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of the central nervous system (CNS) is called multiple 
sclerosis (MS),[1] afflicting over 2.5 million young 
adults worldwide.[2] In the past, Iran was considered 
a region with low incidence of MS, but the number 
of patients has increased over recent decades.[3] At 
the 10th International Congress of MS, the number of 
MS cases was reportedly 37,655 people (49.2/100,000) 
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ABSTRACT
Background: Multiple sclerosis (MS) is an autoimmune disease of the central nervous system. 
Etiology of the disease is not well understood; however, it is more common in women than in 
men and occurs mainly during reproductive age. The aim of this study was to evaluate some risk 
factors in women of childbearing age with MS in Isfahan Province.
Methods: This analytic case–control study was conducted in MS Clinic in Isfahan, 2014. The 
study was done on 200 patients with MS and 200 nonpatients (matched controls) that were 
randomly selected for inclusion in the study. The data collection tool was a researcher‑designed 
questionnaire consisting of three parts: Demographics, disease characteristics, and some risk 
factors related to reproductive age. Data were analyzed by SPSS version 20, using descriptive 
and inferential statistics.
Results: The results showed that risk of MS had a significant relationship with age at 
menarche (P < 0.001), prior use of oral contraceptives (OCs) (P = 0.002), duration of use of 
OCs (P = 0.008), and number of pregnancies (P < 0.001). However, there was no significant 
relationship between age of onset of use of OCs (P = 0.80) and age at the first pregnancy (P = 0.45) 
with the risk of MS.
Conclusions: Results of this research determined that the following risk factors were associated 
with developing MS, age at menarche, history, and duration of use of OCs and number of 
pregnancies.
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with the highest prevalence in Isfahan, of about  
85.5 people/100,000.[4] According to these results, 
Isfahan ranks first in terms of prevalence and incidence 
of MS in Asia.[5] MS is a complex neurological disease 
that has a strong tendency to affect women.[6] The 
women:men ratio of people affected by MS is 10:3.[7] 
The most common time for emergence of the disease 
is during the second and third decade of a person’s life 
between the ages of 25-30 years.[7] Only rarely is MS 
contracted before puberty.[8,9] Incidence of the disease 
increases dramatically after puberty,[8-12] and the sex 
ratio also increases; when onset of the disease occurs 
between the ages of 13-18 years old, the female: male 
ratio reaches 2.2:1.[8-10] Complex reactions between 
genetic and environmental factors are involved in the 
etiology of MS.[13-15] The question that guided this 
research was: Do events at childbearing age (including 
puberty), such as using contraceptive drugs, pregnancy 
at an older age, and multiple pregnancies make women 
more susceptible to MS? Puberty is a complex biological 
phenomenon influenced by genetic, nutritional, 
environmental, economic, and socioeconomic factors.[16] 
Puberty also involves significant changes in the brain.[17] 
During puberty, the volume of white matter in the brain 
increases linearly. There are also changes in gray matter 
volume, first an increase and then a decrease over 
time.[18] Gender differences are triggered by sex 
hormones producing basal immune responses, and 
thus their important roles in the immune system are 
corroborated. Higher antibody responses to antigens, 
especially those resulted from more intense activities 
of T-cells, are caused by higher immunoglobulin levels 
in women.[19] Studies show an increased risk of MS in 
cases of lower age at menarche and appearance of the 
first signs of puberty at a younger age.[20-23] Regarding 
the use of oral contraceptives (OCs), no significant 
effect was determined on the risk of MS.[24] There was 
no definitive clinical data to demonstrate the beneficial 
effect of OC use on the course and progression of 
MS; however, possible delay in the onset of clinical 
symptoms of MS has been observed.[25] Regarding the 
effects of childbirth and pregnancy, the risk of MS 
among women in their first pregnancy has been reported 
as upper than in women who have had multiple 
pregnancies.[26] Even though, many studies have reported 
no association between the risk of MS and pregnancy 
or childbirth.[24,26,27] However, childbirth postpones MS 
to a later age, and this suggests that it has a protective 
effect.[28] Furthermore, pregnancy in patients with MS 
is associated with decreased neurological symptoms 
and improved quality of life; these changes are more 
obvious during the third trimester compared with the 
first trimester of pregnancy.[29] Research has shown 
an increased risk of MS 6 months after delivery.[27,29,30] 

In general, the relationship between reproductive 
risk factors and MS has not been studied extensively. 
However, the frequency of infertility is higher in women 
with MS than among the general population.[26] This 
may be associated with postponed pregnancy or concerns 
about the risk of disease transmission.[31] On the 
assumption that childbearing incidents such as puberty, 
pregnancy at later age, number of pregnancies, and OC 
use in women are related to the risk of developing MS, 
and given that no research has focused on impacts of 
childbearing age variables such as puberty, use of OCs, 
pregnancy at later age, and number of pregnancies on 
incidence of MS in women. Given the importance of 
the high prevalence of MS in Isfahan, the aim of this 
study was to assess correlations of some childbearing age 
variables with risk factor for MS in patients referred to 
the MS Clinic of Isfahan.

