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A

 

BSTRACT

 

Background and Methods

 

Multiple sclerosis of-
ten occurs in young women, and the effect of preg-
nancy on the disease is poorly understood. We stud-
ied 254 women with multiple sclerosis during 269
pregnancies in 12 European countries. The women
were followed during their pregnancies and for up to
12 months after delivery to determine the rate of
relapse per trimester and the score on the Kurtzke
Expanded Disability Status Scale (range, 0 to 10,
with higher scores indicating more severe disability).
The relapse rate in each trimester was compared
with the rate during the year before the pregnancy.
The effects of epidural analgesia and breast-feeding
on the frequency of relapse during the first three
months post partum and the disability score at 12
months post partum were also determined.

 

Results

 

The mean (±SD) rate of relapse was
0.7±0.9 per woman per year in the year before preg-
nancy; it was 0.5±1.3 during the first trimester
(P=0.03 for the comparison with the rate before preg-
nancy), 0.6±1.6 during the second trimester (P=0.17),
and 0.2±1.0 during the third (P<0.001). The rate in-
creased to 1.2±2.0 during the first three months post
partum (P<0.001) and then returned to the prepreg-
nancy rate. The mean Kurtzke disability score wor-
sened by 0.7 point during 33 months of follow-up,
with no apparent acceleration during the postpartum
period. Neither breast-feeding nor epidural analgesia
had an adverse effect on the rate of relapse or on the
progression of disability in multiple sclerosis.

 

Conclusions

 

In women with multiple sclerosis, the
rate of relapse declines during pregnancy, especially
in the third trimester, and increases during the first
three months post partum before returning to the
prepregnancy rate. (N Engl J Med 1998;339:285-91.)

 

©1998, Massachusetts Medical Society.
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ULTIPLE sclerosis affects 1 in 1000
people in Western countries,

 

1

 

 mainly
women in their childbearing years.

 

2,3

 

 In
general, the rate of relapse has been

thought to decrease during pregnancy and increase in
the postpartum period, but the studies have been
small, and some have reached different conclusions.

 

4-9

 

The Pregnancy in Multiple Sclerosis (PRIMS) study
was a European multicenter, prospective, observa-
tional study designed to determine the effect of preg-
nancy and the postpartum state on the course of the
disease, along with that of breast-feeding and epidural
analgesia.

 

METHODS

 

Study Design and Recruitment of Subjects

 

We studied 254 women with multiple sclerosis that began be-
fore the pregnancy under study and that was diagnosed according
to the classification of Poser et al.

 

10

 

 This classification scheme for
the degree of certainty regarding the diagnosis combines three
criteria: dissemination of lesions in time; dissemination of lesions
in space, evidence of which may be clinical or paraclinical (from
evoked potentials, computed tomography, or magnetic resonance
imaging); and quantitative or qualitative abnormalities in immu-
noglobulins in the cerebrospinal fluid. Clinically definite cases are
defined by dissemination in time and space, regardless of the
results of cerebrospinal fluid tests; laboratory-supported definite
cases are defined by dissemination in time and cerebrospinal fluid
abnormalities, or by dissemination in space and cerebrospinal flu-
id abnormalities; clinically probable cases are defined only by dis-
semination in time or space; laboratory-supported probable cases
by cerebrospinal fluid abnormalities only; and suspected cases by
the lack of fulfillment of any of the three criteria.

All the women had been pregnant for at least 4 weeks but less
than 36 weeks at entry into the study. Any European neurologist
willing to participate in the study was invited to do so and received

M
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the study protocol and data-collection forms designed for use with
the European Database for Multiple Sclerosis (EDMUS) system.

 

11

 

Recruitment of the women began in January 1993 and ended
when the target number of 250 pregnancies was reached in July
1995. This number was calculated to allow the study to detect a
reduction of at least 33 percent in the relapse rate during the
third trimester of pregnancy, as compared with the rate during
the year before pregnancy. A total of 194 of the women (76 per-
cent) were known to the study neurologist before the pregnancy.
The study protocol was approved by the ethics committee of St.
Vincent’s Hospital, Dublin, Ireland, and all the women gave in-
formed consent.

 

Assessment of Subjects

 

After enrollment, the women were examined at 20 and 28
weeks of gestation if enrollment took place before those times. In
any case, all the women were examined at 36 weeks of gestation,
and they were assessed by telephone at 40 weeks. Subsequently,
they were examined 3, 6, and 12 months post partum, with tele-
phone assessments 1 and 9 months post partum. For each wom-
an, the same neurologist conducted all evaluations and completed
a standardized form on each occasion. Short courses of glucocor-
ticoids were the only immunologic treatment for multiple sclero-
sis allowed during pregnancy.

