one family member (familial MS or FMS) dates back to
1938 [6]. In the years since then, many studies have re-
vealed the prevalence of FMS in many populations. All of
them considered FMS as the occurrence of the same dis-
ease in at least one any-degree relative of patients. However,
two nationwide register-based studies in Denmark did not
consider the presence of MS in distant relatives comprising
2nd or 3rd-degree relatives as FMS cases [7, 8].
In this study, we aimed to perform an updated system-

atic review and meta-analysis about the worldwide
prevalence of FMS by the addition of new studies. In
contrast to the previous study [9], we conducted a separ-
ate meta-analysis on the prevalence of FMS in pediatric-
onset MS (POMS) and adult-onset MS (AOMS) as well
as men and women. Also, subgroup analysis based on
geographical area, and meta-regression based on lati-
tude, prevalence date, and MS prevalence was con-
ducted. In addition, we accomplished a meta-analysis of
sex ratio and mean age of onset among FMS cases.

Methods
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [10] were recruited to
perform the present systematic review focusing on the
prevalence of FMS in the world. Each process of research
was done independently by two investigators and disagree-
ments were resolved by discussion with the third author.

Search strategy
We accomplished a comprehensive search in PubMed,
Scopus, and the ISI Web of Science up to 20 December
2020. Boolean operators (AND & OR) were utilized to
search by a combination of these keywords: “multiple

sclerosis”, “familial”, “epidemiology”, “prevalence”, “inci-
dence”, “recurrence” and “frequency”. The details of the
search strategy are documented in Additional file 1. Fi-
nally, Google Scholar was searched to find further works.
No language or date restriction was applied to the litera-
ture search. We manually checked the reference lists of
obtained articles to not miss any additional documents.

Eligibility criteria
For defining the criteria for inclusion and exclusion of stud-
ies, we employed the CoCoPop approach (condition, con-
text, and population) which is used for systematic reviews
of prevalence studies [11]. According to this approach, the
original studies with available full-text that have investi-
gated the prevalence of MS in full biological relatives of pa-
tients with definite MS (not probable, possible, or
suspected), and have been conducted in a specific region,
time, and target population were enrolled. The reason be-
hind the criteria for definite MS is that some neurological
disorders mimic MS. The studies in the same region but
with different time periods and sample frames were also in-
cluded. Studies with duplicate data were excluded.

Data extraction
By using a pre-prepared sheet, these data were collected
from the eligible studies: first author’s last name, publi-
cation year, prevalence day or period (the time point or
period that the FMS prevalence was determined), setting
and case ascertainment, the place of the research, diag-
nostic criteria of probands, the method for the ascertain-
ment of MS in relatives, the number of FMS cases and
total patients, mean age of disease onset in probands,
the prevalence of MS, the number of POMS in FMS
cases, geographical area, and sex ratio of probands. For
providing insight into the difference between the preva-
lence of FMS in adults and pediatrics, the studies that
reported FMS prevalence in AOMS and POMS separ-
ately were considered as two different data sets.

Quality assessment
For assessing the methodological quality of included stud-
ies, Joanna Briggs Institute’s critical appraisal tool was
exploited which comprises 9 questions [12]. If the answer
to a question was “Yes”, 1 score was considered. Points 0–
5, 6–7, and 8–9 were regarded as low, moderate, and high
quality, respectively. The minimum score for enrolment of
the studies was 5. This was because, in some of the studies
with a 5 score, one or more quality parameters were am-
biguous. In other words, these studies had borderline qual-
ity and could be regarded as studies with moderate quality.

Statistical analysis
For choosing between random-effects and fixed-effects
models, heterogeneity of studies was evaluated by
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Cochran’s Q and I2 tests. For verification of the sta-
bility of data, a sensitivity analysis was performed. In
addition to a meta-analysis of the prevalence of FMS
in all studies, a separate analysis was implemented on
studies that reported, separately, the prevalence of
FMS in AOMS and POMS cases and males and fe-
males. By using the number of FMS and total MS in
male and female groups, we calculated the odds ratio
(OR) and 95% CI of prevalence to estimate the effect
of gender. To find the underlying cause of heterogen-
eity, subgroup analysis was performed based on geo-
graphical area and meta-regression was carried out in
terms of latitude, MS prevalence, and prevalence day.
We assessed the publication bias by using Begg and
Egger’s tests. Comprehensive meta-analysis ver. 2 soft-
ware was utilized for analysis and statistical signifi-
cance was set at a p-value< 0.05.

