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ARTICLE INFO ABSTRACT

Keywords: Background: The Pediatric onset multiple sclerosis (POMS) prevalence is increasing worldwide accounting for
Multiple sclerosis around 3 to 10% of MS cases. The risk of POMS is supposed to reflect a complex interaction between en-
Pediatric

vironmental and genetic risk factors that may occur during the childhood, adolescent, or post-pubertal years.
Objective: The present study aimed at estimating the prevalence of POMS and assessing the epidemiology of
familial recurrence of POMS in Tehran.

Method: A retrospective population based cross-sectional study was designed from 1999 to 2017. The baseline
characteristic information was collected from MS patient's <18 years old (y/o0). Pearson's chi-square test and
logistic regression were used to analyze the relationship among variables and estimate the odds ratio (OR) via
SPSS software, version 23.

Results: A total of 1937 POMS patients (77.80% female and 22.20% male patients) participated in the study. The
point prevalence of POMS was 16.20 per 100,000 populations in 2017. Mean age at disease onset was
15.96 + 2.28 y/o. The female to male ratio was 2.02:1 in pre-pubertal cases (3-12 y/0), but it increased to
3.69:1 in 13-18 y/o age groups (P value = 0.001, OR = 1.82; 95% CI = 1.27-2.26). There were 288 (14.9%)
cases with positive familial history of MS. The strongest association between MS risk and positive familial history
was observed in second degree relatives who presented MS (P value = 0.046, OR = 1.74; 95%CI = 1.01-3.01).
A significant association was observed among maternal second degree relatives with POMS (P value = 0.018,
OR = 2.27; 95%CI = 1.15-4.47).

Conclusion: In comparison to other large studies, the prevalence of POMS was high in the data collected from
Tehran. POMS risk is higher among females and the sex ratio increases after puberty. We found a significant
association between POMS risk and familial history in maternal second degree relatives. Further studies of POMS
epidemiology might yield greater understanding of the natural history of this disease.

Familial history
Risk factor
Prevalence

1. Introduction

Pediatric onset multiple sclerosis (POMS) is usually defined as the
first clinical symptom of MS before the age of 18 and accounts for about
10% of all MS cases (Alroughani and Boyko 2018; Banwell et al.,
2007a).

MS in children is presented differently, mostly as a relapsin-
g-remitting (RR) course, and rarely as primary or secondary pro-
gressive forms. The disease pattern is more likely to be ‘inflammatory’
than ‘degenerative’ with slower progression and good recovery from
relapses (Banwell et al., 2007b; Renoux et al., 2007).

Epidemiological data about incidence and prevalence of POMS is
limited globally (Eskandarieh et al.,, 2016). According to MS
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International Federation, the worldwide prevalence of POMS was 0.63
per 100,000 population in 2013 (Browne et al., 2014). Data on POMS
prevalence is also limited in Iran. In Tehran, the prevalence of adult MS
was 101.39 per 100,000 in 2014. The incidence of POMS was 4.79
among girls and 1.36 among boys per 100,000 population
(Eskandarieh et al., 2017). The point prevalence of MS increased to
148.06 per 100,000 in 2017 in Tehran of whom 10.2% presented POMS
(Eskandarieh et al., 2018b). In a study on 8000 patients in Tehran in
2008, 6.1% were reported to have disease onset under the age of 16
(Sahraian et al., 2010).

Individuals with one or more MS affected relatives (approximately
2-5% in first degree relatives) are thought to be more at risk of MS
compared to the general population (Eskandarieh et al., 2018a).
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Fig. 1. Annual Prevalence of POMS in Tehran (2012-2017).

Moreover, the identical twins of MS patients are claimed to be more
at risk of MS, although this tendency is probably an over-estimate
(Hawkes and Macgregor 2009; Islam et al., 2006).

In Tehran, a positive familial history of MS was found in 12.6% of
female and 13.6% of male patients. The strongest association among
first-degree relatives was observed in siblings (P value < 0.001)
(Eskandarieh et al., 2018a).

A positive family history of demyelinating diseases was estimated to
be 10% in pediatric MS patients living in Shiraz (Inaloo et al., 2014).
Furthermore, in Isfahan, about 9% of POMS individuals had a positive
family history of MS in first or second degree relatives (5% in first and
3% in second degree relatives) (Etemadifar et al., 2007).