We recorded obstetrical data on previous pregnancies and their
outcomes, the date of the last menstrual period, any complications
of the pregnancy under study, the method of delivery and any
complications, the use or nonuse of epidural analgesia, whether
the mother was breast-feeding her infant, and the weight, sex, and
health status of the infant.

The following data were collected on the course of multiple
sclerosis: date of onset, total number of relapses before the study
pregnancy, number of relapses in the year before the study preg-
nancy, number of relapses during the study pregnancy but before
enrollment in the study, whether the course was relapsing–remit-
ting or progressive,

 

2,11

 

 and the extent of neurologic disability one
year before the last menstrual period before the study pregnancy
and at the beginning of the pregnancy.

We also collected the following prospective data: extent of neu-
rologic disability at the time of enrollment in the study, at 36
weeks’ gestation, and 3, 6, and 12 months post partum; whether
there was any new relapse; and any immunologic treatments, such
as glucocorticoids and immunosuppressant or immunomodulat-
ing drugs. For the women who became pregnant again less than
a year after the first pregnancy, the study period for the first preg-
nancy was defined as ending at the time of the last menstrual
period before the second pregnancy.

Once completed by the neurologist, the data-collection forms
were sent to the coordinating center, where the staff ensured that
the data were internally consistent and that follow-up was on
schedule. Any inconsistencies were pointed out by the staff, and
further information was sought from the neurologist. All the data
received at the coordinating center were sent back to the neurol-
ogist for final validation.

A relapse of multiple sclerosis was defined as the appearance or
worsening of symptoms of neurologic dysfunction lasting more
than 24 hours. Fatigue alone was not considered a relapse. Neu-
rologic disability was assessed with use of the Kurtzke Expanded
Disability Status Scale,

 

12

 

 which is based on the data from the neu-
rologic examination and the patient’s ability to walk. Scores range
from 0 (indicating no neurologic abnormality) to 10 (death caused
by multiple sclerosis). Residual neurologic disability was defined
as the minimal level of persistent disability recorded on two con-
secutive examinations at least three months apart, excluding any
transient worsening of disability related to relapses.

 

Statistical Analysis

 

The rates of relapse per woman per year during each three-
month period during pregnancy and the postpartum year were
compared with the relapse rate during the year before the preg-

nancy began by means of paired, two-sided t-tests. The effects
of epidural analgesia and breast-feeding on the course of multi-
ple sclerosis were analyzed by logistic-regression analysis, with
adjustment for age and the duration of disease at the beginning
of pregnancy and the occurrence of relapses, for each three-
month period during the year before the pregnancy and during
pregnancy. One outcome analyzed was the occurrence of a re-
lapse during the first three months post partum; the second was
an increase of 1.0 point or more in the residual Kurtzke score as
determined at the beginning of pregnancy and the end of the
postpartum year. Finally, the method of Wei and Johnson was
used to calculate an overall P value for the association of the
relapse rates and residual disability with either epidural analgesia
or breast-feeding during the entire 33-month study period from
1 year before the pregnancy began to the 12th month post par-
tum.

 

13

 

 All computations were performed with SPSS for Windows
software, version 6.1.

 

14

 

RESULTS

 

Characteristics of the Women with Multiple Sclerosis

 

A total of 254 women were enrolled in the study
(Fig. 1). Fifteen were studied during 2 pregnancies,
for a total of 269 study pregnancies. The last delivery
took place in February 1996. The base-line character-
istics of the 254 women are shown in Table 1. Among
the 241 full-term pregnancies, the mean (±SD) dura-
tion of the pregnancy at the time of enrollment was
18±9 weeks; 113 of the 241 women (47 percent)
were enrolled during the first trimester, 93 (39 per-
cent) during the second trimester, and 35 (15 per-
cent) during the third trimester. Sixteen women re-
ceived glucocorticoid therapy during pregnancy.
During the first six months after delivery, 35 women
received glucocorticoid therapy, 4 received azathio-
prine, and 1 received mitoxantrone; during the second
six months post partum, 27 women received gluco-
corticoid therapy, 3 azathioprine, 6 recombinant in-
terferon beta-1b, 1 mitoxantrone, and 1 cyclophos-
phamide.