METHODS

Study design and participants
This analytic case–control study was approved by 
School of Health, Isfahan University of Medical 
Sciences, under project number 393260 and was 
conducted in Al-Zahra Hospital in 2014 on 400 
women (200 patients and 200 controls). Patients who 
were referred to the MS clinic of the hospital whose 
disease had been confirmed by diagnostic studies 
such as magnetic resonance imaging and approved 
by the Neurology Committee of the Hospital using 
standard MS[32] were considered for inclusion in the 
study, and women who were referred to different wards 
of the hospital (other than psychiatry, obstetrics, and 
gynecology to avoid confounding factors) were selected 
as the control group. It is known that climate affects 
the onset of puberty.[34] Subjects in the control group 
were matched with patients according to area of 
residence. The province was divided into cold and 
tropical climates, and sampling was conducted from 
both types. Criteria common to both groups in the 
study were age range of women 15–50 years; all were 
residents of Isfahan Province, had consented to give 
their information, and lack of gynecologic disease.

Inclusion criteria for patients were as follows: Absence 
of acute conditions, full consciousness, member of 
Isfahan’s Multiple Sclerosis Society and having medical 
records in this society, and duration of at least 1 year 
from the time of diagnosis.

Inclusion criteria for the control group were as follows: 
Lack of MS or any other neurologic/mental disease.

Study instrument and variables assessment
Information collected in this study included 
demographic characteristics such as age, marital status, 
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place of residence, disease-related variables, and variables 
affecting women of childbearing age such as early onset 
of puberty, use of OCs prior to developing MS, age at 
the first pregnancy, number of pregnancies prior to MS, 
family history of MS, other autoimmune disease, and 
history of a viral disease in childhood. Demographic 
variables were collected from medical records and other 
variables related to diseases and reproductive age were 
recorded during interviews with patients. Participants 
were first questioned face-to-face in the presence of 
their parents who had access to patient information. 
Each questionnaire was completed by the researcher. 
Assessment of age of onset of puberty was made according 
to Tanner classification (age at breast growth and pubic 
hair growth) and age at menarche (first menstruation).[35] 
Early puberty was thus considered age at menarche in 
this study. Criterion for age of start of OC use was age 
of onset of using OCs before developing MS. Duration of 
OC use was recorded in months and determined by the 
amount of time that a participant had used OCs before 
the onset of MS.

Statistical analysis
After collecting information, the data analysis was 
performed by descriptive analysis and logistic regression 
tests using (PASW statistics for windows Chicago: SPSS 
Inc). Logistic regression was used for calculating the odds 
ratio (OR) and confidence interval (CI) was considered 
at 95%.

RESULTS

A total of 400 women were enrolled for participation in 
this study (200 patients and 200 controls). Sixty-eight 
percent of participants in the patient group and 77% 
in the control group were married. The mean age of 
patients was 31.76 ± 8.13 years and in the control group, 
it was 31.53 ± 8.97 years. The most common type of MS 
in patients was relapsing/remitting (RR) subtype with 
the highest frequency was 90%. The most common signs 
of MS presented in patients were impaired vision (46%) 
and numbness (38.5%), and mean age of onset of 
symptoms in the patient group was 26 ± 7.77 years. 
Seventeen percent of patients and 9.5% of the control 
group had a positive family history of MS; there was a 
significant association between family history of MS 
with developing the disease (P = 0.027). Seventy-five 
percent of patients had a history of viral disease in 
childhood that was significantly different between the 
two groups (P = 0.048). Table 1 shows the distribution 
of demographic characteristics of patient and control 
groups. Table 2 shows distribution of reproductive age 
risk factors including mean age, age at menarche, age 
at the first pregnancy, history, age and duration of use 
of OCs, and number of pregnancies in the two groups. 
Based on results obtained by the independent t-test, a 
significant correlation was observed between the age at 

menarche (P < 0.001), prior use of OC before developing 
MS (P = 0.004), history duration of contraceptive use 
before developing MS (P = 0.002), and number of 
pregnancies before MS (P < 0.001) [Table 2].