The aim of the present study was to examine the epidemiology and
familial recurrence rate of POMS in Tehran.

2. Methods
2.1. Data collection

A population based cross-sectional study was undertaken on the
Iranian MS Society (IMSS) registry system of Tehran from 1st April
1999 to 31st December 2017. The Iranian Multiple Sclerosis Society
(IMSS) (Eskandarieh et al., 2018a; Eskandarieh et al., 2018b) is a subset
of the MS International federation (MSIF) that was established in
Tehran, Iran, in 1999 with the aim of educational, research, and social
support. All clinically definite MS patients diagnosed by neurologists
are referred to IMSS. As the diagnostic criteria has been revised several
times during our study, the diagnosis of patients referring before 2001
was made based on Poser criteria (Zipoli et al., 2003), and patients who
were referred after 2001 were diagnosed according to the current
version of McDonald criteria at the time of diagnosis (Csepany 2018).

The MS patients approved by neurologists who fulfilled McDonald
criteria are registered in the IMSS. Neurologists persuade all patients to
refer to the IMSS for registration and get tracking code for receiving
support.

The questionnaire designed in MS research center of Tehran
University of medical sciences covered most of the important epide-
miological variables associated to risk for recurrence of MS including
pediatric onset cases, age at disease onset, sex, familial history of MS,
and degree of relatives (Eskandarieh et al., 2018a).

The goals of the MS registry were explained by interviewer in IMSS
and all patients provided written informed consent and filled up a de-
tailed questionnaire. The existence of familial history of MS was re-
ported by separate members. Patients should renew their membership

every 5 years by receiving their membership card in IMSS and only the
patients whose diagnoses were confirmed in the follow up referrals,
remained in the study. To determine the familial history of MS, we
categorized relatives of patients into 3 subgroups including first,
second, and third degree relatives (Eskandarieh et al., 2018a). The in-
formation was collected among POMS patients <18 y/o.

Even though the majority of the MS patients were registered in the
IMSS, some of patients might not have been registered through the
years of disease onset, thus the number might be underestimated.

2.2. Study area

The study was conducted and designed to estimate the prevalence of
POMS in Tehran in 2017. Tehran is the capital of Iran located in the
northern part of Iran extending from latitude 50°21’-53°09” and long-
itude 34° 51’-36°08’ with an estimated population of 13,441,124 in
2017. According to the last census of the Iranian statistical center, there
were 3,022,000 individuals <18 in 2017 living in Tehran.

2.3. Statistical analyses

The chi-square test was used to analyze the relationship among
variables. Logistic regression analysis was performed to estimate the
odds ratio (OR) for individual variables to predict factors leading to
familial POMS. P values less than 0.05 were considered as statistically
significant. SPSS version 23 was used for statistical analyses.

3. Results
3.1. MS prevalence

Totally, 1937 POMS patients participated in this study. The point
prevalence of POMS was 16.20 per 100,000 in 2017.The age standar-
dized POMS prevalence was 25.42 and 7.13 per 100,000 general po-
pulation for females and males, respectively (Fig. 1).

3.2. Sex ratio trend

In total, 1507 (77.80%) participants were females and 430 )22.20%)
were males. The average female to male ratio was 3.5:1 in 2017. This
index was 2.02:1 in cases with pre-pubertal onset at 3-12 years old, but
it increased dramatically during and after puberty (Fig. 2). The logistic
regression analysis revealed that age was significantly associated with
sex ratio when different age groups were compared (i.e., female to male
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Fig. 2. Age groups and sex ratio trends of POMS patients.