Results
Literature search and characteristics
Collectively, database and manual search led to the find-
ing of 739 and 7 records, respectively. Obtaining only 7

additional works by manual search indicates that our
search strategy was robust and did not affect the integ-
rity of our review. After removal of duplicates, initial
screening was performed based on titles and abstracts
which left 119 articles for assessment of the full-text. Of
these, 73 articles were excluded for these reasons (Add-
itional file 2): six had duplicate data, three considered
more than one specific region, six did not determine the
prevalence day, five reported the data in a combination
of Neuromyelitis Optica (NMO), acquired demyelinating
syndromes (ADS) and MS cases, two were performed in
two or more populations and time periods, one without
available of the full-text, 25 with the inclusion of
probable and/or possible cases, 24 low-quality studies
and one with no determination of the target popula-
tion. Finally, 49 studies from 46 articles with a sample
size of 16,179 FMS cases were included in our ana-
lysis (Fig. 1). The characteristics of these studies are
represented in Table 1. The eligible articles have been
published from 1984 to 2020 and regardless of six
studies, the rest of included studies had a cross-
sectional design.

Fig. 1 Flowchart of study selection through the systematic search
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Meta-analysis of whole data
Because of high total heterogeneity (Q = 1662.2, I2 =
97.112% and P < 0.001), a random-effects model was
used. The polled prevalence of FMS was estimated
to be 11.8% (95% CI: 10.7–13) of the total MS
population (Fig. 2). The highest and lowest preva-
lence was found in Saskatchewan of Canada (32.7%)
[36] and Hungary (2.2%) [49], respectively. The sen-
sitivity analysis indicated our robust pooled estimate
(Fig. 3).

Meta-analysis of mean age of onset in AOMS and
prevalence of FMS in AOMS and POMS
The pooled mean age of disease onset in AOMS pro-
bands of 15 studies (n = 6114) that reported this variable
was 28.7 years (95% CI: 27.2 ± 30.2) (Fig. 4). In this

regard, the lowest and highest age of disease onset was
recorded in Shiraz city of Iran (24.3 years) and New York
of USA (36.2 years), respectively. In 13 studies that re-
ported the data of AOMS (n = 6636) and POMS (n =
877), the FMS prevalence in AOMS was 10.8% (95% CI:
8.1–14.2) and in POMS was 15.5% (95% CI: 13.8–17.4),
respectively (Fig. 5). The difference between these two
groups was statistically significant (P = 0.019).

Meta-analysis of FMS prevalence in men and women and
OR of male/female
Nine studies provided the data of FMS and sporadic
cases for men and women separately. Therefore, it was
possible to calculate FMS prevalence for each sex separ-
ately. With regard to data of the 9 studies, the preva-
lence of FMS in affected males (n = 5243) and females

Fig. 2 The prevalence of FMS (Heterogeneity: I2 = 97.112%, P < 0.001, Random effects)
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(n = 11,503) was calculated to be 13.7% (95% CI: 10.1–
18.2) and 15.4% (95% CI: 10.3–22.4), respectively (Fig. 6).
In Fig. 6, in each study, the first number is the number
of FMS cases and the second number is the number of
FMS plus sporadic cases (both in that particular gender).
For instance, in the study of AlJumah et al., 107 men

and 208 women with FMS and 710 men and 1440
women with sporadic MS were recruited [16]; therefore,
the rate of FMS in men and women was calculated to be
107/817 (710 + 107) and 208/1648 (208 + 1440), respect-
ively. The OR of male/female in FMS cases was not sta-
tistically significant (OR = 0.9; 95% CI: 0.6–1.2, P = 0.55)

Fig. 3 Forest plot of sensitivity analysis
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(Fig. 7). In Additional file 3, detailed data of each 9 stud-
ies and how the odds ratio was calculated is presented.