To determine the association between reproductive age, 
variables such as age at menarche, age of onset of OC use 
prior to developing MS, duration of use of OCs prior to 
MS, age at first pregnancy, number of pregnancies before 
MS and developing MS in women, 6 logistic regression 
models were separately fitted. The effects of these 
variables on the risk of MS were adjusted by entering 
variables such as age, marital status, place of residence, 
family history of MS, developing other autoimmune 
diseases, and history of viral diseases in childhood in these 
models. The results indicate a significant relationship 
between age of menarche onset and incidence of 

Table 1: Frequency (%) of some demographic and health 
condition characteristics among cases and controls

Variables Cases (%) Controls (%) P

Marital status
Single 54 (27) 40 (20) 0.12a

Married 136 (68) 154 (77)
Divorced and 
widowed

10 (5) 6 (3)

Occupation
Householder 123 (61.5) 123 (61.5) 0.39a

Employee 16 (8) 23 (11.5)
Self‑employment 17 (8.5) 19 (9.5)
Collegian 21 (10.5) 18 (9)
Student 4 (2) 7 (3.5)
Workless 19 (9.5) 10 (5)

Residence
Urban 180 (90) 180 (90) 1.000a

Rural 20 (10) 20 (10)
Education

Elementary 19 (9.5) 24 (12) 0.54
Guidance school 23 (11.5) 28 (14)
High school 6 (3) 9 (6)
Diploma 61 (30.5) 63 (31.5)
Collegiate 91 (45.5) 76 (38)

Family history of 
multiple sclerosis

Yes 34 (17) 19 (9.5) 0.02a

No 166 (83) 181 (90.5)
Affecting to other 
autoimmune diseases

Yes 22 (11) 27 (13.5) 0.44a

No 178 (89) 173 (86.5)
History of childhood 
viral infections

Yes 150 (75) 132 (66) 0.04a

No 50 (25) 68 (34)
aChi‑square
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MS (OR = 0.780, CI = 0.676–0.899) that show an 
inverse relationship regarding OR. The relationship 
between use of OCs (OR = 0.492, CI = 0.314–0.772) and 
duration of use of OCs were statistically significant with 
the risk of MS (OR = 0.881, CI = 0.803–0.967). This 
means that consumption and higher duration of using 
OCs reduced the risk of MS. The relationship between 
the number of pregnancies and MS was also statistically 
significant (OR = 0.586, CI = 0.461–0.745), but there 
was no significant relationship the age at onset of using 
OCs (P = 0.80) and age at the first pregnancy (P = 0.45) 
with MS; the results are shown in Table 3.

DISCUSSION

The aim of this study was to determine the association 
between risk factors of reproductive age and the 
prevalence of MS. Results show that age at menarche 
was associated with risk of developing MS. Consistent 
with the results of this research, several other studies 
have considered age at menarche as an effective risk 
factor for development of MS.[20-23] The association of 
lower age at menarche with an increased risk of MS is 
possibly due to earlier exposure to hormonal changes 

during puberty that may affect the onset and course of 
the disease.[36,37] A higher age at menarche may lead to 
longer preteenage stage of development and thereby 
an increased volume of gray matter that increases the 
storage performance capacity against axonal degeneration 
levels of estrogen. This hormone has specific effects on 
the development of CNS.[17] It also affects function of 
the immune system.[19] Long exposure to this hormone 
increases the risk of developing an autoimmune disease 
such as MS.[23,38] A wide age range for onset of puberty 
is seen among people that may be affected by factors 
such as genetics, race, diet, environmental exposure, and 
lifestyle.[39] A meta-analysis of data from Europe suggests 
that age at menarche has become dramatically lower 
and this trend has been evident since the late 1800s and 
continued until 1950, but it seems to have leveled from 
1960 to 2010.[40] Therefore, a decrease in age at onset of 
puberty during the past 100 years, especially in women, 
might be effective in increasing incidence and gender 
difference in MS.[37] This issue supports the hypothesis of 
an association between age at menarche and risk of MS. 
Potential biological mechanisms for these effects need 
further investigation.

The effect of OC use on MS has been assessed in the 
current study among patients and control groups in 
terms of the history of use, duration of OC use, and age 
of onset of OC use. According to the logistic regression 
model, the relationship between prior use of OCs with 
MS (CI = 0.314–0.772, OR = 0.492) and duration of 
use of OCs were statistically significant with the risk of 
MS (CI = 0.803–0.967, OR = 0.881). This means that 
consumption and higher duration of use of OCs reduced 
the risk of MS. Inconsistent with the results of this study, 
research by Alonso et al. reported no effect of OCs as 
a source of exogenous sex hormones on the risk of MS 
in many women.[25] Furthermore, inconsistent with the 
results of this research were those reported by Hernan 
et al. that suggest an increased risk of developing MS 
among OC users in the long-term.[27] Consistent with 
results of this study were those reported by Holmqvist 
et al. that determined an association between OC use 
before the onset of MS at a later age that indicated a 
protective effect against developing MS.[28] Exposure 
to female hormones at a younger age may have little 
influence on hormonal balance of androgens is in CNS 
by interacting with hormone receptors or with hormone 
synthesis or metabolism.[41] Currently, no clinical data 
exists to demonstrate a beneficial effect of OC use on 
the course and progression of MS, except a possible 
delay in the onset of clinical signs in cases of MS relapse. 
These findings are contrary to those of other research 
that report a protective effect of sex steroids on neurons 
and OC in the field of autoimmune diseases.[24] However, 
no significant relationship between age at onset of use of 
OCs was found (OR = 0.99, CI = 0.929–1.059).