 

Outcomes of Pregnancy

 

Full data on pregnancy and delivery were available
for 256 pregnancies in 241 women (Fig. 1). Among
the 241 full-term pregnancies (227 first pregnancies
and 14 second pregnancies), there were 8 twin preg-
nancies; 2 of these resulted in the delivery of one still-
born and one live infant. The mean duration of preg-
nancy was 39±3 weeks; 27 pregnancies ended at or
before 36 weeks. Among the live-born infants, there
were 130 boys and 113 girls (for 4 infants, the sex was
not recorded). The mean weight at delivery was
3.3±0.6 kg; seven infants weighed less than 2.5 kg.
One infant had ureteral stenosis with mild hydro-
nephrosis. All the live-born infants were healthy at one
year of age, except for one twin who died of sudden
infant death syndrome at the age of three months.

There were 196 vaginal deliveries and 43 cesarean
deliveries (data were missing in 2 cases). Epidural
analgesia was given to 42 women. There were few
complications during or after delivery. One woman
had eclampsia; 12 had excessive bleeding, of whom
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Figure 1.

 

 Outcomes of Pregnancy and Follow-up in Women with Multiple Sclerosis Who Were Recruited into the Study.
Eight women were pregnant with twins; in two cases, one twin was born alive and one was stillborn (these women and pregnancies
appear twice in the figure).

Initial recruitment:I
m254 womenI
m269 pregnancies

Loss to follow-up before delivery:I
m13 womenI
m13 pregnancies

Follow-up until delivery:I
m241 womenI
m256 pregnancies

Spontaneous abortion:I
11 womenI

m12 pregnancies

Live birth:I
m247 infantsI
m227 womenI
m241 pregnancies

First live birth in study:I
227 women

Second live birth in study:I
14 women

Stillbirth:I
m5 infantsI
m5 womenI
m5 pregnancies

Follow-up for 6 moI
mmafter delivery:I

215 women

Follow-up for 6 moI
mmafter delivery:I

14 women

Follow-up for 6 moI
mmafter delivery:I

7 women

Follow-up for 6 moI
mmafter delivery:I

3 women

Follow-up for 12 moI
mmafter delivery:I

197 women

Follow-up for 12 moI
mmafter delivery:I

14 women

Follow-up for 12 moI
mmafter delivery:I

5 women

Follow-up for 12 moI
mmafter delivery:I

2 women

 

only 5 required blood transfusion, and 9 had infec-
tion. Among the 209 women for whom informa-
tion was available, 122 chose to breast-feed their
infants.

 

Relapses of Multiple Sclerosis

 

For each woman, only the first pregnancy during
the study that led to a live birth was included in our
analyses. This amounted to a total of 227 pregnan-
cies. The relapse rates for each three-month period
during the year before the pregnancy, during the
pregnancy, and during the postpartum year are shown
in Table 2 and Figure 2. As compared with the
prepregnancy year, in which the mean rate of relapse
was 0.7±0.9 per woman per year, the relapse rates in
the first and the second trimesters of pregnancy were
slightly lower, and that during the last trimester was

substantially lower (0.2±1.0 relapse per woman per
year). After delivery, the rate during the first three
months was higher than that before pregnancy, but
in the second, third, and fourth three-month periods
it was similar to the rate before pregnancy. 

Table 3 shows the relapse rates during the study
period according to whether the women received
epidural analgesia and breast-fed their infants. The
risk of a relapse after delivery was not affected by the
use of epidural analgesia (odds ratio as compared
with nonuse, 1.5; 95 percent confidence interval, 0.7
to 3.2; P=0.51) or by breast-feeding (odds ratio as
compared with not breast-feeding, 0.8; 95 percent
confidence interval, 0.4 to 1.5; P=0.51). When we
evaluated the entire 33-month study period by the
Wei–Johnson method,

 

13

 

 there was no significant dif-
ference in the rate of relapse between women who
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underwent epidural analgesia and those who did not
(P=0.54). By contrast, women who breast-fed their
infants had a significantly lower rate of relapse than
women who did not (P=0.02).

 

Disability Related to Multiple Sclerosis

 

The residual Kurtzke disability score worsened
steadily during the study, with a mean increase of
0.7 by the end of the 33-month study period (Table
4). There was no apparent acceleration of the pro-
gression of disability in the postpartum period as
compared with the earlier periods, either among all
the women or in subgroups defined according to
whether they had received epidural analgesia (odds
ratio, 1.1; 95 percent confidence interval, 0.5 to 2.6;
P=0.80) or whether they had breast-fed their
infants (odds ratio, 1.4; 95 percent confidence inter-
val, 0.7 to 3.0; P=0.27). When analyzing the entire
33-month study period by the method of Wei and
Johnson,

 

13

 

 we did not find any significant difference
in the progression of disability according to the use
or nonuse of epidural analgesia (P=0.66) or whether
women breast-fed their infants (P=0.27).