Subgroup analysis and meta-regression
Subgroup analysis revealed a significant difference in the
prevalence of FMS between the geographical areas (Test
for subgroup differences: Q = 12.070, df(Q) = 3, P =
0.007) (Fig. 8).
The meta-regression model showed that FMS preva-

lence was significantly lower in higher latitude (meta-re-
gression coefficient: -0.025, 95% CI: − 0.027 to − 0.023,
P < 0.001) (Fig. 9A). Similarly, a slight downward trend
was observed with higher MS prevalence (meta-regres-
sion coefficient: -0.0018, 95% CI: − 0.0021 to − 0.0016,
P < 0.001) (Fig. 9B). While, meta-regression based on

prevalence day was not statistically significant (meta-re-
gression coefficient: -0.002, 95% CI: − 0.005 to 0.001,
P = 0.29) (Fig. 9C).

Publication bias
No publication bias was found in our analysis (Egger =
0.98, and Begg’s = 0.25) as depicted in the funnel plot
(Fig. 10).

Discussion
The results of a previous meta-analysis indicated that
MS can run in families [57]. The pooled prevalence of
FMS in our study (11.8%) (Fig. 2) was lower than the
previous meta-analysis (12.6%) [9]. Hence, we performed
a meta-regression analysis based on prevalence day to

Fig. 4 Mean age of disease onset in FMS cases

Fig. 5 The prevalence of FMS in POMS and AOMS cases
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examine if the prevalence of the FMS has been de-
creased over time. Our results showed a non-significant
lowering trend (Fig. 9C). Hence, it seems that the world-
wide frequency of FMS is steady-state over time. None-
theless, some studies in middle-east have reported the
increasing [13, 24] or decreasing [16] prevalence of FMS
over time. The overwhelming majority of the studies
have been performed in a cross-sectional setting; while,
a sufficiently long follow-up period is needed to evaluate
the development of the disease in new members of the
relatives. In this regard, cohort studies could be well

suited on the account of a longer time period for the ac-
cumulation of new cases in the family.
POMS is defined as the manifestation of MS symptoms

under the age of 16 or 18 [58]. According to our analysis,
the frequency of FMS in POMS was higher than AOMS
(Fig. 5). However, only 3 to 10% of sporadic cases have been
reported to be POMS [59]. This informs us that increased
genetic load may be a pivotal feature of POMS and the
family history of MS could be a crucial contributing factor
for POMS predisposition. Considering that association be-
tween HLA-DRB1*15:01 and age at onset shows a 10.6

Fig. 6 The prevalence of FMS in men (A) and women (B)
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months reduction in age at onset with each DRB1*15:01 al-
lele [60], the difference between POMS and AOMS could
be attributed to the higher frequency of DRB1*15:01 in
POMS compared with AOMS [61]. By considering follow-
up time bias, it seems that the prevalence of FMS is under-
estimated in the pediatric group due to not emergence of
this disease in relatives especially siblings at the time of the
study, at least in cross-sectional studies.
The mean age of onset in adult probands with FMS

was estimated to be 28.7 (Fig. 4), which indicates an
earlier age of onset among FMS cases in comparison to
sporadic cases [7, 62]. This highlights the point that the
preclinical phase of the disease would be shortened in
cases with higher genetic load and consequently, symp-
toms initiate at a lower age at onset. In this regard, as
previously mentioned, several studies have indicated that
HLA, especially HLA-DRB1*15:01, is the main genetic
influence on age of disease onset [63–65].
Given the concept of the “carter effect” [66], we set

out to investigate the notion that in male MS patients,
the prevalence of FMS is more than in females patients,
as well as transmission to other members of the family,
is higher when the affected individual is male. However,
the prevalence of FMS in male and female cases and OR
of male/female FMS cases did not confirm this theory
(Figs. 6 and 7). This represents that a greater than aver-
age background of susceptibility factors in an affected
male which is the less frequently affected sex does not
increase the occurrence of the MS in relatives. On the
contrary, a higher prevalence of FMS and positive family

in males than that in females was seen in the Iranian
population [67]. Regarding this discrepancy, we acknow-
ledge that the low sample size for scrutinizing the effect
of sex may lead to this interpretation.
Subgroup analysis unveiled that the distribution of