Table 2: Frequencies of MS risk factors among cases and 
controls

Variables Cases Controls P

Age at menarchea (mean±SD) 12.96±1.43 13.48±1.49 <0.001
History of use oral 
contraceptionb, n (%)

Yes 69 (34.5) 97 (48.5) 0.004
No 131 (65.5) 103 (51.5)

Duration of oral 
contraceptiona (Mean Rank)

184.4 216.5 0.002

Age at starting oral 
contraceptiona (mean±SD)

21.76±5.74 22.27±4.90 0.53

Age at the first 
pregnancya (mean±SD)

21.27±4.01 20.99±3.91 0.56

Number of pregnanciesa 1.00±1.26 1.49±1.37 <0.001
Age at surveya (year) (31.76±8.13) 

200
(31.53±8.97) 

200
0.78

at‑test, bChi‑square. SD=Standard deviation, MS=Multiple sclerosis

Table 3: Summary of MS risk factors in woman

Variables OR* CI (95%) Pa

Age at menarche 0.78 0.676‑0.899 0.001
History of use oral contraception 0.492 0.314‑0.772 0.002
Duration of oral contraception 0.881 0.803‑0.967 0.008
Age at starting oral contraception 0.992 0.929‑1.059 0.80
Age at the first pregnancy 1.026 0.963‑1.097 0.45
Number of pregnancies 0.586 0.461‑0.745 <0.001
aObtained from logistic regression, *Adjusted OR. MS=Multiple sclerosis, OR=Odds 
ratio, CI=Confidence interval
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In this study, the relationship between the number 
of pregnancies and MS was statistically significant by 
logistic regression model (OR = 0.586, CI = 0.461–
0.745,), which means that the risk of MS decreased in 
relation to a greater number of pregnancies. While the 
results of a study by Runmarker and Andersen show a 
upper risk of MS in the first childbirth compared with 
women who had had multiple pregnancies.[26] This was 
consistent or Aligned to the results of our research.  Some 
studies have reported no association between the risk of 
MS and pregnancy or childbirth.[24,26,29] Holmqvist et al. 
study showed an association of number of deliveries with 
delay in age of onset of MS.[28] Furthermore, Ponsonby 
et al. study showed a significant reduction in the risk of 
developing the first demyelination among women that 
had given birth to more children.[42] This indicates a 
protective effect of MS and is consistent with the results 
of this study. In this study, no relationship was determined 
between woman’s age at the first pregnancy (OR = 1.02, 
CI = 0.963–1.097) with MS, but it should be noted that 
young women may decide to prevent being pregnant with 
the onset of the disease and this may have contributed 
to results in line with those of this current research. 
According to the available information, a beneficial effect 
of pregnancy on the risk of inflammatory demyelination 
may persist, which is probably indicative of hormonal 
changes.[41] However, experiments have shown that there 
is a reconstruction of white matter during pregnancy 
and that supports the results of this study.[43] Although 
women are considered at higher risk of developing MS 
than men, women are at lower risk of progression in 
disease onset, at least during their reproductive age.[41] As 
far as pathogenesis of progressive degeneration of axons 
in MS is not well-known, its possible mechanisms are 
speculative.

The strengths of this research include lack of a similar 
study in Iran that makes a direct assessment of the 
relationship between risk factors of reproductive age and 
MS. The limitations of this study include recall bias, as 
data of risk factors of reproductive age were collected by 
a self-reported method. Given the case–control design of 
the current study, it is logical that it is associated with 
recall bias and considering that the age at menarche is 
related to many years before, information may not be 
reliable, but it should be considered that menstruation is 
a unique indicator of the process of puberty and studies 
have demonstrated a strong relationship (r = 0.67–0.79) 
between remembering the age at menarche in middle 
age and original childhood data,[44,45] which supports 
observations that show a real association and not 
influenced by error. Moreover, this study was conducted 
in a limited area and with a limited number of patients 
that thus reduces generalizability of the results; it is 
therefore suggested that a similar study be done on a 
larger sample size and in other provinces.

CONCLUSIONS

The results obtained from this study suggest that 
among the studied reproductive age risk factors, age 
at menarche, use of OCs, duration of use of OCs, 
and number of pregnancies can increase the risk of 
MS. Hence, the results of this research can help to 
identify causes of the disease and disclose important 
new insights to prevention of the disease for our 
community, especially through identification of those 
at risk. However, it is recommended that further studies 
be done to evaluate the counter-effect of exposure with 
risk factors and biological changes around puberty to 
identify preventive actions against the development and 
progression of MS.
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