 

*Plus–minus values are means ±SD. If a woman had two pregnancies during the study period,
only the first pregnancy is included in this analysis.

†The score on the Kurtzke Expanded Disability Status Scale

 

12

 

 is based on data from the neurologic
examination and the patient’s ability to walk. It ranges from 0 (no neurologic abnormality) to 10
(death caused by multiple sclerosis). Residual disability was defined as the minimal level of persistent
disability recorded on two consecutive examinations at least three months apart, excluding any tran-
sient worsening of disability related to relapses.

‡In the relapsing–remitting forms of multiple sclerosis, relapses are separated by periods of clinical
inactivity and there is no progression (continuous worsening of symptoms and signs for a minimum
of six months) between relapses. In the progressive forms, there is continuous worsening of symp-
toms and signs for a minimum of six months, whether or not there are relapses; clinical progression
in multiple sclerosis can occur after an initial relapsing–remitting phase of the disease (secondary
progressive forms) or from the clinical onset of the disease (primary progressive forms).

 

11

 

 

§We used the classification of Poser et al.
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 to characterize the degree of certainty regarding the
diagnosis of multiple sclerosis (see the Methods section).
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No. of women 227 14 13

Age at beginning of pregnancy — yr 30±4 30±3 32±4

Duration of multiple sclerosis before
pregnancy — yr

6±4 6±5 8±5

No. of relapses before pregnancy 4±4 4±2 6±4

Residual Kurtzke disability score at 
beginning of pregnancy†

1.3±1.4 1.0±1.1 2.1±1.6

Course at enrollment — no. (%)‡
Relapsing–remitting
Secondary progressive
Primary progressive

219 (96)
8 (4)
0 

14 (100)
0 
0 

13 (100)
0 
0 

Degree of diagnostic certainty — no. (%)§
Clinically definite
Laboratory-supported definite
Clinically probable
Laboratory-supported probable
Suspected

70 (31)
52 (23)
63 (28)
16 (7)
26 (11)

3 (21)
4 (29)
5 (36)
0 
2 (14)

3 (23)
2 (15)
4 (31)
4 (31)
0 

*The numbers shown are the numbers of women who were followed for
the entire three-month period. Only relapses in these women have been
considered.

†Values are means and 95 percent confidence intervals.

‡P values are for the comparison with the relapse rate during the year
before pregnancy.

 

T

 

ABLE

 

 2.

 

 R

 

ELAPSES

 

 

 

OF

 

 M

 

ULTIPLE

 

 S

 

CLEROSIS

 

 

 

DURING

 

 P

 

REGNANCY

 

 

 

AMONG

 

 227 W

 

OMEN

 

.

 

P

 

ERIOD

 

N

 

O

 

. 

 

OF

 

W

 

OMEN

 

*
N

 

O

 

. 

 

OF

 

R

 

ELAPSES

 

R

 

ATE

 

 

 

OF

 

 R

 

ELAPSE

 

/
W

 

OMAN

 

/Y

 

R

 

† P V

 

ALUE

 

‡

 

Year before pregnancy
Months 1–3
Months 4–6
Months 7–9
Months 10–12
Months 1–12

227
227
227
227
227

36
41
42
45

164

0.6 (0.5–0.7)
0.7 (0.6–0.8)
0.7 (0.6–0.9)
0.8 (0.7–0.9)
0.7 (0.6–0.8)

Pregnancy
First trimester
Second trimester
Third trimester

227
227
225

27
32
12

0.5 (0.4–0.6)
0.6 (0.5–0.7)
0.2 (0.2–0.3)

0.03
0.17

<0.001
Year after pregnancy

Months 1–3
Months 4–6
Months 7–9
Months 10–12

222
215
204
197

68
47
46
31

1.2 (1.1–1.4)
0.9 (0.8–1.0)
0.9 (0.8–1.0)
0.6 (0.5–0.7)

<0.001
0.17
0.15
0.59
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DISCUSSION

 

In this large prospective study of the natural his-
tory of multiple sclerosis in pregnant women, the
frequency of relapses of multiple sclerosis decreased
during pregnancy, particularly during the third tri-
mester, and increased in the first three months post
partum, as compared with the rate during the year
before pregnancy. The women served as their own
controls, because matching a cohort of pregnant
women with multiple sclerosis with a cohort of
women with multiple sclerosis who did not become
pregnant has proved difficult. The decision of a
woman with multiple sclerosis to become pregnant
is strongly influenced by disease activity. 