FMS is different between geographical areas (Fig. 8).
However, even between different studies in the same
geographical area, the FMS prevalence is different, mir-
roring that this difference is more complicated than can
be explained only by just differences in susceptibility be-
tween racial and ethnic groups. Also, this finding could
justify the high heterogeneity between studies, at least in
part. Relevantly, other meta-analysis indicated different
FMS prevalence in Iran (8.9%) [67] and the Middle East
North Africa region (17.8%) [68].
It is expected that with the increasing prevalence of

sporadic MS, the frequency of FMS rises, as well. Quite
interestingly, our meta-regression analysis revealed a
weak decreasing trend of FMS with higher MS preva-
lence (Fig. 9A). In the same vein, meta-regression in
terms of latitude disclosed that the prevalence of FMS is
decreased in conjunction with an increment of latitude
(Fig. 9B); although, traditionally, MS has been more
prevalent in regions at higher latitudes with decreased
sunlight exposure [69]. Intriguingly, without conducting
a statistical analysis, Harirchian and coworkers con-
cluded that the prevalence of FMS was not latitude
dependent. We addressed this issue in our study and
found that at odds with the previous study the preva-
lence of FMS is latitude dependent. Thereby, we

Fig. 7 The OR of male/female among FMS cases
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hypothesized that with the increasing frequency of MS
in a region, the public awareness and familiarity of the
people, especially genetic counselors, with the disease
grows, too. Therefore, the rate of marriages in which one
or both sides have one or more affected members reduces.
This, in turn, lowers the shared genetic variants in families.
On the other hand, the rate of consanguineous marriage as
a predictor of positive family history of MS [16], will most
probably be diminished in regions with a high outbreak of
this disease.
In comparison to the previous systematic review [9],

the strengths of our study were recruiting of a quality as-
sessment tool for inclusion of studies, no limitation of
language for searching of articles, uncovering the preva-
lence of FMS in different geographical areas, in POMS
and AOMS cases, and men and women, unveiling the re-
lationship between the prevalence of FMS and prevalence
day, MS prevalence and latitude, determining the mean
age of the disease onset in adult probands and the effect
of gender on FMS occurrence. However, we acknowledge
that it would have been better if other databases such as
Embase had been examined. Notwithstanding, there are
some issues in the included studies which mostly are de-
rived from the retrospective design. For instance, recall

bias could occur when the presence of affected relatives is
assessed by employing questionnaires and medical records
which hinges on patients’ self-reporting. This might result
in the under-diagnosis of distant relatives. On the other
hand, the diversity in case ascertainment methodology
namely population (registry or community)-based or clin-
ical (hospital)-based may cause the sampling bias.

Conclusion
In summary, the findings of this study demonstrated that
the prevalence of FMS is higher in POMS cases than
that of AOMS, is different between geographical areas,
and reduces with the higher MS prevalence and latitude.
Likewise, the symptoms embark relatively at lower ages
in FMS probands of AOMS. Unexpectedly, the preva-
lence of FMS was not more prevalent in men than
women and the risk of MS development in relatives was
not higher when the affected proband was male. For pre-
venting biases, we suggest that future studies be per-
formed as longitudinal prospective to provide time for
the development of new cases in relatives. Also, the re-
ported affected members of the family must be reexa-
mined by neurologists.

Fig. 8 The prevalence of FMS in different geographical areas
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Fig. 9 Meta-regression analysis of FMS prevalence in terms of latitude (meta-regression coefficient: -0.025, 95% CI: -0.027 to -0.023, P< 0.001) (A),
MS prevalence (meta-regression coefficient: -0.0018, 95% CI: -0.0021 to -0.0016, P< 0.001) (B), and prevalence day (meta-regression coefficient:
-0.002, 95% CI: -0.005 to 0.001, P=0.29) (C)
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