Sex
B male

H female

Table 1
Baseline characteristics and comparison of crude risk of patients.
Variables Female N = 1507 (%) Male N = 430 (%) Total N = 1937 (%) OR (95%CI) P value
Age group (year)
3-10 47 (3.1) 28 (6.5) 75 (3.8) Reference -
11-13 133 (8.8) 35(8.1) 168 (8.7) 2.26 (1.24-4.11) 0.007
14-18 1327 (88.1) 367 (85.4) 1694 (87.5) 2.15 (1.33-3.48) 0.002
Familial history of MS
Yes 217 (14.6) 71 (16.9) 288 (14.9) Reference -
No 1273 (85.4) 350 (83.1) 1623 (85.1) 1.19 (0.88-1.59) 0.24
Degree of relatives
First degree 83 (5.5) 27 (6.3) 110 (5.7) 1.14 (0.73-1.79) 0.54
Second degree 41 (2.7) 20 (4.7) 61 (3.1) 1.74 (1.01-3.01) 0.046
Third degree 59 (3.9) 14 (3.3) 73 (3.8) 0.82 (0.45-1.49) 0.52
Maternal relatives 74 (4.9) 27 (6.3) 101 (5.2) 1.29 (0.82-2.04) 0.26
Paternal relatives 62 (4.1) 18 (4.2) 80 (4.1) 1.01 (0.59-1.74) 0.94
Maternal second degree 22 (1.5) 14 (3.3) 36 (1.9) 2.27 (1.15-4.47) 0.018
Paternal second degree 22 (1.5) 6 (1.4) 28 (1.4) 0.95 (0.38-2.37) 0.92

OR = odds ratio, 95% CI = 95% confidence interval by logistic regression analysis.

Maternal Relatives: mother, maternal grandmother/grandfather, maternal aunts/uncles, maternal cousins.
Paternal Relatives: father, paternal grandmother/grandfather, paternal aunts/uncles, paternal cousins.

Bold numbers correspond to significant values.

ratio increased to 3.69:1 in 13-18 years old age group, P
value = 0.001, OR = 1.82; 95% CI = 1.27-2.26) (Table 1).

3.3. Age at disease onset

The mean age at disease onset was 15.96 = 2.28 years old. The
mean ages at disease onset for female and male patients were
16.00 * 2.19 and 15.82 =+ 2.69 years old, respectively.

This value was 15.87 + 2.28 in patients with positive family

history of MS and 15.98 =+

2.33 in patients without family history of
MS. The logistic regression analysis showed that the age factor was

significantly associated with MS recurrence in different sexes
(P < 0.007). The association was seen in pediatric age group who were
11-13 years old (OR = 2.26; 95% CI = 1.24-4.11) and 14-18 years old
(OR = 2.15; 95% CI = 1.33-3.48) (Table 1).

The distribution of cases by age groups per year is demonstrated in
Fig. 3.
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Fig. 3. Distributions of cases by different age groups per year.

3.4. Familial history of MS

There were 288 (14.9%) cases of POMS patients with a positive
family history of MS; 217 (14.6%) females and 71 (16.9%) males.
Despite the fewer number of men, the familial recurrence of MS ap-
peared to be higher among men, although it was not statically sig-
nificant (P value = 0.24). Compared to the reference group (3-12 years
old), the P value was 0.94 (OR = 1.01; 95% CI = 0.63-1.63) for the
13-18 age group. MS familial recurrence was 5.7% in first degree, 3.1%
in second degree, and 3.8% in third degree relatives (Table 1). The
strongest association was seen in second degree relatives (P
value = 0.046, OR = 1.74; 95%CI = 1.01-3.01) and in this category
the significant association was found in maternal second degree re-
latives (P value = 0.018, OR = 2.27; 95% CI = 1.15—4.47) (Table 1).
Classifying relatives according to their maternal and paternal relatives
revealed that the maternal familial history of MS was 5.2% (P
value = 0.26, OR = 1.29; 95% CI = 0.82-2.04) and the paternal fa-
milial history of MS was 4.1% (P value = 0.94, OR = 1.01; 95%
CI = 0.59-1.74) (Table 1). Among second degree relatives, the most
significant association was seen in maternal aunts/uncles (P
value = 0.007, OR = 2.63; 95% CI = 1.31-5.30) (Table 2).

4. Discussion

The majority of POMS patients were females, with a considerable
predominance in the post-pubertal age group. Positive familial history
was higher among males and the mean age at disease onset was similar
in patients with and without positive familial history of MS. Logistic
regression analysis revealed no significant association between age
groups and familial history of MS. MS familial recurrence was higher in
second degree relatives compared to first and third degree relatives and
the strongest association was seen in maternal second degree relatives.
In this group, the strongest correlation was seen in maternal aunts/