Although the study formally began when the wom-
en were pregnant, 52 percent had been followed
prospectively by the participating neurologist before
pregnancy. If the study had begun a year before the

pregnancy began, the relapse rate for the prepreg-
nancy year would probably have been higher, and
consequently the reduction in the relapse rate dur-
ing pregnancy would have been greater. Further-
more, in other studies, the mean relapse rate in young
women with multiple sclerosis has been at least 0.5
per woman per year.

 

2,3

 

 The ability to detect relapses
is a function of the frequency of evaluation.

 

15

 

 For
that reason, given a mean relapse rate of 0.7 per year
for the year before pregnancy, detection of relapses
during this period was probably adequate.

Most previous studies of the effect of pregnancy
on the frequency of relapse in women with multiple
sclerosis have been retrospective or cohort studies;
one prospective study was of eight women.

 

16

 

 In many
of the older studies,

 

17-21

 

 the relapse rate was less than
0.5 per year, suggesting inadequate retrospective re-
view, and in only one

 

22

 

 were the results similar to

 

Figure 2.

 

 Rate of Relapse per Woman per Year for Each Three-Month Period before, during, and after
Pregnancy in 227 Pregnancies Resulting in a Live Birth among Women with Multiple Sclerosis.
The values shown are means and 95 percent confidence intervals.
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*The values shown are the mean number of relapses per woman per year, with 95 percent confi-
dence intervals (CI). Only women for whom data on epidural analgesia or breast-feeding were available
are included.
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TO THE USE OR NONUSE OF EPIDURAL ANALGESIA AND WHETHER OR NOT THE WOMEN 

BREAST-FED THEIR INFANTS.*

PERIOD EPIDURAL ANALGESIA BREAST-FEEDING

YES (N=42) NO (N=180) YES (N=122) NO. (N=87)

no./woman/yr (95 percent CI)

Year before pregnancy 0.7 (0.4–1.0) 0.7 (0.6–0.8) 0.6 (0.5–0.7) 0.8 (0.6–1.0)

Pregnancy 0.5 (0.3–0.7) 0.4 (0.3–0.5) 0.3 (0.2–0.4) 0.5 (0.3–0.7)

Year after pregnancy
Months 1–3
Months 4–6
Months 7–9
Months 10–12

1.6 (0.9–2.3)
1.0 (0.1–2.0)
0.7 (0.3–1.2)
0.7 (0.2–1.1)

1.2 (1.0–1.4)
0.9 (0.7–1.1)
0.9 (0.7–1.1)
0.6 (0.4–0.8)

1.2 (0.9–1.4)
0.9 (0.6–1.1)
0.8 (0.6–1.1)
0.6 (0.4–0.8)

1.3 (1.0–1.6)
1.0 (0.7–1.3)
1.0 (0.7–1.3)
0.8 (0.5–1.0)
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those reported here. In the six more recent stud-
ies,16,22-26 which enrolled a total of 203 women in
whom the relapse rates when they were not preg-
nant were more than 0.5 per year, the pooled results
are in agreement with ours.

The overall rate of progression of disability did not
change during the study period, despite the increase
in the relapse rate in the first three months post par-
tum. The mean increase in the residual Kurtzke score
for the entire 33-month study period was 0.7, a value
within the expected range of what is known about
the natural history of multiple sclerosis in women
with minimally disabling disease.3 We also found that
epidural analgesia and breast-feeding did not increase
the risk of relapse or of worsening disability in the
postpartum period; this finding agrees with those of
another study.21 Our results are also in accord with
studies that have shown that multiple sclerosis does
not seem to have a deleterious effect on the course
and outcome of pregnancy or delivery.9,16,24-29

The decrease in the relapse rate during pregnancy
was more marked than any therapeutic effect reported
to date.30-33 This clinical observation is corroborated
by the cessation of disease activity on magnetic reso-

nance imaging during the third trimester of preg-
nancy.34 From an immunologic point of view, normal
pregnancy seems to be associated with a shift away
from cell-mediated immunity toward increased hu-
moral immunity.35 The fetal–placental unit secretes
cytokines such as interleukin-10 that down-regulate
the production of other cytokines mediating cellular
immunity by the mother. This cell-mediated immuno-
depression could explain the tolerance of the fetus by
the mother. In contrast, delivery might be associated
with an inversion of this cytokine balance and could
be regarded, in some respects, as a graft-rejection
process.35

This concept could explain why pregnancy is as-
sociated with spontaneous remission and the post-
partum period with exacerbations in T-cell–mediated
autoimmune diseases such as multiple sclerosis and
rheumatoid arthritis.36 Conversely, B-cell–mediated
autoimmune diseases, such as systemic lupus erythe-
matosus, tend to worsen during pregnancy.37 A better
understanding of the biologic mechanisms underly-
ing this pregnancy-related decrease in disease activity
could lead to new and effective therapeutic strategies
in multiple sclerosis.