Table 2
Familial recurrence of multiple sclerosis according to the degree of relatives.
Relative Female N Male N Total N P value
(%) (%) (%)
First degree
Mother 33(2.2) 10 (2.3) 43 (2.2) 0.86
Father 8 (0.5) 3(0.7) 11 (0.6) 0.68
Siblings 44 (2.9) 14 (3.3) 58 (3) 0.71
Offspring 2(0.1) 0 (0) 2(0.1) 0.99
Second degree
Maternal grandmother/ 4(0.3) 1(0.2) 5(0.3) 0.90
grandfather
Paternal grandmother/ 5(0.3) 1(0.2) 6 (0.3) 0.74
grandfather
Maternal aunts/uncles 19 (1.3) 14 (3.3) 33(1.7) 0.007
Paternal aunts/uncles 17 (1.1) 5(1.2) 22 (1.1) 0.95
Third degree
Maternal cousins 23 (1.5) 5(1.2) 28 (1.4) 0.57
Paternal cousins 37 (2.5) 9(2.1) 46 (2.4) 0.66
Other relatives 41 (2.7) 12 (2.8) 53 (2.7) 0.93

uncles. Our data revealed an increasing trend in POMS prevalence in
Tehran, thus confirming previous findings (Elhami et al., 2011;
Eskandarieh et al., 2016).

Our sample size was higher than that of previous studies in Iran
(Eskandarieh et al., 2018a; Inaloo et al., 2014; Moosazadeh et al.,
2017).

The prevalence of POMS in Tehran is higher than that found in
Japan (0.69/100,000) (Yamaguchi et al., 2016) and Kuwait (6.0/
100,000) (Alroughani et al., 2015); however, it is lower than POMS
prevalence in Italy (26.92/100,000) (Dell'Avvento et al., 2016).

Based on our findings, a significant increasing trend in POMS pre-
valence was observed during 2012-2017, annually. One important
reason for the difference in prevalence rates reported for POMS could
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be the use of a different cut-off point for POMS in various pediatric
cohorts, ranging from 15 to 18 years old.

Most of pediatric definitions set the cut-off at 18 years (Krupp et al.,
2007) but our cut of was 19 years like the studies conducted in Italy
(Dell'Avvento et al., 2016) and Shiraz (Inaloo et al., 2014) which may
push our mean age up.

The mean age at disease onset was 15.09 * 2.27 years in our study
which is higher than that reported in previous studies conducted in
Tehran (14.28 = 1.87) (Sahraian et al., 2010) and other provinces of
Iran such as Fars (11 =+ 4.71) (Inaloo et al., 2014) and Isfahan
(14.1 = 2) (Etemadifar et al., 2007). It is also significantly higher than
the value reported in the studies conducted in France (13.7 = 2.4)
(Renoux et al., 2007), Japan (8.3 = 0.48) (Yamaguchi et al., 2016),
Canada (12.0 = 3.8) (Banwell et al, 2011), and Belgium (14.3)
(Banwell et al., 2011). However, it is similar to the data reported for
Kuwait (15.4 * 2.1) (Alroughani et al., 2015), Italy (15.4 + 2.2)
(Dell'Avvento et al., 2016), and USA (15.7 + 2.9) (Yamamoto et al.,
2018).

We found the female to male ratio of 3.5:1 in our survey that was
similar to the previous findings in other provinces of Iran such as
Tehran (3.6:1) (Sahraian et al., 2010) and Fars (3:1) (Inaloo et al.,
2014). This ratio was significantly higher than the value reported for
other countries such as France (2.78:1) (Renoux et al., 2007), Japan
(1.8:1) (Yamaguchi et al., 2016), Kuwait (2.8:1) (Alroughani et al.,
2015), Italy (0.36:1) (Dell'Avvento et al., 2016), Canada (1.9:1)
(Banwell et al., 2011), Belgium (2.06:1) (Deryck et al., 2006), Turkey
(1.7:1) (Yilmaz et al., 2017), and Germany (2.07:1) (Reinhardt et al.,
2014).

Our data demonstrated an increasing trend in female to male ratio
after puberty as shown in previous studies (Chitnis 2013). Increasing
presentation of POMS after puberty especially among females may be
related to the endocrine changes occurring during puberty and its effect
on disease development and disease course. It seems that environ-
mental factors have more influence on MS risk in females
(Chitnis 2013).

Exposure to MS risk factors in the post-pubertal females, proposing
that interaction with endogenous biological factors occurs during
adolescent years, would synergize to cause the development of MS
(Chitnis 2013).