*The score on the Kurtzke Expanded Disability Status Scale12 is based on data from the neurologic
examination and the patient’s ability to walk. It ranges from 0 (no neurologic abnormality) to 10
(death caused by multiple sclerosis). Residual disability was defined as the minimal level of persistent
disability recorded on two consecutive examinations at least three months apart, excluding any tran-
sient worsening of disability related to relapses. Because of rounding, not all percentages total 100.

†This analysis includes 215 women; 8 had been lost to follow-up, and 4 were pregnant again.

‡This analysis includes 197 women; 19 had been lost to follow-up, and 11 were pregnant again.

TABLE 4. RESIDUAL KURTZKE DISABILITY SCORE BEFORE, DURING, AND AFTER PREGNANCY 
AMONG 227 WOMEN WITH MULTIPLE SCLEROSIS.*

SCORE

1 YR BEFORE 
PREGNANCY

AT BEGINNING

OF PREGNANCY

AT 
DELIVERY

6 MO POST

PARTUM†
1 YR POST

PARTUM‡

number of women (percent)

0 77 (34) 65 (29) 45 (20) 39 (18) 30 (15)

1 77 (34) 83 (37) 103 (45) 94 (44) 82 (42)

2 24 (11) 31 (14) 36 (16) 37 (17) 39 (20)

3 10 (4) 15 (7) 15 (7) 18 (8) 13 (7)

4 10 (4) 13 (6) 16 (7) 11 (5) 14 (7)

5 1 (<1) 1 (<1) 8 (4) 10 (5) 9 (5)

6 0 1 (<1) 2 (1) 4 (2) 4 (2)

7 0 0 0 0 1 (<1)

8 2 (1) 2 (1) 2 (1) 2 (1) 2 (1)

Unknown 26 (11) 16 (7) 0 0 3 (2)

GROUP OF WOMEN

mean score ±SD

All women 1.1±1.3 1.3±1.4 1.6±1.5 1.7±1.5 1.8±1.6

Epidural analgesia
Yes (n=42)
No (n=180)

1.0±1.1
1.1±1.4

1.2±1.2
1.3±1.4

1.5±1.4
1.5±1.5

1.6±1.5
1.7±1.6

1.7±1.5
1.7±1.6

Breast-feeding
Yes (n=122)
No (n=87)

1.0±1.1
1.2±1.6

1.2±1.2
1.3±1.6

1.5±1.3
1.6±1.7

1.6±1.4
1.8±1.8

1.7±1.4
1.8±1.8
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APPENDIX

In addition to the authors, the participants in the PRIMS Group were
as follows: Study Design and Steering Committee — A. Alpérovitch,
Villejuif, France; H. Carton, Leuven, Belgium; M.B. d’Hooghe, Mels-
broek, Belgium; O. Hommes, Nijmegen, the Netherlands; EDMUS Coor-
dinating Center, Lyons, France — A. Biron, J. Grimaud; Participants
(numbers of pregnancies studied are shown in parentheses) — France (71):
Lyons, J. Grimaud, G. Chauplannaz, D. Latombe; Toulouse, M. Clanet, G.
Lau; Besançon, L. Rumbach; Brest, J.Y. Goas, F. Rouhart; Lille, A. Maz-
ingue; Paris, E. Roullet; St. Brieuc, M. Madigand; Lomme, P. Hautecoeur;
Rennes, P. Brunet, G. Edan, C. Allaire; Tours, G. Riffault; Vendome, J.
Leche; Villepinte, T. Benoit; Arles, C. Simonin; Belfort, F. Ziegler; Caen,
J.C. Baron, Y. Rivrain; Dijon, R. Dumas, D. Loche; Draguignan, J.C.
Bourrin; Epinal, B. Huttin; Lens, B. Delisse; Le Puy-en-Velay, I. Gibert;
Mulhouse, C. Boulay; Nantes, M. Verceletto; Nice, G. Durand; Orléans,
G. Bonneviot; Poitiers, R. Gil; Pointe-à-Pitre, M.A. Hedreville; Reims, C.
Belair; Restigné, R.J. Poitevin; Angoulème, J.L. Devoize; St. Quentin, P.
Wyremblewski; Vannes, F. Delestre; Villefranche–Saône, A. Setiey; Italy
(42): Milan, G. Comi, M. Fillippi, A. Ghezzi, V. Martinelli, P. Rossi, M.
Zaffaroni; Ferrara, M.R. Tola; Florence, M.P. Amato; Pisa, C. Fioretti, G.
Meucci; Genoa, M. Inglese, G.L. Mancardi; Chieti, D. Gambi, A. Thomas;
Modena, M. Cavazzuti; Pavia, A. Citterio; Denmark (25): Roskilde, A.
Heltberg; Aarhus, H.J. Hansen; Spain (25): Malaga, O. Fernandez, F.
Romero; Barcelona, T. Arbizu, J.J. Hernandez; Madrid, C. De Andres de
Frutos; Castellon, D. Geffner Sclarky; Las Palmas, Y. Aladro Benito, P.
Reyes Yanez; Terrassa, M. Aguilar; Valencia, J.A. Burguera, R. Yaya; Valla-
dolid, W. Bowakim Dib, D. Arzua-Mouronte; Belgium (23): Melsbroek,
M.B. d’Hooghe; Brussells, C.J.M. Sindic; Leuven, H. Carton; Diepen-
beek, R. Medaer; Bonheiden, H. Roose; Ekeren, K.M.J. Geens; Fraiture,
D. Guillaume; Brugge, M. Van Zandycke; Lewen, J. Janssens; Seraing, M.
Cornette; Turnhout, L. Mol; Germany (21): Würzburg, F. Weilbach, P.
Flachenecke, H.P. Hartung; Magdeburg, J. Haas, I. Tendolkar; Bochum,
E. Sindern; Erfurt, H.W. Kölmel, D. Reichel; Bielefeld, M. Rauch; Emden,
S. Preuss; Göttingen, S. Poser; Schwendi, E. Mauch; Austria (18): Graz,
S. Strasser-Fuchs; Vienna, H. Kollegger; United Kingdom (18): Belfast, S.
Hawkins; Sheffield, S.J.L. Howell; Haywards Heath, J.E. Rees; London, A.
Thompson; Leeds, M. Johnson; Stoke-on-Trent, M. Boggild; Swindon,
R.P. Gregory; Newcastle upon Tyne, D. Bates; Glasgow, I. Bone; Ireland
(14); the Netherlands (7): Amsterdam, C. Polman; Nijmegen, S. Frequin,
P. Jongen, O. Hommes; Portugal (4): Lisbon, J. Correia de Sa; Porto, M.E.
Rio; and Switzerland (1): Basel, S. Huber, J. Lechner-Scott, L. Kappos.

REFERENCES

1. Sadovnick AD, Ebers GC. Epidemiology of multiple sclerosis: a critical 
overview. Can J Neurol Sci 1993;20:17-29.
2. Confavreux C, Aimard G, Devic M. Course and prognosis of multiple 
sclerosis assessed by the computerized data processing of 349 patients. 
Brain 1980;103:281-300.
3. Weinshenker BG, Bass B, Rice GPA, et al. The natural history of mul-
tiple sclerosis: a geographically based study. I. Clinical course and disability. 
Brain 1989;112:133-46.
4. Douglass LH, Jorgensen CL. Pregnancy and multiple sclerosis. Am J 
Obstet Gynecol 1948;55:332-6.
5. Tillman AJB. The effect of pregnancy on multiple sclerosis and its man-
agement. Res Publ Assoc Res Nerv Ment Dis 1950;28:548-82.
6. Sweeney WJ. Pregnancy and multiple sclerosis. Am J Obstet Gynecol 
1953;66:124-30.