In our study, the number of very young children diagnosed with MS
has been decreased since 2015 which might be due to specific attention
in differential diagnosis of MS in very young children, specially diag-
nosis of autoimmune myelin oligodendrocyte glycoprotein (MOG) and
neuromyelitis optica spectrum disorder (NMOSD) (Yamamoto et al.,
2018).

Recently, a positive familial history of MS has been observed to have
an important role in disease recurrence (Eskandarieh et al., 2018a). The
frequency of familial POMS was estimated to be 14.9% in our study
which was in keeping with previous findings in France (13.5%)
(Renoux et al., 2007), Canada (16%) (Banwell et al., 2011), Germany
(13.9%) (Reinhardt et al., 2014), and Turkey (13.2%) (Ozakbas et al.,
2003). It is also lower than the reported data for Belgium (18.4%)
(Deryck et al., 2006), USA (32%) (Yamamoto et al., 2018), and Canada
(18%) (Ebers et al., 2004). Therefore, it is comparable with other
provinces in Iran such as Fars (10%) (Inaloo et al., 2014) and Isfahan
(9%) (Etemadifar et al., 2007).

From all POMS patients, the positive family history of MS in first
degree relatives was 5.7%, confirming previous findings reported from
Tehran (5.3%) (Eskandarieh et al.,, 2018b) and Isfahan (5%)
(Etemadifar et al., 2007). Moreover, positive family history of MS in
second and third degree relatives was similar to data reported for Is-
fahan (Etemadifar et al., 2007) and lower than that reported for Canada
(Banwell et al., 2011).

Our findings suggest that positive familial history of MS in maternal
relatives has more effect on the recurrence of the disease. It seems that
affected maternal aunts/uncles are more likely to transmit MS
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compared to other affected relatives. This observation confirms pre-
vious evidence of a “maternal parent-of-origin” effect in MS suscept-
ibility (Ebers et al., 2004; Herrera et al., 2008). Based on parent-of-
origin theory, mitochondrial transmission, interaction between genes,
and unidentified specific female determinants (such as hormones or
sex-dependent gene expression, intrauterine, and prenatal factors) may
have roles in transmission of MS from affected mothers to their off-
spring. On the other hand, the results from Sweden showed an equal
relative risk among maternal and paternal relatives (Westerlind et al.,
2014). They also pointed out that the highest risk of MS recurrence in
second degree relatives related to maternal aunts (1.50%)
(Westerlind et al., 2014).

Recent studies in Tehran showed a high familial recurrence of MS in
siblings (Eskandarieh et al., 2018a). The population examined in this
study was under the age of 18 and their siblings were expected to be in
the same range of age, so they did not reach the mean age of MS onset
reported in the study conducted in Tehran (25-29 years old)
(Eskandarieh et al., 2017). Thus, evaluation of MS familial recurrence
risk among siblings in POMS is challenging.

Despite higher female to male ratio, the percentage of familial MS
was higher among men. Therefore, men would be expected to transmit
MS to their family more often than women, an occurrence known as the
Carter effect (Kantarci et al., 2006).

Nevertheless, the recent study in Sweden revealed a higher trans-
mission rate from father to offspring compared with mother to off-
spring, and confirmed the presence of Carter effect in MS recurrence
(Kantarci et al., 2006).

5. Limitations

There were some limitations in our study in spite of covering a large
sample size.

The first limitation relates to voluntary registration of patients in
IMSS which may affect the prevalence rate. The second limitation
seems to be the delay between the first episode of the disease and re-
gistration process of newly diagnosed POMS cases.

The third possible limitation is that the diagnoses were made by an
adult neurologist.

The fourth limitation is that small children should be registered by
their parents.

6. Conclusions

The prevalence of POMS in Tehran is high and may be related to
increasing knowledge and interest in MS diagnosis by physicians, more
MRI scanners, revisions of diagnostic criteria, awareness about this
disease among general population, and changes in people's life style.
Increasing presentation of POMS after puberty especially among fe-
males revealed the considerable effect of environmental factors on MS
risk in females and suggested that sex hormones may play a role in the
immune system and cause sex diversity in basal immune responses.

It was also found that among various modest familial risks, affected
maternal relatives have more effect on the recurrence of the disease.
Furthermore, exposure to environmental risk factors provides a higher
chance for POMS occurrence.

Understanding pediatric MS would yield important insights into the
natural history of MS and identify key genetic and environmental fac-
tors during the earliest stages of disease pathogenesis.
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