7. Birk K, Rudick R. Pregnancy and multiple sclerosis. Arch Neurol 1986;
43:719-26.
8. Hutchinson M. Pregnancy in multiple sclerosis. J Neurol Neurosurg 
Psychiatry 1993;56:1043-5.
9. Abramsky O. Pregnancy and multiple sclerosis. Ann Neurol 1994;36:
Suppl:S39-S41.
10. Poser CM, Paty DW, Scheinberg L, et al. New diagnostic criteria for 
multiple sclerosis: guidelines for research protocols. Ann Neurol 1983;13:
227-31.
11. Confavreux C, Compston DAS, Hommes OR, McDonald WI, 
Thompson AJ. EDMUS, a European database for multiple sclerosis. J Neu-
rol Neurosurg Psychiatry 1992;55:671-6.
12. Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an ex-
panded disability status scale (EDSS). Neurology 1983;33:1444-52.
13. Wei LJ, Johnson WE. Combining dependent tests with incomplete re-
peated measurements. Biometrika 1985;72:359-64.
14. Statistical package for social science, release 6.1. Chicago: SPSS, 1994.
15. Fog T, Linnemann F. The course of multiple sclerosis in 73 cases with 
computer-designed curves. Acta Neurol Scand Suppl 1970;47:3-175.
16. Birk K, Ford C, Smeltzer S, Ryan D, Miller R, Rudick RA. The clin-
ical course of multiple sclerosis during pregnancy and the puerperium. 
Arch Neurol 1990;47:738-42.
17. Millar JHD, Allison RS, Cheeseman EA, Merrett JD. Pregnancy as a 
factor influencing relapse in disseminated sclerosis. Brain 1959;82:417-26.
18. Schapira K, Poskanzer DC, Newell DJ, Miller H. Marriage, pregnancy 
and multiple sclerosis. Brain 1966;89:419-28.
19. Ghezzi A, Caputo D. Pregnancy: a factor influencing the course of 
multiple sclerosis? Eur Neurol 1981;20:115-7.
20. Korn-Lubetzki I, Kahana E, Cooper G, Abramsky O. Activity of multi-
ple sclerosis during pregnancy and puerperium. Ann Neurol 1984;16:229-31.
21. Nelson LM, Franklin GM, Jones MC, Multiple Sclerosis Study Group. 
Risk of multiple sclerosis exacerbation during pregnancy and breast-feed-
ing. JAMA 1988;259:3441-3.
22. Frith JA, McLeod JG. Pregnancy and multiple sclerosis. J Neurol 
Neurosurg Psychiatry 1988;51:495-8.
23. Bernardi S, Grasso MG, Bertollini R, Orzi F, Fieschi C. The influence 
of pregnancy on relapses in multiple sclerosis: a cohort study. Acta Neurol 
Scand 1991;84:403-6.
24. Roullet E, Verdier-Taillefer MH, Amarenco P, Gharbi G, Alperovitch 
A, Marteau R. Pregnancy and multiple sclerosis: a longitudinal study of 
125 remittent patients. J Neurol Neurosurg Psychiatry 1993;56:1062-5.
25. Sadovnick AD, Eisen K, Hashimoto SA, et al. Pregnancy and multiple 
sclerosis: a prospective study. Arch Neurol 1994;51:1120-4.
26. Worthington J, Jones R, Crawford M, Forti A. Pregnancy and multi-
ple sclerosis — a 3-year prospective study. J Neurol 1994;241:228-33.
27. Leibowitz U, Antonovsky A, Kats R, Alter M. Does pregnancy in-
crease the risk of multiple sclerosis? J Neurol Neurosurg Psychiatry 1967;
30:354-7.
28. Poser S, Raun NE, Wikstrom J, Poser W. Pregnancy, oral contracep-
tives and multiple sclerosis. Acta Neurol Scand 1979;59:108-18.
29. Poser S, Poser W. Multiple sclerosis and gestation. Neurology 1983;
33:1422-7.
30. British and Dutch Multiple Sclerosis Azathioprine Trial Group. Double-
masked trial of azathioprine in multiple sclerosis. Lancet 1988;2:179-83.
31. The IFNB Multiple Sclerosis Study Group. Interferon beta-1b is effec-
tive in relapsing-remitting multiple sclerosis. I. Clinical results of a multi-
center, randomized, double-blind, placebo-controlled trial. Neurology 
1993;43:655-61.
32. Johnson KP, Brooks BR, Cohen JA, et al. Copolymer 1 reduces re-
lapse rate and improves disability in relapsing-remitting multiple sclerosis: 
results of a phase III multicenter, double-blind, placebo-controlled trial. 
Neurology 1995;45:1268-76.
33. Jacobs LD, Cookfair DL, Rudick RA, et al. Intramuscular interferon 
beta-1a for disease progression in relapsing multiple sclerosis. Ann Neurol 
1996;39:285-94. [Erratum, Ann Neurol 1996;40:480.]
34. van Walderveen MAA, Tas MW, Barkhof F, et al. Magnetic resonance 
evaluation of disease activity during pregnancy in multiple sclerosis. Neu-
rology 1994;44:327-9.
35. Wegmann TG, Lin H, Guilbert L, Mosmann TR. Bidirectional cyto-
kine interactions in the maternal-fetal relationship: is successful pregnancy 
a TH2 phenomenon? Immunol Today 1993;14:353-6.
36. Hench PS. The ameliorating effect of pregnancy on chronic atrophic 
(infectious rheumatoid) arthritis, fibrositis, and intermittent hydrarthrosis. 
Proc Staff Meet Mayo Clin 1938;13:161-7.
37. Tincani A, Balestrieri G, Faden D, DiMario C. Systemic lupus erythe-
matosus in pregnancy. Lancet 1991;338:756-7.

Copyright © 1998 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 10, 2009 . For personal use only. No other uses without permission. 


